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Appendix
Description Page
Numbers

1 | Dr. Gregory A. Brown, PH.D, FACSM Curriculum Vitae 7
American Psychological Association Dictionary of Psychology,

2 .. 34
Sex, https://dictionary.apa.org
Anderson, E., When it Comes to Trans Youth, We’re in Danger of

3 3 36
Losing Our Way

4 Beachy, G. & Rauh, M., Middle School Injuries: A 20-Year (1988- 49
2008) Multisport Evaluation

5 Blankenship, M.J., et al., Sex-Based Analysis of the 56
Biomechanics of Pitching

6 Bohannon, R.W. et al., Handgrip Strength: A Comparison of 60
Values Obtained From the NHANES and NIH Toolbox Studies

7 Brown, G., The Olympics, Sex, and Gender in the Physiology 69
Classroom

3 Cantor, James, Open Letter of Resignation from the Society for 113
the Scientific Study of Sexuality (SSS)

9 | Cantor, James, When is a “TERF” not a TERF? 122

10 Caswell, S.V., et al., Epidemiology of Sports Injuries Among 198
Middle School Students
Catley, M. & Tomkinson, G., Normative Health-Related Fitness

11 | Values for Children: Analysis of 85,437 Test Results on 9-17- 129
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Coleman, D. L., et al., Re-affirming the Value of the Sports

12 Exception to Title IX’s General Non-Discrimination Rule 142
Costa, R., et al., Psychological Support, Puberty Suppression,

13 | and Psychosocial Functioning in Adolescents with Gender 208
Dysphoria

14 Davis S.M., et al., Sex Differences in Infant Body Composition 917
Emerge in the First 5§ Months of Life

15 De Miguel-Etayo, P. et al., Physical Fitness Reference Standards 999
in European Children: The IDEFICS Study

16 Edwards-Leeper, L., and Anderson, E., The Mental Health 939

Establishment is Failing Trans Kids

Eiberg, S., et al., Maximum Oxygen Uptake and Objectively
17 | Measured Physical Activity in Danish Children 6-7 Years of Age: 237
The Copenhagen School Child Intervention Study

Ewing-Cobbs, et al., Persistent Postconcussion Symptoms After

18 . 243
Injury

19 Exposito-Campos, P., A Typology of Gender Detransition and Its 956
Implications for Healthcare Providers
Gershoni, M. & Pietrokovski, S., The Landscape of Sex-

20 | Differential Transcriptome and its Consequent Selection in 268
Human Adults
Ghorayshi, A., Doctors Debate Whether Trans Teens Need

21 283
Therapy Before Hormones

99 Hacherl, S.L., et al., Concussion Rates in U.S. Middle School 938
Athletes From the 2015-16 to 2019-20 School Years

93 Haizlip, K.M., et al., Sex-Based Differences in Skeletal Muscle 939

Kinetics and Fiber-Type Composition

Hamilton, B., et al., Integrating Transwomen and Female
24 | Athletes with Differences of Sex Development (DSD) into Elite 299
Competition: The FIMS 2021 Consensus Statement

Handelsman, D.dJ., Sex Differences in Athletic Performance

25 Emerge Coinciding with the Onset of Male Puberty

314
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Higerd, G.A., Assessing the Potential Transgender Impact on Girl

26 Champions in American High School Track and Field

319

Hon, W.H.C. & Kock, S.H., Sports Related Fractures: A Review of

27 113 Cases

487

Howell, D.R., et al., Collision and Contact Sport Participation

28 and Quality of Life Among Adolescent Athletes

491

Kerr, Z., et al., Concussion Rates in U.S. Middle School Athletes,

29 2015-16 School Year

498

Klaver, M., et al., Early Hormonal Treatment Affects Body

30 Composition and Body Shape in Young Transgender Adolescents

503

Kujala, U.M., et al., Acute Injuries in Soccer, Ice Hockey,
31 | Volleyball, Basketball, Judo, and Karate: Analysis of National 513
Registry Data

Latorre-Roman, P., et al., Reaction Times of Preschool Children
32 | on the Ruler Drop Test: A Cross-Sectional Study with Reference 526
Values

Lepers, R., et al., Trends in Triathlon Performance: Effects of Sex

33 & Age

540

Lesinski, M., et al., Maturation-, Age-, and Sex-Specific
34 | Anthropometric and Physical Fitness Percentiles of German Elite 554
Young Athletes

Levine, S., et al., Reconsidering Informed Consent for Trans-

35 Identified Children, Adolescents, and Young Adults

573

McManus, A. & Armstrong, N., Physiology of Elite Young Female

36 Athletes

596

Miller, V.M., Why are Sex and Gender Important to Basic

37 Physiology and Translational and Individualized Medicine?

620

Montalvo, A.M., et al., Anterior Cruciate Ligament Injury Risk in
38 | Sport: A Systematic Review and Meta-Analysis of Injury 628
Incidence by Sex and Sport Classification
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Ramirez-Vélez, R., et al., Vertical Jump and Leg Power
39 | Normative Data for Colombian Schoolchildren Aged 9-17.9 639
Years: The FUPRECOL Study

Rider, G.N., et al., Health and Care Utilization of Transgender

40 and Gender Nonconforming Youth: A Population-Based Study 648
Sax, L., How Common is Intersex? A Response to Anne Fausto-

41 : 656
Sterling

49 Scharff, M., et al., Change in Grip Strength in Trans People and 662
its Association with Lean Body Mass and Bone Density

43 Senefeld, J.W., et al., Divergence in Timing and Magnitude of 671
Testosterone Levels Between Male and Female Youths

44 | Shah, K., et al., Do You Know the Sex of Your Cells? 674

45 Silverman, 1., The Secular Trend for Grip Strength in Canada 699
and the United States
Staiano, A.E. & Katzmarzyk, P.T., Ethnic and Sex Differences in

46 | Body Fat and Visceral and Subcutaneous Adiposity in Children 709

and Adolescents

Tambalis, K., et al., Physical Fitness Normative Values for 6-18-
47 | Year-Old Greek Boys and Girls, Using the Empirical Distribution 730
and the Lambda, Mu, and Sigma Statistical Method

Taylor, M.J.D., et al., Vertical Jumping and Leg Power

48 Normative Data for English School Children Aged 10-15 Years 742

49 Taylor, R.W., et al., Gender Differences in Body Fat Content are 749
Present Well Before Puberty

50 Taylor, R.W., et al., Sex Differences in Regional Body Fat 759
Distribution From Pre- to Postpuberty

51 Thomas, J.R. & French, K.E., Gender Differences Across Age in 760
Motor Performance: A Meta-Analysis
Tomkinson, G., et al., International Normative 20 m Shuttle Run

52 | Values From 1,142,026 Children and Youth Representing 50 783

Countries
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Tomkinson, G., et al., European Normative Values for Physical
53 | Fitness in Children and Adolescents Aged 9-17 Years: Results 814
From 2,779,165 Eurofit Performances Representing 30 Countries

Tennessen, E., et al., Reaction Time Aspects of Elite Sprinters in

o4 Athletic World Championships

827

VanCaenegem, E., et al., Preservation of Volumetric Bone Density
55 | and Geometry in Trans Women During Cross-Sex Hormonal 835
Therapy: A Prospective Observational Study

Women’s Sports Policy Working Group, Briefing Book: A Request
56 | to Congress and the Administration to Preserve Girls’ and 848
Women’s Sport and Accommodate Transgender Athletes

57 | WPATH, Methodology for the Development of SOC8 883
Heydari R., et al., Y Chromosome is Moving Out of Sex

58 .. 891
Determination Shadow
Millard-Stafford, M., et al., Nature versus Nurture: Have

59 | Performance Gaps Between Men and Women Reached an 906
Asymptote?

60 Knox, T., L.C. Anderson, et al., Transwomen in Elite Sport: 995
Scientific & Ethical Considerations

61 Brown, G. Transwomen Competing in Women’s Sports: What We 934

Know, and What We Don’t
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Gregory Allen Brown, Ph.D. FACSM

Wellness Center 221, Cushing Building
Department of Kinesiology & Sport Sciences
University of Nebraska Kearney

1410 W 26t St

Kearney, NE 68849

(308) 865 - 8333

brownga@unk.edu

Academic Preparation

Doctor of Philosophy, lowa State University. August 2002 -- Major in Health and Human
Performance, Emphasis in the Biological Bases of Physical Activity, dissertation title:
“Androgenic supplementation in men: Effects of age, herbal extracts, and mode of delivery.”

Master of Science, lowa State University, May 1999 -- Major in Exercise and Sport Science,
Emphasis in Exercise Physiology, thesis title: “Oral anabolic-androgenic supplements during
resistance training: Effects on glucose tolerance, insulin action, and blood lipids.”

Bachelor of Science, Utah State University, June 1997 -- Major in Physical Education,
Empbhasis in Pre-physical Therapy.

Awards

College of Education Outstanding Faculty Teaching Award. University of Nebraska at
Kearney 2019

Mortar Board Faculty Excellence Honors. Xi Phi Chapter, University of Nebraska at
Kearney, Honored in 2006, 2007, 2008, 2012, 2013, 2015, and 2019

Profiled in New Frontiers, the University of Nebraska Kearney annual publication highlighting
excellence in research, scholarship, and creative activity. 2009, 2017

College of Education Outstanding Scholarship / Research Award. University of Nebraska at
Kearney 2009, 2014

College of Education Award for Faculty Mentoring of Undergraduate Student Research
University of Nebraska at Kearney, 2007, 2010, & 2013

“Pink Tie” award from the Susan G. Komen Nebraska Affiliate, for outstanding service to the
Central Nebraska Race for the Cure, 2013

Star Reviewer for the American Physiological Society and Advances in Physiology Education.
2010.

Fellow of the American College of Sports Medicine. Awarded April 23, 2008
UNK Senior Appreciation Program honoree, the University of Nebraska at Kearney
Iowa State University Research Excellence Award, lowa State University, 2002

The Zaffarano Prize for Graduate Student Research, lowa State University, 2002
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Helen Hilton Lebaron Excellence in Research Award, Dept. of Health and Human
Performance, lowa State University, 2002

Best Paper Award, 2"¢ Annual Education Research Exchange. Iowa State University Education
Research Exchange, 2001

Helen Hilton Lebaron Excellence in Research Award, Dept. of Health and Human
Performance, lowa State University, 2000

Professional Experience

Professor: University of Nebraska Kearney, Dept. of Kinesiology and Sport Sciences (2012-)
Associate Professor: University of Nebraska Kearney, HPERLS Dept. (2007-2012)

Assistant Professor: University of Nebraska Kearney, HPERLS Dept. (2004- 2007) Full
Graduate Faculty status awarded on hire, 2004

Assistant Professor: Georgia Southern University, Jiann-Ping Hsu School of Public Health.
(2002-2004) Full Graduate Faculty status awarded Nov. 26, 2002

Laboratory Director: Human Performance Laboratory, Georgia Southern University, Jiann-
Ping Hsu School of Public Health. (2002-2004)

Research Assistant: Exercise Biochemistry and Physiology Laboratory, lowa State University,
Department of Health and Human Performance. (1997-2002)

Graduate Teaching Assistant: Iowa State University, Department of Health and Human
Performance. (1997-2002)

Temporary Instructor: Iowa State University, Department of Health and Human Performance.
(1999-2002)

Temporary Adjunct Faculty: Des Moines Area Community College. (2000)
Undergraduate Teaching Intern: Department of Biology, Utah State University. (1995-1996)

Refereed Publications

1. Schneider KM and Brown GA (as Faculty Mentor). What's at Stake: Is it a Vampire or a
Virus? International Journal of Undergraduate Research and Creative Activities. 11, Article
4.2019.

2. Christner C and Brown GA (as Faculty Mentor). Explaining the Vampire Legend through
Disease. UNK Undergraduate Research Journal. 23(1), 2019. *this is an on campus
publication

3. Schneekloth B and Brown GA. Comparison of Physical Activity during Zumba with a
Human or Video Game Instructor. 11(4):1019-1030. International Journal of Exercise
Science, 2018.

4. Bice MR, Hollman A, Bickford S, Bickford N, Ball JW, Wiedenman EM, Brown GA, Dinkel
D, and Adkins M. Kinesiology in 360 Degrees. International Journal of Kinesiology in
Higher Education, 1: 9-17, 2017
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10.

11.

12.

13.

14.

15.

16.

17.

Shaw I, Shaw BS, Brown GA, and Shariat A. Review of the Role of Resistance Training and
Musculoskeletal Injury Prevention and Rehabilitation. Gavin Journal of Orthopedic
Research and Therapy. 1:5-9, 2016

Kahle A, Brown GA, Shaw I, & Shaw BS. Mechanical and Physiological Analysis of
Minimalist versus Traditionally Shod Running. J Sports Med Phys Fitness. 56(9):974-9,
2016

Bice MR, Carey J, Brown GA, Adkins M, and Ball JW. The Use of Mobile Applications to
Enhance Learning of the Skeletal System in Introductory Anatomy & Physiology Students.
Int J Kines Higher Educ 27(1) 16-22, 2016

Shaw BS, Shaw I, & Brown GA. Resistance Exercise is Medicine. Int J Ther Rehab. 22:
233-237, 2015.

Brown GA, Bice MR, Shaw BS, & Shaw I. Online Quizzes Promote Inconsistent
Improvements on In-Class Test Performance in Introductory Anatomy & Physiology. Adv.
Physiol. Educ. 39: 63-6, 2015

Brown GA, Heiserman K, Shaw BS, & Shaw I. Rectus abdominis and rectus femoris muscle
activity while performing conventional unweighted and weighted seated abdominal trunk
curls. Medicina dello Sport. 68: 9-18. 2015

Botha DM, Shaw BS, Shaw I & Brown GA. Role of hyperbaric oxygen therapy in the
promotion of cardiopulmonary health and rehabilitation. African Journal for Physical, Health
Education, Recreation and Dance (AJPHERD). Supplement 2 (September), 20: 62-73, 2014

Abbey BA, Heelan KA, Brown, GA, & Bartee RT. Validity of HydraTrend™ Reagent Strips
for the Assessment of Hydration Status. J Strength Cond Res. 28: 2634-9. 2014

Scheer KC, Siebrandt SM, Brown GA, Shaw BS, & Shaw I. Wii, Kinect, & Move. Heart
Rate, Oxygen Consumption, Energy Expenditure, and Ventilation due to Different Physically

Active Video Game Systems in College Students. International Journal of Exercise Science:
7:22-32,2014

Shaw BS, Shaw [, & Brown GA. Effect of concurrent aerobic and resistive breathing
training on respiratory muscle length and spirometry in asthmatics. African Journal for
Physical, Health Education, Recreation and Dance (AJPHERD). Supplement 1 (November),
170-183, 2013

Adkins M, Brown GA, Heelan K, Ansorge C, Shaw BS & Shaw I. Can dance exergaming
contribute to improving physical activity levels in elementary school children? African
Journal for Physical, Health Education, Recreation and Dance (AJPHERD). 19: 576-585,
2013

Jarvi MB, Brown GA, Shaw BS & Shaw I. Measurements of Heart Rate and Accelerometry
to Determine the Physical Activity Level in Boys Playing Paintball. International Journal of
Exercise Science: 6: 199-207, 2013

Brown GA, Krueger RD, Cook CM, Heelan KA, Shaw BS & Shaw I. A prediction equation
for the estimation of cardiorespiratory fitness using an elliptical motion trainer. West Indian
Medical Journal. 61: 114-117, 2013.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Shaw BS, Shaw I, & Brown GA. Body composition variation following diaphragmatic
breathing. African Journal for Physical, Health Education, Recreation and Dance
(AJPHERD). 18: 787-794, 2012.

Shaw I, Shaw BS, & Brown GA. Concurrent Training and Pulmonary Function in Smokers.
Int J Sports Med. 32:776-80, 2011

Nienhueser J, Brown, GA, Shaw BS & I Shaw. Effects of Energy Drinks on Metabolism at
Rest and During Submaximal Treadmill Exercise in College Age Males. Int J Exerc Sci 4:
321-332,2011

Shaw I, Shaw BS, & Brown GA. Relationship between Resistance Training and Self-
Reported Habitual Nutrient Intake. South African Journal for Research in Sport, Physical
Education and Recreation. 32: 109-116, 2010

Brown GA, Swendener AM, Shaw I, & Shaw BS. Comparison of anthropometric and
metabolic responses to a short term carbohydrate restricted diet and exercise versus a
traditional diet and exercise. African Journal for Physical, Health Education, Recreation and
Dance (AJPHERD). 16: 535-544, 2010

Brown GA, Ray M, Abbey BA, Shaw BS, & Shaw I. Oxygen Consumption, Heart Rate and
Blood Lactate Responses to an Acute Bout of Plyometric Depth Jumps in College Aged Men
and Women. J Strength Cond Res. 24:275-82. 2010

Shaw I, Shaw BS, Brown GA, & Cilliers JF. Concurrent Resistance and Aerobic Training as
Protection against Heart Disease. Cardiovasc J Afr 21: 196-199, 2010

Brown GA, Cook CM, Krueger RD, & Heelan KA Comparison of energy expenditure on a
treadmill vs. an elliptical device at a self-selected exercise intensity. J Str Cond Res
24:1643-9, 2010

Shaw I, Shaw BS, & Brown GA. Role of Diaphragmatic Breathing and Aerobic Exercise in
Improving Maximal Oxygen Consumption in Asthmatics. Science & Sports 25:139-145,
2010

Shaw I, Shaw BS, & Brown GA. Comparison of Resistance and Concurrent Resistance and
Endurance Training Regimes in the Development of Strength. J Str Cond Res. 23: 2507-
2514, 2009

Castell LM, Burke LM, Stear SJ, Wolfe RR, Newsholme EA, Trudeau F, Curi R, Brown GA,
Vukovich MD, and DS King. BJSM reviews: A—Z of supplements: dietary supplements,
sports nutrition foods and ergogenic aids for health and performance Part 2. Br. J. Sports
Med. 43:807-810. 2009

Shaw BS, Shaw I, & Brown GA. Resistance Training and its Effect on Total, Central and
Abdominal Adiposity. South African Journal for Research in Sport, Physical Education and
Recreation. 31: 97-108. 2009

Shaw I, Shaw BS, & Brown GA. Influence of Strength Training on Cardiac Risk Prevention
in Individuals without Cardiovascular Disease. African Journal for Physical, Health
Education, Recreation and Dance (AJPHERD). 15: 424-432. 2009
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Shaw BS, Shaw I, & Brown GA. Resistance Training and Predicted Risk of Coronary Heart
Disease in Sedentary Males. African Journal for Physical, Health Education, Recreation and
Dance (AJPHERD). Supplement: 247-257. 2009

Stahlnecker IV AC, Brown GA, Shaw BS, & Shaw 1. Acute Effects of a Weight Loss
Supplement on Resting Metabolic Rate and Anaerobic Exercise Performance. African
Journal for Physical, Health Education, Recreation and Dance (AJPHERD). Supplement:
237-247. 2009

McWha JA, Horst S, Brown GA, Shaw I, & Shaw BS. Metabolic Changes Associated with
Playing an Active Video Game Against a Human and Computer Opponent. African Journal
for Physical, Health Education, Recreation and Dance (AJPHERD). Supplement: 219-228.

2009

Semin K, Stahlnecker IV AC, Heelan KA, Brown GA, Shaw BS, & Shaw I. Discrepancy
between Training, Competition and Laboratory Measures of Maximum Heart Rate in NCAA
Division 2 Distance Runners. J Sports Sci & Med. 7: 455 — 460, 2008

Brown GA, Rebok MP, Scott ML, Harris III J, Colaluca MK, Shaw I, & Shaw BS.
Physiological and Biomechanical Responses of Running with and Without a Stroller.
African Journal for Physical, Health Education, Recreation and Dance (AJPHERD). 14: 240-
249, 2008

Brown GA, McFarland SP, Ray MW, Abbey BM, Shaw I, & Shaw BS. A Single Session of
Brisk Walking Does Not Alter Blood Glucose Homeostasis in Overweight Young Men.
African Journal for Physical, Health Education, Recreation and Dance (AJPHERD). 14: 250-
264, 2008

Brown GA, Lynott F, & Heelan KA. A Service Learning Model for Teaching Fitness
Assessment and Research Techniques to Undergraduate Exercise Science Students. Adv
Physiol Educ. 32:212-218, 2008

Carstensen C, Brown GA, Shaw I, & Shaw BS. Freely-Paced Walking in Healthy Adults
Does Not Meet Minimum Intensity Guidelines for Health Improvement. African Journal for
Physical, Health Education, Recreation and Dance (AJPHERD), 14: 178-187, 2008

Shaw BS, Shaw I, and Brown GA. Self-Reported Dietary Intake Following Endurance,
Resistance And Concurrent Endurance And Resistance Training. J Sports Sci & Med 7: 255-
259, 2008

Brown, GA. Teaching skeletal muscle adaptations to aerobic exercise using an APS classic
paper by Dr. Philip Gollnick and colleagues. Adv Physiol Educ. 30: 113-118, 2006

Brown GA, Vukovich MD, & King DS. Testosterone Prohomone Supplements. Med. Sci.
Sports Exerc. Med Sci Sports Exerc. 38: 1451-1461, 2006

Brown GA, & MacKenzie D. Resistance Exercise Does Not Change The Hormonal
Response To Sublingual Androstenediol. Eur J Appl Physiol. 97:404-412, 2006

Brown GA, Vukovich MD, and King DS. Urinary excretion of steroid metabolites following
chronic androstenedione ingestion. J. Clin. Endocrinol. Metab. 12:6235 — 6338, 2004
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44,

45.

46.

47.

48.

49.

50.

51.

52.

Brown GA, Dewey JC, Brunkhorst J, Vukovich MD, & King DS. Changes in serum
testosterone and estradiol concentrations following acute androstenedione ingestion in young
women. Horm Metab Res. 1:62-66, 2004

Kohut ML, Thompson JR, Campbell J, Brown GA, Vukovich MD, Jackson DA, & King DS.
Ingestion of a Dietary Supplement Containing Dehydroepiandrosterone (DHEA) and

Androstenedione Has Minimal Effect on Immune Function in Middle-Aged Men. J Am Coll
Nutr. 22: 363-71, 2003

Brown GA, Martini ER, Roberts BS, Vukovich MD, & King DS. Acute hormonal responses
to sublingual androstenediol intake in young men. J Appl Physiol. 92: 142-146, 2002.

Brown GA, Vukovich MD, Martini ER, Kohut ML, Franke WL, Jackson DA, & King DS.
Effects of androstenedione-herbal supplements on serum sex hormone concentrations in 30-
59 year old men. Int J Vitam Nutr Res. 71: 293-301, 2001

Brown GA, Vukovich MD, Martini ER, Kohut ML, Franke WL, Jackson DA, & King DS.
Endocrine and lipid responses to chronic androstenediol-herbal supplementation in 30 to 58
year old men. J Am Coll Nutr. 20: 520-528, 2001.

Brown GA, Vukovich MD, Martini ER, Kohut ML, Franke ML, Jackson DA, & King DS.
Endocrine response to chronic androstenedione intake in 30-56 year old men. J Clin
Endocrinol Metab. 85: 4074-4080, 2000.

Brown GA, Vukovich MD, Reifenrath TA, Uhl NL, Parsons KA, Sharp RL, & King DS.
Effects of anabolic precursors on serum testosterone concentrations and adaptations to
resistance training in young men. Int J Sport Nutr Exerc Metab. 10: 342-362, 2000.

Brown GA, Vukovich MD, Sharp RL, Reifenrath TA, Parsons KA, & King DS. Effect of
oral DHEA on serum testosterone and adaptations to resistance training in young men. J
Appl Physiol. 87: 2274-2283, 1999.

King DS, Sharp RL, Vukovich MD, Brown GA, Reifenrath TA, Uhl NL, & Parsons KA.
Effect of oral androstenedione on serum testosterone and adaptations to resistance training in
young men: a randomized controlled trial. JAMA. 281: 2020-2028, 1999.

Refereed Presentations

1.

Brown GA, Jackson B, Szekely B, Schramm T, Shaw BS, Shaw I. A Pre-Workout
Supplement Does Not Improve 400 M Sprint Running or Bicycle Wingate Test
Performance in Recreationally Trained Individuals. Med Sci Sport Exerc. 50(5), 2932.
65" Annual Meeting of the American College of Sports Medicine. Minneapolis, MN. June
2018.

Paulsen SM, Brown GA. Neither Coffee Nor A Stimulant Containing “Pre-workout” Drink
Alter Cardiovascular Drift During Walking In Young Men. Med Sci Sport Exerc. 50(5),
2409. 65™ Annual Meeting of the American College of Sports Medicine. Minneapolis,
MN. June 2018.

Adkins M, Bice M, Bickford N, Brown GA. Farm to Fresh! A Multidisciplinary Approach
to Teaching Health and Physical Activity. 2018 spring SHAPE America central district
conference. Sioux Falls, SD. January 2018.
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10.

11.

12.

13.

14.

Shaw I, Kinsey JE, Richards R, Shaw BS, and Brown GA. Effect Of Resistance Training
During Nebulization In Adults With Cystic Fibrosis. International Journal of Arts &
Sciences’ (IJAS). International Conference for Physical, Life and Health Sciences which
will be held at FHWien University of Applied Sciences of WKW, at Wiahringer Giirtel 97,
Vienna, Austria, from 25-29 June 2017.

Bongers M, Abbey BM, Heelan K, Steele JE, Brown GA. Nutrition Education Improves
Nutrition Knowledge, Not Dietary Habits In Female Collegiate Distance Runners. Med Sci
Sport Exerc. 49(5), 389. 64™ Annual Meeting of the American College of Sports
Medicine. Denver, CO. May 2017.

Brown GA, Steele JE, Shaw I, Shaw BS. Using Elisa to Enhance the Biochemistry
Laboratory Experience for Exercise Science Students. Med Sci Sport Exerc. 49(5), 1108.
64" Annual Meeting of the American College of Sports Medicine. Denver, CO. May 2017.

Brown GA, Shaw BS, and Shaw I. Effects of a 6 Week Conditioning Program on Jumping,
Sprinting, and Agility Performance In Youth. Med Sci Sport Exerc. 48(5), 3730. 63™
Annual Meeting of the American College of Sports Medicine. Boston, MA. June 2016.

Shaw I, Shaw BS, Boshoff VE, Coetzee S, and Brown GA. Kinanthropometric Responses
To Callisthenic Strength Training In Children. Med Sci Sport Exerc. 48(5), 3221. 63rd
Annual Meeting of the American College of Sports Medicine. Boston, MA. June 2016.

Shaw BS, Shaw [, Gouveia M, Mclntyre S, and Brown GA. Kinanthropometric Responses
To Moderate-intensity Resistance Training In Postmenopausal Women. Med Sci Sport
Exerc. 48(5),2127. 63rd Annual Meeting of the American College of Sports Medicine.
Boston, MA. June 2016.

Bice MR, Cary JD, Brown GA, Adkins M, and Ball JW. The use of mobile applications to
enhance introductory anatomy & physiology student performance on topic specific in-class

tests. National Association for Kinesiology in Higher Education National Conference.
January 8, 2016.

Shaw I, Shaw BS, Lawrence KE, Brown GA, and Shariat A. Concurrent Resistance and
Aerobic Exercise Training Improves Hemodynamics in Normotensive Overweight and
Obese Individuals. Med Sci Sport Exerc. 47(5), 559. 62" Annual Meeting of the
American College of Sports Medicine. San Diego, CA. May 2015.

Shaw BS, Shaw I, McCrorie C, Turner S., Schnetler A, and Brown GA. Concurrent
Resistance and Aerobic Training in the Prevention of Overweight and Obesity in Young
Adults. Med Sci Sport Exerc. 47(5), 223. 62" Annual Meeting of the American College
of Sports Medicine. San Diego, CA. May 2015.

Schneekloth B, Shaw I, Shaw BS, and Brown GA. Physical Activity Levels Using Kinect™
Zumba Fitness versus Zumba Fitness with a Human Instructor. Med Sci Sport Exerc. 46(5),
326. 61 Annual Meeting of the American College of Sports Medicine. Orlando, FL. June
2014.

Shaw I, Lawrence KE, Shaw BS, and Brown GA. Callisthenic Exercise-related Changes in
Body Composition in Overweight and Obese Adults. Med Sci Sport Exerc. 46(5), 394.
61" Annual Meeting of the American College of Sports Medicine. Orlando, FL June 2014.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Shaw BS, Shaw I, Fourie M, Gildenhuys M, and Brown GA. Variances In The Body
Composition Of Elderly Woman Following Progressive Mat Pilates. Med Sci Sport Exerc.
46(5), 558. 61 Annual Meeting of the American College of Sports Medicine. Orlando, FL
June 2014.

Brown GA, Shaw I, Shaw BS, and Bice M. Online Quizzes Enhance Introductory Anatomy
& Physiology Performance on Subsequent Tests, But Not Examinations. Med Sci Sport
Exerc. 46(5), 1655. 61% Annual Meeting of the American College of Sports Medicine.
Orlando, FL June 2014.

Kahle, A. and Brown, G.A. Electromyography in the Gastrocnemius and Tibialis Anterior,
and Oxygen Consumption, Ventilation, and Heart Rate During Minimalist versus
Traditionally Shod Running. 27th National Conference on Undergraduate Research
(NCUR). La Crosse, Wisconsin USA. April 11-13, 2013

Shaw, 1., Shaw, B.S., and Brown, G.A. Resistive Breathing Effects on Pulmonary Function,
Aerobic Capacity and Medication Usage in Adult Asthmatics Med Sci Sports Exerc 45 (5).
S1602 2013. 60™ Annual Meeting of the American College of Sports Medicine,
Indianapolis, IN USA, May 26-30 3013

Shaw, B.S. Gildenhuys, G.A., Fourie, M. Shaw I, and Brown, G.A. Function Changes In
The Aged Following Pilates Exercise Training. Med Sci Sports Exerc 45 (5). S1566 60"
Annual Meeting of the American College of Sports Medicine, Indianapolis, IN USA, May
26-30 2013

Brown, G.A., Abbey, B.M., Ray, M.W., Shaw B.S., & Shaw, I. Changes in Plasma Free
Testosterone and Cortisol Concentrations During Plyometric Depth Jumps. Med Sci Sports
Exerc 44 (5). S598, 2012. 59" Annual Meeting of the American College of Sports
Medicine. May 29 - June 2, 2012; San Francisco, California

Shaw, 1., Fourie, M., Gildenhuys, G.M., Shaw B.S., & Brown, G.A. Group Pilates Program
and Muscular Strength and Endurance Among Elderly Woman. Med Sci Sports Exerc 44
(5). S1426. 59" Annual Meeting of the American College of Sports Medicine. May 29 -
June 2, 2012; San Francisco, California

Shaw B.S., Shaw, 1., & Brown, G.A. Concurrent Inspiratory-Expiratory and Aerobic
Training Effects On Respiratory Muscle Strength In Asthmatics. Med Sci Sports Exerc 44
(5). S2163. 59" Annual Meeting of the American College of Sports Medicine. May 29 -
June 2, 2012; San Francisco, California

Scheer, K., Siebrandt, S., Brown, G.A, Shaw B.S., & Shaw, I. Heart Rate, Oxygen
Consumption, and Ventilation due to Different Physically Active Video Game Systems.
Med Sci Sports Exerc 44 (5). S1763. 59™ Annual Meeting of the American College of
Sports Medicine. May 29 - June 2, 2012; San Francisco, California

Jarvi M.B., Shaw B.S., Shaw, I., & Brown, G.A. (2012) Paintball Is A Blast, But Is It
Exercise? Heart Rate and Accelerometry In Boys Playing Paintball. Med Sci Sports Exerc
44 (5). S3503. 59™ Annual Meeting of the American College of Sports Medicine. May 29 -
June 2, 2012; San Francisco, California

Shaw, 1., Shaw, B.S., and Brown G.A. Effort-dependent Pulmonary Variable Improvements
Following A Novel Breathing Retraining Technique In Asthmatics. Med Sci Sports Exerc
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

43 (5). S617,2011. 58" Annual Meeting of the American College of Sports Medicine. May
31-June 4, 2011 Denver, Colorado

Brown G.A. Shaw, B.S., and Shaw, 1. Exercise and a Low Carbohydrate Diet Reduce Body
Fat but Not PYY and Leptin Concentrations. Med Sci Sports Exerc 43 (5). S4627, 2011.
58" Annual Meeting of the American College of Sports Medicine. May 31-June 4, 2011
Denver, Colorado

Shaw, B.S., Shaw, I, and Brown G.A. Pulmonary Function Changes In Response To
Combined Aerobic And Resistance Training In Sedentary Male Smokers. Med Sci Sports
Exerc 43 (5). S492, 2011. 58™ Annual Meeting of the American College of Sports
Medicine. May 31-June 4, 2011 Denver, Colorado

Heiserman, K., Brown G.A., Shaw, 1., and Shaw, B.S. Seated Weighted Abdominal
Exercise Activates the Hip Flexors, But Not Abdominals, More Than Unweighted
Crunches. A Med Sci Sports Exerc 43 (5). S277,2011 58" Annual Meeting of the
American College of Sports Medicine. May 31-June 4, 2011 Denver, Colorado

Brown, G.A., Nienhueser, J., Shaw, L., and Shaw, B.S. Energy Drinks Alter Metabolism at
Rest but not During Submaximal Exercise in College Age Males. Med Sci Sports Exerc.

42 (5): S1930. 57th Annual Meeting American College of Sports Medicine, June 1-5, 2010.
Baltimore, MD

Shaw, I, Shaw, B.S., and Brown G.A. Abdominal and Chest Wall Compliance in
Asthmatics: Effects of Different Training Modes. Med Sci Sports Exerc. 42 (5): S1588.
57th Annual Meeting American College of Sports Medicine, June 1-5, 2010. Baltimore,
MD.

Shaw, B.S., Shaw, I, and Brown G.A. Exercise Effects on Lipoprotein Lipids in the
Prevention of Cardiovascular Disease in Sedentary Males Smokers. Med Sci Sports Exerc.
42 (5): S1586. 57th Annual Meeting American College of Sports Medicine, June 1-5, 2010.
Baltimore, MD.

Brown, G.A. Collaborative Research at a Primarily Undergraduate University. Med Sci
Sports Exerc. 42 (5): S424. 57th Annual Meeting American College of Sports Medicine,
June 1-5, 2010. Baltimore, MD.

Nienhueser, J., Brown, G.A., Effects of Energy Drinks on Resting and Submaximal
Metabolism in College Age Males. NCUR 24 (24th National Conference on Undergraduate
Research). Missoula, MT. April 15-17, 2010

Brown, G.A., N. Dickmeyer, A. Glidden, C. Smith, M. Beckman, B. Malicky, B.S. Shaw
and I. Shaw. Relationship of Regional Adipose Tissue Distribution to Fasting Plasma PYY

Concentrations in College Aged Females. 56th Annual Meeting American College of
Sports Medicine, May 27-30, 2009. Seattle, WA. Med Sci Sports Exerc. 41 (5): S1333

Shaw, B.S., I. Shaw, and G.A. Brown. Contrasting Effects Of Exercise On Total And Intra-
abdominal Visceral Fat. 56th Annual Meeting American College of Sports Medicine, May
27-30,2009. Seattle, WA. Med Sci Sports Exerc. 41 (5): S1718

Shaw, 1., B.S. Shaw, and G.A. Brown. Role of Endurance and Inspiratory Resistive
Diaphragmatic Breathing Training In Improving Asthmatic Symptomology. 56th Annual
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Meeting American College of Sports Medicine, May 27-30, 2009. Seattle, WA. Med Sci
Sports Exerc. 41 (5): S2713

McWha, J., S. Horst, G.A. Brown, B.S. Shaw, and 1. Shaw. Energy Cost of Physically
Active Video Gaming Against a Human or Computer Opponent. 56th Annual Meeting
American College of Sports Medicine, May 27-30, 2009. Seattle, WA. Med Sci Sports
Exerc. 41 (5): S3069

Horst, S., J. McWha, G.A. Brown, B.S. Shaw, and 1. Shaw. Salivary Cortisol and Blood
Lactate Responses to Physically Active Video Gaming in Young Adults. 56th Annual
Meeting American College of Sports Medicine, May 27-30, 2009. Seattle, WA. Med Sci
Sports Exerc. 41 (5): S3070

Glidden A., M. Beckman, B. Malciky, C. Smith, and G.A. Brown. Peptide YY Levels in
Young Women: Correlations with Dietary Macronutrient Intake and Blood Glucose Levels.
55th Annual Meeting American College of Sports Medicine, May 28-31, 2008.
Indianapolis, IN. Med Sci Sports Exerc. 40 (5): S741

Smith C., Glidden A. M. Beckman, B. Malciky, and G.A. Brown. Peptide YY Levels in
Young Women: Correlations with Aerobic Fitness & Resting Metabolic Rate. 55th Annual
Meeting American College of Sports Medicine, May 28-31, 2008. Indianapolis, IN. Med
Sci Sports Exerc. 40 (5): S742

Brown, G.A. M. Holoubeck, B. Nylander, N. Watanabe, P. Janulewicz, M. Costello, K.A.
Heelan, and B. Abbey. Energy Costs of Physically Active Video Gaming in Children: Wii
Boxing, Wii tennis, and Dance Dance Revolution. 55th Annual Meeting American College
of Sports Medicine, May 28-31, 2008. Indianapolis, IN. Med Sci Sports Exerc. 40 (5):
S2243

McFarland, S.P. and G.A. Brown. One Session of Brisk Walking Does Not Alter Blood
Glucose Homeostasis In Overweight Young Men. 53rd annual meeting of the American
College of Sports Medicine, Denver, CO. Med Sci Sports Exerc 38: S205, 2006

Stahlnecker IV, A.C. and G.A. Brown Acute Effects of a Weight Loss Supplement on
Resting Metabolic Rate and Anaerobic Exercise Performance. 53rd annual meeting of the
American College of Sports Medicine, Denver, CO. Med Sci Sports Exerc 38: S403, 2006

Brown, G.A. and A. Swendener. Effects of Exercise and a Low Carbohydrate Diet on

Serum PYY Concentrations 53rd annual meeting of the American College of Sports
Medicine, Denver, CO.. Med Sci Sports Exerc 38: s461, 2006

Swendener, A.M. and G.A. Brown. Effects of Exercise Combined with a Low
Carbohydrate Diet on Health. 53rd annual meeting of the American College of Sports
Medicine, Denver, CO. Med Sci Sports Exerc 38: s460, 2006

Swendener, A.M. and G.A. Brown. Effects Of Exercise Combined With A Low
Carbohydrate Diet On Health. NCUR® 20, 2006

Stahlnecker IV, A.C. and G.A. Brown. Acute Effects Of A Weight Loss Supplement On
Resting Metabolic Rate And Anaerobic Exercise. NCUR® 20, 2006
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48. Eck, L. M. and G.A. Brown. Preliminary Analysis of Physical Fitness Levels in
Kinesiology Students. Southern Regional Undergraduate Honors Conference. March 31,
2005.

49. Brown, G.A., J.N. Drouin, and D. MacKenzie. Resistance Exercise Does Not Change The
Hormonal Response To Sublingual Androstenediol. 52" Annual Meeting of the American
College of Sports Medicine, June 1-4, 2005, Nashville, TN. Med Sci Sports Exerc 37(5):
S40, 2005

50. Brown, G.A., M.P Rebok, M.L. Scott, M.K. Colaluca, and J Harris III. Economy of
Jogging Stroller Use During Running. 51 Annual Meeting of the American College of
Sports Medicine, June 2-5, 2004, Indianapolis, IN. Med Sci Sports Exerc 36(5): S1714,
2004

51. M.P. Rebok, M.L. Scott, J. Harris III, M.K. Colaluca, and G.A. Brown. Economy of
Jogging Stroller use During Running. Georgia Southern University Legislative Wild Game
Supper, 2004.

52. M.P. Rebok, M.L. Scott, J. Harris III, M.K. Colaluca, and G.A. Brown. Energy cost of
jogging stroller use during running. Annual Meeting of the Southeastern Chapter of the
American College of Sports Medicine, 2004.

53. Brown, G.A., Effect of 8§ weeks androstenedione supplementation and weight training on
glucose tolerance and isokinetic strength. Annual Meeting of the Southeastern Chapter of
the American College of Sports Medicine, 2004.

54. Brown, G.A., Vukovich, M.D., Kohut, M.L., Franke, W.D., Jackson, D.A., King, D.S., and
Bowers, L.D. Urinary excretion of steroid metabolites following chronic androstenedione

ingestion. 50™ Annual Meeting of the American College of Sports Medicine, May 27-31
2003, San Francisco, CA. Med Sci Sports Exerc 35(5): S1835

55. Brown, G.A., E.R. Martini, B.S. Roberts, M.D. Vukovich, and D.S. King. Effects of
Sublingual androstenediol-cyclodextrin on serum sex hormones in young men. 48™ Annual
Meeting American College of Sports Medicine, May 30 — June 2, 2001. Baltimore, MD.
Med Sci Sports Exerc. 33(5): S1650

56. Kohut, M.L., J.R. Thompson, J. Campbell, G.A. Brown, and D.S. King. Ingestion of a
dietary supplement containing androstenedione and dehydroepiandrosterone (DHEA) has a
minimal effect on immune response. International Society of Exercise and Immunology, 3™
Annual Convention May 29-30, 2001. Baltimore, MD. Med. Sci. Sports Exerc. 33(5):
SISEI12

57. Brown, G.A., E.R. Martini, B.S. Roberts, and D.S. King. Effects of Sublingual
androstenediol-cyclodextrin on serum sex hormones in young men. lowa State University
Educational Research Exchange, March 24, 2001. Ames, IA.

58. Martini, E.R., G.A. Brown, M.D. Vukovich, M.L. Kohut, W.D. Franke, D.A. Jackson, and
D.S. King. Effects of androstenedione-herbal supplementation on serum sex hormone

concentrations in 30-59 year old men. lowa State University Educational Research
Exchange, March 24, 2001. Ames, IA.
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59. King, D.S., G.A. Brown, M.D. Vukovich, M.L. Kohut, W.D. Franke, and D.A. Jackson.
Effects of Chronic Oral Androstenedione Intake in 30-58 year Old Men. 11th International
Conference on the Biochemistry of Exercise. June 4-7, 2000. Little Rock, Arkansas

60. Brown, G.A., M.L. Kohut, W.D. Franke, D. Jackson, M.D. Vukovich, and D.S. King.
Serum Hormonal and Lipid Responses to Androgenic supplementation in 30 —59 year old
men. 47™ Annual Meeting American College of Sports Medicine, May 31-June 3, 2000.
Indianapolis, IN. Med Sci Sports Exerc. 32(5): S486

61. Brown, G.A., T.A. Reifenrath, N.L. Uhl, R.L. Sharp, and D.S. King. Oral anabolic-
androgenic supplements during resistance training: Effects on glucose tolerance, insulin
action, and blood lipids. 1999 Annual Meeting American College of Sports Medicine,
Seattle, WA. Med Sci Sports Exerc. 31(5): S1293

62. Reifenrath, T.A., R.L. Sharp, G.A. Brown, N.L. Uhl, and D.S. King. Oral anabolic-
androgenic supplements during resistance training: Effects on body composition and muscle
strength. 1999 Annual Meeting American College of Sports Medicine, Seattle, WA. Med
Sci Sports Exerc. 31(5): S1292

63. King, D.S., R.L. Sharp, G.A. Brown, T.A. Reifenrath, and N.L. Uhl. Oral anabolic-
androgenic supplements during resistance training: Effects on serum testosterone and
estrogen concentrations. 1999 Annual Meeting American College of Sports Medicine,
Seattle, WA. Med Sci Sports Exerc. 31(5): S1291

64. Parsons, K.A., R.L. Sharp, G.A. Brown, T.A. Reifenrath, N.L. Uhl, and D.S. King. Acute
effects of oral anabolic-androgenic supplements on blood androgen and estrogen levels in
man. 1999 Annual Meeting American College of Sports Medicine, Seattle, WA. Med Sci
Sports Exerc. 31(5): S1290

Book Chapters

Brown, G.A. Chapters on Androstenedione and DHEA. In: Nutritional Supplements in Sport,
Exercise and Health an A-Z Guide. edited by Linda M. Castell, Samantha J. Stear, Louise M.
Burke. Routledge 2015.

Brown, G.A. Evaluating a Nutritional Supplement with SOAP Notes to Develop Critical
Thinking Skills. In: Teaching Critical Thinking and Clinical Reasoning in the Health Sciences,
edited by Facione NC and Facione PA. Millbrae, CA: California Academic Press 2008

Non Refereed Publications

Brown, G.A. and King, D.S. Sport Dietary Supplement Update on DHEA supplementation.
Human Kinetics Publishers, Inc. October, 2000.

Brown, G.A. Getting in Shape for Paintball in the Winter. Paintball Sports International,
January, 1999

Invited Presentations

Brown G.A. Collaborative experiences with researchers in South Africa. Africa Summit 2019
(March 28, 2019). Presented by the University of Nebraska and the University of Nebraska
Medical Center.

Peer Reviewer for the Following Journals
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Advances in Physiology Education. http://www.the-aps.org/publications/advan/

African Journal For Physical, Health Education, Recreation and Dance (AJPHERD). ISSN:
1117-4315 http://www.ajol.info/journal index.php?jid=153

Anatomical Sciences Education. http://www.asejournal.com

Asian Journal of Sports Medicine. http://asjsm.tums.ac.ir/index.php/asjsm

CardioVascular Journal of Africa. http://www.cvjsa.co.za/

Complementary Therapies in Medicine. http://ees.elsevier.com/ctim/

European Journal of Sport Science. http://www.tandf.co.uk/journals/titles/17461391.asp
Games for Health Journal. http://www.liebertpub.com/overview/games-for-health-journal/588/
Global Journal of Health and Physical Education Pedagogy. http://js.sagamorepub.com/gjhpep
Interactive Learning Environments. https://www.tandfonline.com/toc/nile20/current
International Journal of Exercise Science. http://digitalcommons.wku.edu/ijes/

Journal of Sports Sciences. http://www.tandf.co.uk/journals/titles/02640414.html

Journal of Strength and Conditioning Research. http://journals.lww.com/nsca-
jscr/pages/default.aspx

Lung. http://www.springer.com/medicine/internal/journal/408
Pediatrics. http://pediatrics.aappublications.org/

Scandinavian Journal of Medicine and Science in Sports.
http://www.blackwellpublishing.com/journal.asp?ref=0905-7188

South African Journal of Diabetes and Vascular Disease http://www.diabetesjournal.co.za/

The American Journal of Physiology - Endocrinology and Metabolism.
http://ajpendo.physiology.org/

The American Journal of Physiology - Heart and Circulatory Physiology.
http://ajpheart.physiology.org/

The American Journal of Physiology - Regulatory, Integrative and Comparative Physiology.
http://ajpregu.physiology.org/

The International Journal of Sport Nutrition & Exercise Metabolism.
http://www.humankinetics.com/IJSNEM/journal About.cfm

The Journal of Sports Science and Medicine (JSSM) http://www.jssm.org/

The International Journal of Nutrition and Metabolism ww.academicjournals.org/IJINAM
The Open Sports Sciences Journal. http://benthamscience.com/open/tossj/index.htm

The Journal of Applied Physiology. http://jap.physiology.org/

African Health Sciences. http://www.ajol.info/index.php/ahs

Menopause. http://journals.lww.com/menopausejournal/pages/default.aspx

Membership in Professional Organizations
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American College of Sports Medicine
American Physiological Society

National Strength and Conditioning Association

Graduate Student Advisement/Mentoring

Kourtney Woracek. MAEd Thesis Committee. in progress

Marissa Bongers. MAEd Thesis Committee Director. Dietary Habits and Nutrition Knowledge
in Female Collegiate Distance Runners. Degree Awarded Spring 2016.

Justin Thiel. MAEd Advisor. Degree Awarded Spring 2016.

Mitchell Sasek. MAEd Advisor. Degree Awarded Summer 2015

Chad Keller. MAEd Advisor. Degree Awarded Summer 2014

Faron Klingehoffer. MAEd Advisor. Degree Awarded Summer 2014

Joe Scharfenkamp. MAEd Internship Advisor. Degree Awarded Summer 2014

Andrew Hudson. MAEd Thesis Committee. Thesis Title. valuation of Weight Loss in Parents
Participating in a Pediatric Obesity Treatment Intervention Degree Awarded Fall 2012

Megan Adkins. Doctoral Dissertation Committee. An Examination of Changes in Sedentary
Time with the Integration of Technology for Children Participating in a Morning Fitness
Program. Degree Awarded Summer 2011

Christopher Campbell. MAEd Advisor. Degree Awarded Spring 2011
Logan Brodine. MAEd Advisor. Degree Awarded Spring 2010

Megan Costello. MAEd Thesis Committee. Changes in the Prevalence of at risk of overweight
or overweight in children. Degree Awarded Spring 2009

Pamela Janulewciz, MAEd Thesis Committee. Effects of Exercise Balls as Chair Replacements
in a Fourth Grade Classroom. Degree Awarded Spring 2008

Melissa Shelden. MAEd Advisor.
Michael Bell. MAEd Advisor.

Karen DeDonder. MAEd Thesis Committee. Confidence Levels of Certified Athletic Trainers
Regarding Female Athlete Triad Syndrome. Degree Awarded Spring 2008

Benjamin Nylander. MAEd Comprehensive Project Director. Degree Awarded Summer 2007
Eme Ferro. MAEd advisor. Degree Awarded Summer 2007

Julie McAlpin. MAEd Thesis Committee. Children Escorted to School; effect on Parental
Physical Activity Degree awarded fall 2006

Michael Ray. MAEd Comprehensive Project Director. Degree Awarded Summer 2006

Seth McFarland. MAEd Thesis Committee Director. The Effects of Exercise Duration on
Glucose Tolerance and Insulin Sensitivity in Mildly Overweight Men. Degree Awarded
Summer 2005
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Drew McKenzie. MS Academic Advisor. Degree Awarded Spring 2005
Matthew Luckie. MS Academic Advisor. Degree Awarded Spring 2005
Todd Lane. MS Academic Advisor

Leilani Lowery. MS Internship committee, Degree Awarded Spring 2003
Johnna Ware. MS Internship committee, Degree Awarded Spring 2003
David Bass. MS Internship committee, Degree Awarded Spring 2003
Crystal Smith. MS Internship committee, Degree Awarded Summer 2003

Undergraduate Student Research Mentoring

Cassidy Johnson. Project to be determined. Undergraduate Research Fellowship (Fall 2019 -)

Taylor Wilson. A comparison of High Intensity Interval Exercise on a bicycle ergometer to a
treadmill on Resting Metabolic Rate the next day. Undergraduate Research Fellowship (Fall
2018 -)

Dakota Waddell. The effect of yoga versus mindful meditation on stress in physically active and

non-physically active female college-aged students Undergraduate Research Fellowship (Fall
2018 -)

Dakota Waddell. A case study of the effects of the osteostrong program on bone mineral density
and lean body mass in a paraplegic male. Undergraduate Research Fellowship (Fall 2017 —
Spring 2018)

Andrew Fields. The effects of retraining running cadence on oxygen consumption in
experienced runners. Undergraduate Research Fellowship. (Fall 2017 — Spring 2019)

Logan Engel. The effects of Tart Cherry Juice on Delayed Onset Muscle Soreness following
Eccentric Exercise. Undergraduate Research Fellowship. Fall 2017 -

Stephanie Paulsen. Comparing the effects of coffee to a pre-workout drink on cardiovascular
drift. Summer Student Research Program. University of Nebraska Kearney. Summer 2017.

Stephanie Paulsen. Comparing the effects of coffee to a pre-workout drink on resting and
exercise metabolic rate. Undergraduate Research Fellowship. Spring 2017 - .

Rachael Ernest. Comparing the effects of coffee to a pre-workout drink on resting and exercise
metabolic rate. Undergraduate Research Fellowship. Fall 2016 - Spring 2017.

Aleesha Olena. Evaluating the role of body composition on abdominal muscle definition.
Undergraduate Research Fellowship. University of Nebraska Kearney. Fall 2016 - Spring 2017.

Marco Escalera. Evaluating the role of body composition on abdominal muscle definition.
Undergraduate Research Fellowship. University of Nebraska Kearney. Fall 2015 - Spring 2017.

Trevor Schramm. Effects of “pre-workout’ drinks on 400 m sprint performance and salivary
cortisol concentrations. Undergraduate Research Fellowship. University of Nebraska Kearney.
Spring 2016.

Taylor Turek. Evaluating the role of body composition on abdominal muscle definition.
Undergraduate Research Fellowship. University of Nebraska Kearney. Fall 2015 - Spring 2016.
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Brian Szekely. Effects of “pre-workout” drinks on Wingate test performance and blood lactate
concentrations. Undergraduate Research Fellowship. University of Nebraska Kearney. Fall
2014 - Spring 2016.

Brianna Jackson. Effects of “pre-workout’ drinks on 400 m sprint performance and salivary
cortisol concentrations. Undergraduate Research Fellowship. University of Nebraska Kearney.
Fall 2014 — Fall 2015.

Ashley Pearson. Changes in resting metabolic rate over a semester in undergraduate students.
Undergraduate Research Fellowship. University of Nebraska Kearney. Fall 2013 - Spring 2015.

Tricia Young. Changes in resting metabolic rate over a semester in undergraduate students.
Undergraduate Research Fellowship. University of Nebraska Kearney. Fall 2013 - Spring 2014.

Gavin Schneider. Effects of “pre-workout” drinks on resistance training performance.
Undergraduate Research Fellowship. University of Nebraska Kearney. Fall 2013 - Spring 2014.

Bridgette Schneekloth. Physical Activity while engaging in a Zumba dance class or Microsoft
Kinect Zumba. Summer Student Research Program. University of Nebraska Kearney. Summer
2013.

Bridgette Schneekloth. Physical Activity while engaging in Microsoft Kinect Track & Field
running vs. free running on an indoor track. Undergraduate Research Fellowship. University of
Nebraska Kearney. Fall 2012 - Spring 2014.

Adam Kahle. Evaluating changes in running mechanics with “barefoot” footwear. Summer
Student Research Program. University of Nebraska Kearney. Summer 2012

Michelle Jarvi. Quantifying paintball as a form of physical activity in Boys. Undergraduate
Research Fellowship. University of Nebraska Kearney. Fall 2011 - Spring 2012.

Benjamin Lentz, Krista Scheer, & Sarah Siebrandt. Wii, Kinect, and Move for Physical
Activity: Analysis of Energy Expenditure, Heart Rate, and Ventilation. Undergraduate Research
Fellowship. University of Nebraska Kearney. Fall 2010 - Spring 2012.

Katlyn Heiserman. Comparison of EMG activity in the rectus abdominis and rectus femoris
during supine un-weighted abdominal crunch exercise and a seated abdominal crunch exercise
weight machine. Summer Student Research Program. University of Nebraska Kearney.
Summer 2010

Janae Nienhueser. Effects of Energy drink on resting and submaximal exercise metabolism in
college age men. Summer Student Research Program. University of Nebraska Kearney.
Summer 2009

Jessica McWha. Metabolic changes while playing active video gaming against a human and
computer opponent. Summer Student Research Program and Undergraduate Research
Fellowship. University of Nebraska Kearney. Summer 2008 — Spring 2009

Sarah Horst. Changes in blood lactate and salivary cortisol concentrations while “exergaming”
against a human or computer opponent. Summer Student Research Program. University of
Nebraska Kearney. Summer 2008

Craig Carstensen. Differences in the Physiological Response to Treadmill versus Freely Paced
Walking. Summer Student Research Program. University of Nebraska Kearney. Summer 2006
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Alvah Stahlnecker Acute effects of a weight loss supplement on resting metabolic rate and
anaerobic exercise performance. Summer Student Research Program. University of Nebraska
Kearney. Summer 2005

Allison Swendener. Effects of exercise combined with a low carbohydrate diet on health.
Summer Student Research Program. University of Nebraska Kearney. Summer 2005

Kamilah Whipple. A measurement of the physical activity and fitness of undergraduate Georgia
Southern University students. Ronald E. McNair Post-Baccalaureate Achievement Program.
Georgia Southern University. Summer 2004.

Lindsey Eck. Preliminary Analysis of Physical Fitness Levels in Kinesiology Students.
Independent undergraduate research project. Georgia Southern University. Summer 2004.

Description of Graduate Courses Taught

PE 870: Advanced Exercise Physiology Course presumes a student has had a basic course in
exercise physiology. The content of cardiorespiratory fitness, body composition, muscular
strength/flexibility, body fluids and metabolism is presented beyond the introductory level.
(University of Nebraska at Kearney)

PE 866P: Nutrition for Health and Sport. (Dual listed/taught with PE 469) Metabolism and
metabolic regulation, the influence of dietary practices on health and human performance, and
mechanisms and consequences of weight loss and gain.. (University of Nebraska Kearney)

PE 861P: Physiology of Exercise. (Dual listed/taught with PE 461) Physiological processes of
body as pertain to physical activity. How trained and untrained individuals differ, and
importance of training. (University of Nebraska at Kearney)

TE 800: Education Research. This introductory web-based course in educational research
focuses on evaluating and interpreting educational research and applying its findings to
educational practice. (University of Nebraska at Kearney)

KINS 7230: Exercise Physiology. Focuses on the study of the effects of exercise on the
physiological functions of the human organism with emphasis on theoretical orientations.
(Georgia Southern University)

KINS 7231: Laboratory Techniques in Exercise Physiology. Acquaints the student with the
use of typical laboratory equipment used in exercise physiology. (Georgia Southern University)

KINS 7238: Human Performance and Nutrition. Examines the interaction between nutrition
and physical activity, including exercise and athletic performance. (Georgia Southern University)

KINS 7431: Applied Sport Physiology. Focuses on the study of exercise physiology
principles applied to developing training and conditioning programs for enhancing health related
fitness and performance (Georgia Southern University)

KINS 7899: Directed Independent Study. Provides the student with an opportunity to
investigate an area of interest under the direction of faculty mentor (Georgia Southern
University)

EXSP 551: Advanced Exercise Physiology 2. Analysis of factors affecting work capacity and
performance. Human energy metabolism concepts and measurement. (Iowa State University)
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Description of Undergraduate Courses Taught

PE 498: Special Topics. (University of Nebraska at Kearney)

PE 475: Research Methods in Exercise Science. This course is designed to introduce
advanced undergraduate students to the processes of research in the field of Exercise Science
including the processes of finding, reading and understanding Exercise Science research; data
collection; data analysis; and data interpretation. (University of Nebraska at Kearney)

PE 469: Sports Nutrition. Metabolism and metabolic regulation, the influence of dietary
practices on human performance. (University of Nebraska at Kearney)

PE 461: Physiology of Exercise. Physiological processes of body as pertain to physical
activity. How trained and untrained individuals differ, and importance of training. (University of
Nebraska at Kearney)

PE 388: General Studies Capstone - The Living Dead in Fact & Fiction. The Living Dead,
such as Zombies and Vampires, are pervasive in fictional literature, television, and movies.
During this course, novels, television episodes, and movies will be used to identify disease
symptoms displayed by the living dead, and these symptoms will then be evaluated regarding
what type of medical condition might cause the symptoms.

PE 310: Introduction to Exercise Physiology. Provides a foundation of scientific basis for
understanding the body's anatomical structures and physiologic responses to acute exercise, as
well as its adaptations to chronic exercise. (University of Nebraska at Kearney)

PE 107. This course is designed to introduce students to the field of Exercise Science as an area
of academic study and as a professional career. Students majoring in Exercise Science should
take this course in their first year. (University of Nebraska at Kearney)

KINS 4231: Fitness Evaluation and Exercise Prescription. Provides the student with an in-
depth study of fitness appraisal and exercise prescription and the development, interpretation,
implementation and management of fitness programs (with laboratory). (Georgia Southern
University)

KINS 3133: Physiological Aspects of Exercise. Provides an in-depth perspective of
physiological and biochemical responses of the human body when subjected to exercise (with
laboratory). (Georgia Southern University)

GSU 1210: University Orientation 1. Designed to help first year students understand the
purpose of a college education, learn about college requirements, explore values and interests,
learn to make decisions and realistic choices, explore career objectives and programs of study,
and establish supportive relationships with faculty and staff. Required of all new students during
their first semester. (Georgia Southern University)

EX SP 462: Medical Aspect of Exercise. The role of exercise in preventive medicine. Impact
of exercise on various diseases, and the effect of various medical conditions on the ability to
participate in vigorous exercise and competitive sports. Principles of exercise testing and
prescription for individuals with these conditions. Environmental and nutritional aspects of
exercise. (Iowa State University)
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EX SP 458: Principles of Exercise Testing and Prescription. Physiological principles of
physical fitness; design and administration of fitness programs; testing, evaluation, and
prescription; cardiac risk factor modification. (Iowa State University)

EX SP 455 (Renumbered as EX SP 358 for Fall 2001). Physiology of Exercise. Physiological
basis of human performance; effects of physical activity on body functions (with laboratory).
(Iowa State University)

EX SP 355: Biomechanics (Laboratory). Mechanical basis of human performance;
application of mechanical principles to exercise, sport and other physical activities. (Iowa State
University)

EX SP 258: Physical Fitness and Conditioning. Development of personal fitness using a
variety of conditioning and exercise techniques such as aerobics, weight training, and aquatic
fitness. Introduction to acute and chronic responses to exercise, and the role of exercise in health
promotion and weight management. (Iowa State University)

EX SP 236: Fundamentals of Archery, Badminton, Bowling (Archery Segment). (Iowa State
University)

EX SP 119: Archery 1. (Iowa State University)

EX SP 220: Physical Fitness and Conditioning. Development of personal fitness using a
variety of conditioning and exercise techniques such as aerobics, weight training, and aquatic
fitness. Introduction to acute and chronic responses to exercise, and the role of exercise in health
promotion and weight management. (Des Moines Area Community College)

PE 157: Introduction to Athletic training. Introduction to methods of prevention and
immediate care of athletic injuries. Basic information concerning health supervision of athletes,
and some basic wrapping and strapping techniques for common injuries. (Des Moines Area
Community College)

PE 144: Introduction to Physical Education. History and development of physical education
as an academic discipline. Principles and current practices of teaching physical education. (Des
Moines Area Community College)

PHYSL 130: Human Physiology. Principles of the regulation and maintenance of human
physiology. (Utah State University; Volunteer Undergraduate TA)

PHYSL 103 Human Anatomy. Introduction to the structure and location of bones, muscles,
and organs in the human body. (Utah State University; Volunteer Undergraduate TA)

Service

Service to the Profession

Associate Editor, Asian Journal of Sports Medicine (2019-).

Director, North American Chapter, International Physical Activity Projects (IPAP) (2009-)
Fellow, American College of Sports Medicine (2008- )

National Research Foundation (South Africa) peer evaluator for grant applicants

National Research Foundation (South Africa) evaluator of applications for funding in Thuthuka
Programme
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External Evaluator for Master’s Theses and Doctoral Dissertations, University of Johannesburg,
Johannesburg South Africa.

Grant proposal reviewer for NASPE/ING Run for Something Better School Awards Program.

Session Chair. Special Event. Undergraduate Research Experiences in Exercise Science. ACSM
Annual Meeting, 2010

Session Chair. 2™ Annual Education Research Exchange. Iowa State University Education
Research Exchange, 2001

Current Service at the University of Nebraska at Kearney
University Wide

Faculty Senate Parliamentarian (April 2019 — April 2022)

Faculty Senate Oversight Committee Chair (April 2019 — April 2022)
Faculty Senate Executive Committee (April 2019 — April 2022)
Faculty Senate, At Large representative (Fall 2018-)

University Student Conduct Appeals Board (Fall 2019 - May 2020)
General Studies Council (fall 2013-)

University Safety Committee (Fall 2018 - )

University Student Travel Policy Committee (Fall 2019-)
University Retention Council (Fall 2019 -)

External Evaluator, Promotion Committee, Department of Social Work & Criminal Justice (Fall
2019-)

College of Education Dean Search Committee Member (Fall 2019 -)
College of Education

College of Education Promotion and Tenure Committee, Chair (Fall 2012 — present) Member
(fall 2008 — spring 2012)

Department of Kinesiology and Sport Sciences
Kinesiology Lecturer Search Committee Member (Fall 2019 - )

Nebraska Kids Fitness and Nutrition Day, volunteer educator and student coordinator. (fall 2005-
present)

Academic Advisor for Undergraduate exercise Science Students (Fall 2005 - present)
Previous Service at the University of Nebraska at Kearney

Recreation Faculty Search Committee Member (Spring 2019)

University Student Conduct Board (Fall 2016- May 2017, Fall 2018 — May 2019)
Faculty Senate Athletic Committee (Fall 2018-May 2019)

External Evaluator, Promotion & Tenure, Department of Social Work & Criminal Justice (Fall
2018)
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External Evaluator, Faculty Annual Performance Reviews, Department of Social Work &
Criminal Justice (Spring 2018)

University Graduate Council. (Fall 2014 — spring 2017)

University Graduate Council Standing Committee I: Policy & Planning Committee (fall 2014 —
spring 2017)

Faculty Senate (April 2012- April 2016)

Faculty Senate Executive Council, (April 2014 — April 2016)

Faculty Senate representative to the Oversight Committee (September 2014 — April 2016)
Faculty Senate representative to the Grievance Committee (September 2014 — April 2016)

Faculty Senate representative to the Professional Conduct committee (September 2013 - April
2016)

Youth Agility Speed & Quickness program director (2011-2015)
Faculty Senate ad-hoc committee on best practices in peer evaluation (2013-2014)
Director of General Studies search committee, committee member (2013-2014)

Director of the Office of Sponsored Programs search committee member (2012-2013; 2013-
2014)

College peer mentor for implementing Critical Thinking in the classroom (2013-2014)

Chair, Ad-hoc committee for the evaluation of a new Student Evaluation of Instruction survey
(2012-2014 academic years)

Ad-hoc committee to enhance communication effectiveness within department faculty and staff
(2013-2014)

Exercise Science faculty search (2012-2013)
Undergraduate Research and Creative Activity program review team (2011-2012)

Institutional Review Board for the protection of Human Research Subjects. (Service period 2006
-2011)

Undergraduate Research Committee (Service fall 2008 — spring 2011)
University Graduate Council. (Service period 2006 - 2010)

Homecoming Hustle (HPERLS Fun Run) Race Director and Coordinator (Service period
beginning Fall 2007 — fall 2009)

Ad-hoc Committee on Enhancing Enrollment and Course Offerings in PE 110 Dept. of HPERLS
(Service period beginning fall 2006)

Graduate Council Standing Committee 1: Policy and Planning Committee. (Service period
beginning fall 2006; Chair in 2007 — 2008 and 2009-2010)

General Studies Roundtable 2 (spring 2006-spring 2007)
Academic Affairs Committee on Teaching Continuity (Service period beginning fall 2006)
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Health Science Program Assistant Director Search Committee, University of Nebraska at
Kearney. (Service period summer 2006)

Graduate Program Chair, HPERLS Department, University of Nebraska at Kearney (Service
period beginning summer 2006 - 2010)

Graduate Dean Search Committee. University of Nebraska at Kearney (Service period 2005 —
2006 academic year)

Assistant HPERLS Department Graduate Coordinator. (Service period 2005 — 2006 academic
year)
University of Nebraska at Kearney Centennial Run committee. (Service period fall 2005)

Senior College of Central Nebraska, Fit after 50 course coordinator. (Service period 2005 — 2006
academic year)

Health Science Program Assistant Advisor Search Committee. (Service period summer 2005)
HPERLS Furniture Committee (Service period spring 2005)

Academic Advisor for Undergraduate exercise Science Students (Service period Beginning Fall
2005 academic year; ongoing)

Other Prior University Service

Institutional Review Board, Georgia Southern University (2003- 2004)

GSU Exercise Science undergraduate student advisor (2002 — 2004)

GSU Jiann-Ping Hsu School of Public Health extramural funding task force (2003-2004)

GSU Jiann-Ping Hsu School of Public Health Curriculum Committee (2003-2004)

GSU Jiann-Ping Hsu School of Public Health Assistant Graduate program director (2003-2004)
GSU Jiann-Ping Hsu School of Public Health Laboratory Director’s Committee (2002-2004)

GSU Jiann-Ping Hsu School of Public Health Exercise Science Graduate program coordinator
(2003-2004)

GSU Recreation and Athletic Center advisor to the personal training program (2003-2004)
Institutional Biosafety Committee, Georgia Southern University (2003-2004)

Kinesiology Cluster Area, Georgia Southern University, Jiann-Ping Hsu School of Public Health
(2002-2004)

Biostatistics Faculty Search Committee. Georgia Southern University, Jiann-Ping Hsu School of
Public Health (2002-2003, 2003-2004)

Computer Advisory Committee, lowa State University, University-Wide, College of Education,
and Dept. of Health and Human Performance (2000-2002)

Computer Fee Allocation Committee, lowa State University (2000-2001)

Dept. of Health and Human Performance Graduate Student Association (Founding Officer and
1% President; 2001-2002)
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Sport Management Faculty Search Committee, lowa State University Dept. of Health and
Human Performance (2001-2002)

Previous Community Involvement
Race Director, Central Nebraska Susan G. Komen Race for the Cure (2011, 2012, 2013 events)

Webelos Den Leader, Boy Scouts of America Pack 132, Kearney, NE. Chartered to the Church
of Jesus Christ of Latter Day Saints

Scoutmaster, Boy Scouts of America Troop 132, Kearney, NE. Chartered to the Church of Jesus
Christ of Latter Day Saints

Tiger Den Coach, Boy Scouts of America Pack 135, Kearney, NE. Chartered to Faith United
Methodist Church.

Personal Fitness Merit Badge Counselor. Boy Scouts of America, Overland Trails Council
Covered wagon District.

Certifications

American College of Sports Medicine: ACSM Certified Exercise Physiologist (05/21/1998 -
12/31/2021)

USA Track and Field: Level One Coach
American Red Cross: Community First Aid and CPR

Funding
Research Funding

Brown GA, Bice MR, Abbey BM. Shaw I, Shaw BS. Effects of aerobic exercise, resistance
exercise, and combined aerobic & resistance exercise on food choices and endocrine signals of
satiety in middle aged adults. Submitted 6/26/2017 to National Institutes of Health [PA16-200] -
Academic Research Enhancement Award (Parent R15) (Application #1R15DK117436-01).
Total Amount Requested: $367,708. (Resubmission of revised proposal; Pending Review.)

Brown GA, Bice MR, Abbey BM. Shaw I, Shaw BS. Effects of aerobic exercise, resistance
exercise, and combined aerobic & resistance exercise on food choices and endocrine signals of
satiety in middle aged adults. Submitted 6/26/2017 to National Institutes of Health [PA16-200] -
Academic Research Enhancement Award (Parent R15) (Application #1R15DK117436-01).
Total Amount Requested: $351,708. Pending Review.

Brown GA, Bice MR, Adkins MM, Hollman A, Bickford S, Bickford N, Ranglack D. HEAT it
up (Health, Exercise, Aquaponics, Technology) summer camps to grow future health
professionals in Rural Nebraska. Submitted 5/25/2017 to National Institutes of Health [PAR17-
183] - NICHD Research Education Programs (R25) (Application # 1R25 HD094673-01) Total
Amount Requested: $777,006. Pending Review.

Brown GA, Bice MR, Adkins MM, Hollman A, Bickford S, Bickford N, Ranglack D. Teaching
Health, Exercise, Technology, & Aquaponics (THETA) Day Camps to Grow Future Health
Professionals. University of Nebraska Rural Futures Institutes (RFI) $20,000 — Funded (July 1,
2017 — June 30, 2019)
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Brown GA, Bice MR, Adkins MM, Hollman A, Bickford S, Bickford N, Ranglack D. Teaching
Health, Exercise, Technology, & Aquaponics (THETA) Day Camps to Grow Future Health
Professionals. University of Nebraska Rural Futures Institutes (RFI) and McCook Economic
Development Council $11,400 — Funded (May 1, 2017 — August 30, 2017)

Brown GA, Abbey BM, Bice MR. “Is milk an effective rehydration beverage during repeated
days of dehydrating exercise?” to the Dairy Research Institute® (DRI) $125,560 — Not funded.

Brown GA & Steele J. “Biochemistry Laboratory Experiences for Exercise Science Students”
to the Kelly Fund, University of Nebraska. $23,947. Funded. August 2014- June 2016

Brown GA. “Horizon After School Quickness Program” to Blue Cross & Blue Shield of
Nebraska for a Community Wellness grant. $14,106. Not funded

Brown GA. “Effects of chocolate milk taken immediately post exercise on the adaptations to
strength training in men” to the Dairy Research Institute® (DRI) $123,192 — not funded.

Brown GA., Heelan KA, Bartee RT, & Maughan S. “Active Video Games as an Alternative to
Traditional Group Exercise Classes” to the Robert Wood Johnson Health Games Research
program. $297,201 — not funded

Brown GA., Nylander B, Heelan KA. Energy Expenditure for Active Video Game Systems:
Dance Dance Revolution and Nintendo Wii. University of Nebraska at Kearney Research
Services Council. $3,432. Funded

Brown G.A. Effects of green tea extract on fasting plasma insulin, glucose, leptin, and PYY
concentrations in humans. University of Nebraska at Kearney Research Services Council.
$3,822. Funded

Brown G.A. Dose response relationship between resistance exercise and changes in the
hormonal regulation of blood glucose homeostasis. American Diabetes Association Junior
faculty Award. $443,293. Not Funded.

Brown G.A., and K. Heelan. Health benefits of green tea extract in women. NIH NCCAM
Exploratory/Developmental Grant for Clinical Studies (R21), PAR-03-153. $485,163. Not
Funded.

Brown, G.A. Changes In Biomarkers Of Satiety, Aerobic Fitness, And Body Composition While
On A Low Fat Or Low Carbohydrate Diet. University of Nebraska at Kearney Research
Services Council. $3,750. Funded

Lynott, F., Brown, G.A., and K. Heelan. Health and Fitness of HPERLS Students. University
of Nebraska at Kearney Research Services Council. $4,000. Funded

Brown G.A., K. Heelan and D.S. King. Pharmacokinetics & Efficacy of Sublingual
Androstenediol for Treating Andropause. NIH NCCAM Exploratory/Developmental Grant for
Clinical Studies (R21), PAR-03-153. $477,000. Not Funded.

Maughan S.L., D.P.Snider, and G.A. Brown, Physical Health and Social Factors Influencing
Educational Success Among Hispanic Immigrant Children, University of Nebraska at Kearney
Research Services Council. $4,214.60. Funded

McFarland S.P. and G.A. Brown, Effects of Exercise Duration on Glucose Tolerance In Mildly
Overweight Men, University of Nebraska at Kearney Research Services Council. $750. Funded
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Brown, G.A. Effects of Exercise Duration on Insulin Sensitivity In Mildly Overweight Men,
University of Nebraska at Kearney Research Services Council. $2,000. Funded

McFarland S.P. and G.A.Brown, Effects of Exercise Duration on Glucose Tolerance In Mildly
Overweight Men, Gatorade Sports Sciences Institute. $1,500. Not Funded

Brown, G.A. Effects of Exercise Duration on Glucose Tolerance and Insulin Sensitivity in
Mildly Overweight Men. Life fitness Academy. $5,000. not funded

Brown, G.A. American College of Sports Medicine Foundation Grant. Endocrinology of
weight lifting & androgen supplementation, $10,000. Not Funded.

Brown, G.A. and J.L. McMillan. Experimental and Applied Sciences. Effects of Green Tea
Extract on Insulin Sensitivity and Adaptations to Exercise. $71,075. Not Funded.

Brown, G.A. American College of Sports Medicine Foundation Grant. Endocrinology of
weight training & androgen supplementation, $10,000. Not Funded.

Brown, G.A. and J. Drouin. Georgia Southern University Faculty Research Grant. Effects of
Resistance Training on the Hormonal response to Sublingual Androstenediol Intake. $5,000.
Funded

King D.S. and G.A. Brown. World Anti Doping Agency. Effects of Testosterone Precursors on
the Muscular and Hormonal Response to Resistance Training in Men. $464,634. Not Funded.

Brown, G.A. American College of Sports Medicine Foundation Grant. Effect of Raisin
Ingestion on Substrate Use During Exercise. $5,000. Not Funded.

King D.S. and G.A. Brown. California Raisin Marketing Board. The Glycemic Index Of
Raisins Fed To Normal People And Non-Insulin Dependent Diabetics. $110,869. Not Funded.

King D.S. and G.A. Brown. California Raisin Marketing Board. The Effects Of Raisin
Ingestion On Substrate Utilization and Endurance Exercise Performance In Trained Cyclists. $
84,258. Not Funded.

Brown, G.A., E.R. Martini, and B.S. Roberts. Effect of Androstenediol on Serum Sex Hormone
Concentrations. Iowa State University Professional Advancement Grant. Graduate Student
Senate and Iowa State University Dept. of Health and Human Performance. $700. Funded

Instructional Development Funding

Brown G.A. and K.A. Heelan. University of Nebraska at Kearney. Proposal for the purchase of
upgraded resistance exercise equipment in the Human Performance Laboratory. $21,100.
Funded.

Brown G.A. and K.A. Heelan. University of Nebraska at Kearney. Proposal for the purchase of
a new metabolic cart for the Human Performance Laboratory. $24,560. Funded

Brown, G.A. Georgia Southern University, Center for Excellence in Teaching Instructional
Development Grant. Proposal for purchase of heart rate monitors, manual sphygmomanometers,
and automated sphygmomanometers. $2,820. Funded.

Brown, G.A. Georgia Southern University, Center for Excellence in Teaching Innovative
Teaching Strategies Retreat. Provides $2,000 in instructional technology funds to the
participant. Funded.
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Brown, G.A. Georgia Southern University, Center for Excellence in Teaching Travel Grant.

$750. Funded.

Brown, G.A. Georgia Southern University student technology fee proposal. Proposal for
purchase of Molecular Devices SpectraMax 250 plate reader. $17,000. Funded

Brown, G.A. Georgia Southern University student technology fee proposal. Proposal for
purchase of Lode Excalibur Sport Bicycle Ergometer and Physiodyne Max 2 Metabolic Cart.

$29,577. Funded

Brown, G.A. Georgia Southern University student technology fee proposal. Proposal for
purchase of Packard Cobra 2 Automated Gamma Counter. $14,000. Not funded

References

Dr. Ina Shaw

+27 12 671 8810

ina.shaw(@momentum.co.za

MMI Client Engagement Solutions

Visiting Professor - University of Johannesburg

Adjunct Professor - University of Venda

President: International Physical Activity Projects (IPAP)

Dr. Kenya Taylor

(308) 865-8843

taylorks@unk.edu

Dean, Graduate Studies & Research
University of Nebraska Kearney

Dr. Matthew R. Bice
(308) 865-8052
bicemr@unk.edu

Assistant Professor, Dept of Kinesiology & Sports Sciences

University of Nebraska Kearney

Daubert Response App. 0032



5/23/22, 2:1€RA8€ 2:21-cv-00316 Document 343-1srovikey OSAROIRBondRageddial 940 PagelD #: 24571

APA.org APA Style APA Services Divisions

About APA Events Join APA Help ™ Cart

Search and select a Dictionary term

sex (ag

n.

1. the traits that distinguish between males and females. Sex refers
especially to physical and biological traits, whereas gender refers
especially to social or cultural traits, although the distinction between
the two terms is not regularly observed.

2. the physiological and psychological processes related to
procreation and erotic pleasure.
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CAT

1. abbreviation for California Achievement Tests.

2. abbreviation for Children’s Apperception Test.

3. abbreviation for the British version of the Cognitive Abilities Test.
4. abbreviation for computer adaptive testing.

5. acronym for computerized axial tomography (see computed
tomography).
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COVID took many in the prime of life, leaving families to pick up
the pieces™'
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&

Dating coaches, who specialize in working with people with

autism, are in demand®'
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NEWSLETTERS MARKETPLACE | OBITS
~ dan Francisco Examiner

Opinion: When it comes to trans youth, we're in
danger of losing our way The Latest
Fueled by isolation and social media, some youth rush toward gender identity as answer to distress

By Erica Anderson Special to The Examiner - January 3, 2022 8:30 am - Updated January 4, 2022
11:38 am

0000006

Will accidents increase as e-bikes become
more popular?

How to Make NFT Art That Will Get
Noticed

More than 75% of long COVID patients not
hospitalized for initial illness

A fraudster is standing by to book you a
flight at 50% off

Muni riders mask up despite inconsistent
public transit safety requirements

San Francisco'’s next D.A.? Recall reform
could limit Breed's options if Boudin is

By Erica Anderson ousted
Special to The Examiner
Through a grant from the San Francisco Department of Public Health, UCSF’s Child and N\
Adolescent Gender Center has for the past five years provided training and consultation on
transgender kids to all youth-serving agencies and professionals in The City, including its
public schools. The vision has been to make San Francisco a model in caring for its gender .?II.IGEN UP FOR
creative youth. EXAMINER
AL
| was part of that effort, and for years worked at UCSF's Gender Center as one of its two NEWSLETTER

psychologists. | provided consultation, taught in the professional schools and wrote about
the work. It is well documented that LGBTQ youth are subject to minority stress and higher
rates of almost every potential psychological and social problem. Will San Francisco and Colorado hit the over on Monday Night? X

As a trans woman and therapist to trans and gender creative people, I've worked hard to .
advance acceptance of trans identities, including those of trans youth. But increasingly I'm
worried that in our zeal to identify and protect these special children and adolescents, we
may have strayed from some core principles and we are in danger of losing our way.
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Will San Francisco and Colorado hit the over on Monday Night?

In this extraordinary time during a global pandemic, we have all been subject to extra
stress to stay vigilant and avoid COVID and all its variants. Young people have pivoted to
remote learning and stayed at home for in many cases more than an entire academic year,
depriving them of ordinary social experiences. As a result, most adolescents have also
depended upon social media and the internet to an extent never before seen.

We are learning some worrisome things about this massive, unplanned social experiment.
Even the tech giants have conceded in their own research that there is a new kind of
addiction/attraction to certain content and a kind of contagion among select groups,
especially adolescent girls. Increased rates of depression and suicide, declines in dating
and sexual activity, more reported loneliness and feelings of being left out, lower rates of
involvement in extracurricular activities and surprisingly less sleep all characterize the
current generation of adolescents. These trends seem to be accelerating in the era of the
smartphone.

There is little question that reliance on screens and devices has isolated adolescents who
may be most vulnerable and susceptible to peer and other influences, intensifying their
usage of and reliance on whatever messages and images they see. | am concerned that
our computer-mediated, always online environment is creating isolated echo chambers that
can work on adolescents in an insidious way. And | believe that it's been worse during
COVID.

For example, some content on YouTube and TikTok includes “influencers” who themselves
are barely out of puberty. They dispense advice to other young people, specifically
encouraging them to explore their gender identity freely.

On the one hand, 'm glad our society has evolved toward greater acceptance of all LGBTQ
identities. On the other hand, some of the messaging has landed on vulnerable youth
searching not just for keys to their own identity but solutions to other psychological and
emotional problems, including serious psychiatric problems.

Here is where things may have gone wrong.

Some influencers are literally encouraging the idea that one’s psychological distress may
be because a young person is trans and is suffering from gender dysphoria. The remedy,
they say, is to come out as trans or non-binary, which the influencers advise will alleviate
their suffering. Welcomed into the company of other trans and gender creative persons,
such young people may have found acceptance — though virtual acceptance, since much
of this rapport is online.

Will San Francisco and Colorado hit the over on Monday Night? X

They also may be coached on how to navigate and/or control these issues with their .
parents, who they are told may not “get it” Among the advice from these influencers is to
make a quick social and gender transition, which may include a new chosen name and
pronoun and access to gender-affirming hormones. Many of these influencers are literally
dispensing medical advice.

Increasingly, | am contacted by parents whose child has come out to them as trans in
recent weeks. Searching for help, they find me because they want to be affirming. But they




Ca36: 3 e 02218 (LOUMENL FéRih . FlisfiOR(58/6g Page 38 of 940 PagelD #: 24576

cannot recall any significant suggestion of gender creativity by their child prior to recent
events, though many parents report previous psychological problems with their child.

For example, | received a recent inquiry from a San Francisco father whose 14 year old
came out as trans in late October after a year of therapy for anxiety and depression. “We
were pretty surprised by the news, as we'd had no indication that he had thoughts in this
area,’ the father communicated.

Supportive, open-minded and conscientious parents like these have been contacting me at
an accelerating rate in the past year. They also report that their initial contact with
therapists leads to affirmation of their child's asserted trans identity and referral to gender
clinics. The numbers of new cases at such clinics have exploded. (A recent Gallup poll
found that 1 in 6 members of Gen Z identify as lesbian, gay, bisexual, transgender or
queer.)

In some cases, well-meaning psychological and medical providers are allowing themselves
to be "triangulated,” pitting a child's wishes against parents who are reluctant to see their
child quickly put on hormone blockers and/or cross-sex hormones. Minors need parental
consent for gender-affirming medicines that can pause natal puberty and/or introduce
physical changes concordant with the affirmed transgender identity. And minors, especially
those between the ages of 12 and 17, often prefer not to heed the advice of their parents.

So instead of forging an alliance between child and parent to evaluate what is needed and
drive consensus as the basis for gender affirmation, providers may challenge parents and
fuel adolescent rebellion. Of course, virtually all young people need their parents and will
for years. Some families experience a rupture from which it may be difficult to recover. In
my experience, the vast majority of parents want to support their child whom they love.
But they are overwhelmed with shock, grief and legitimate concern for their child's well-
being.

In the hundreds of cases | have seen over the past half decade at UCSF and in my private
practice, these types of cases are growing. Often by the time | get involved, there has been
set up a pitched battle between a youth whose interest is to hurdle toward life-changing
decisions with enduring consequences and parents who are bereft and torn between the
acceptance and affirmation they want to give their child and their terror about consenting
to medical interventions they fear are not right for their child at this time or at all.
Ominously, such parents are worried that the child will later regret such decisions and
blame parents for allowing it.

With some colleagues, | have been speaking and writing about these concerns.
Unfortunately, we find the research on trans youth has not kept up with what is happening.
The pandemic has turbo-charged these dynamic trends. Some deny the reality of peer
influence upon identity formation. Others decry the methodological approach necessary
and consistent with best practices, namely the World Professional Association for
Transgender Health Standards of Care and the Endocrine Society and APA guidelines —
which encourage an individualized, comprehensive biopsychosocial evaluation prior to
initiation of gender-affirming medications and, of course, surgeries.

Research confirming the benefits of gender-affirming psychological and medical care has
been done at university-based gender clinics like UCSF in the U.S. and Europe. The gender
creative youth served by these clinics, which offer a careful methodical approach with the
support of parents and professionals, go on to do well. In the case of a recently disclosed
gender identity, the established clinics and best practices have encouraged gender
exploratory therapy. This can be a matter of a few weeks to a year or more.

Will San Francisco and Colorado hit the over on Monday Night? X

In my over 40 years as a psychologist, I've seen psychotherapeutic phenomena come and
go. Eating disorders, multiple personality disorders and repressed memory syndrome have

in retrospect spread through subgroups of adolescents and the professionals who have .
treated them. This spread is like wildfire through vulnerable underbrush, clearly borne in an
environment of contagion.

Why is this phenomenon distinctly different from previous ones? How is it possible that
gender identity formation constitutes the only area of development in adolescence that is
immune from peer influence? Having gone to extraordinary lengths to make San Francisco
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zealous disregard for what we see happening in our own back, front and virtual yard.

The COVID pandemic doesn't appear to be going away anytime soon, nor are online
dynamics detrimental to young people. So let's make sure that every young person
questioning their gender gets what they need, not just what they want.

Erica E. Anderson, Ph.D. is the former president of the United States Professional
Association for Transgender Health, former board member of WPATH and is writing a book

on the evolution of the science, practice and culture dealing with transgender healthcare;
she is based in Berkeley.
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Middle School Injuries: A 20-Year (1988—-2008)

Multisport Evaluation

Glenn Beachy, MS, ATC*; Mitchell Rauh, PhD, MPH, PT, FACSMt

*Punahou School, Honolulu, HI; 1San Diego State University, CA

Context: Data on the incidence of injury in middle school
sports are limited.

Objective: To describe overall, practice, and game injury
rate patterns in 29 middle school sports.

Design: Descriptive epidemiology study.

Setting: Injury data collected over a 20-year period (1988—
2008) at a single school.

Patients or Other Participants: Boy (n=8078) and girl (n=
5960) athletes participating in 14 and 15 middle school sports,
respectively.

Main Outcome Measure(s): Injury status and athlete-
exposures (AEs) were collected by certified athletic trainers.
Incidence rates per 1000 AEs (injuries/AEs) were calculated for
overall incidence, practices and games, injury location, injury
type, and injury severity (time lost from participation). Rate ratios
(RRs) and 95% confidence intervals (Cls) were used to compare
injury rates for sex-matched sports.

Results: Football had the highest injury rate for all injuries
(16.03/1000 AEs) and for time-loss injuries (8.486/1000 AEs). In
matched middle school sports, girls exhibited a higher injury rate

for all injuries (7.686/1000 AEs, RR = 1.15, 95% Cl = 1.1, 1.2)
and time-loss injuries (2.944/1000 AEs, RR = 1.09, 95% CI =
1.0, 1.2) than boys (all injuries: 6.684/1000 AEs, time-loss
injuries: 2.702/1000 AEs). Girls had a higher injury rate during
practices (3.30/1000 AEs) than games (1.67/1000 AEs, RR =
1.97, 95% Cl = 1.7, 2.4) for all sports. Only gymnastics (RR =
0.96, 95% CIl = 0.3, 3.8) had a higher game injury rate for girls.
Practice and game injury rates were nearly identical for boys in
all sports (RR = 0.99, 95% Cl = 0.9, 1.1). Only football (RR =
0.49, 95% Cl =0.4, 0.6) and boys’ wrestling (RR = 0.50, 95% CI
= 0.3, 0.8) reported higher game injury rates. Tendinitis injuries
accounted for 19.1% of all middle school injuries.

Conclusions: The risk for sport-related injury at the middle
school level was greater during practices than games and
greater for girls than boys in sex-matched sports. Conditioning
programs may be needed to address the high rate of tendinitis
injuries.

Key Words: epidemiology, sports, athletes, adolescents

collegiate athletes.

Key Points
« Injuries to middle school athletes were less frequent and less severe than those reported for secondary school and

* Injuries were more often sustained in practices than in games.
 In sex-matched sports, girls had a higher injury rate than boys. Football had the highest overall injury rate.

nderstanding the incidence and risk factors for
l I adolescent athletic injuries can lead to the

implementation of injury-prevention strategies.'
The National Federation of High Schools Association has
documented participation data for high school athletics since
1971-1972, with more than 7.6 million athletes participating
in secondary school athletics nationally during the 2009—
2010 school year.> The risk of athletic injury at the high
school level has become increasingly well documented.*!!
The sport-related injury risk is also problematic at ages
below the high school level. The National Center for Sports
Safety has reported that more than 3.5 million children ages
14 and under receive medical treatment for sport injuries
annually.'?> The observed increased popularity of boys’ and
girls’ youth soccer participation has also resulted in a
corresponding increase in injuries.!*!7 The actual participa-
tion and injury rates for middle school athletes are less clear.
Although McEwin and Swain'® stated that 96% of middle
schools in the United States participated in interscholastic
competition, participation data were not provided. The few
studies of the incidence of injury among middle schoolers

have focused on specific sports!-!*2°

among boy athletes only.'*°

Despite the increased reports of injury risk at the
secondary school level>”’ a universally accepted injury
definition is still lacking. Other limitations of prior studies
include short-term injury tracking (eg, 1 to 2 years) and
inconsistent use of an athlete-time denominator, such as
athlete-exposures (AEs), that allows for comparison of injury
rates by sex or across sports for severity of injury, practice
and game settings, body part injured, and injury type.

McGuine?! noted contradictory results in secondary
school data reporting both sex-specific and practice versus
game injury rates. Girls had a higher injury rate than boys
in some matched sports’”-® but similar risks in others.’
Previous reports have indicated a higher game injury risk in
contact sports,?%?>24 whereas higher practice injury rates
have been observed in noncontact sports.®25:26

The purpose of our study was to describe the incidence
and risk factors of injury for 29 middle school sports at a
private school over a 20-year period. Studies of middle
school populations are not comprehensive and do not

and contact injuries
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Table 1. Middle School Enroliment and Athletic Participation,

1988-2008

Overall Student Middle School Athlete

Enroliment, Individual Athletes,  Participation,

Sex Grade Mean Mean Y%
Boys 7 185 93 50.30
Girls 7 187 87 48.70
Boys 8 179 116 65.00
Girls 8 188 107 57.30
Boys 9 221 45 20.30
Girls 9 216 14 6.20

address differences between boys and girls or practices and
games. The exposure setting (ie, practice or game), injury
location, injury type, and injury severity were evaluated for
the overall sample and by sex.

METHODS

Participants and Setting

Punahou School, located in Honolulu, Hawaii, is a
private, nonsectarian school with 3700 students in kinder-
garten through grade 12. Middle school athletes range in
age from 12 to 15 years old and are in grades 7 to 9. The
average enrollment for grades 7 and 8 is 740 students, with
57.4% of boys and 51.7% of girls participating in athletics.
Although interscholastic league rules allow ninth graders
(400 students) to participate at the middle school level,
internal school policy limits ninth-grade participation in
middle school sports (6.2% of ninth-grade girls, 21% of
ninth-grade boys; Table 1). The ninth-grade boys may
participate in middle school or high school football,
depending on ability. Over 20 years, a total of 8081 boys
participated in 14 sports and on 18 teams, with 5960 girls
participating in 15 sports and on 19 teams (Table 2).
Softball, baseball, basketball, soccer, and volleyball fielded
2 teams each for both boys and girls. During this study, 13
new sports were added to the athletic program. These
consisted of boys’ and girls” swimming (1994—1995), boys’
and girls’ diving and girls’ water polo (1996), cheerleading
and boys’ and girls’ tennis (1997), boys’ and girls’ golf
(1998), girls’ wrestling (1999), and boys’ and girls’ judo
(2005). Gymnastics for girls was introduced in 1993 but
dropped in 2007 (Table 2). This study was approved by the
University of Hawaii Institutional Review Board.

Data Collection

Five certified athletic trainers were on staff during the study
period, ensuring consistency of evaluation and treatment. Of
the 3 full-time athletic trainers, 1 had been on staff for the full
20 years of this study and the others for 15 and 5 years,
respectively. Two sports medicine physicians (physiatrists)
were contracted by the school as team physicians for all levels
and sports during the time of the study. They provided
coverage for all football games and evaluated students referred
by the athletic trainers in a weekly clinic. Athletes were then
further referred to their primary care physicians for follow-up
evaluation and treatment.

Injuries were evaluated by the athletic training staff and
recorded daily into a database program designed by the
principal author (G.B.). The data were initially recorded

using AppleWorks integrated software (versions 2 and 3;
Apple Inc, Cupertino, CA), but all injury data are now
recorded and stored on FileMaker Pro (versions 5 to 11;
FileMaker, Inc, Santa Clara, CA). The physician’s
diagnosis and time lost from activity were updated as the
athlete returned to play. In 2001, the Vienna concussion
guidelines®” were implemented and then revised to align
with both the Prague?® and Zurich? concussion guidelines.

The Athletic Training Room Evaluation Form was used
to collect all injury data, including name, grade, sex, sport,
coach, date of injury, date of return to activity, team
session, body part, category (eg, strain, sprain), evaluation
results, severity of injury, activity status, and the evalua-
tor’s impressions and proposed treatment and rehabilitation.
The player’s position, activity at the time of injury, and
field surface and conditions were also recorded.

Injuries

Throughout the study, injury was defined as any athlete
complaint that required the attention of the athletic trainer,
regardless of the time lost from activity.> Evaluation forms
were completed for all athlete complaints. Lacerations
requiring sutures or advanced medical care were recorded,
but a nosebleed or simple abrasion was not recorded. Five
injury-severity classifications were used: (1) minor, no time
lost from activity; (2) mild, 1 to 7 days lost; (3) moderate, 8 to
21 days lost; (4) severe, 22 or more days lost; and (5)
catastrophic, permanent disability, dismemberment, or death.’

Athlete-Exposures

An AE was defined as 1 athlete participating in 1 practice
or game. Participation was not recorded daily. Exposures
were estimated using team rosters and number of practice
and game dates. The average middle school athletic season
was 11 to 12 weeks of training and competition.

Data Analysis

The total injury rate was calculated as the total number of
injuries divided by the total number of AEs and was
expressed as injuries per 1000 AEs (injuries/1000 AEs).
Total injury rates were calculated separately for all injuries
and for time-loss (at least 1 day) injuries.

Sex-Matched Sports

The rate ratio (RR) was used to compare the injury rates in
girl and boy athletes competing in the same sport (Table 2):

Girls’ to boys” RR =
(Total girls’ injuries/ total girls’ exposures) X 1000/
(Total boys’ injuries/ total boys’ exposures) X 1000

If the girls’ to boys’ sport RR was above 1.0, the girl was
more likely to sustain an injury than the boy. If the girls’ to
boys’ sport RR was below 1.0, the boy was more likely to
sustain a higher injury rate.

Exposure Setting (Practices Versus Games)

Practice and game time-loss injury-rate comparisons
were based on the following RR (Table 3):

494 Volume 49 ¢ Number 4 o August 2014
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Table 2. Injury-Risk Sex Comparisons by Sport Among Middle School Athletes, 1988-2008
Overall Injuries Time-Loss Injuries
95% 95%
Participation, Total Injury Rate  Rate Confidence Injury Rate Rate Confidence

Sport y Athletes n AEs (/1000 AEs) Ratio Interval n (/1000 AEs) Ratio Interval
Softball (girls) 20 555 302 42594 7.090 096 0.8,1.1 109 2.559 0.78 0.6, 0.9?
Baseball (boys) 20 712 340 46116 7.373 1 Referent 152 3.296 1.00 Referent
Basketball

Girls 20 553 362 39558 9.151 1.03 09,1.2 137 3.463 1.02 08,13

Boys 20 592 378 42630 8.867 1 Referent 145 3.401 1.00 Referent
Cheerleading (girls) 11 135 35 8775 3.989 NA NA 21 2.393 NA NA
Cross-country

Girls 20 756 411 37830 10.864 136 1.2,1.6 147 3.886 123 09,13

Boys 20 710 285 35630 7.999 1 Referent 113 3.171 1.00 Referent
Diving

Girls 13 47 11 3055 3.601 3.04 0.9, 130.9 6 1.964 0.00 NA

Boys 13 13 1 845 1.183 1 Referent 0 0.000 0.00 Referent
Football (boys) 20 1435 1600 99810 16.030 NA NA 847 8.486 NA NA
Golf

Girls 11 39 0 2340 0.000 0.00 NA 0 0.000 0.00 NA

Boys 11 96 0 5760 0.000 0 Referent 0 0.000 0.00 Referent
Gymnastics (girls) 15 156 65 9390 6.922 NA NA 29 3.088 NA NA
Judo

Girls 4 21 7 1030 6.796 1.50 0.5,4.2 4 3.883 1.05 02,38

Boys 4 51 11 2435 4.517 1 Referent 9 3.696 1.00 Referent
Soccer

Girls 20 666 412 51732 7.964 1.07 09,12 165 3.190 110 09,14

Boys 20 706 410 55068 7.445 1 Referent 159 2.887 1.00 Referent
Swimming

Girls 14 386 33 25090 1.315 1.86 1.0,3.8 17 0.678 3.36 1.1,13.7

Boys 14 305 14 19825 0.706 1 Referent 4 0.202 1.00 Referent
Tennis

Girls 12 266 27 15960 1.692 124 07,23 15 0.940 1.01 05,22

Boys 12 268 22 16080 1.368 1 Referent 15 0.933 1.00 Referent
Track

Girls 20 1537 878 72165 12.167 146 13,16 352 4.878 146 12,17

Boys 20 1589 619 74505 8.308 1 Referent 249 3.342 1.00 Referent
Volleyball

Girls 20 572 191 41184 4.638 090 0.7,11 54 1.311 0.72 05,1.0

Boys 20 529 196 37932 5.167 1 Referent 69 1.819 1.00 Referent
Water polo

Girls 13 232 23 13920 1.652 1.34 08,24 6 0.431 145 04,48

Boys 20 447 33 26820 1.230 1 Referent 8 0.298 1.00 Referent
Wrestling

Girls 10 39 24 2340 10.256 1.03 0.7,1.6 15 6.410 149 08,25

Boys 20 625 370 37170 9.954 1 Referent 160 4.305 1.00 Referent
Total

Girls® 5669 2681 348798 7.686 115 1.1,1.2 1027 2.944 1.09 1.0,1.2

Boys® 6643 2679 400816 6.684 1 Referent 1083 2.702 1.00 Referent

All 12312 5360 749614 7.150 NA 2110 2.815 NA
Sex matched

Girls 5960 2781 366963 7.578 0.89 0.8,0.9 1077 2.935 0.76 0.7,0.8

Boys 8078 4279 500626 8.547 1 Referent 1930 3.855 1.00 Referent
All 14038 7060 867589 8.137 NA 3007 3.466 NA

Abbreviations: AE, athlete-exposures; NA, not available.

a2 Boldface indicates significance.
® Minus cheerleading and gymnastics.
¢ Minus football.

Practice to game RR =
(Total practice injuries/total practice exposures) X 1000/

(Total game injuries/total game exposures) X 1000

If the practice/game RR was above 1.0, the athlete was
more likely to sustain an injury in practice than during a

game. If the practice/game RR was below 1.0, the
individual was more likely to sustain an injury during a
game than in a practice.

For time-loss injuries only, RR comparisons were also
calculated for body location injured, type of injury, severity
of injury, and specific injury types. The 95% confidence
interval (95% CI) was used to determine the statistical

Daubert Response Ap_P. 0044
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Table 3. Injury-Risk Estimates During Practices and Games by Sport and Sex, 1988-2008
Practices Games
Time-Loss  Injury Rate Time-Loss  Injury Rate  Practice/Game  95% Confidence

Sport Exposures Injuries (/1000 AEs)  Exposures Injuries (/1000 AEs) Rate Ratio Interval
Softball

Girls 31610 98 3.100 10984 11 1.001 3.10 1.7, 6.4°
Baseball

Boys 32168 121 3.762 13948 31 2.223 1.69 1.1, 2.6
Basketball

Girls 28690 104 3.625 10868 33 3.036 1.19 0.8,1.8

Boys 30966 119 3.843 11664 26 2.229 1.72 1.1,2.8
Cheerleading (girls) 6075 21 3.457 2700 0 0.000 0.00 NA
Cross-country

Girls 31776 129 4.060 6054 18 2.973 1.37 0.8,2.4

Boys 29924 105 3.509 5706 8 1.402 2.50 1.2,6.0
Diving

Girls 2585 6 2.321 470 0 0.000 0.00 NA

Boys 715 0 0.000 130 0 0.000 0.00 NA
Football (boys) 85834 637 7.421 13976 210 15.026 0.49 0.4, 0.6
Golf

Girls 1989 0 0.000 351 0 0.000 0.00 NA

Boys 4896 0 0.000 864 0 0.000 0.00 NA
Gymnastics (girls) 8136 25 3.073 1254 4 3.190 0.96 0.3, 3.8
Judo

Girls 925 4 4.324 105 0 0.000 0.00 NA

Boys 2180 9 4.128 255 0 0.000 0.00 NA
Soccer

Girls 38548 124 3.217 13184 41 3.110 1.03 0.7,1.5

Boys 41076 119 2.897 13992 40 2.859 1.01 0.7,1.5
Swimming

Girls 21230 17 0.801 3860 0 0.000 0.00 NA

Boys 16775 4 0.238 3050 0 0.000 0.00 NA
Tennis

Girls 10640 15 1.410 5320 0 0.000 0.00 NA

Boys 10720 12 1.119 5360 3 0.560 2.00 0.5, 11.0
Track

Girls 59269 325 5.483 12896 27 2.094 2.62 1.8, 4.0

Boys 61193 212 3.464 13312 37 2.779 1.25 0.9, 1.8
Volleyball

Girls 29984 52 1.734 11200 2 0.179 9.71 2.6, 82.3

Boys 27404 64 2.335 10528 5 0.475 4.92 2.0, 15.7
Water polo

Girls 11600 6 0.517 2320 0 0.000 0.00 NA

Boys 22350 7 0.313 4470 1 0.224 1.40 0.2, 63.1
Wrestling

Girls 2028 14 6.903 312 1 3.205 2.15 0.3,91.1

Boys 32302 123 3.808 4868 37 7.601 0.50 0.3,0.8
Total

Girls 285085 940 3.297 81878 137 1.673 1.97 17,24

Boys 398503 1532 3.844 102123 398 3.897 0.99 0.9, 1.1

All 683588 2472 3.616 184001 535 2.908 1.24 11,14

Abbreviations: AEs, athlete-exposures; NA, not available.
a Boldface indicates significance.

significance for all rate ratios. Confidence intervals that did
not include 1.0 indicated statistical significance (P < .05).

All analyses were conducted with the STATA (version
5.0; STATA Corporation, College Station, TX) and SPSS
(version 18.0; SPSS, Inc, Chicago, IL) statistical packages.

RESULTS

Sport Participation

Over the 20-year period, 14 038 athletes were included in
this analysis, with a greater number of boys (n = 8078) than

girls (n = 5960; Table 2). By sport, track had the greatest
number of athletes participating (n =3126; 1537 girls, 1589
boys), followed by cross-country (n = 1466; 756 girls, 710
boys), and football (n = 1435). Boys had a higher
participation level (n = 500626 AEs) than girls (n =
366963 AEs; Table 2). By sport, track had the highest
participation level (n= 146 670 AEs) followed by soccer (n
=106 800 AEs) and football (n =99 810 AEs).

Injury Rate

Boy athletes reported 4279 injuries, with 1930 injuries
(45.1%) resulting in at least 1 day lost from activity
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Figure 1.

(Table 2). Girl athletes reported 2781 injuries, with 1077
injuries (38.7%) resulting in at least 1 day lost from
activity. Most injuries (4053) were classified as minor
(no time lost from participation) and accounted for
54.9% and 61.3% of all injuries for boys and girls,
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The injury rate for girls was highest in 1990 and 1998 and
gradually declined over the following 10-year period
(Figure 1), even with the addition of 10 new sports for
girls. The injury rate for boys remained relatively the same
(Figure 2). The time-loss injury rate for girls rose gradually
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Table 4. Injury by Severity in Practice and Game Settings by Sex, 1988-2008
Injuries
Mild?2 Moderate® Severe®
Practice/ 95% Practice/ 95% Practice/ 95%
Injury Game Confidence Injury Game Confidence Injury Game Confidence
Sex Setting AEs Number Rate Rate Ratio Interval Number Rate Rate Ratio Interval Number Rate Rate Ratio Interval
Girls  Practices 285085 843 2.957 2.05 1.7, 2.5¢ 62 0.217 1.19 0.7,2.3 31  0.109 1.11 05,28
Games 81878 118 1.441 1.00 Referent 15 0.183 1.00 Referent 8 0.098 1.00 Referent
Total 366963 961 2.619 77 0.210 39 0.106
Boys Practices 398503 1305 3.275 1.12 09,13 132 0.331 0.89 0.6, 1.3 99 0.248 0.45 0.3, 0.6
Games 102123 299 2.928 1.00 Referent 38 0.372 1.00 Referent 57 0.558 1.00 Referent
Total 500626 1604 3.204 170 0.340 156 0.312
Overall Practices 683588 2148 3.160 1.35 12,15 194 0.284 0.99 07,14 130 0.190 0.54 0.4, 0.7
Games 184001 417 2.266 1.00 Referent 53 0.288 1.00 Referent 65 0.353 1.00 Referent
Total 867589 2565 2.956 247 0.285 195 0.225

Abbreviation: AEs, athlete-exposures.

2 Mild injury: 1 to 7 days lost from sport participation.

b Moderate injury: 8 to 21 days lost from sport participation.
¢ Severe injury: 22 or more days lost from sport participation.
d Boldface indicates significance.

the time-loss injury rate for boys has gradually increased
over the 20-year period (Figure 2).

Sex Comparisons

In sex-matched sports, middle school girls were more
likely to sustain any injury (RR =1.15, 95% CI=1.1, 1.2)
or a time-loss injury (RR =1.09, 95% CI = 1.0, 1.2) than
middle school boys (Table 2). Although middle school girls
were more likely to sustain an injury in practice (RR =1.97,
95% CI = 1.7, 2.4) than during a game, the risk of injury
was similar during practices and games for middle school
boys (RR =0.99, 95% CI = 0.9, 1.1; Table 3).

Middle school girls were twice as likely to sustain a mild
injury during a practice than in a game (RR =2.05, 95% CI
=l1.7, 2.5), but no differences were noted during practices or
games for moderate or severe injuries. For boys, the risk of
a severe injury was 55% less during practices than during
games (RR =0.45, 95% CI = 0.3, 0.6; Table 4). We found
no differences between practices and games for mild or
moderate injuries.

Specific sex-matched sport differences and specific injury
differences are reported under these topics.

Injury Rate: All Injuries. For all injuries, the overall
injury rate was 8.137/1000 AEs. Football recorded the
highest injury rate for all sports at 16.030/1000 AEs,
followed by girls’ track (12.167/1000 AEs), girls’ cross-
country (10.864/1000 AEs), girls’ wrestling (10.256/1000
AEs), and boys’ wrestling (9.954/1000 AEs; Table 2).
Diving, tennis, water polo, swimming, and golf reported the
lowest injury rates. However, in sex-matched sports, girl
athletes were more likely to incur an injury than boy
athletes in cross-country (RR = 1.36, 95% CI = 1.2, 1.6),
swimming (RR = 1.86, 95% CI = 1.0, 3.8), and track (RR =
1.46, 95% CI = 1.3, 1.6).

Injury Rate: Time-Loss Injuries. For time-loss injury
rates, the overall injury rate was 3.466/1000 AE:s.
Football recorded the highest injury rate (8.486/1000
AEs), followed by girls’ wrestling (6.410/1000 AEs),
girls’ track (4.878/1000 AEs), boys’ wrestling (4.305/
1000 AEs), and girls’ (3.883/1000 AEs) and boys’ judo
(3.696/1000 AEs; Table 2). When all sex-matched sports

were compared, girls were more likely to sustain a time-
loss injury than their male counterparts (RR = 1.09, 95%
CI = 1.0, 1.2). Girl track athletes (RR = 1.46, 95% CI =
1.2, 1.7) and girl swimmers (RR = 3.36, 95% CI = 1.1,
13.7) were at higher risk for time-loss injury than their
male counterparts. Softball players were at lower injury
risk than baseball players (RR = 0.78, 95% CI = 0.6,
0.9).

Exposure Setting (Practices Versus Games)

For the total sample, practice injury rates were higher
than game injury rates (RR =1.24, 95% CI=1.1, 1.4; Table
3). For all girls’ sports, a higher injury rate was recorded in
practices (3.297/1000 AEs) than in games (1.673/1000
AEs) (RR=1.97, 95% CIl = 1.7, 2.4). For boys, the risk of
injury was nearly identical during practices and games (RR
=0.99, 95% CI1=0.9, 1.1).

For softball (RR =3.10, 95% CI=1.7, 6.4), baseball (RR
=1.69, 95% CI=1.1, 2.6), boys’ cross-country (RR =2.50,
95% CI=1.2, 6.0), girls’ track (RR =2.62, 95% CI = 1.8,
4.0), boys’ basketball (RR =1.72, 95% CI = 1.1, 2.8), and
girls’ (RR=9.71, 95% CI=2.6, 82.3) and boys’ volleyball
(RR=4.92,95% CI1=2.0, 15.7), the injury risk was greater
during practices than in games. Only in boys’ wrestling (RR
=0.50, 95% CI=0.3, 0.8) and football (RR =0.49, 95% CI
=0.4, 0.6) was the likelihood of sustaining an injury greater
during a game than during a practice.

Injury Severity

Minor injuries accounted for 57% of all reported middle
school injuries. Middle school girls reported that 61.2% of
all injuries involved no time loss, compared with 54.8% of
all boys’ injuries. Although mild injuries were more likely
to occur during practices than during games (RR = 1.35,
95% CI = 1.2, 1.5), severe injuries were more likely to
occur during games (RR =0.54, 95% CI =0.4, 0.7; Table
4). Girls were twice as likely to report a mild injury during
practice than during a game (RR = 2.05, 95% CI = 1.7,
2.5), whereas boys were less likely to incur a severe injury
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Table 5. Injury by Sex and Body Part in Practice and Game Settings, 1988-2008
Total Percentage Time-Loss Practice Time-Loss Game Injury
Time-Loss of Total Practice Injury Rate Game Rate Practice/Game 95% Confidence
Sex Body Part Injuries Injuries? Injuries (/1000 AEs)®  Injuries (/1000 AEs)° Rate Ratio Interval
Girls  Ankle 265 24.61 224 0.786 41 0.501 1.59 1.1,2.3¢
Shin/calf 182 16.90 175 0.614 7 0.085 7.18 3.4, 18.1
Knee 156 14.48 135 0.474 21 0.256 1.85 1.2, 3.1
Thigh 146 13.56 124 0.435 22 0.269 1.62 11,27
Wrist/hand/finger 56 5.20 46 0.161 10 0.122 1.32 0.7,2.9
Foot/toe 52 4.83 49 0.172 3 0.037 4.50 1.5, 22.6
Hip 43 3.99 36 0.126 7 0.085 1.44 0.6, 3.8
Back 42 3.90 33 0.116 9 0.110 1.02 0.5,2.4
Shoulder/upper arm 35 3.25 29 0.102 6 0.073 1.39 0.6, 4.1
Head/face 33 3.06 27 0.095 6 0.073 1.29 0.5, 3.8
Elbow/forearm 22 2.04 18 0.063 4 0.049 1.29 04,53
Other 20 1.86 19 0.067 1 0.012 5.17 0.8, 2154
Neck 13 1.21 11 0.039 2 0.024 1.58 0.4, 14.7
Trunk/abdomen 12 1.11 12 0.042 0 0.000 0.00 NA
Boys Ankle 316 16.37 251 0.630 65 0.636 0.99 0.8,1.3
Knee 228 11.81 179 0.449 49 0.480 0.94 0.7,1.3
Thigh 210 10.88 169 0.424 41 0.401 1.06 0.8, 1.5
Wrist/hand/finger 198 10.26 158 0.396 40 0.392 1.01 07,15
Back 135 6.99 111 0.279 24 0.235 1.19 0.7,1.8
Hip 129 6.68 104 0.261 25 0.245 1.07 07,17
Neck 129 6.68 98 0.246 31 0.304 0.81 0.6, 1.4
Shin/calf 118 6.11 108 0.271 10 0.098 2.77 1.7, 8.2
Shoulder/upper arm 118 6.11 92 0.231 26 0.255 0.91 0.6,1.5
Foot/toe 115 5.96 103 0.258 12 0.118 2.20 12,44
Head/face 82 4.25 51 0.128 31 0.304 0.42 0.3, 07
Elbow/forearm 63 3.26 43 0.108 20 0.196 0.55 0.3, 0.9
Trunk/abdomen 55 2.85 38 0.095 17 0.166 0.57 0.3, 0.8
Other 34 1.76 28 0.070 6 0.059 1.20 0.6, 4.1
Total Ankle 581 19.32 475 0.695 106 0.576 1.21 09,15
Knee 384 12.77 314 0.459 70 0.380 1.21 0.9,1.6
Thigh 356 11.84 293 0.429 63 0.342 1.25 0.9, 1.7
Shin/calf 300 9.98 283 0.414 17 0.092 4.48 3.0,9.2
Wrist/hand/finger 254 8.45 204 0.298 50 0.272 1.10 08,15
Back 177 5.89 144 0.211 33 0.179 117 08,17
Hip 172 5.72 140 0.205 32 0.174 1.18 0.8, 1.8
Foot/toe 167 5.55 152 0.222 15 0.082 2.73 1.6, 4.9
Shoulder/upper arm 153 5.09 121 0.177 32 0.174 1.02 07,16
Neck 142 4.72 109 0.159 33 0.179 0.89 0.6,1.5
Head/face 115 3.82 78 0.114 37 0.201 0.57 0.4, 0.9
Elbow/forearm 85 2.83 61 0.089 24 0.130 0.68 04,11
Trunk/abdomen 67 2.23 50 0.073 17 0.092 0.79 04,11
Other 54 1.80 47 0.069 7 0.038 1.81 0.9, 5.1

Abbreviations: AEs, athlete-exposures; NA, not available.

2 Injuries: girls, 1077; boys, 1930; total, 3007.

® Practice exposures: girls, 285 085; boys, 398 503; total, 683 588.
¢ Game exposures: girls, 81 878; boys, 102 123; total, 184 001.

d Boldface indicates significance.

in a practice than in a game (RR =0.45, 95% CI, 0.3, 0.6;
Table 4).

Body Part

Ankle, knee, thigh, shin/calf, and wrist/hand/finger
injuries were the most frequently reported time-loss injuries
by middle school athletes. Ankle and knee injuries were the
time-loss injuries reported most overall (n = 581, rate =
0.669/1000 AEs, and n = 384, rate = 0.442/1000 AEs,
respectively) and during practices (0.695/1000 AEs and
0.459/1000 AEs, respectively) and games (0.576/1000 AEs
and 0.380/1000 AEs, respectively; Table 5).

Shin/calf (RR = 4.48, 95% CI = 3.0, 9.2) and foot/toe
(RR =2.73, 95% CI = 1.6, 4.9) injury rates were greater

during practices than during games. Only the injury rate for
head/face injuries (RR = 0.57, 95% CI = 0.4, 0.9) was
higher during games than during practices.

For girl athletes, higher injury rates for the ankle (RR =
1.59, 95% CI = 1.1, 2.3), knee (RR =1.85, 95% CI=1.2,
3.1), thigh (RR = 1.62, 95% CI = 1.1, 2.7), shin/calf (RR =
7.18,95% CI=3.4, 18.1), and foot/toe (RR =4.50, 95% CI
= 1.5, 22.6) were reported during practice sessions than
during games. For boys, although the risk of sustaining a
head/face (RR = 0.42, 95% CI = 0.3, 0.7), elbow/forearm
(RR =0.51, 95% CI = 0.3, 0.9), or trunk/abdomen (RR =
0.46, 95% CI = 0.3, 0.8) injury was higher during games
than during practices, shin/calf (RR = 3.46, 95% CI = 1.7,
8.2) and foot/toe injuries (RR = 2.20, 95% CI = 1.2, 4.4)
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Table 6. Injury Rates by Sex and Injury Type in Practice and Game Settings, 1988-2008
Total Percentage Time-Loss Practice Game
Time-Loss of Total Practice Injury Rate Time-Loss Injury Rate  Practice/Game 95% Confidence
Sex Injury Type Injuries Injuries?® Injuries (/1000 AEs)® Game Injuries (/1000 AEs)°® Rate Ratio Interval
Girls  Tendinitis 309 28.69 302 1.059 7 0.085 12.39 5.8, 30.5°
Sprain 299 27.76 248 0.870 51 0.623 1.40 12,24
Strain 293 27.21 251 0.880 42 0.513 1.72 1.1,1.9
Contusion 69 6.41 47 0.165 22 0.269 0.61 0.4,1.1
Other 48 4.46 45 0.158 3 0.037 4.31 14,217
Fracture 44 4.09 36 0.126 8 0.098 1.29 0.6, 3.2
Neurotrauma 15 1.39 10 0.035 5 0.061 0.57 0.2, 2.1
Boys Strain 541 28.03 461 1.157 80 0.783 1.48 12,19
Sprain 532 27.56 415 1.041 117 1.146 0.91 0.7, 1.1
Tendinitis 269 13.94 255 0.640 14 0.137 4.67 2.7,8.7
Contusion 245 12.69 167 0.419 78 0.764 0.55 0.4, 0.7
Fracture 149 7.72 101 0.253 48 0.470 0.54 0.4, 0.8
Other 114 5.91 87 0.218 27 0.264 0.83 05,14
Neurotrauma 80 415 49 0.123 31 0.304 0.41 0.2, 0.6
Total Strain 834 27.74 709 1.037 131 0.712 1.46 13,19
Sprain 831 27.64 666 0.974 159 0.864 1.13 09,13
Tendinitis 578 19.22 557 0.815 21 0.114 7.14 4.6,11.5
Contusion 314 10.44 214 0.313 100 0.543 0.58 0.4, 0.7
Fracture 193 6.42 146 0.214 51 0.277 0.77 0.5, 0.9
Neurotrauma 95 3.16 123 0.180 35 0.190 0.95 0.8, 1.9
Other 162 5.39 59 0.086 36 0.196 0.44 0.3, 0.7

Abbreviation: AEs, athlete-exposures.

2 Injuries: girls, 1077; boys, 1930; total, 3007.

b Practice exposures: girls, 285 085; boys, 398 503; total, 683 588.
¢ Game exposures: girls, 81 878; boys, 102 123; total, 184 001.

d Boldface indicates significance.

were more likely to be reported during a practice than a
game.

Injury Type

Overall, strains, sprains, and tendinitis were the injury
types reported most frequently by middle school athletes
(Table 6). The rates for strains (RR = 1.46, 95% CI = 1.3,
1.9), sprains (RR =1.13, 95% CI =0.9, 1.3), and tendinitis
(RR = 7.14, 95% CI = 4.6, 11.5) were higher during
practices than during games, whereas contusions (RR =
0.58, 95% CI=0.4, 0.7) and fractures (RR =0.77, 95% CI
=0.5, 0.9) were more likely to occur during games.

For girl athletes, the injury rate of reporting tendinitis was
12 times higher (RR = 12.39, 95% CI = 5.8, 30.5) during
practices than during games. Strains (RR =1.72, 95% CI =
1.1, 1.9) and sprains (RR = 1.40, 95% CI = 1.2, 2.4) were
also more likely to occur during practices than games.
Tendinitis (RR =4.67, 95% CI=2.7, 8.7) and strain (RR =
1.48, 95% CI = 1.2, 1.9) rates were higher for boys during
practice than during games, but the rates for contusions (RR
=0.55, 95% CI=0.4, 0.7), fractures (RR =0.54, 95% CI =
0.4, 0.8), and neurologic injuries (RR =0.41, 95% CI=0.2,
0.6) were greater during games than during practices.

Specific Injury Types

Concussions. The overall rate for concussion was 0.067/
1000 AEs, with the rate almost 3 times higher (RR =2.83,
95% CI = 1.5, 5.9) for boy athletes (0.092/1000 AEs) than
girl athletes (0.033/1000 AEs) (Table 7). Middle school
athletes were at higher risk of concussion during games
than during practices (RR = 0.33, 95% CI = 0.2, 0.6).
Football accounted for 35 of the 58 concussions (2.2% of

all football injuries, rate =0.35/1000 AEs) with 28 resulting
in time lost from activity. The remaining concussions were
spread among 6 sports, with basketball (n =7, rate = 0.085/
1000 AEs), soccer (n = 7, rate = 0.066/1000 AEs), and
wrestling (n = 6, rate 0.15/1000 AEs) participants
recording the most injuries. The boys’ concussion rate was
0.063/1000 AEs for practices and 0.206/1000 AEs for
games (RR =0.31, 95% CI = 0.2, 0.6). Concussions were
more likely to occur during competition for boys. Girls
participating in soccer (n = 6) and basketball (n = 5)
accounted for the majority of concussions. Girls reported a
higher rate of concussion during games (0.061/1000 AEs)
than during practices (0.025/1000 AEs; RR =0.40, 95% CI
= 0.1, 1.6), but the difference was not significant.

Rotator Cuff Injuries. The rate of rotator cuff injury
was nearly twice as high for boys (0.033/1000 AEs) as for
girls (0.019/1000 AEs). Although girls were more likely to
report a rotator cuff injury during practices (RR = 1.72,
95% CI = 0.2, 79.3) and boys during games (RR = 0.83,
95% CI = 0.3, 3.5), the differences were not significant.

Anterior Cruciate Ligament Injuries. Only 8 anterior
cruciate ligament (ACL) injuries (0.009/1000 AEs) were
reported during the 20-year recording period (Table 7),
with no differences between practices and games (RR =
0.81, 95% CI=0.1, 8.2). Football players accounted for all
5 of the boys’ injuries; 4 of these were practice injuries. The
3 girls’ injuries occurred during basketball, softball, and
wrestling: 2 during practice and 1 during a game. No
significant differences in ACL risk were seen during games
or practices for boys (RR = 1.03, 95% CI = 0.1, 50.5) or
girls (RR =0.57, 95% CI =0.1, 33.9). All 8 ACL injuries
required surgical repair.
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Table 7. Specific Injuries by Sex in Practice and Game Settings, 1988-2008

Total Total Practice Practice Game Game
Time-Loss Injury Rate Time-Loss Injury Rate Time-Loss Injury Rate Practice/Game 95% Confidence
Sex Injury Injuries (/1000 AEs)? Injuries (/1000 AEs)® Injuries (/1000 AEs)° Rate Ratio Interval
Girls Concussion 12 0.032 7 0.025 5 0.061 0.40 0.1, 1.6¢
Rotator cuff injury 7 0.019 6 0.021 1 0.012 1.72 0.2,79.3
Anterior cruciate ligament 3 0.008 2 0.007 1 0.012 0.57 0.1, 33.9
Medial tibial stress syndrome 112 0.305 110 0.386 2 0.024 15.80 4.3, 1321
Ankle sprain 210 0.573 173 0.607 37 0.452 1.34 0.9, 20
Boys Concussion 46 0.092 25 0.063 21 0.206 0.31 0.2, 0.6
Rotator cuff injury 17 0.034 13 0.033 4 0.039 0.83 0.3,35
Anterior cruciate ligament 5 0.010 4 0.010 1 0.010 1.03 0.1, 50.5
Medial tibial stress syndrome 52 0.104 51 0.128 1 0.010 13.07 2.2, 526.2
Ankle sprain 223 0.445 176 0.442 47 0.460 0.96 07,14
Total Concussion 58 0.067 32 0.047 26 0.141 0.33 0.2, 0.6
Rotator cuff injury 24 0.028 19 0.028 5 0.027 1.02 0.4, 35
Anterior cruciate ligament 8 0.009 6 0.009 2 0.011 0.81 0.1,82
Medial tibial stress syndrome 164 0.189 161 0.236 3 0.016 14.45 4.9,70.8
Ankle sprain 433 0.499 349 0.511 84 0.457 1.12 09,14

Abbreviation: AEs, athlete-exposures.

a Total AEs: girls, 366 963; boys, 500 626.

® Practice exposures: girls, 285 085; boys, 398 503; total, 683 588.
¢ Game exposures: girls, 81 878; boys, 102 123; total, 184 001.

d Boldface indicates significance.

Medial Tibial Stress Syndrome. The overall injury rate
for medial tibial stress syndrome (MTSS) was 0.189/1000
AEs, and the risk was almost 3 times higher (RR = 2.93,
95% CI = 2.1, 4.2) for girl athletes (0.30/1000 AEs) than
boy athletes (0.10/1000 AEs). Middle school athletes were
14 times more likely to sustain an MTSS injury during
practice (RR = 14.45, 95% CI = 4.9, 70.8; Table 7). The
injury rate for MTSS among middle school girls was almost
16 times higher in practices than in games (RR = 15.80,
95% CI=4.3, 132.1). Similar findings were noted for boys
(RR =13.07, 95% CI = 2.2, 526.2).

Ankle Sprains. Ankle sprains had the highest specific
injury rate for boys and girls (Table 7). Girls had a higher
injury rate for ankle sprains during practices (0.607/1000
AEs) than boys (0.442/1000 AEs), but boys had a slightly
higher game injury rate (0.460/1000 AEs) than girls (0.452/
1000 AEs). Although boys had a higher risk of ankle
sprains during games and girls a higher rate of ankle sprains
during practices, the differences were not significant.

Tendinitis. Tendinitis accounted for 19% of all reported
injuries, with higher rates during practices (0.808/1000
AEs) than during games (0.114/1000 AEs; RR = 13.07,
95% CI = 4.6, 11.5). Patterns were similar for middle
school boy and girl athletes.

DISCUSSION

Main Findings

Our results indicate that (1) the overall risk of injury was
greater for boys for non—time-loss or time-loss injuries, (2)
football had the highest rate of injury for both non—time-
loss and time-loss injuries, (3) the risk of time-loss injuries
varied for sex-matched sports, (4) the overall risk of injury
was greater during practices than in games, especially for
girls, (5) most injuries were mild in nature, (6) the ankle
and knee had the highest incidences of injury, (7) strains,
sprains, and tendinitis were the most common injury types,
(8) ankle sprains were the most frequent specific injury, and

(9) boy athletes were more likely to suffer concussions than
girl athletes.

To our knowledge, this is the largest prospective,
longitudinal study of middle school sport injuries to date.
The compilation of 20 years of injury data at the same site
and with the same athletic trainers is unique for both middle
and secondary school programs. The duration of this study
is also substantially longer than other studies at the
secondary or middle school levels.3->7-30:31

All Injury Versus Time-Loss-Injury Rates

The reporting of non—time-loss versus time-loss injury
rates remains debatable. Presently, rates based on time-loss
injuries®”*!" have been advocated because injuries that
cause time loss may be more accurately recalled.’®*?
However, a time-loss injury definition that requires a
coach, parent, athletic trainer, or physician report may
underestimate the true injury burden.>*%3? Even though
many injuries are not serious in nature, injuries considered
minor in nature and that do not cause immediate
impairment may still have long-term consequences.*’
Additionally, reporting non—time-loss injuries may provide
a better perspective of the daily workload of the athletic
trainer. In reporting both non-time-loss and time-loss
injuries, we noted that the rates for non—time-loss injuries
were higher than for time-loss injuries. These findings
support those of other youth®3° and collegiate®® studies in
which rates have been reported using both injury defini-
tions. Our results suggest that non—time-loss injury rates
should be used to reflect the true extent of the problem, but
the difficulty of collecting accurate data in most settings
(eg, lack of enough athletic trainers at the middle school
level to identify and record the non—time-loss injuries) may
preclude this recommendation. Given that our study may be
the first to describe injuries in most middle school girls’ and
boys’ sports, additional research is needed to confirm these
findings.
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Although middle school sport participation levels in-
creased over the 20-year period, the total number of injuries
decreased. However, the number and percentage of day-
loss injuries increased over the same time period. The
greater participation by girls in athletics, both interscho-
lastic and club sports, may explain the change in the
occurrence of injuries. Over the 20-year period, the girl
athletes may have become more competitive and less likely
to report a minor injury to the athletic trainer or coach in
order to continue participation in the sport. The reasons for
these changes in severity are not clear. We speculate that
the athletes may be reporting only those injuries they
consider more problematic, rather than the nuisance injuries
that may have little effect on their participation level.

Because data for middle school sport injuries are limited,
we used reports from secondary school and some collegiate
studies for comparison. Based on our data, middle school
girls were more likely to sustain an injury during athletic
participation than their male counterparts in the same sport.
This finding is consistent with secondary school injury
surveillance reports by Comstock et al,'! Rechel et al,** and
Powell and Barber-Foss.” However, similar to reports at the

high school and collegiate levels, injury rates varied by
SpOI‘t.l 1,14,32,34-36

Sex Comparisons

Overall, we observed a difference between practice and
game injury rates for girls but no such difference for boys.
This is consistent with findings of secondary school
studies.®!>37 Middle school cross-country girl athletes
reported a higher injury rate than their male counterparts,
which is also consistent with other studies.”**” Rauh et al®
suggested that girl runners might be more apt to report
minor pain complaints than boys. Girls’ and boys’ soccer
players reported higher injury-incidence rates in games than
in practices, which is consistent with previous studies.!>-3

Practices Versus Games

Our findings indicated that the injury risk was greater
during practices than during competition for all sports
except football, gymnastics, and male wrestling. This
finding is in contrast to previous observations at the
secondary school level,”--19:163339 \here higher rates
occurred during competitions than during practices in all
sports. Our findings are also noteworthy because practices
are conducted daily in the competitive interscholastic
middle school setting, compared with community-based
programs in which practices may take place only twice per
week. Dompier et al*® noted that youth football players
sustain more game injuries, which is consistent with our
findings. In a study of school children, Backx et al*
reported that basketball and soccer players were at 3 times
greater risk of injury during games than during practices.
This result is in direct contrast to our finding that middle
school boy basketball players were at more risk of injury
during practices than during games. Thus, except for a few
sports, such as football, gymnastics, and wrestling, in which
coverage is known to be needed at competitions, we
suggest that middle school administration and athletic
departments also ensure that appropriate medical coverage
is available at practices for those middle school sports with
greater injury risks.*!

Team Contact Sports

Basketball. In this study, middle school girl and boy
basketball players reported similar injury rates for all
injuries and time-loss injuries. Both girl and boy basketball
players had higher injury rates during practices than games,
but the rates were only different for boys. Our findings are
in contrast to those at the high school level demonstrating
greater injury rates in boys than girls.>%33-3 Furthermore,
authors”>33? of several high school studies have noted that
girl basketball players were more likely to sustain an injury
in games than in practices.

Football. Similar to all levels of play, middle school
football players had the highest injury rate of all
sports.>*7-11:4244 Oyr findings for all injuries, overall (16.
03/1000 AEs) and time loss (8.49/1000 AEs), are similar to
those reported by Dompier et al*® (17.8/1000 AEs and 10.7/
1000 AEs, respectively) among youth football players.
Regarding time-loss injuries only, our rate was similar to
reports of youth*> (10.4/1000 AEs) and high school’ (8.1/
1000 AEs) players but higher than in other youth and high
school (3.54/1000 AEs** and 4.36/1000 AEs,**
respectively) football studies. Our findings that game
injury rates were greater than practice injury rates are
similar to those of other youth football studies**>%*> and
suggest that the incidence of injury is likely to be higher in
games than in practices at this level.

Soccer. Although middle school girl soccer players
sustained a 10% higher risk of injury than middle school
boy soccer players, comparison with secondary school
soccer studies is somewhat difficult due to considerable
variations in reported injuries for girls’ and boys’ secondary
school soccer players.””333* In our study, girl and boy
middle school soccer players were equally likely to sustain
a practice injury as a competition injury. This result is in
contrast to secondary school studies”!'33*3* in which
competition injury rates have been consistently higher
than practice rates for both boys and girls.

Individual Sport: Wrestling

Contemporary published data on middle school-aged boy
wrestlers are limited to tournament competition data,*® with
no practice injury data available. To our knowledge, injury
data for female wrestlers at any level have not been reported.
In our study, only 1 match injury was reported, which likely
reflects the low number of interscholastic participants and
matches. The overall injury rate was nearly identical for
boys’ and girls’ wrestling. Girl wrestlers reported higher
practice injury rates than boy wrestlers, and boy wrestlers’
injuries were more likely to occur during matches, but the
limited participation numbers for girls did not allow for
appropriate statistical comparisons. The higher rate during
competition for middle school boy wrestlers is consistent
with that of high school”** and collegiate*” male wrestlers.
Knowles et al** and Rechel et al** noted that game injuries
were more frequent but reported lower injury rates in
secondary school wrestlers. Agel et al*’ reported a much
higher match injury rate for collegiate male wrestlers.

Noncontact Sports: Team

Softball/Baseball. Epidemiologic comparisons of
softball and baseball injury rates are a standard practice
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at all levels. In our study, the middle school baseball
players had a higher injury rate than the middle school
softball players. Athletes in both sports were more likely to
sustain a practice injury than a game injury. This finding is
in direct contrast to data presented by Radelet et al,** who
noted a higher game injury rate in a community youth
baseball program. Studies of secondary school
baseball>71%33 and collegiate baseball>>?*** have shown
similar higher injury rates for games than for practices.
Secondary school softball injury data, although less well
reported,’ also revealed a greater game injury rate.

Volleyball. Middle school volleyball is one of 3 sex-
matched sports in which boys had a higher injury rate than
girls. Both sexes were more likely to be injured during
practices, with girl and boy volleyball players at nearly 10-
and 5-fold greater risk, respectively. In the only age group—
related comparison compiled from a national registry,
Kujala et al'* reported on volleyball injuries in the under-
15-years age group: Girls reported more injuries than boys,
but no comparison between practice and games was
provided. Authors®® of a secondary school girl’s
volleyball injury study indicated a higher injury rate
during games than during practices, and the only sex-
matched secondary school report® noted a nearly identical
injury risk per 100 athletes. At the collegiate level, Lanese
et al* observed a higher injury rate for men than women;
however, the rates were based on athletes rather than actual
exposure data. Using exposure data, over a 15-year period,
female collegiate volleyball players had a higher rate of
injury during games than practices.*’

Noncontact Sports: Individual

Cross-Country. Middle school girl cross-country runners
reported a higher injury rate for all injuries than middle
school boy cross-country runners. However, even though girl
runners also had a higher injury rate for time-loss injuries
than boy runners, the findings were not significant.
Comparative middle school cross-country injury data are
unavailable, but our findings agree with studies of high
school®3! and collegiate*? cross-country runners in which
girl runners had a higher risk of injury than boy runners.
Rauh et al®*! reported that girl runners were at greater risk
than boy runners based on time-loss injuries; our results
showed a higher but nonsignificant rate. Other studies of
high school cross-country runners have shown that boys had
a higher® or similar® injury risk to girl runners, so additional
studies are needed. Boy and girl cross-country runners had
higher injury rates during practices than during games, yet
the higher risk during practices was only significant for the
boys. These results support similar findings reported by Rauh
et al®?! that cross-country runners may be at greater risk of
injuries during practices than during games.

Track and Field. For middle school track-and-field
athletes, girls were at higher risk for injuries as compared
with boys. Although girl and boy track-and-field athletes
were more likely to sustain an injury during practice than
during meets, the risk was only different for the girls. Event
specialist information was lacking for these middle school
athletes. Published injury-rate data for secondary school
track and field are varied and limited. In 1 secondary school
study,® girls had a higher injury risk than boys, whereas
another study® reported identical injury rates (per 100

athletes). Comparisons with our study are limited because
none of the authors provided rates per AEs. Collegiate track
and field data are equally sparse but in contrast to our
findings. In 2 investigations,>>?® male track runners had a
greater injury rate than female track runners. None of the
authors reported practice or game injury rates; thus,
comparisons cannot be made.

Severity of Injury

The reporting of minor, no—time-loss injuries may
provide a more accurate picture of the athletic trainer’s
workload. Minor injuries accounted for more than half
(57%) of all reported middle school injuries for both girl
and boy athletes. To date, only 3 published studies®3%3?
have reported no—time-loss injuries, and those percentages
are similar to our findings. In the only secondary school
study,® 60% of injuries did not involve time loss. Youth
football*® (58.6%) and collegiate®? (78%) studies have also
reported similar estimates for no—time-loss injuries. Al-
though mild injuries (1-7 days lost) for girls and for the
overall sample were more likely to occur during practices,
severe injuries (22 or more days lost) were more likely to
occur during games, especially for boys.

Injury Location

Lower extremity injuries accounted for 70% of all days-
lost injuries for middle school athletes. This finding is
comparable with data reported at the high school”!'' and
collegiate levels.*> Ankle and knee injuries have been the
most commonly reported injuries in published litera-
ture,>>7-3* and our results indicate that these body parts
are also the most likely to be affected at the middle school
level. Ankle injuries had the highest injury rate for both
sexes in practices and games. Knee injuries were the second
highest rate for boys and third highest rate for girls. Shin/
calf injuries were the second most frequently reported
injury for girls and third most frequently reported for boys.
Wrist/hand/finger injuries were more common for boys. In
studies assessing multiple high school sports, Beachy et al®
observed that shin injuries were the third most reported
injury for secondary school athletes, with gitls reporting a
higher injury frequency than boys. At the collegiate level,
Lanese et al*® noted that 7% to 8% of injuries involved the
shin/calf. In summary, the high incidence of shin/calf
injuries reflects the need to monitor conditioning and
running programs for the middle school-aged athlete.

Specific Injury Types

Small injury numbers may warrant cautious data
interpretation, regardless of injury site and sex. This is
true for the rotator cuff and ACL injuries reported in this
study because the small numbers limit the comparative
value for middle school athletes. We will try to retain that
objectivity when discussing these injuries.

Concussions

Reports on the incidence and effects of concussion have
primarily focused on football players at all competitive
levels. We found that 2.2% of middle school football players
incurred a concussion, a value consistent with that noted by

Daubert Response Ap_P. 0052
ra

Journal of Athletic Training 503



Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 53 of 940 PagelD #: 24591

Dompier et al*® (2.7% of youth football players) but unlike
that of Turbeville et al*® (none among middle school-aged
football players over 2 years). Our concussion injury rates of
0.067/1000 AEs and 4.0 per 100 football players are lower
than those reported at the high school and collegiate levels.
Gerberich et al*® reported 19 injuries per 100 secondary
school football players (24% of all injuries reported).
Guskiewicz et al>'=? stated that 5.6% of secondary school
and 6.3% of collegiate football players surveyed sustained at
least 1 concussion. Our lower rate may be attributed to the
lack of physical maturity and the associated reduced
collision intensity, but football continues to have the highest
concussion rate at the middle school level.

In this study, concussions accounted for 0.4% of all
injuries to girls and 1.0% of all injuries for boys. Overall,
boy athletes were 3 times more likely to incur a concussion
than girl athletes. In a study of youth soccer players
reporting to the emergency room, Adams and Schiff > also
found that boys were more likely (7.8%) to sustain a
concussion injury than girls (0.5%). However, when we
excluded concussion injuries that occurred in football
players, the risk was similar. At the high school level, the
risk of concussion injury by sex appears equivocal, with
some studies indicating a greater risk for girls®*° and
others®* showing a greater risk for boys. At the collegiate
level, however, the risk of concussion for sex-matched
sports appears to be higher for female than male athletes.>”

We noted that the incidence of concussion injuries was 3
times higher during games than during practices. This
finding is in agreement with studies of middle school,?
high school,”"'!*? and collegiate athletes®>->° and suggests
that the intensity of impact and risk taking may be greater
in games.

Concussion guidelines changed during the 20-year period
of this study. During the 1980s and 1990s, the Colorado
Medical Society®® and the American Academy of Neurol-
ogy guidelines®’ allowed return to activity if symptoms
resolved within 15 minutes of the injury. The 7 athletes
with no—time-loss concussions were in this category.

Anterior Cruciate Ligament Injuries

Injuries to the ACL are concerning due to the severity
and the time lost from participation and because females
are at greater risk of injury than males in matched sports.
Only 8 ACL injuries (0.6% of all injuries) occurred during
the 20-year period. The overall injury rate of 0.009/1000
AEs was much lower than the rates reported in high school
studies””'" and the 0.15/1000 AEs observed by Hootman et
al* for all collegiate sports. In collegiate football, ACL
injuries accounted for 3% of all collegiate sport injuries,
with an injury rate of 0.018/1000 AEs.*> We found similar
risks of ACL injuries for girl and boy middle school
athletes but different risks than those reported at the high
school,*® military,”® and collegiate® levels. It may be that
the female middle school athletes had not reached the
pubertal or maturational levels that have been suggested to
affect their hormonal, structural, and neuromuscular traits
and possibly put them at greater risk of injury.>¢-8

Medial Tibial Stress Syndrome

Our finding that the risk of MTSS was higher for girl
athletes than boy athletes is consistent with values reported

at the high school level.*>®! For both girl and boy athletes,
MTSS was more likely to be reported in practices than in
games. We are unaware of any studies of MTSS by
participation setting. The higher occurrence of MTSS
during practices may be related to training errors, including
overly repetitive activities or training regimens with short
recovery times.>'*®° Further research is needed to help
identify these factors.

Limitations

The primary limitation of our study was that all injury
and participation data were collected from only 1 private
school that has sufficient resources to employ more than 1
full-time athletic trainer. Thus, the extent to which our
findings are generalizable is unknown. Therefore, these
results await comparison with the results of future
investigations among middle school athletes. Because only
a few athletic trainers were involved in this study,
evaluating and reporting of the data were performed
consistently and with little variation. An additional
potential limitation of our study was the possibility of
nonreporting bias. Again, the injury-reporting system at
Punahou School is longstanding, and the procedures for
middle school athletes to report any injury, regardless of
severity, have been fostered throughout the 20-year period.
Some sports had too few injuries or participation numbers
by sex for ample statistical comparisons. These sports may
be new to the middle school population, resulting in limited
participation, or the sport may have a lower injury risk.
Some athletes may have had self-treated injuries (eg,
tendinitis, minor contusions) that were not reported to the
athletic training staff. Finally, most middle schools in the
United States do not allow ninth-grade participation in
middle school sports.

We hope that our initial findings for these sports will
provide the impetus for all middle schools to report their
data in these sports for comparative purposes. We used an
injury-surveillance design, so detailed data on each injured
athlete were not available. Thus, efforts should be focused
toward implementing epidemiologic studies designed to
identify risk factors in these athletes at the middle school
level.

CONCLUSIONS

Middle school athletes who participated in an extensive
interscholastic program sustained a wide variety of sport
injuries. The frequency and severity of those injuries were
less severe than injuries reported for the secondary school
and collegiate athlete. Injuries were more likely during
practices than during games. In matched middle school
sports, girls exhibited a higher injury rate than their male
counterparts. Football continues to have the highest injury
rate for all sports. Concussions and ACL injuries were less
common than at the secondary level.

With injury assessment and the cooperation of coaches,
athletic trainers, and parents, modifications to training and
conditioning programs can enable the middle school athlete
to compete successfully with limited time lost from
activity. Additional middle school injury-surveillance data
are needed from a variety of settings, both public and
private, and for all sports to better understand the injury
patterns of the middle school athlete.
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SEX-BASED ANALYSIS OF THE BIOMECHANICS OF PITCHING
Madison J. Blankenship, Hunter L. Frisk, Evan M. Martin, and William P. Ebben

Biomechanics Research Unit, Exercise Science Research Laboratory,
Lakeland University, Plymouth, WI

This study assessed sex-based differences in the lower extremity kinetics and ball velocity
during pitching. Fifteen men baseball players and fifteen women softball players threw
fastballs on two force platforms, to assess propulsive and landing biomechanics. Doppler
radar was used to assess ball velocity. Kinetic and kinematic data comparing men and
women were analyzed with independent samples t-test. Paired samples t-test were used to
assess difference between the propulsive and landing phases. Pearson’s bivariate
correlations were used to assess the relationship between study variables and ball velocity.
Few sex-based difference in the magnitude and rate of propulsive force development exist.
Sex based differences (p < 0.05) were found for all but one landing phase variable. None of
the biomechanical variables assessed were related to ball velocity.

KEYWORDS: baseball, softball, gender, ground reaction force, Doppler radar

INTRODUCTION: Athlete biomechanics is believed to have an important influence on pitching
performance. Previous research examined a variety of biomechanical variables and their effect
on softball pitching. Similarly, biomechanics studies assessed baseball pitching. Only one study
focused on the sex-based differences in the kinematics and kinetics variable associated with
pitching a baseball.

Research focused on the biomechanics of softball pitching included assessment of the vertical
plane (Nimphius et al., 2016; Oliver & Plummer, 2011) or vertical, medio-lateral and anterior-
posterior planes (Guido et al., 2009) of motion. These studies evaluated only the push-off phase
(Nimphius et al., 2016) or landing phase (Guido et al., 2009; Oliver & Plummer, 2011) of
pitching. In the process, the role of kinetic variables on softball pitching mechanics such as
lower limb angles and stride length have been studied (Guido et al., 2009; Oliver and Plummer,
2011).

In addition to studies assessing softball pitching, biomechanics studies of baseball pitching have
used one force platform to assess the push-off leg (Elliot et al., 1988; Oyama & Myers, 2017),
the landing leg (Guido et al., 2009) or two platforms to assess each limb (Kageyama et al., 2015;
MacWilliams et al., 1998). Vertical and anterior-posterior kinetics (Elliott at al., 1988; Kageyama
et al.,, 2015; Oyama & Myers 2017) or vertical, medio-lateral, and anterior posterior kinetics
(Guido & Warner, 2012; Kageyama et al., 2015; MacWilliams et al., 1998; McNally et al., 2015)
were assessed. These studies sought to evaluate the role of ground reaction forces on upper
body movements and pitching mechanics (Elliott et al., 1988; Guido & Werner, 2012; Kageyama
et al., 2015), or to compare the kinetic and kinematic differences based on subject age and level
(Kageyama et al., 2015).

Baseball pitching research assessed wrist or pitch velocity as well. Propulsive phase kinetics
were correlated to wrist velocity (MacWilliams et al., 1998). In contrast, ground reaction forces
were not correlated with the ball velocity (Oyama & Myers, 2017).

Only one study included the sex-based analysis of pitching a baseball, demonstrating a number
of similarities and few differences between the sexes when using motion analysis (Chu et al.,
2009). Another study compared the analysis of softball players (Guido et al., 2009) to baseball
players (MacWilliams et al., 1998). No previous study has examined the biomechanics of men
and women baseball and softball pitchers, respectively within the same study. Therefore, the
purpose of this study was to assess the relationship between propulsive and landing phase
kinetics, athlete whole body velocity, and pitched ball speed as well as assess sex-based
differences in these kinetic variables and the relationship between these variables and ball
speed.
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METHODS: Subjects included 15 men (mean + SD, age = 19.47 + 1.18 yr; body mass = 84.96
+ 10.75 kg; height = 179.83 £ 8.70 cm) and 15 women (mean = SD, age = 20.07 £ 2.17 yr; body
mass = 80.32 £ 22.94 kg; height = 169.33 £ 5.97 cm). Subjects included current or former high
school and college baseball and fast-pitch softball pitchers. The subjects were informed of the
risks associated with the study and provided informed written consent. The study was approved
by the institution’s internal review board.

Subjects performed a general, dynamic, specific, and sport-specific warm-up. The general
warm-up included low intensity jogging for approximately four minutes. The dynamic warm-up
included exercises performed sport specific planes of motions, with increasing intensity. The
specific warm-up included activating all of the muscles used in the throwing motion. The sport
specific warm-up included a range of warm up pitches in increasing intensity from approximately
50-100% of the subject’s maximum velocity.

During testing, all subjects threw six fastballs from the full wind-up motion with at least fifteen
seconds rest between pitches. The subjects pitched off of a pitching rubber that was bolted to
a force platform and threw into a net with a strike zone ten meters away. The test pitches were
performed on two force platforms (Accupower, Advanced Mechanical Technologies
Incorporated, Watertown, MA, USA) in series, which were countersunk and mounted flush to
the floor. The first force platform captured the subject’'s propulsive phase and the second
captured the landing phase of the pitch. The force platforms were calibrated prior to the testing
session. Data were acquired at 1000 Hz and analyzed in real time with proprietary software
(Accupower, Advanced Mechanical Technologies Incorporated, Watertown, MA, USA).
Velocity of each pitch was determined by Doppler radar (Speedster Ill, Bushnell Outdoor
Products, Overland Park, KS). The three highest velocity pitches were included for analysis
consistent with previous research (Nimphius et al, 2016).

Data were analyzed with a statistical software program (SPSS 26.0, International Business
Machines Corporation, Armonk, New York) using independent samples t-tests to assess the
differences in subjects background, pitch velocity, propulsive phase biomechanics, and landing
phase biomechanics. A paired samples t-test was used to determine the differences between
propulsive phase and landing phase ground reaction forces. Pearson’s bivariate correlations
were used to assess the relationship between the biomechanical variables and pitched ball
velocity. Intraclass correlation coefficients (ICC) and coefficients of variation (CV) were
determined for all dependent variables. The a priori alpha level was set at p < 0.05. All data are
expressed as means + SD.

RESULTS: Subject age, weight, height, years of high school and college pitching experiences
were not statistically different (p = 0.05). Men were taller than women (p =0.001). Fastball
velocity was significantly greater (p = 0.001) for men (33.17 £ 2.21 m-s™") than women (22.52 +
1.47 m-s™"). Table 1 shows the time, distance, and velocity of the subject from propulsive to
landing phase. Results of the analysis of the propulsive phase and landing phases are shown
in Tables 2 and 3, respectively. Table 4 shows the comparison of the propulsive and landing
phase kinetics. There was no correlation between any of the biomechanical variables assessed
and ball velocity for either men or women (p = 0.05). The trial-to-trial reliability of the dependent
variables were assessed using average measures Intraclass correlation coefficients (ICC) and
coefficients of variation (CV). The ICC’s for the test exercises and all dependent variables
ranged from 0.77 to 0.96 for the horizontal GRF data, and 0.87 to 0.98 for the vertical GRF data.
Coefficients of variation for all data ranged from 13.9% to 28.5%.

Table 1. Mean + SD data for the baseball and windmill softball for time, distance, and
whole body velocity from peak V GRF during propulsion to peak V GRF during landing

(N = 30).

Men (N=15) Women (N=15) Significance
Distance (m) 1.57 £ 0.10 1.57 +0.14 p=0.27
Time (ms) 0.41+£0.09 0.38 £ 0.04 p =0.86
Velocity (m-s™) 4.08 £ 0.86 4.17 £ 0.47 p=0.71

https://commons.nmu.edu/isbs/vol38/iss1/25 Daubert Response App. 0057
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Table 2. Propulsive phase kinetic data for the pitched baseball and softball (N = 30).

Men (N=15) Women (N=15) Significance
V-GRF (N) 1124.48 + 150.86 1101.83 + 263.45 p=0.78
V-GRF/BW 1.36 £ 0.16 142+ 0.10 p=0.23
H-GRF (N) 419.32 + 83.65 352.83 + 85.03 p =0.039
H-GRF/BW 0.51+£0.10 0.46 £ 0.10 p=0.24
H:V 0.37:1 £ .05:1 0.32:1 £ .07:1 p =0.04
V-RFD (N-s™) 13240.45 + 1767.76 13060.70 + 3107.07 p=0.85
V-RFD/BW (N-s™) 16.00 + 1.80 16.83 + 1.18 p=0.15
H-RFD (N-s™) 4617.50 + 931.18 3883.98 + 945.51 p =0.039
H-RFD/BW (N-s™) 5.59+1.12 5.09+1.15 p=0.24

V = vertical; H = horizontal anterior; GRF = ground reaction force; GRF/BW = ground reaction
force normalized to body weight; H:V = ratio of the vertical to horizontal anterior ground reaction
force; RFD = rate of force development.

Table 3. Landing phase kinetic data for the pitched baseball and softball (N = 30).

Men (N=15) Women (N=15) Significance
V-GRF (N) 1190.20 + 184.08 1477.56 + 325.07 p = 0.006
V-GRF/BW 1.43+0.13 1.91+0.13 p < 0.001
H-GRF (N) 366.06 + 108.15 288.28 + 65.76 p =0.024
H-GRF/BW 0.44 +0.10 0.38+0.10 p=0.14
H:V 0.31:1 £ 0.07:1 0.20:1 + 0.05:1 p = 0.001
V-RFD (N-s™) 14522 + 2231.73 18038.27 + 3962.85 p = 0.006
V-RFD/BW (N-s™") 17.45 + 1.53 23.36 £ 2.59 p < 0.001
H-RFD (N-s™) 6925.94 + .2043.39 5452.83 + 1245.65 p =0.024
H-RFD/BW (N-s™) 8.25£1.90 7.22 + 1.88 p=0.14

V = vertical; H = horizontal anterior; GRF = ground reaction force; GRF/BW = ground reaction
force normalized to body weight; H:V = ratio of the vertical to horizontal anterior ground reaction
force; RFD = rate of force development.

Table 4. Comparison of the kinetics of the propulsive and landing phases (N = 30).

Propulsive Phase Landing Phase Significance
V-GRF (N) 1113.05 + 211.26 1333.88 + 297.88 p < 0.001
V-GRF/BW 1.39+0.13 1.67 £ 0.30 p <0.001
H-GRF (N) 386.07 + 89.51 327.17 £ 96.43 p=0.013
H-GRF/BW 0.48 £0.10 0.41+0.10 p=0.014
V-RFD (N-s™) 13150.58 + 2485.44 16280.61 + 3630.65 p <0.001
V-RFD/BW (N-s™) 16.41 £ 1.55 20.41 + 3.66 p <0.001
H-RFD (N-s™) 4250.74 + 994.65 6189.38 + 1823.74 p < 0.001
H-RFD/BW (N-s™") 5.34+1.15 7.74 £1.93 p <0.001

Published by NMU Commons, 2020

V = vertical; H = horizontal anterior; GRF = ground reaction force; GRF/BW = ground reaction
force normalized to body weight; H:V = ratio of the vertical to horizontal anterior ground reaction
force; RFD = rate of force development.

DISCUSSION: This is the first study to compare the biomechanics of men and women baseball
and softball players, respectively. Results show a difference in propulsive H:V when data were
normalized to body weight. Additionally, almost all of the landing phase kinetic demands are
different between men and women. Others showed more knee flexion upon landing for women
compared to men, when assessing baseball players (Chu, et al., 2009).

In the current study, men demonstrated vertical ground reaction forces during landing that were
1.43 times body weight, compared to women who produced 1.9 times body weight. Others
showed that men produced 1.5 times body weight (MacWilliams et al., 1998), and women
produced 1.39 (Guido et al., 2009) to 1.79 (Oliver & Plummer, 2011) times body weight.

The posteriorly directed horizontal ground reaction forces during landing in the current study
were 0.44 times body weight for men and 0.38 times body weight for women. This was lower

Daubert Response App. 0058
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for men, but similar to women when compared to other studies, which found these values to be
0.72 and 0.36 times body weight for men (MacWilliams et al.,, 1998) and women (Oliver &
Plummer, 2011), respectively. In the current study, men generated higher propulsive H:V and
horizontal landing ground reaction force, whereas women develop more vertical force and a
higher rate of force development during landing. Thus, the propulsive H:V in this study was
significantly higher for men compared to women, with values similar to those previously shown
for men (Elliott et al., 1998; Oyama & Myers, 2017).

The current study demonstrated no differences in whole body velocity measured from
propulsive to landing phase peak vertical ground reaction forces. The only other sex-based
analysis of pitching showed that compared to men, women had a greater time from stride foot
contact to ball release when throwing a baseball (Chu et al., 2009).

Men threw with more velocity than women in the current study, consistent with previous
research comparing men and women baseball players (Chu et al., 2009). The men in this study
threw approximately 33.2 m's™, compared to others who threw 34.87 m's™ (Guido & Werner,
2012) and 35.2 m's™? (Kageyama et al., 2015). The women in the current study threw at
approximately 22.5 m-s™ compared to 24 m-s™ (Oliver & Plummer, 2011) and 25 m-s™ (Guido
et al., 2009).

None of the biomechanical variables in the current study were correlated to ball velocity
consistent with some reports (Guido et al., 2009). Others found a small number of variables
were related to pitched softball velocity such as peak propulsive phase vertical ground reaction
force and time between peak forces (Nimphius, et al., 2016) as well as vertical ground reaction
force during the landing phase (Oliver and Plummer, 2011).

CONCLUSION: When normalized to body weight, there are few sex-based differences in the
propulsive phase of pitching. Men rely more on a greater H:V during this phase, and their
training strategies should emphasize horizontal more than vertical force production. Compared
to men, women demonstrate higher vertical ground reaction forces and rates of force
development during the landing phase. Training strategies for women should increase their
capability to manage larger magnitudes and rates of vertically directed force.
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Handgrip Strength: A Comparison of Values
Obtained From the NHANES and NIH Toolbox
Studies

Richard W. Bohannon, Ying-Chih Wang, Sheng-Che Yen, Kimberly A. Grogan

Importance: Handgrip dynamometry is probably the most commonly used method to characterize overall human
muscle strength.

Objective: To compare and summarize grip strength measurements obtained from two population-based studies.
Design: Secondary data analysis.

Setting and Participants: Data from (1) the 2011-2014 National Health and Nutrition Examination Survey (NHANES)
with 13,918 participants and (2) the 2011 normative phase of the National Institutes of Health (NIH) Toolbox project with
3,594 participants.

Outcomes and Measures: The NHANES values used were the mean and best of three trials; the NIH Toolbox value
used was the one maximum trial after a practice trial.

Results: General linear model analysis revealed that values obtained from the NIH Toolbox differed from NHANES
best values but not from NHANES mean values. The analysis also indicated, regardless of the values used, that grip
strength differed significantly between dominant and nondominant sides, males and females, and age groups. We
provide updated reference values for handgrip strength.

Conclusions and Relevance: On the basis of these analyses, we summarize grip strength measures obtained from
the NHANES and NIH Toolbox for side, gender, and age group strata. Reference values are essential to assist in the
interpretation of testing results and clinical decision making.

M uscle strength, defined as the force or torque brought by muscle to bear on the environment, is essential for
maintaining and changing the position of body segments and the body as a whole. Muscle strength, therefore,
plays an important role in everyday function (Bohannon, 2015; Vaapio et al., 2011). It also serves as an indicator of
present health status and a predictor of future health status (Bohannon, 2015).

There are numerous options for measuring muscle strength, but handgrip dynamometry is probably used most often
to characterize overall human muscle strength (Bohannon, 2008). Measurements of grip strength obtained by dy-
namometry are easily procured and have been shown to be reliable (Bohannon, 2017), valid (Turner & Ebrahim, 1992),
and responsive (Kim et al., 2014). In addition, normative reference values have been published that can be used to
interpret grip strength measurements obtained from individuals and groups of interest.

Optimally, reference values used for interpreting status should have been obtained from a population representative
sample (Ritchie & Palomaki, 2004) within the past 15 or 20 yr (Strauss et al., 2006). Numerous peer-reviewed
studies provide such values. Specifically, reference values for grip strength that fulfill these criteria have been
reported for residents of several countries, among them Great Britain (Dodds et al., 2014), Australia (Massy-Westropp
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etal., 2011), Canada (Wong, 2016), Korea (Shim et al., 2013), Germany (Glnther et al., 2008), and Japan (Seino et al.,
2014). The importance of these reference values notwithstanding, caution must be exercised in applying them to
residents of other countries (Dodds et al., 2016; Massy-Westropp et al., 2011).

Our impetus in undertaking the current study was the limited availability of current reference values over the age span
for grip strength of U.S. residents. We were aware of Perna et al.’s (2016) recent publication addressing such values, but it
focused on the combined strength of both hands. We examined the literature and identified two large-scale, population-
based studies that provide sufficiently current data to generate such reference values for U.S. residents: the National
Health and Nutrition Examination Survey (NHANES) and the National Institutes of Health (NIH) Toolbox.

The NHANES (Centers for Disease Control and Prevention [CDC], 2011; Perna et al., 2016) is a survey research
program conducted by the National Center for Health Statistics (NCHS), housed within the CDC, to assess the health
and nutritional status of U.S. adults and children and to track changes over time. Although the NHANES data collection
has been ongoing for decades, handgrip dynamometer assessment was not included in the data collection until 2011.
The handgrip component was added to provide nationally representative data on muscle strength; prevalence esti-
mates of children with poor muscle strength; and data to study the association between muscle strength and other
health conditions and risk factors, such as obesity, physical activity, and dietary patterns.

The NIH Toolbox (Beaumont et al., 2013; Gershon et al., 2013; Reuben et al., 2013) was a research study that aimed
to develop a multidimensional set of brief royalty-free measures that researchers can use to assess cognitive, sensory,
motor, and emotional function in people ages 3—85 yr. This entire set of measures can be administered to study
participants in 2 hr or less, across diverse study designs and settings. Motor domain experts identified handgrip
dynamometry as a proxy for upper extremity muscle strength. Toolbox measures have been normed and validated in a
broad sample of the U.S. population in a cross-sectional data collection in 2011 (Beaumont et al., 2013).

The primary purpose of this project, therefore, was to compare and summarize grip strength measurements obtained
from two population-based studies: the NHANES and the NIH Toolbox. We hypothesized that grip strength mea-
surements from the two studies would differ significantly, as would measurements obtained from males and females,
dominant and nondominant sides, and different age groups.

Method

The NHANES providing data for our study was approved by the NCHS research ethics review board; the NIH Toolbox
study was approved by the Northwestern University institutional review board. Further approval was not sought for our
study because the data used were free of personal identifiers.

NHANES Data
We used NHANES data from 2011 to 2014. The data were acquired from a stratified multistage probability sample of
civilian noninstitutionalized U.S. residents.

Of the initial 19,931 data records, 3,186 participants were removed because they were younger than age 6 yr (no
handgrip data), and 2,222 participants were removed because of missing values (e.g., begin with which hand,
handedness). In addition, 605 participants were excluded as outliers because their grip strength values were greater
than 1.5 interquartile range (IQR) of the same sex and age group or because their between-sides difference in grip
strength was = 30%. Thus, data from 13,918 remaining participants (ages between 6 and 80) were included in the final
analysis with a comparable representation of males (49.1%) and females (50.9%). By self-report, 91.4% of the sample
was right-hand dominant. Although the largest percentage of the sample was White (35.6%), other races were
represented. Figure 1 presents the flowchart of the data management process.

The American Journal of Occupational Therapy, March/April 2019, Vol. 73, No. 2 Daubert Response App 76(68?80;12
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Figure 1. Data cleaning and merging flowchart.

| NHANES (n=19,931) |

|

Remove age <6
(n=3,186)

Remove if the variable
“begin with which hand”
is missing (n=1,761)
Remove if handedness is
“both hand” (n=461)

N=14,523

i

Remove outliers:
IQR >1.5 (n=102)

Remove outliers: between
side difference in grip
strength was >30%
(n=503)

| NIH Toolbox (7= 4,859) |

Remove if the age <6 or
age >80 (n=763)

Remove outliers:

IQR >1.5 (n=97)
Remove outliers: between
side difference in grip

strength was >30%
(n=405)

Analyzed (n=13,918)
Age (range) = 6-80
Gender
Male (%) = 49.1
Female (%) =50.9
Handedness
Right (%) =91.4
Left (%) = 8.6
Race
White (%) = 35.6
Black (%) = 24.5

Asian (%) =11.8

Other Hispanic (%) = 9.5

Others (%) = 3.9
Posture position

Standing (%) = 96.5

Seated (%) =3.5

Mexican American (%) = 14.7

Analyzed (n = 3,594)
Age (range) = 6-80
Gender
Male (%) = 44.6
Female (%) = 55.4
Handedness
Right (%) = 91.8
Left (%) =8.2
Race
White (%) = 74.9
Black (%) = 15.6
American Indian or Alaska
Native (%) = 2.8
Asian (%) =1.9
Others or missing (%) = 4.8
Posture position
Seated (%) =100.0

Note. IQR = interquartile range; NHANES = National Health and Nutrition

Examination Survey; NIH = National Institutes of Health.

A detailed description of testing procedures can be
found in the NHANES Muscle Strength Procedures
Manual (CDC, 2011). In brief, the muscle strength/
grip test involved the measurement of isometric grip
strength with a calibrated Takei Digital handgrip
dynamometer (Takei Scientific Instruments, Niigata
City, Japan). Participants were randomly assigned
to start the test with their dominant or nondominant
hand. The grip test was performed in the standing
position unless the participant was physically lim-
ited. A practice trial was performed with the hand
opposite the hand tested first, unless the participant
had only one hand eligible for the test.

Before the test, a test administrator adjusted the
grip size of the dynamometer until the second joint
of the participant’s index finger was at a 90° angle
on the handle. Participants were asked to squeeze
the dynamometer as hard as possible with each
hand with the elbow fully extended at the side. The
head was straight, the wrist was neutral, and the feet
were hip width apart and even. There were three
testing trials for each hand. Best values, expressed
in kilograms, were determined for each hand. For
this study, the mean values, averaged from three
trials, were also calculated for comparison pur-
poses. Under these two conditions, data were la-
beled best and mean values, respectively.

NIH Toolbox

We used NIH Toolbox data from the muscle
strength/grip test component of the Motor Domain,
obtained from August to November 2011.

The norming sample included people with the following characteristics: community-dwelling and noninstitutionalized;
ages 3-85 yr; capable of following test instructions (in English or Spanish); and able to give informed consent or, in the
case of children, give assent with accompanying informed consent by proxy (i.e., parent or guardian). Data were
collected at 10 sites (Atlanta, Chicago [Oak Brook], Cincinnati, Columbus, Dallas, Los Angeles, Minneapolis, Phil-
adelphia, Phoenix, St. Louis) from primarily urban- and suburban-dwelling participants, and sampling was stratified by
age, gender, and primary language (English or Spanish). Age was stratified into 21 age bands, within which target
quotas were set relative to the U.S. population distribution of race, ethnicity, and level of education (parents’ education
for children). Detailed norming plans for the NIH Toolbox have been described (Beaumont et al., 2013).

Of the initial 4,859 data records, 763 were removed because the age of the participant was younger than 6 yr or older
than 80 yr. Moreover, 502 were excluded as outliers because their grip strength values were greater than 1.5 IQR from
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the mean for other participants of the same sex and age group or because their between side difference in grip strength
was = 30% (Figure 1). Thus, data from 3,594 remaining participants (ages between 6 and 80) were included in the final
analysis with somewhat fewer males (44.6%) than females (55.4%). By self-report, 91.8% of the sample was right-hand
dominant. Although the majority of the sample was White (74.9%), other races were represented. All participants either
consented to the study or assented and participants’ parents or guardians provided written consent after being informed
about the study’s purpose and procedures.

Detailed descriptions of the protocol are provided in the NIH Toolbox Administration Manual (NIH, 2012). Briefly, a
calibrated digital Jamar® dynamometer (Patterson Medical Ltd., Warrenville, IL) with its handle in its second position
was used. Participants squeezed the dynamometer while seated with their arms by their sides, elbows flexed 90°, and
forearms in a neutral position. A single submaximal practice trial was completed with each hand, followed after at least
30 s by a single maximal trial of 3 to 4 s from each hand. Participants were encouraged by the examiner who chanted
“harder, harder, harder.” Data were recorded in pounds but later converted to kilograms.

Statistical Analysis

All analyses were performed using IBM SPSS Statistics (Version 23; IBM Corp., Armonk, NY). To compare handgrip
measures, age was stratified into 18 age bands: each year of age from 6 through 17, 18-29, 30-39, 40—49, 50-59,
60-69, and 70-80 yr old, consistent with the NIH sampling plan. Two (study: NHANES vs. NIH Toolbox) x 2 (gender:
male vs. female) x 2 (side: dominant vs. nondominant) x 18 (age group) general linear model (GLM) analyses were
conducted: (1) NHANES best values versus NIH handgrip forces and (2) NHANES mean values versus NIH handgrip
forces. For independent variables found to have a significant main or interactive effect on grip strength, pairwise post
hoc comparisons between NHANES and NIH forces were conducted using GLM. Separate comparisons were
completed for the dominant and nondominant sides. Descriptive statistics were tabulated. On the basis of the numerous
hypothesis tests conducted and a desire to reduce the risk of Type 1 error, a significant level of p <.005 was adopted as
an indicator of statistical significance.

Results

The GLM comparing NHANES best values to NIH handgrip values demonstrated that, overall, grip strength values
were higher for the NHANES group than the NIH Toolbox group (F = 98.6, p < .001), for males than for females (F =
3,967.6, p < .001), for the dominant side than the nondominant side (F = 9,497.9, p < .001), and for some age groups
than others (F = 1,406.9, p < .001). Pairwise comparisons showed significant differences in grip strength (p < .005)
between the NHANES and NIH Toolbox studies in five age groups of the dominant side of males, six age groups of the
dominant sides of females, four age groups of the nondominant side of males, and four age groups of the nondominant
side of females.

The GLM comparing NHANES mean values to NIH handgrip values demonstrated that, overall, grip strength values
were not higher for the NHANES group than the NIH Toolbox group (F = 2.6, p = .105). In contrast, grip strength values
were higher for males than for females (F = 3,984.0, p < .001), for the dominant sider than the nondominant side
(F=1,869.5, p <.001), and for some age groups than others (F = 1,522.5, p < .001). Pairwise comparisons showed
significant differences in grip strength (p < .005) between the NHANES and NIH Toolbox studies in one age group of the
dominant side of males, two age groups of the dominant side of females, one age group of the nondominant side of
males, and three age groups of the nondominant side of females.

Tables 1 and 2 provide summary grip strength statistics for each study stratified by side, gender, and age. These
statistics have potential as a reference for interpreting individual handgrip performance.
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Table 1. Summary of Handgrip Strength Measurements (kg) Obtained From the Dominant Hand of Male and Female Participants

M (SD), n F(p)
NHANES NHANES
Gender (age, yr) NHANES Mean NHANES Best NIH Tool Box Mean vs. Toolbox Best vs. Toolbox
Male (6) 10.0 (2.2), 211 10.7 (2.3), 213 9.6 (2.8), 95 1.6 (.206) 13.5 (.000)
Male (7) 11.8 (2.5), 213 12.6 (2.6), 213 11.2 (3.4), 113 2.6 (.106) 17.1 (.000)
Male (8) 13.2 (2.9), 202 14.1 (2.9), 202 13.4 (3.5), 9 0.2 (.636) 3.7 (.055)
Male (9) 15.3 (3.0), 196 16.4 (3.0), 196 16.5 (3.8), 101 8.0 (.005) 0.0 (.878)
Male (10) 175 (3.5), 193 18.6 (3.6), 193 17.9 (3.6), 102 1.2 (.277) 2.6 (.106)
Male (11) 20.2 (4.4), 176 21.4 (4.7), 176 20.5 (4.1),9 0.2 (.697) 2.6 (.105)
Male (12) 22.9 (4.9), 152 24.1 (5.1), 152 23.6 (5.3),9 1.0 (.307) 0.5 (.501)
Male (13) 28.2 (6.2), 157 29.7 (6.4), 157 28.2 (6.8), 105 0.0 (.973) 3.4 (.066)
Male (14) 32.1 (6.2), 151 34.0 (6.5), 151 33.5 (7.5), 102 2.6 (.110) 0.3 (.611)
Male (15) 36.8 (6.8), 143 38.8 (7.2), 143 36.7 (7.8), 9 0.0 (.870) 4.9 (.028)
Male (16) 39.3 (7.1), 166 41.4 (7.4), 166 39.1 (7.8), 8 0.0 (.849) 5.6 (.019)
Male (17) 409 (7.1), 133 43.2 (7.3), 133 44.3 (9.8), 104 9.6 (.002) 1.1 (.291)
Male (18-29) 445 (8.1), 1,129 47.2 (8.6), 1,129 46.3 (8.2), 6 2.9 (.088) 0.7 (.397)
Male (30-39) 47.2 (8.6), 801 49.9 (9.0), 801 43.6 (10.7), 56 9.2 (.003) 25.3 (.000)
Male (40—4 ) 455 (7.6), 756 47.8 (7.9), 757 432 (9.3), 75 6.1 (.014) 22.6 (.000)
Male (50-59) 421 (7.6), 721 44.0 (7.8), 724 42.7 (10. 2) 77 0.4 (.538) 1.9 (.164)
Male (60-69) 38.9 (8.1), 695 40.8 (8.3), 696 37.3(9.9),5 2.0 (.160) 8.7 (.003)
Male (70-80) 33 2 (7.5), 637 34.6 (7.8), 637 33 0(9.6),7 0.0 (.833) 2.8 (.092)
Female (6) 6 (2.1), 193 10.4 (2.2), 194 8(2.8), 9 6.4 (.012) 26.1 (.000)
Female (7) 10 8 (2.2), 187 11.6 (2.4), 187 11 3 (3.4), 107 9.2 (.003) 0.3 (.607)
Female (8) 12.8 (2.9), 177 13.7 (2.9), 177 12.8 (3.3), 9 0.0 (.950) 4.6 (.032)
Female (9) 14.6 (3.1), 190 15.5 (3.2), 190 14.9 (3.3),9 0.8 (.385) 2.0 (.154)
Female (10) 17.0 (3.3), 171 18.0 (3.4), 171 17.4 (4.0), 106 0.9 (.331) 1.9 (171)
Female (11) 19.7 (4.1), 219 20.8 (4.4), 219 19.9 (3.9), 9 0.3 (.612) 3.0 (.084)
Female (12) 22.8 (4.8), 154 24.0 (4.9), 154 23.4 (4.5), 108 1.1 (.303) 1.1 (.305)
Female (13) 24.5 (5.3), 150 25.8 (5.3), 150 25.2 (5.4), 9 1.1 (.299) 0.6 (.454)
Female (14) 26.2 (4.7), 156 27.6 (4.9), 156 26.6 (6.1), 113 0.2 (.618) 2.3 (132)
Female (15) 27.4 (4.5), 146 28.8 (4.8), 146 28.2 (5.0), 100 1.8 (177) 1.0 (.323)
Female (16) 27.4 (4.7),177 28.8 (4.8), 177 28.5 (5.3), 9 3.6 (.058) 0.1 (.739)
Female (17) 27.7 (5.6), 129 29.2 (5.7), 129 28.6 (5.6), 104 1.7 (.198) 0.5 (.478)
Female (18 9) 29.1 (5.2), 1132 30.7 (5.4), 1,134 29.0 (7.3), 166 0.1 (.780) 13.5 (.000)
Female (30-39) 30.0 (5.4), 830 31.6 (5.7), 831 29.1 (6.1), 204 4.6 (.033) 31.8 (.000)
Female (40-49) 29.4 (5.5), 836 31.0 (5.7), 838 29.4 (6.5), 143 0.0 (.957) 9.1 (.003)
Female (50-59) 27.5 (5.4), 780 28.9 (5.6), 782 271 (6.4),9 0.5 (.473) 8.8 (.003)
Female (60-69) 25.3 (5.1), 738 26.6 (5.2), 740 23.0 (6.5), 8 14.6 (.000) 35.3 (.000)
Female (70-80) 21.0 (5.2), 700 22.0 (5.3), 704 20.7 (5.2), 7 0.2 (.682) 4.4 (.036)

Note. M = mean; NHANES = National Health and Nutrition Examination Survey; NIH = National Institutes of Health; SD = standard deviation.

Discussion

Much of the research proposing to characterize the grip strength of people in the United States across the age span is
outdated and used small convenience samples. Both NHANES and NIH Toolbox projects have remedied these issues
by recently examining large population-based samples of U.S. residents. Both of the projects have rigorous sampling
plans, data collection procedures, and ongoing quality control practices. For the NHANES, NCHS staff and field
supervisors regularly monitored examiners. Retraining sessions are conducted periodically with the examiners to
reinforce the proper protocols and techniques. All data are reviewed systematically for logical or operational in-
consistencies and examiner errors. For the NIH Toolbox, examiners were trained on standardized procedures before
data collection, and an administration manual (NIH, 2012) was provided in both English and Spanish for all sites.

The American Journal of Occupational Therapy, March/April 2019, Vol. 73, No. 2 Daubert Response App 76(68%80;15



Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 65 of 940 PagelD #: 24603

Research Article

Table 2. Summary of Hand Grip Strength Measurements (kg) Obtained From the Nondominant Hand of Male and Female Participants

M (SD), n F(p)
NHANES NHANES
Gender (age, yr) NHANES Mean NHANES Best NIH Tool Box Mean vs. Toolbox Best vs. Toolbox
Male (6) 9.7 (2.1), 210 10.4 (2.2), 213 9.5 (3.0), 95 0.2 (.623) 8.8 (.003)
Male (7) 11.3 (2.5), 213 12.1 (2.6), 213 11.0 (3.4), 113 0.8 (.358) 11.5 (.001)
Male (8) 12.8 (2.9), 202 13.7 (3.0), 202 13.2 (3.5), 9 0.8 (.361) 1.7 (.200)
Male (9) 14.6 (2.8), 196 15.6 (3.0), 196 15.7 (3.7), 101 6.9 (.009) 0.0 (.862)
Male (10) 16.5 (3.3), 193 17.6 (3.5), 193 17.0 (3.5), 102 1.4 (.234) 1.5 (.221)
Male (11) 19.5 (4.0), 176 20.7 (4.1), 176 19.3 (4.0), 9 0.1 (.700) 7.2 (.008)
Male (12) 21.7 (4.9), 152 22.8 (5.1), 152 225 (4.2),9 1.8 (.183) 0.3 (.589)
Male (13) 26.7 (5.8), 157 28.1 (6.0), 157 26.6 (6.5), 105 0.0 (.867) 3.8 (.053)
Male (14) 30.5 (6.2), 151 32.0 (6.4), 151 31.0 (6.7), 102 0.5 (.501) 1.4 (.237)
Male (15) 34.7 (6.5), 143 36.7 (6.7), 143 35.0 (7.8), 9 0.1 (.761) 3.1 (.082)
Male (16) 36.9 (7.1), 166 39.2 (7.3), 166 36.6 (7.2), 8 0.1 (.741) 7.1 (.008)
Male (17) 38.0 (6.6), 133 40.2 (6.7), 133 41.5 (8.6), 104 12.6 (.000) 1.7 (.196)
Male (18-29) 42.3 (8.2), 1,129 44.7 (8.5), 1,129 439 (7.9), 6 2.3 (.127) 0.6 (.433)
Male (30-39) 44.8 (8.4), 800 47.4 (8.7), 801 425 (9.8), 5 4.0 (.045) 16.4 (.000)
Male (40-49) 435 (7.6), 754 457 (7.9), 757 417 (9.4), 7 3.4 (.064) 16.6 (.000)
Male (50—5 ) 40.2 (7.3), 723 422 (1.5), 724 41.0 (10. 4) 77 0.8 (.365) 1.7 (.196)
Male (60-69) 37.0 (7.8), 693 38.8 (8.0), 696 36.2 (9.1), 57 0.5 (.465) 5.4 (.020)
Male (70-80) 31 5 (7.2), 635 32.9 (7.3), 637 32 0 (10.0), 77 0.3 (.592) 1.0 (.317)
Female (6) 2 (2.0), 193 10.0 (2.2), 194 5(2.7), 9 5.2 (.024) 23.1 (.000)
Female (7) 10 5 (2.2), 187 11.2 (2.3), 187 11 4 (3.2), 107 8.3 (.004) 0.3 (573)
Female (8) 12.3 (2.7), 177 13.1 (2.8), 177 12.0 (2.8), 9 0.4 (.529) 8.0 (.005)
Female (9) 13.8 (3.0), 190 14.6 (3.1), 190 141 (3.3),9 1.0 (.327) 1.6 (.213)
Female (10) 15.9 (3.0), 171 16.9 (3.1), 171 16.4 (3.9), 106 1.2 (.274) 1.4 (.241)
Female (11) 18.4 (3.9), 219 19.5 (4.1), 219 19.2 (3.9), 9 2.5 (.116) 0.4 (.553)
Female (12) 21.2 (4.5), 154 22.5 (4.7), 154 22.1 (4.1), 108 2.3 (.131) 0.6 (.449)
Female (13) 22.7 (4.9), 150 24.0 (5.1), 150 24.2 (4.7), 9 5.8 (.017) 0.1 (.761)
Female (14) 241 (4.7), 156 25.4 (4.9), 156 24.7 (5.5), 113 0.9 (.338) 1.2 (.277)
Female (15) 24.9 (4.6), 146 26.3 (4.8), 146 26.2 (5.0), 100 3.9 (.049) 0.1 (.817)
Female (16) 25.2 (4.4), 177 26.6 (4.5), 177 27.0 (5.0), 9 8.9 (.003) 0.4 (.532)
Female (17) 26.0 (5.2), 128 27.4 (5.4), 129 27.1 (6.1), 104 2.1 (.152) 0.2 (.667)
Female (18 9) 271 (5.0), 1,132 28.6 (5.2), 1134 27.3 (6.8), 166 0.2 (.645) 8.2 (.004)
Female (30-39) 28.1 (5.1), 830 29.6 (5.4), 831 28.0 (6.0), 204 0.1 (.739) 14.9 (.000)
Female (40-49) 27.6 (5.2), 838 29.0 (5.4), 838 28.3 (6.7), 143 2.1 (.152) 2.3 (.127)
Female (50-59) 25.7 (5.1), 781 27.0 (5.2), 782 25.5 (6.5), 9 0.1 (.739) 7.1 (.008)
Female (60-69) 23.9 (4.8), 739 25.1 (4.9), 740 22.2 (6.5), 9 8.8 (.003) 25.6 (.000)
Female (70-80) 19.7 (5.0), 700 20.7 (5.1), 704 19.6 (5.1), 7 0.0 (.891) 3.6 (.060)

Note. M = mean; NHANES = National Health and Nutrition Examination Survey; NIH = National Institutes of Health; SD = standard deviation.

These controls notwithstanding, there are important differences in how grip strength was measured in the two
studies. These include, but are not limited to, differences in the hand dynamometer used (e.g., Takei vs. Jamar; Amaral
et al., 2012), dynamometer handle position (Trampisch et al., 2012), upper limb position (e.g., shoulder, elbow;
Desrosiers et al., 1995; Oxford, 2000; Su et al., 1994), and posture (e.g., sitting vs. standing; Balogun et al., 1991). All of
these factors have the potential to influence grip strength measures. The NIH Toolbox study, unlike the NHANES study,
used a protocol very similar to that recommended by the American Society of Hand Therapists (1992) and more
recently proposed by Roberts et al. (2011).

Our finding that gender, side, and age group affect grip strength confirms the results of a legion of previous studies.
The confirmation was necessary, however, to justify our stratification of grip strength values. The values provided in
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Tables 1 and 2 can be used as rough normative references for grip strength measured using the same procedures.
That noted, we do not recommend use of the NHANES values because they involve a protocol considerably different
from those recommended by the American Society of Hand Therapists (1992) and by Roberts et al. (2011). Moreover,
the NHANES protocol calls for adjustment of the handle position and three trials, both of which require additional time
and are not necessary (Trampisch et al., 2012). The NIH Toolbox values presented can be interpreted in light of those
presented in a 2006 meta-analysis (Bohannon et al., 2006). Such an interpretation, however, must take into account that
NIH Toolbox data were summarized for dominant and nondominant sides and the meta-analysis summarized data for
the left and right sides. In any case, the NIH Toolbox values tend to be lower than those in the meta-analysis, except
perhaps for the oldest adults.

There were several limitations of the study. Because this study included secondary data sources, the researchers
were not in control of the data collection procedures. In both studies, handgrip values were collected as part of a larger
set of survey questions or measures, so fatigue may have had an effect. Some variables, such as handedness in both
studies, relied on self-report. Missing data and extreme responses were encountered in both large-scale studies across
multiple sites. When reading the results of this study, clinicians should be aware that different data collection protocols
and devices were used in these two studies.

The value of handgrip strength as an indicator of overall strength and as a predictor of important outcomes not-
withstanding (Bohannon, 2008, 2015; Vaapio et al., 2011), current nationally relevant reference values are needed if the
grip strength of individuals and groups i to be interpreted. Herein, we provide information toward that end. Never-
theless, more specific reference values are required—specific to subpopulations and to performance within the
spectrum of measured scores.

Implications for Occupational Therapy Practice
The results of this research indicate the need for further study to develop handgrip strength reference norms. Oc-
cupational therapy practitioners need such norms for interpreting the performance of hand function, evaluating
treatment effects, and formulating treatment goals.
= Handgrip strength is an indicator of overall strength and is a predictor of important outcomes such as functional
independence in daily activities.
= Handgrip strength reference values are essential to assist in the interpretation of testing results and clinical
decision making.
= To make patient-centered treatment plans and interpret grip strength of individuals and groups correctly, occu-
pational therapy practitioners need reference values stratified by age group and gender.

Conclusion

Some of the stratified grip strength values from the NHANES and NIH Toolbox studies differ. On the basis of this finding
and the lack of conformity of the NHANES protocol with current recommendations, we cannot recommend the values for
broad application as reference norms.
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The Olympics, sex, and gender in the physiology classroom

Are there sex based difference in athletic performance before puberty?

In the pas few years mos sate legislatures have considered laws sating that only members of the female sex can
participate in girl’s and women’s sports (37 sates in 2021 alone), and as of April 20, 2022 ffteen sates have adopted
such legislation (1). There have also been several well publicized insances of transwomen competing for
championships in women’s sports (for example see 2, 3, 4). The International Olympic Committee, the NCAA, and
other sports governing bodies have also recently revised their policies regarding the inclusion of transwomen in
women’s sports (5, 6). All of this has resulted in sudents in my exercise physiology classes commonly asking

quesions about sex-based diferences in sports performance and the inclusion of transwomen in women’ s sports.

In a previous PECOP Blog (7) I briefy summarized the sex-
based advantages men have in athletic performance in adults,
and the research evaluating the efects of tesoserone
suppression and cross sex hormone use on factors that
infuence athletic performance. In this PECOP Blog, I will
briefy summarize the sex based prepubertal diferences in

athletic performance and touch on puberty blockers.

A 2012 report from the CDC indicated there were no

diferences between 6—1 1-year-old boys and girls in

performance on physical ftness tess (8). Many sports
leagues for pre-pubertal children are not separated by sex since the focus is developing basic sports skills rather than
competition (9). Furthermore, some scholars have sated that there are no diferences in athletic performance between
boys and girls prior to the onset of puberty, and that it is only the increased tesoserone secretion during puberty that

causes males to outperform females in athletic competition (10, 11).

On the other hand, evaluations of ftness tesing in children

as young as 3 years old shows that boys perform better than
girls of the same age on tess of muscular srength, muscular
endurance, and aerobic ftness (12-17). For example,
Tomkinson et al. (17) observed that at age 9 boys are
running an average of 3.2% faser than girls of the same age
during the las sage of a 20 m shuttle run (Figure 1). Ina
separate evaluation Tomkinson et al. (16) reported that at age

9 boys have a bent arm hang time that is an average of
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48.1% longer than girls of the same age (Figure 2).

Furthermore, youth records from USA Track & Field (18) in the 8-and-under age group and in the 9-10-years-old age
group (who can reasonably be assumed to be pre-pubertal) show that boys outperform girls in all events (Table 1).
The smalles diference in track and feld records between
boys and girls is 0.94% in the 8-and-under 100 m run, with
the larges diference being 38.42% in the 8-and-under
javelin throw. We recently analyzed top 10 data for national
performance from Athletic.net in 100 m, 200 m, 400 m, 800
m, 1500 m, and 1600 m running events for children in the 7-
8 and 9-10 year-old age groups for the years 2019-2021 and
found that across all events 7-8-year-old boys were 4.4 +
1.9% faser than girls, and 9-10-year -old boys were 5.4 +
1.8% faser than girls (fgure 3; not yet published data).
Youth records from USA swimming also show that in 19 out
of 23 events the national records for 10 and under boys are faser than girls by an average of 1.72% (19). Itis
important to note that in competition the diference between frs and second place often comes down to as little as

0.02% diference in speed (Data to be presented at the 2022 ACSM Annual Meeting).

There is no quesion that the diferences in running
performance between prepubertal boys and girls is less than
the 10-13% diference in running performance observed
between pos-pubertal boys and girls, and between adult men
and women (10, 11, 20). And there is no quesion that the
large increases in circulating tesoserone experienced by
boys during puberty is responsible for mos of the diferences
in athletic performance between pos-pubertal boys and girls,
and between adult men and women (21). But the exisence
of diferences in athletic performance between prepubertal
boys and girls is well demonsrated (12-19). Juxtaposing the
satements of no pre-pubertal athletic diferences between boys and girls (8, 10, 1 1) and the evidence demonsrating
that there are pre-pubertal athletic diferences between boys and girls (12-19) can facilitate an interesing discussion

about data collection, sample size, data analysis, and other factors that may contribute to these contradictory fndings.
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When explaining the biological causes of the prepubertal athletic advantages in boys, a good sarting point is to discuss
the diferences in growth and development between boys and girls and to explain the processes of sex determination
and sex diferentiation (22). Sex determination occurs at conception with the conferral of sex chromosomes. Six
weeks later, sex diferentiation begins to become apparent and during the remainder of development the gonads and
genitalia acquire male or female characterisics. During sexual diferentiation, the presence of the SR Y gene on the Y
chromosome along with androgen exposure and anti-Miillerian hormone cause the internal and external genitalia to
follow the male developmental pathway. In the absence of the SRY gene on the Y chromosome, lack of androgen
exposure, and lack of anti-Miillerian hormone the female developmental pathway occurs. Of course these few brief
sentences fail to cover the myriad of complex interactions of genes, primordial sem cells, and hormones that regulate
sex development, and the possible diferences and disorders that can occur . But it is remarkable that with all of the
possible misseps that can happen during sexual diferentiation and development, sex can be accurately and easily

identifed at birth 99.83% of the time (23).

Further subsantiating the important role of sex in growth and development are the World Health Organization fetal
growth charts (24), which indicate small but meaningful sex-based diferences with male fetuses being consisently
larger than female fetuses. Similarly, subsantiating the important role of sex in growth and development, the Centers
for Disease Control and Prevention have diferent growth charts for boys and girls from birth through adolescence with

boys having consisently higher values for body mass and body height (25).

With an eye towards physical ftness and athletic performance, sarting at birth and continuing throughout youth girls
have more body fat and less fat-free mass than boys. For example, Davis et al. (26) in an evaluation of 602 infants
reported that at birth and age 5 months, infant boys have larger total body mass, body length, and fat-free mass while
having lower percent body fat than infant girls. In an evaluation of 20 boys and 20 girls ages 3-8 years old, matched
for age, height, and body weight Taylor et al. (27) reported that the boys had less body fat, lower percent body fat, and
a higher bone free lean body mass than the girls, such that the girls’ fat mass was 52% higher than the boys, while the
bone-free lean tissue mass was 9% lower. In an evaluation of 376 prepubertal [Tanner Stage 1] boys and girls, Taylor
et al. (28) observed that the boys had ~22% more lean mass, and ~13% less body fat (when expressed as percent of
total body mass) than did the girls. In a review of 22 peer reviewed publications on the topic, Staiano and Katzmarzyk
(29) concluded that girls have more total body fat than boys throughout childhood and adolescence. It is a tenet of
exercise science that having more lean body mass provides athletic advantages, so it is reasonable to conclude that

having more lean body mass contributes to the prepubertal sex-based male athletic advantages.

It is worth noting that serum tesoserone concentrations in boys are higher for the frs 5 months after birth than in
girls (30). Tesoserone concentrations are then similar between boys and girls until the onset of puberty , when
tesoserone concentrations increase 10-20-fold in boys.  Given the well know anabolic and androgenic efects of
tesoserone, the higher tesoserone levels in newborn boys likely contributes to the sex related diferences in body
size and composition in newborns. It is unknown how much the lingering sex-linked diferences in body size, body
composition, physical ftness, and athletic performance are due lasing efects of the higher tesoserone levels in

newborns, and how much the diferences are due to Y chromosome or other sex-linked efects.

Strongly suggesing that sex linked diferences in physical ftness and athletic performance in children before puberty
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are due to biological factors, Eiberg et al. (13) measured body composition, VO,max, and physical activity in 366
Danish boys and 332 Danish girls between the ages of 6 and 7 years old. Their observations indicated that absolute
VOomax was 11% higher in boys than girls, while relative to body mass the boys’ VO ymax was sill 8% higher than
the girls. Accelerometry based measurements of physical activity indicated that when boys and girls regularly
participated in the same amount and intensity of physical activity, the boys had higher measured physical ftness than
the girls. When the fndings of Eiber g (13) are taken collectively with the fndings of lar ge scale school based physical
ftness tesing in children that also shows pre-pubertal boys outperforming girls in measurements of aerobic ftness,
muscular srength, and muscular endurance (12, 14-17), the youth records from USA Track & Field (18) showing that
pre-pubertal boys outperform girls in all events, and the 10 and under records from USA Swimming showing that boys
outperform girls in 19 out of 23 events (19), there exiss srong evidence that there are diferences in physical ftness

and athletic performance between boys and girls before puberty.

And fnally, this discussion arising from laws sating that only members of the female sex can participate in girl’ s and
women’s sports can lead to quesions about the efects of puberty blockers on physical ftness and athletic performance

in prepubertal children. Puberty blockers are correctly known as gonadotropin-releasing hormone agoniss (GnRHa),

which disrupt the normal pattern of secretion of as gonadotropin-releasing hormone causing the pituitary gland to sop
producing follicle-simulating hormone and Iuteinizing hormone. Unfortunately , there is minimal research on the

efects of puberty blockers on factors that infuence physical ftness and athletic performance.

To the bes of my knowledge, there is no research on the efects of puberty blockers on muscle srength, running speed,
or other measures of athletic performance. Indeed, Klaver et al. (31) is the only published research that I am aware of
that has evaluated the use of puberty blockers on any athletic performance related factor, and this is only on body
composition. Klaver et al. (31) demonsrated that the use of puberty blockers in Tanner sage 2-3 teenagers increased
body fat and decreased lean body mass in transgirls, but the use of puberty blockers did not eliminate the diferences in
body composition between transgirls and comparable female teenagers. Roberts and Carswell (32), concluded that
there is no published research that sufciently characterizes the impact of puberty blockers on growth or fnal adult
height. Thus, the efect of prescribing puberty blockers to a male child before the onset of puberty on the physical
components of athletic performance is almos entirely unknown. This becomes a great point in a discussion to remind
sudents of the ever -evolving nature of science. Any further discussion on this topic becomes speculation or can be
removed from the realm of physiology and into metaphysical discussions of what is or is not fair. Such metaphysical
discussions can be fascinating, and also heated, so caution is advisable when proceeding outside of the realm of

physiology in a physiology classroom.

In summary, there is srong evidence that even before puberty there are sex-based diferences in physical ftness and
athletic performance with boys running faser , jumping farther and higher, and demonsrating greater muscle srength
than girls of the same age. These pre-pubertal sex based diferences are smaller than the diferences in pos pubertal
teens and adults, but the diferences are likely meaningful in terms of competition. There is currently insufcient

evidence to determine what efects puberty blockers have on physical ftness and athletic performance in children.
References

1. Lavietes M. (April 13, 2022) Kentucky Legislature overrides governor’s veto of transgender sports ban

Daubert Response App. 0072

https://blog.lifescitrc.org/pecop/[5/23/2022 1:17:57 PM]



PECOP Blog | Read physiology educators'sperspectives on educational issues includin5 education transformation develcﬁ)in and usi% core conce::fts and competen...

Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 73 of 940 PagelD #: 24611

[online]. NBCNews.com https://www.nbcnews.com/nbc-out/out-politics-and-policy/kentucky-
legislature-overrides-governors-veto-transgender-sports-ban-rcna24303 [Accessed April 20, 2022]
2. Barnes K. (March 17,2022) Amid protess, Penn swimmer Lia Thomas becomes frs known

transgender athlete to win Division I national championship. [online]. espnW.com.

https://www.espn.com/college-sports/sory/ /id/33529775/amid-protess-pennsylvania-swimmer -lia-

thomas-becomes-frs-known-transgender -athlete-win-division-national-championship [Accessed April
20, 2022]

3. Ellingworth J, Ho S. (Augus 2, 2021) Transgender weightlifter Hubbard makes hisory at Olympics.
[online]. APNews.com https://apnews.com/article/2020-tokyo-olympics-sports-weightlifting-laurel-
hubbard-e721827¢daf7299f47a9115a09c2a162 [Accessed April 20, 2022]

4. Morton V. (June 3,2019) CeCe Telfer, Franklin Pierce transgender hurdler, wins NCAA women’s
national championship [online]. Washingtontimes.com
https://www.washingtontimes.com/news/2019/jun/3/cece-telfer-franklin-pierce-transgender-hurdler-wi/
[Accessed April 20, 2022]

5. Yurcaba C. (January 22, 2022) NCAA’s new trans athlete guidelines sow confusion amid Lia Thomas

debate [online]. NBCnews.com https://www.nbcnews.com/nbc-out/out-news/ncaas-new-trans-athlete-
guidelines-sow-confusion-lia-thomas-debate-rcnal3073 [ Accessed April 20, 2022]

6. Nair A, Nair R, Davis T. (April 8, 2022) Transgender women unable to compete in British Cycling
events as policy suspended [online]. Reuters.com https://www.reuters.com/lifesyle/sports/british-
cycling-suspend-transgender-participation-policy-2022-04-08/[ Accessed April 20, 2022]

7. Brown G. (Augus 18, 2021). The Olympics, sex, and gender in the physiology classroom [online].
PECOP Blog. https://blog.lifescitrc.org/pecop/2021/08/18/the-olympics-sex-and-gender-in-the-
physiology-classroom/ [Accessed April 20, 2022]

8. Ervin RB, Wang CY, Fryar CD, Miller IM, and Ogden CL. [online] Measures of Muscular Strength
in U.S. Children and Adolescents, 2012. NCHS Data Brief No. 139, December 2013.
(https://www.cdc.gov/nchs/products/databriefs/db139.htm; accessed April 6, 2022)

9. Wells MS, Arthur-Banning SG. The Logic of Youth Development: Consructing a Logic Model of
Youth Development through Sport. J Pakr & Rec Admin. 26: 189-202, 2008

10. Handelsman DJ. Sex diferences in athletic performance emer ge coinciding with the onset of male
puberty. Clin Endocrinol (Oxf). 87:68-72, 2017

11. Handelsman DJ, Hirschberg AL, Bermon S. Circulating Tesoserone as the Hormonal Basis of Sex
Diferences in Athletic Performance. Endocr Rev. 39:803-829, 2018

12. Catley MJ, and Tomkinson GR. Normative health-related ftness values for children: analysis of 85347
tes results on 9-17-year -old Ausralians since 1985. Br J Sports Med 47: 98-108, 2013.

13. Eiberg S, Hasselstrom H, Gronfeldt V, Froberg K, Svensson J, and Andersen LB. Maximum oxygen
uptake and objectively measured physical activity in Danish children 6-7 years of age: the Copenhagen
school child intervention sudy . Br J Sports Med 39: 725-730, 2005.

14. Latorre Roman PA, Moreno Del Castillo R, Lucena Zurita M, Salas Sanchez J, Garcia-Pinillos F,
and Mora Lopez D. Physical ftness in preschool children: association with sex, age and weight satus.
Child Care Health Dev 43: 267-273, 2017.

Daubert Response App. 0073

https://blog.lifescitrc.org/pecop/[5/23/2022 1:17:57 PM]


https://www.nbcnews.com/nbc-out/out-politics-and-policy/kentucky-legislature-overrides-governors-veto-transgender-sports-ban-rcna24303
https://www.nbcnews.com/nbc-out/out-politics-and-policy/kentucky-legislature-overrides-governors-veto-transgender-sports-ban-rcna24303
https://www.espn.com/college-sports/story/_/id/33529775/amid-protests-pennsylvania-swimmer-lia-thomas-becomes-first-known-transgender-athlete-win-division-national-championship
https://www.espn.com/college-sports/story/_/id/33529775/amid-protests-pennsylvania-swimmer-lia-thomas-becomes-first-known-transgender-athlete-win-division-national-championship
https://apnews.com/article/2020-tokyo-olympics-sports-weightlifting-laurel-hubbard-e721827cdaf7299f47a9115a09c2a162
https://apnews.com/article/2020-tokyo-olympics-sports-weightlifting-laurel-hubbard-e721827cdaf7299f47a9115a09c2a162
https://www.washingtontimes.com/news/2019/jun/3/cece-telfer-franklin-pierce-transgender-hurdler-wi/
https://www.nbcnews.com/nbc-out/out-news/ncaas-new-trans-athlete-guidelines-sow-confusion-lia-thomas-debate-rcna13073
https://www.nbcnews.com/nbc-out/out-news/ncaas-new-trans-athlete-guidelines-sow-confusion-lia-thomas-debate-rcna13073
https://www.reuters.com/lifestyle/sports/british-cycling-suspend-transgender-participation-policy-2022-04-08/
https://www.reuters.com/lifestyle/sports/british-cycling-suspend-transgender-participation-policy-2022-04-08/
https://blog.lifescitrc.org/pecop/2021/08/18/the-olympics-sex-and-gender-in-the-physiology-classroom/
https://blog.lifescitrc.org/pecop/2021/08/18/the-olympics-sex-and-gender-in-the-physiology-classroom/

PECOP Blog | Read physiology educators'sperspectives on educational issues in_cludin(% education transformation develcﬁ)in and usiII% core conc?fts and competen...

Case 2:21-cv-00
15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

16 Document 343-1 Filed 05/26/22 Page 74 of 940 PagelD #: 24612
Tambalis KD, Panagiotakos DB, Psarra G, Daskalakis S, Kavouras SA, Geladas N, Tokmakidis S,

and Sidossis LS. Physical ftness normative values for 6-18-year -old Greek boys and girls, using the
empirical disribution and the lambda, mu, and sigma satisical method. Eur J Sport Sci 16: 736-746,
2016.

Tomkinson GR, Carver KD, Atkinson F, Daniell ND, Lewis LK, Fitzgerald JS, Lang JJ, and
Ortega FB. European normative values for physical finess in children and adolescents aged 9-17 years:
results from 2 779 165 Euroft performances representing 30 countries. Br J Sports Med 52: 1445-14563,
2018.

Tomkinson GR, Lang JJ, Tremblay MS, Dale M, LeBlanc AG, Belanger K, Ortega FB, and Leger
L. International normative 20 m shuttle run values from 1 142 026 children and youth representing 50
countries. Br J Sports Med 51: 1545-1554, 2017.

(December 19, 2018) American Youth Outdoor Track & Field Records. [online] USATF

http://legacy.usatf.org/satisics/records/view .asp?
division=american&location=outdoor%?20track%20%26%?20feld&age=youth&sport=TF (accessed
April 20, 2022)

(2022) National Age Group Records [online]. USA Swimming.
https://www.usaswimming.org/times/popular-resources/national-age-group-records (accessed April 20,
2022)

Millard-Stafford M, Swanson AE, Wittbrodt MT . Nature Versus Nurture: Have Performance Gaps
Between Men and Women Reached an Asymptote? Int J Sports Physiol Perform. 13:530-535, 2018
Levine BD, Joyner MJ, Keith NR, Bagish AL, Pedersen BK, Schmidt W, Stachenfeld N, Girard O,
Nagatomi R, Foster C, Okazaki K, Stellingwerf T, Jiexiu Z, Robson SJ, Bailey DM, Bosch A,
Murphy RM, Qiu J, Lollgen H, Mitchell J, Kearney J, Scott JM, Lundby C, Steinacker J, Trappe
S, La Gerche A, Masuki S, Roach R, Schneider S, Millet G, Kohrt WM, Roberts WO, Kraus WE,
Benjamin HJ, Koning JJ, Gatterer H, Wehrlin JP, Charkoudian N, Lawley JS, Hopman MTE,
Hawley J. The role of tesoserone in athletic performance. [online]
https://web.law.duke.edu/sites/default/fles/centers/sportslaw/Experts T Statement 2019.pdf (accessed
April 6, 2022).

Rey R, Josso N, Racine C. Sexual Differentiation. 2020 May 27. In: Feingold KR, Anawalt B, Boyce
A, Chrousos G, de Herder WW, Dhatariya K, Dungan K, Hershman JM, Hofand J, Kalra S, Kaltsas G,
Koch C, Kopp P, Korbonits M, Kovacs CS, Kuohung W, Laferrére B, Levy M, McGee EA, McLachlan
R, Morley JE, New M, Purnell J, Sahay R, Singer F, Sperling MA, Stratakis CA, Trence DL, Wilson DP,
editors. Endotext [Online]. South Dartmouth (MA): MDText.com, Inc.; 2000—. PMID: 25905232.
(Accessed April 6,2022)

Sax L. How common is intersex? a response to Anne Fauso-Sterling. J Sex Res. 39:174-8, 2002
Kiserud T, Piaggio G, Carroli G, Widmer M, Carvalho J, Neerup Jensen L, Giordano D, Cecatti
JG, Abdel Aleem H, Talegawkar SA, Benachi A, Diemert A, Tshefu Kitoto A, Thinkhamrop J,
Lumbiganon P, Tabor A, Kriplani A, Gonzalez Perez R, Hecher K, Hanson MA, Giilmezoglu AM,
Platt LD. The World Health Organization Fetal Growth Charts: A Multinational Longitudinal Study of
Ultrasound Biometric Measurements and Esimated Fetal Weight. PLoS Med. 14:¢1002220, 2017

Daubert Response App. 0074

https://blog.lifescitrc.org/pecop/[5/23/2022 1:17:57 PM]


http://legacy.usatf.org/statistics/records/view.asp?division=american&location=outdoor%20track%20%26%20field&age=youth&sport=TF
http://legacy.usatf.org/statistics/records/view.asp?division=american&location=outdoor%20track%20%26%20field&age=youth&sport=TF
https://www.usaswimming.org/times/popular-resources/national-age-group-records

PECOP Blog | Read physiology educators'sperspectives on educational issues includin(% education transformation develcﬁ)in and usiII% core conc?fts and competen...

Case 2:21-cv-00
25.

26.

27.

28.

20.

30.

31.

32.

16 Document 343-1 Filed 05/26/22 Page 75 of 940

Centers for Disease Control and Prevention. Clinical Growth Charts [online]

agelD #: 24613

https://www.cdc.gov/growthcharts/clinical charts.htm; (Accessed April 6, 2022)

Davis SM, Kaar JL, Ringham BM, Hockett CW, Glueck DH, and Dabelea D. Sex diferences in
infant body composition emerge in the frs 5 months of life. J Pediatr Endocrinol Metab 32: 1235-1239,
2019.

Taylor RW, Gold E, Manning P, and Goulding A. Gender diferences in body fat content are present
well before puberty. Int J Obes Relat Metab Disord 21: 1082-1084, 1997.

Taylor RW, Grant AM, Williams SM, and Goulding A . Sex diferences in regional body fat
disribution from pre- to pospuberty . Obesity (Silver Spring) 18: 1410-1416, 2010.

Staiano AE, Katzmarzyk PT. Ethnic and sex diferences in body fat and visceral and subcutaneous
adiposity in children and adolescents. Int J Obes (Lond). 36:1261-9. (2012).

Senefeld JW, Lambelet Coleman D, Johnson PW, Carter RE, Clayburn AJ, Joyner MJ. Divergence
in Timing and Magnitude of Tesoserone Levels Between Male and Female Youths. JAMA. 324:99-101,
2020

Klaver M, de Mutsert R, Wiepjes CM, Twisk JWR, den Heijer M, Rotteveel J, Klink DT . Early
Hormonal Treatment Afects Body Composition and Body Shape in Young Transgender Adolescents. J
Sex Med 15: 251-260, 2018.

Roberts SA, Carswell JM. Growth, growth potential, and infuences on adult height in the transgender
and gender-diverse population. Andrology. 9:1679-1688, 2021.

Dr. Greg Brown is a Professor of Exercise Science in the
Department of Kinesiology and Sport Sciences at the University of
Nebraska at Kearney where he has been a faculty member since
2004. He is also the Director of the General Studies program at the
University of Nebraska at Kearney. He earned a Bachelor of
Science in Physical Education (pre-Physical Therapy emphasis)
from Utah State University in 1997, a Maser of Science in
Exercise and Sport Science (Exercise Physiology Emphasis) from
Iowa State University in 1999, and a Doctorate of Philosophy in
Health and Human Performance (Biological Basis of Health &
Human Performance emphasis) from Iowa State University in
2002. He is a Fellow of the American College of Sports Medicine

and an American College of Sports Medicine Certifed Exercise

Physiologis.
Posed in Classroom Content, Diversity, engagement, Teaching Strategies on May 16, 2022 by Margaret Stieben Comment
- (Poss |Profle )
Leave a comment
May 3rd, 2022

Daubert Response App. 0075

https://blog.lifescitrc.org/pecop/[5/23/2022 1:17:57 PM]


https://blog.lifescitrc.org/pecop/wp-content/uploads/sites/6/2022/05/GA-Brown.jpg
https://blog.lifescitrc.org/pecop/2022/05/16/the-olympics-sex-and-gender-in-the-physiology-classroom-2/#respond
http://www.lifescitrc.org/my/view.cfm?id=227
https://blog.lifescitrc.org/pecop/category/classroomcontent/
https://blog.lifescitrc.org/pecop/category/diversity/
https://blog.lifescitrc.org/pecop/category/engagement/
https://blog.lifescitrc.org/pecop/category/teachingstrategies/
https://blog.lifescitrc.org/pecop/2022/05/16/the-olympics-sex-and-gender-in-the-physiology-classroom-2/
https://blog.lifescitrc.org/pecop/author/user227/
http://www.lifescitrc.org/my/view.cfm?id=227
https://blog.lifescitrc.org/pecop/2022/05/16/the-olympics-sex-and-gender-in-the-physiology-classroom-2/#respond

PECOP Blog | Read physiology educators’sperspectives on educational issues includin(% education transformation devel(ﬁ)in and usiII% core conc?fts and competen...

Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 76 of 940 PagelD #: 24614
Cultivating Belonging through Asynchronous Discussion Assignments and “State Your Perspective”

Advancing diversity, equity, and inclusion (DEI) within college
classrooms, whether virtual or in-person, has perhaps never been
as high a priority as now. One outcome of pandemic teaching has
been critical evaluation of hisoric teaching practices, placing the
onus on insructors to provide inclusive learning environments
that are responsive and adaptive to a wide range of individualized
circumsances. At the same time, some sudents have expressed
feeling isolated and disconnected from peers, reducing
motivation and academic persisence. Cultivating a sense of
community and belonging in educational spaces, for all learners, is a current hot topic in higher education. In fact, two
recent PECOP blogs have centered around the related idea of incorporating team-building practices to enrich learning
in physiology education (From a Group to a Team: Medical Education Orientation Curriculum for Building Efective

Teams and Developing a Community of Practice in an A&P Course)

Belonging, or the belief that one’s individual abilities and attributes are valued, respected, and on par with others’
abilities, is a srong driving force for persisence in STEM felds (1, 2, see also the lowa State University Center for
Excellence in Learning and Teaching webpage: Foser a Sense of Belonging and the Indiana School of Education
Building a Sense of Community for All resources). [ am not an expert on this, yet I care about supporting the
community of learners within the courses that I teach. This led me to ask: What can I do to build sudents’
undersanding of physiology while also deepening their belief that they belong here, in my classroom, which in turn

may foser resilience, persisence, and improved satisfaction within college-level coursework?

Collaborative work is included in all courses I teach. These collaborations take diferent forms based on the learning
goals for the course, learner characterisics (ft's year versus fourth year sudents, for example), and topic complexity
Summarized below is one course activity I have used which aims to: (1) help sudents maser challenging physiology
concepts through peer-to-peer interactions, (2) develop communication skills related to expressing ideas about human

function (a highly-valued professional skill), and (3) build community and a sense of belonging.

Asynchronous Discussion Assignments and “State Your Perspective”. One course I teach is an in-person, large
lecture-syle Human Physiology service course for second, third, and fourth year under graduate sudents (as well as a
handful of graduate sudents) from biomedical sciences, biomedical engineering, pharmacy interes, public health, and
other STEM programs. Many sudents express trouble “learning how to learn” human physiology , which can be quite
diferent compared with the academic work typical for their varied primary programs of sudy . They also report feeling
isolated in a large classroom and that they have trouble fnding sudy groups, which they value while preparing for

€xams.

Traditionally, exams in this Human Physiology course were
comprised predominantly of multiple choice quesions and a
few short answer quesions (e.g., 3-4 sentences in length). I
recently found myself asking: WHAT IF sudents moved
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from providing short written explanations on exams that

lacked detail due to time consraints to having sufcient time

to carefully think through how to explain a physiological

process? And, WHAT IF this activity could be designed in

such a way to help sudents recognize what they undersand (and what they don’ t undersand) in advance of an exam,
giving them the opportunity to review course materials and try again? And, WHAT IF groups of sudents were

working through this together, leveraging peer-to-peer learning?

These quesions, along with experiences from the online and blended insruction I have been doing for many years,
gave rise to incorporating asynchronous, online discussion assignments that sudents would complete in small groups
(6-8 sudents per group). The goal was to give sudents an opportunity to practice using appropriate anatomical and
physiological terminology to precisely describe how the human body functions in a relatively low-sakes setting that
supported peer interactions. Students were given a discussion prompt (see below for examples) to which they posed
an initial response in the LMS-based virtual discussion forum. Next, all group members were responsible for
reviewing their peers’ initial poss and providing two follow-up responses, adding to and building upon the initial
physiological descriptions. There were a total of four sets of discussion assignments, one per unit, across the semeser .
While the discussion assignment sructure remained similar from unit to unit, the expectation to communicate

increasingly complex ideas was inherent within the discussion prompts.

Specifcally to address DEI and belonging, sudents were to begin their initial responses with a “State  Your
Perspective” satement. “State Your Perspective” entailed providing a 1-2 sentence summary satement to describe the
context by which the topic at hand was viewed. In Human Physiology, this might be knowledge based on prior
coursework, the focus of the lab in which they worked, practical clinical experiences for those who work in health care
settings, and such. While ice-breaker introductions are frequently incorporated into group work, the use of bolder
“State Your Perspective” language is intentional. It helps to move from a generic introduction that generally alludes to
difering background experiences to an explicit and purposeful satement intended to summarize the specifc context

for the way a particular physiological function is undersood.
Here are excerpts of the discussion prompts and how “State Your Perspective” is modeled for sudents.

UNIT 1 Discussion Prompt: One theme for UNIT 1 has been to develop connections between new information and
previously-known concepts in order to undersand how the human body works: What have you learned in prior

courses that apply to human physiology? Specify (1) the prior knowledge/what you knew before this course, and (2)
the new ideas presented UNIT 1 that expands upon your background knowledge and therefore your undersanding of

human function.

o “State Your Perspective”: Include a 1-sentence introduction at the beginning of your initial pos that
includes your major and anything else important for your group members to know that provides context
for your perspective. For example “I am a third year biomedical sciences sudent and I work in a research
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lab that sudies RNA, therefore I have learned ....”.

e As you will see, some of your group members may have academic backgrounds that are diferent from
yours, and they might present concepts in a diferent way . This is great! We hope the discussions become

more interesing from sharing multiple ways to view the same physiological concept.

UNIT 2 Discussion Prompt: Prepare an answer to one of
the Exam 2 Study Guide prompts to share with your group
members. Include at leas one type of conceptual model
within your response: how one “Core Concept of
Physiology” can be used to remember this process [see
Reference 3 for information about the Core Concepts of
Physiology], an originally-created concept map, an analogy,

an annotated fgure, or another self-generated sudy tool.

e Begin your response with a 1-sentence “State Your
Perspective” that provides context for your response. For
example “I am a pharmacy interes sudent, and it is important for me to learn about neurotransmitters

and receptors because ....”

UNIT 3 Discussion Prompt: Summarize one physiology concept presented in UNIT 3 for your group members, in
your own words and including the appropriate anatomy and physiology terminology. Suggesed length: 4-6 sentences.
NEXT: Create four diferent 1-sentence satements about your topic, including two satements that are TRUE and two

satements that are F ALSE (but don’t identify which is which, see below).

e Begin with a 1-sentence introduction, similar to previous discussion forums so that your new group
members undersand something about your perspective. Example: “I am an interdisciplinary sudies
sudent interesed in healthcare; therefore, I found the lecture on hypertension really interesing ....”

e For your responses to classmates: Carefully review each satement. Select one that you think is false and
provide a physiological rationale to support your reasoning. Next, make the appropriate corrections to

turn it into a TRUE satement.

Teaching Hint #1: This is manageable in a large lecture course of 150-250 sudents because I have teaching assisants
who undersand their primary responsibility is to regularly engage directly with sudents in the small-group discussions
and provide feedback for correct and incorrect descriptions (this is a high priority for sudents. Practically speaking,

this equates to each TA managing 6-10 groups of ~8 sudents each.

Teaching Hint #2: Once the grading is completed, I ask the TAs to summarize what they learned about how sudents
learn physiology. This has been a good way to mentor TAs and prompt thoughts about their own teaching
philosophies. I sometimes ask them what they would change (nothing like grading 50+ discussion assignments based
on a poorly-worded prompt...). In fact, this is how the UNIT 3 true/false satements came to be; a graduate sudent

proposed it as a way to incorporate greater critical thought and reasoning within discussion assignments.

So what did sudents think about this type of discussion assignment? Here are examples of comments provided on the

Daubert Response App. 0078

https://blog.lifescitrc.org/pecop/[5/23/2022 1:17:57 PM]


https://blog.lifescitrc.org/pecop/wp-content/uploads/sites/6/2022/05/group_discussion_pc_400_clr.png

PECOP Blog | Read physiology educators’sperspectives on educational issues includin(% education transformation devel(ﬁ)in and usir|1§ core conc?fts and competen...

Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 79 of 940

end-of-class evaluation forms, paraphrased and in aggregate form (i.e., these are not actual sudent comments but

represent themes in responses):

e The discussion assignments were a good way for me to think critically about one idea then communicate
my undersanding of human function to my peers.

e Discussions were a great way to see what my classmates were doing to learn human physiology that I
could apply to my own learning—my group members proposed sudy srategies and ways of thinking
about the human body that I hadn’t thought of before.

e [ enjoyed learning from my peers, who might know something more than me based on their experiences
outside of class.

e Even though this was a large lecture course with quite a bit of content presented online, I enjoyed
interacting with my peers, the professor, and TAs in the discussions. I felt like everyone was there to

support my learning.

Despite initial skepticism, very few sudents conveyed negative comments about the discussion assignments or

described them as “busy-work”.

Beyond sudent feedback, here are a few subjective comments conveying my personal observations about classroom

dynamics that arose from this course activity.

e By design, one aim of “State Your Perspective” satement was to help sudents recognize that they hold
certain views on a topic based on their background experiences. For some 20-something year-olds, it
might not be intuitive that they, in fact, have certain perspectives and attitudes that they bring into group
work. “State Your Perspective” has the potential to be afrming—when articulating prior experiences it
can become more explicit, to ourselves and others, that we all have something unique to contribute to
group work.

e Sharing perspectives, along with the underlying narrative (but briefy, in 1-2 sentences), seemed to
normalize the idea that we all have diferent backgrounds and experiences so OF COURSE we may hold
diferent perspectives, or ways of viewing things.

e Because the context for why discussion prompts were answered with a particular focus was evident, it
seemed to reduce the pressure that every sudent should know “everything”. Insead, over time and
through several rounds of discussions, sudents became more comfortable talking about what they
undersood and what they didn’ t undersand. Clarifcations could be made and misperceptions could be
corrected by peers, who almos always demonsrated remarkable diplomacy and kindness toward their
classmates.

e In some cases, the online and asynchronous nature of these discussions seemed to reduce barriers with
regard to asking for help. It seemed to move sudents from a mindset of “I should know this but I
don’t/everyone knows this but me” to the non-threatening “This is a topic maybe I need to ask about.”

Students seemed less self-conscious when asking quesions.

In summary, collaboration during small group, asynchronous discussion assignments seemed to promote a sense of

community and belonging among sudents in a Human Physiology for non-majors course. As the insructor , it was
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rewarding to see improvement in sudents’ abilities to explain physiological processes across the semeser . It was also

extremely rewarding to see the great care exhibited by sudents to be inclusive and supportive of their peers.
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Developing a Community of Practice in an A&P Course
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This blog is about sriving to create a Community of Practice
(CoP) to engage sudents in Situated/Social Learning by
using Team-based activities and assessments along with the

web-based social learning annotation platform, Perusall.

We have all experienced those “Aha” moments when
something we were sruggling with suddenly becomes clear .
Think back to a time when you experienced real/durable
learning. When I did that, three things popped into my
mind: a hallway discussion in graduate school with classmates in my neurophysiology class about the Goldman-
Hodgkin-Katz equation; American Physiological Society — Insitute of Teaching and Learning (APS-ITL)
conferences/interaction with Physiology Educators Community of Practice (PECOP); and the Community of Practice
at HCC via the Insructional Development Center (IDC) which or ganizes and facilitates Bes Practices and Faculty
Academy. And what this made me realize was that I learned bes in a social setting with peers rather than isolated in

my room/ofce tackling a topic by myself. Although this was new to me, Lave and Wenger realized this long ago.

Lave and Wenger put forth the social learning theory of situated learning and communities of practice (CoP) in the
early 90s. Core ideas of their theory are that learning is identity formation through social participation and that
communities of practice are groups of people (communities), brought together by a need for shared learning (domain)
for something they do together (practice) and learn how to do it better as they interact regularly (Lave and Wenger,
1991; Wenger, 1998). And I believe, in a classroom setting, this should be framed within a signifcant learning

environment. See Fink (2003) for explicit seps that can be taken to create an environment conducive to learning.

While a CoP is often discussed relative to professional
societies, I believe that a CoP can develop within an A&P
course and bring about durable learning through social
interaction. In this case, then, the domain includes the
sudents who are in the course to learn A&P — shared
learning needs; the community includes the class as well as
the community within sudent groups/teams; and the practice
includes interactions and participation in evidence-based

teaching bes practices from the resources those produce.

The following infographic is a summary of bes practices in evidence-based teaching (Petty , 2006) which Michaelson
and Sweet (2011) sugges can be met by and are a part of Team-based Learning (TBL). These include Visual
presentation and graphic organizers which are met in my classes by team projects; feedback and assessment for
learning; cooperative learning; reciprocal teaching e.g., peer insruction; whole-class interactive teaching; requiring
concept-driven decisions e.g., concept quesions and higher -order thinking levels for summative assessments. This

provides a very srong rationale for using TBL. And TBL, by its very nature, promotes social learning.

Michaelsen and Richards (2005) identifed the four key

components of TBL: group formation; meaningful team
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assignments; routine feedback; and accountability. The
following infographic includes the components of TBL and
summarizes some of the ways they are addressed in my
courses. [ will go into more detail on some of these

throughout the blog.

Formation of diverse teams is very important for the
successful use of team-based learning. In the physical
classroom, I used a ‘show of hands’ to quesions asked on
the frs day of class and had the sudents line up, then |
counted them of into the appropriate number of groups. Quesions used were: “How many have ...... had me as an
insructor before?; had medical terminology?; a college degree or certifcate?; been born outside of IL?”” etc.  This
provides transparency in how the teams are formed and lets sudents know what things the insructor thinks are

important to include in each team.

For the virtual, online-synchronous classroom, I use the web-based platform, CATME Smarter Teamwork, Team-
maker tool. Team-maker tool page can be found at this_link. The Team-maker tool simplifes the team-assignment
process, for the virtual classroom, and creates diverse teams. Insructors decide which criteria will be used to form
teams/sudent groups. For example, it is helpful for team members to have similar work schedules to facilitate group
work. It is also helpful for team members to have dissimilar GPAs. Insructors can also write cusom quesions and
criteria to add to the Team Maker Tool survey. CATME Smarter Teamwork platform is a product of and adminisered

by Purdue University. General information about the CATME Smarter Teamwork platform can be found at this link.

In addition to properly forming teams, teams mus be
properly managed. Team members should receive feedback
regarding their efectiveness in the team early and often. 1
use Peer Evaluation (PE) Surveys adminisered by the
CATME Smarter Teamwork platform to help teams and
team members become more efective. The TBL community
uses the phrase “forming, sorming, and norming,” to
describe phases teams go through during the semeser. PE
surveys helps teams to progress to the norming phase more
quickly. Team members are evaluated in 5 areas:
contributing to the team’s work, interacting with teammates, keeping the team on track, expecting quality, and having

relevant knowledge, skills, and abilities.

Three PE surveys are adminisered over the course of the semeser . The frs two PE surveys (week 5 and week 10)
were formative and the third one (week 15) was summative. Students’ PE score is based on how well they evaluate
their teammates and how well their teammates evaluate them. I used the ‘additional quesions’ option for each PE

survey. They provide information on team dynamics and efectiveness which is very helpful to identify teams that are
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sruggling which might require insructor intervention. Survey results can be viewed and then released to the sudents.
Students receive anonymous information on how their teammates evaluated them compared with how sudents
evaluated themselves and this provides encouragement when they have rated themselves lower than their peers and
praises sudents whose teammates have rated them highly . It is important to emphasize that sudents are evaluating, not
judging, their teammates. The CATME Smarter Teamwork website has a plethora of resources for insructors and

sudents to help improve team efectiveness.

In addition to the CATME Smarter Teamwork PE surveys the Peer Evaluation form obtained from the University of
Bufalo Case Study Workshop I attended is used to evaluate teammate participation in the team projects. This
evaluation produces a score that is used as a multiplier to the grade on the team project which helps to improve sudent

accountability.

To promote learning, team development, and provide timely and frequent feedback, I use Jus-in-time-teaching,
combined with Peer Insruction (PI) and Concept Quesions that are assessed using a classroom response sysem
(Learning Catalytics) in a manner described by Mazur (1991). Students are to complete pre-class reading assignments
followed by a pre-quiz in the Learning Management Sysem (LMS). The pre-quizzes check for knowledge
comprehension as well as identify confusing topics which are the focus of the concept quesions used in the ensuing
class meeting. Each concept quesion has an individual round followed by a team round. Students answer the
individual quesions on their own from memory . Once sudents have answered the individual quesions, they are
insructed to discuss it with their teammates, using all available resources before the quesion is asked again. These
activities provide formative feedback to sudents and the insructor alike and provides practice for team-based
summative assessments which focus on the conceptual application of material and srive for more authentic
assessments with quesions situated in a clinical scenario. Learning Catalytics, the classroom response sysem used in
my classes, has a variety of quesion types that can be used to write quesions that require lower -order or higher-order

thinking skills.

Additionally, the PI and team interaction help sudents negotiate their identity in the group and facilitates new
learning, which are earmarks of social learning in a community of practice. Of course, all of this is dependent upon

sudents coming to class prepared.

Much to my dismay, even though pre-quizzes are given to hold sudents accountable, rather than read the assignment,
they tend to ‘hunt and peck’ in the textbook or search Google for answers which are out of context and don’t really
answer the quesion. Funnily enough, pre-class reading assignments and pre-quizzes didn’t even hold Harvard physics
sudents accountable to complete the reading assignments. So, Eric Mazur and his team developed the social

annotation platform Perusall. Information about the platform can be found at this link.

Perusall allows for/encourages social interaction ‘outside’ of class and uses programs like those used in social media.
Students annotate pre-class reading assignments and can comment on classmates’ annotations, “like” comments, and
ask and answer quesions; they are not reading/processing material alone. Students can interact with classmates in the
entire class, rather than only with their teammates, which expands the community for social learning. By clicking on
an annotation in a pre-reading assignment a current conversation window opens, and the thread of conversation shows

who made comments and when they were made. This shows the asynchronous social interaction taking place in
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Perusall, and documents social learning taking place outside of class. It lets the sudents know they are not alone in
their sruggle to undersand a topic and ofers opportunities for sudents to ofer explanations and suggesions to help

classmates learn.

Using Perusall helps sudents to become better prepared for in-class activities. Following the adoption of Perusall,
88% of sudents annotated 80-100% of the pre-class reading assignments throughout a semeser . Whereas only 69% of
sudents completed 80-100% of the pre-quizzes associated with the pre-class reading assignment before using

Perusall. Completing the pre-quiz, as mentioned above does not necessarily indicate that sudents read the

assignment. They may have jus Googled the answers.

So far, I have talked about Perusall as a social annotation platform that encourages sudents to thoughtfully annotate
reading assignments as a way to promote social learning and a sense of community which is one of the main reasons [
use Perusall and why I believe Perusall helps to build a CoP in my courses. However, I think it is important to point
out that the adoption implementation of Perusall is very easy and ofers valuable features without adding to the
insructional load. Once the course is set up, which does not take long, there is little to no extra work for the
insructor . The quality of the annotations is graded automatically using a machine algorithm to assess intellectual
content. Also, with a click of a tab, insructors receive a ‘confusion report’ lising the top three points of confusion
with the top three annotations articulating the confusion and other analytic reports. Perusall also automatically sends
emails to sudents who have missed reading assignments.

For anyone interesed in viewing a course in Perusall a demo

course has been set up — course code = CHAPMAN-

GJZQV. To access the course, follow this link and click the

‘regiser ’ link provided on the page. Once the regisration is

complete there will be an option to enroll in a course, click

on that tab and enter the course code lised above. Or jus

jump into the deep end of the pool and regiser as an

insructor jus to see how easy and intuitive the platform is to

use.

By putting sudents into diverse, permanent/fxed sudent groups the sense of community can grow . During group
work and the social annotation of reading assignments throughout the semeser , sudents negotiate their identity in the
group, negotiate new learning, and work together to learn anatomy and physiology. The following photo is of a team
on the las day of the semeser . The “CEQO” of the team made the t-shirts using team members’ identities negotiated

throughout the semeser and gave them to all teammates near the end of the semeser .

When it works properly a Community of Practice can develop. I have witnessed tremendous learning in my classroom
which is the result of helping my sudents create a community of practice within the framework of eforts to create a
signifcant learning environment and allowing sudents to socially interact via team-based activities/assessments and

social interaction while annotating pre-class reading assignments.
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|_| Posed in Active learning, engagement, Feedback, Technology for Teaching on April 7, 2022 by Margaret Stiecben Comment
(Poss |Profle )
Leave a comment

March 28th, 2022

Assessing Students’ Learning — Not Their Googling Skills! — in an Online Physiology Course

As of March 2020, when the SARS-COV-2 pandemic sent teachers and sudents
home to fgure out online insruction and learning, I had been teaching high school
biology/AP biology for 27 years and anatomy & physiology at the two local
community colleges for 7 years. Since [ had been practicing fipped coursework
for years, I knew that my bigges challenge would be how to fairly assess my
sudents and their learning. This challenge would be compounded by an at-home

virtual tesing environment without any proctoring.

As I pondered the bes approach to my assessment challenge, I was naturally

drawn to the College Board’s 2012-13 redesign of the AP (Advanced Placement)
Biology curriculum and examination. In the redesign, the AP curriculum focuses on four “Big Ideas” or broad themes
covering a number of subtopics/concepts that are further broken down into learning objectives for sudents. The
examination focuses on measuring sudent learning and skills using what the College Board (AP Higher Education,
2012-2013) calls an “evidence-centered-design approach that parallels the curriculum’s undersanding-by-design
approach.” The examination consiss of a mix of multiple-choice and short-answer/free-response quesions. I know
from my many years of grading sudent AP essays/short answers that, when sudents turn to Google for their answers,
they often fail. Students will frequently regurgitate the rubrics for grading the prompts rather than dissecting and
answering the quesion. Subsequently , the sudents fail to demonsrate their own learning or undersanding of the

material. This is unfortunate as it is also a missed opportunity for feedback, correction and/or remediation.

In designing a new accelerated online physiology course, I really wanted the course assessments to mimic the AP
Biology syle of assessments. I wanted them not only to be aligned with course objectives, but to require sudents to
think about and demonsrate the skills and concepts they were learning. I was skeptical, but hopeful I could also fnd
an approach in which I would not have to rewrite the entire examination from scratch each term. In my search for
related pedagogies, I ran across an article in the May 2020 HAPS Educator, “Tesing in the Age of Active Learning:
Tes Quesion Templates Help to Align Activities and Assessments,” and recognized the name of one of the authors,
Dr. Greg Crowther (Everett Community College, Everett, WA) from a previous association. I reached out to Greg and

requesed some more details about Tes Quesion Templates (TQTs). What I found was a pedagogical gold mine!

The TQTs are based on somewhat general learning objectives, much like the four Big Ideas of the AP Biology exam.
Students often ignore these learning objectives because they don’t know what they mean or how they will be assessed,
but TQTs are formatted as input-output satements that tell the sudent exactly what they will be assessed on. Two
examples (“Example A” and “Example B”) are provided for the sudents, followed by a prompt encouraging sudents

to create their own tes quesion following the template format.
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The timing of my fnd was perfect for incorporating TQTs into the design of the new course. Since I am totally online,
I took the time to video each TQT. On video, I present the input-output satement for each TQT and present Example
A, along with approaches to answering the quesion or solving the problem. My TQT videos are attached to a weekly
discussion board in the course management sysem, where sudents are then encouraged to work on solving Example B
and creating a third example. I frequently visit the discussion board and provide feedback and guidance as needed

throughout the week.

Below is an example of a TQT input-output satement and examples given to
sudents ahead of the examination in the discussion board and used to model the

examination quesion:

TQT 3.1. Given the chemical sructure or chemical formula of an ion or molecule
(chemical sructure or text description), lis the mos likely mechanism(s) by

which it crosses cell membranes.

e Example A: See sructure below left. By which process(es) is this
molecule mos likely to cross cell membranes? Explain your
reasoning. [add chemical sructure of a molecule like urea]

e Example B: See sructure below right. By which process(es) is this molecule mos likely to cross cell
membranes? Explain your reasoning. [add image of a peptide like insulin]

e Example C: Make up an example (think of an ion or molecule that you’ve heard of) and ask your

classmates!

In the previous unit, sudents had been insructed on chemical sructures/formulas and bonding properties. In this unit,
sudents are asked to extend and apply their undersanding of chemical sructures, bonding properties (polar , nonpolar,
ionic) with their new knowledge of cell membrane sructure (phospholipid) and cell transport mechanisms (passive or

active).

Examinations are carefully aligned with the objectives, formative assessments and exact input-output satements given
to sudents in the TQTs. The examination contains 10-11 short answer quesions and approximately 25-30 multiple
choice quesions. I have added a satement on the examination for sudents to sign, reminding them not to use any
outside resources (people, notes, internet....) along with the consequences for doing so. Students are reminded to use
what they are learning in the course to answer and solve exam problems/quesions. I explain to sudents how I will

know if they don’t follow the rules.

I will admit that the new course has gotten of to a rough sart. For reasons I can only guess at, more than half my
sudents are procrasinating until the las minute to sart assignments (lecture, reading, lab, formative assessments,
TQTs...). This approach is not consisent with my suggesions to space out their learning, practice, or repetition of

concepts that we know is so important to learning and applying the information to new situations.

Not surprisingly, sudents who participated during the week and spaced-out lecture segments, formative assessments
and TQTs did much better on the examination than those who did not. Those who chose alternative approaches to the

course material often googled their way through the examination and failed miserably. Using Google, they could
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identify a molecule, how it is made, and where it is found, but they couldn’t answer the quesions asked.

It has taken several examinations to convince many of the sudents
that physiology is not simply about googling or memorizing facts,
but about developing critical thinking skills and a higher-order
undersanding of the material that will persis beyond the course.
More sudents are now actively preparing, sudying and asking
more complex quesions throughout the week than previously (as
evidenced by the course management sysem analytics and sudent
contact). Many have shown improvement not only on their overall
exam scores, but in their demonsrations of reasoning on

assignments and exams.

After the initial rough weeks of getting sudents on board, sudents

are now reaching out via email to report progress in their learning,
growth, and ability to connect the material to their work as CNAs and Medical Assisants. For example, one young
man in the course writes, “As we’ve progressed onward to future chapters I feel like my knowledge is increasing
gradually and I personally feel that like I CAN do this, it has been a sruggle I’m not going to lie and say it was a
breeze but, I feel like I'm truly getting a ton of knowledge from these chapters, I’ve found much interes on the
sysems we’ve been sudying especially with the TQT examples and formative quesions that you help me with your
feedback.” Another young lady sates, “I am sorry I am not doing well. I have never been forced to sudy before and
though the TQTs are hard I am fnding that I am learning a lot and am really interesed in learning more. I am glad [

didn’t give up.”

In summary, both the AP Biology redesign assessment quesions and the TQTs have allowed me to better assess my
sudents’ knowledge and skills. These approaches have also given me insight into sudent misconceptions and helped
me provide feedback, remediation, and other support as needed. I can easily write (or rewrite) quesions based on the
TQT input/output satements without having to rewrite entire examinations each term. Students are learning that
simply googling will not let them ace the exams; insead, they are learning to more carefully read the quesions and

answer the quesions based on their own undersanding.

“ACKNOWLEDGMENTS: The author thanks Greg Crowther for help implementing TQTs and for feedback on this
blog pos.”
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Julie Gallagher, professor of anatomy and physiology, has
been teaching at Barsow Community College (Barsow ,
CA) since 2014 and was a high school AP Biology teacher
for 27 years at Serrano HS (Phelan, Ca). Believing in
equity and inclusion, Professor Gallagher has built sate-of-
the-art online anatomy and physiology courses, focused on

helping all sudents succeed.

Posed in Assessment, Course Design, Online Teaching and Learning, Teaching Strategies on March 28. 2022 by Comment
Margaret Stieben (Poss |Profle )
1 Comment

March 15th, 2022

From a Group to a Team: Medical Education Orientation Curriculum for Building Effective Teams

I am part of a small team of Core Educators in the pre-clerkship undergraduate medical education program at the
Lewis Katz School of Medicine at Temple University (LKSOM). Las year we introduced a new curriculum to our
medical sudents. Part of this resructuring involved changing the format of the week-long orientation for frs year
sudents. Operating under the new title of Transition to Medical School (TTMS), we introduced education
programming amongs traditional orientation activities in which we specifcally address the importance of teamwork,
while providing a three-part series of 1.5- to 2-hour sessions given over three days to allow the sudents to get to know
each other, learn about team dynamics in education and medicine, and develop their small teams; practice with patient
cases to get experience with a type of active learning activities which form part of the backbone of their pre-clerkship
education; refect on the previous two sessions as part of their team’ s norming process. The focus of this blog is to
describe the frs session of this series, which was designed to dismantle preconceived notions of team learning,

highlight the potential impact of high functioning teams, and participate in asset mapping to aid in forming of teams.

A problem which we identifed as we transitioned to more case-based learning leading up to the curricular change, and
that was particularly highlighted during the transition to virtual and then hybrid teaching and learning during the
Covid-19 pandemic, was that medical sudents often sruggle to learn in dysfunctional small groups if they do not frs
gain the skills to create and susain high functioning, collaborative teams. Inefective group dynamics led to limitations
in sudents learning the material and resulted in less buy-in of the value of the case-based activities. In addition, the
downsream efects of dysfunctional team dynamics are well documented and include poor patient outcomes1. This is

important as our competencies include preparing sudents for working in patient care teams.
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We began the frs education session with a word cloud
activity to allow sudents and faculty to learn about the
sudents’ pre-conceived ideas regarding group work.
Students were asked to submit using software (we used
mentimeter.com) a word or phrase that came to mind when
we said “group work”; the app then collated and displayed
their responses in a fgure composed of words. Words which
were submitted by multiple participants appeared larger in

the word cloud (see fgure for an example of a word cloud). In our word cloud (not shown) the mos frequently

LI

submitted words included “collaboration”, “communication”, “sressful”, “teamwork”, “frusrating”, and

99 LRI

“compromise”. Other words and phrases which appeared included “painful”, “judgment”, “overwhelming”, “open
minded”, “unequal efort”, “hearing every voice”, “more work”, “undersanding”, “innovative”, “consructive”,
“helpful” “divide and conquer”, and “mixed bag”. It was evident and probably not surprising that there was a range of

responses from the more skeptical or negative to the more positive and enthusiasic.

Next, we shared information gathered from the literature with regards to the importance of small group, active learning
in medical education. The literature indicates that sudents who participate in small group learning activities
demonsrate improved levels of critical thinking as compared with their peers who participate in lecture-based
activities only2-4. It has also been shown that small group work promotes communication skills5, active learning,

cooperation, engagement, and retention of material6.

We then spent a few minutes reviewing the importance of diverse, efective teams in medicine. The literature indicates
that vulnerable patients with multiple chronic conditions have many doctors on their care team. The number of people
involved in a patient’s care is also increased by the nature of interprofessional roles in medicine. Care teams include
physicians (attendings, fellows, residents), medical sudents, nurses, physician assisants, nurse practitioners, medical
assisants, pharmaciss, case managers, social workers, physical and occupational therapiss, technicians, pathologiss,

lab specialiss, front desk personnel, billing specialiss, and many more. Therefore, it is imperative that sudents

practice their communication and teamwork skills to provide their patients with the bes possible care.

We also described to the sudents the diference between a “group” and a “team”. A “group” can be defned as a
number of people who are associated together in work or activity and has a set leader. The group members may not
work with each other but report directly to that leader, only hold themselves accountable, and rarely assess progress or
celebrate successes7. Revisiting the lis above from our sudents’ word cloud activity, “unequal efort”, “divide and
conquer”, and “more work may be used to describe this kind of group. In contras, a “team” includes a small number
of people with complimentary skills, who are committed to a common goal and purpose, who set performance goals
and hold themselves mutually accountable. They may share leadership and value open-ended discussion and active

problem-solving7. The terms “open minded”, “hear every voice”, “collaboration”, and “communication” from our

sudents’ word cloud are aspects of a team.

Next, we asked the sudents to move into their assigned
teams of 6-7 sudents for an asset mapping activity . The
goal of asset mapping is to create more equitable team
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dynamics by having sudents identify their own assets and

share them with their team. Each team was assigned to say

together for their frs semeser courses, so this experience

not only allowed the sudents to think about their

contributions to the team, but also served as an icebreaker in

a classroom setting for the sudents before they began their

frs course. We used an asset map (see fgure) we adapted from Geor ge Pfeifer and Elisabeth Stoddard from
Worceser Polytechnic Insitute, who authored “Equitable and Efective Teams: Creating and Managing Team
Dynamics for Equitable Learning Outcomes”8 and from Clif Rouder of Temple University’s Center for the
Advancement of Teaching, who authored “Asset Mapping: An Equity-Based Approach to Improving Student Team
Dynamics™9. Students were given time individually to complete their asset map, and then were insructed to share
parts of their maps with their teammates. Anecdotally, we were impressed with the depth of conversations, the degree
of engagement and participation with each team, and the enthusiasm the sudents shared with each other. An
anonymous RedCap survey was given to the sudents after TTMS ended, and 87% of responding sudents indicated

they found the asset mapping session useful (response rate was 97% of the class).

The Association of American Medical Colleges (AAMC) reports 11% of sudents in medical schools identify as
hisorically underrepresented in medicine. At LKSOM, our current M1 and M2 classes are both comprised of ~30%
sudents who are hisorically underrepresented in medicine. Our sudents come from a diversity of backgrounds and
lived experiences, and have varying interess, skills, passions, and responsibilities. Asset mapping provided a
mechanism by which our sudents could initially learn about and from each other , and later led to conversations which
allowed the teams to set their goals and expectations, and hopefully work towards providing a more equitable
experience. Asset mapping can be used to reassess team dynamics and for forming new teams as sudents progress
through the curriculum. This tool can also be used to help sudents optimize team dynamics for those who are

sruggling or underperforming.

This is an example of how sharing the literature with respect to the value of small group learning, team dynamics, and
the role of asset mapping was useful in the building of teams in the frs semeser of medical school.  However, these

tools could be adapted and used for learners at any level, or for team building within our departments.

The LKSOM Core Educator Team includes: Jill Allenbaugh MD, Bettina Buttaro PhD, Linda Console-Bram PhD,
Anahita Deboo MD, Jamie Garfeld MD, Lawrence Kaplan MD, David Karras MD, Karen Lin MD, Judith Litvin PhD,
Bill Robinson PhD DPT, Rebecca Petre Sullivan PhD
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in the physician assisant program. She is a member of Temple
University’s Provos’ s Teaching Academy. She was the recipient
of the Mary DeLeo Prize for Excellence in Basic Science Teaching
in 2020, the Golden Apple Award in 2017 and 2021, and the

Excellence in Education Award, Year 2 in 2020 from LKSOM,
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and the Excellence in Undergraduate Teaching Award from

Neumann University in 2012.

Posed in Activity, Curriculum, Medical Physiology, Teaching Strategies on March 15. 2022 by Margaret Stieben Comment
(Poss |Profle )
Leave a comment

February 25th, 2022

Pandemic Adaptations for PECOP and the 2022 ITL!

The American Physiological Society (APS) Physiology Educators Community of Practice (PECOP) and Insitute on
Teaching and Learning (ITL) were created to build connections among physiology educators and to promote the
sharing of evidence-based teaching practices in physiology education. Due to the COVID-19 pandemic, the 2020 ITL
and other PECOP activities were shifted to a virtual format. Virtual ITL Week included daily two-hour interactive
sessions. Session topics and speakers were selected from the original conference schedule, with emphasis on topics
that would assis educators during the pandemic. Regisration was free, attracting nearly 500 regisrants, a fve-fold
increase over normal ITL attendance. International educator participation was more than double that of previous ITL
meetings. Long-term impacts of this unplanned “experiment” include plans for virtual components at some future ITL
meetings, a PECOP webinar series open to the public, and an online professional skills training course for new
physiology educators. An editorial describing these outcomes has recently been published in Advances in Physiology
Education (https://journals.physiology.org/doi/full/10.1152/advan.00245.2020). Please join PECOP for free by
regisering your email at the LifeSciTRC ( https://www.lifescitrc.org) and select “PECOP Member” in your user
profle. The 2022 APS Insitute on Teaching and Learning will be June 21-24 in Madison, WI
(https://www.physiology.org/professional-development/meetings-events/itl-2022?SSO=Y ). The insitute will engage
educators in interactive sessions on bes practices in teaching, learning and assessment. Whether you are an
experienced educator or new to teaching, ITL will challenge you to gain the skills needed to design and implement
educational research in your classroom and learn how to share your fndings with colleagues. The insitute includes
plenary talks, concurrent workshops, poser sessions and time to network and connect with your colleagues. Please

keep checking the website to see when registration is ready!

Barbara E. Goodman, Ph.D., Professor of Physiology
Fellow of the American Physiological Society
Editor-in-Chief, Advances in Physiology Education
Division of Basic Biomedical Sciences

Room 224 Lee Medicine

Sanford School of Medicine of the University of South Dakota
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E] Posed in Community of Practice, COVID-19, Professional Development, Teaching Strategies on February 25, 2022 Comment
by Margaret Stieben (Poss |Profle )
Leave a comment

February 18th, 2022

Transition Back to the Classroom.

Hisorically , fipped classrooms have been around since the mid-
2000s and began as bottom-up pilot experiments in a single
classroom or section of a course at the will of an inventive insructor .
With a robus body of literature deeming these modern content
delivery models efective in achieving sudent success in the
classroom and beyond, many educators in the sciences have adopted
this approach to active learning. However, I doubt very few decided
the pandemic-forced transition to disance learning was the right time
to pull the trigger on fipped classroom implementation at the course
director level in a multi-section course. I’'m happy to share my wild
idea and the wild ride we (myself and the A&P faculty at Jeferson)
have been on while we were “building the plane as we few it” over

the pas 2 years.

I direct A&P undergraduate courses at Thomas Jeferson University and manage a lar ge saf (12 faculty) consising of myself and a
largely part-time adjunct workforce serving about 300 undergrads spread across 12 sections of lecture and 20 sections of lab. Since 2019
when I took the job at Jeferson we have been ballooning with growth and the demand for A&P courses has nearly doubled in the pas 3
years. | was jus getting used to the new course director role, when we were all challenged in March of 2020. Overnight I went from

settling into my new job, to calling upon every skill and resource I had in my academic tool bag.

This unique choice to fip at the director level was borne out of pandemic-generated necessity for a means to deliver a single series of
digital content of core A&P concepts, remotely, to all sudents to ensure an equitable experience across sections. The A&P courses at
Jeferson have hisorically been face-to-face only with the exception of a few “snow days” with “take-home” assignments across the
Spring semeser during hard Philadelphia winters. The decision to fip a classroom in general aligns well with Jeferson’ s active (Nexus)
learning approaches, however a fipped disant digital classroom taught in a course director -led multi-section, multi-insructor course is

something only a pandemic makes one crazy enough to dream up.

Additional rationale for the implementation of the fip in Fall of 2020 was to seize the day, using March of 2020 as an opportunity to
fully revamp a dated class, albeit in a very sressful crisis mode. At that very infamous time, during widespread lockdown, emergency
recordings of A&P lectures over slides were the go-to tool to preserve the integrity of the course. With a small amount of course director

forethought and rock sar faculty teamwork, those initial pos-spring break A&P II content videos were recorded with the thought and
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intention to not wase any efort as the entire sequence would in all likelihood need to be converted to a digital format to carry the

FA20/SP21 rising cohort of sudents though the sandard 2 semeser A&P sequence.

While I can currently say from the perspective of the course director/major course designer that the goal of generating a fipped
classroom that works both at disance and in person was absolutely , successfully, met. I cannot yet speak to the experience of the
faculty members who were handed the curricula and directed to teach in a new modality adopted over a short summer break in July of
2020. In hindsight, the A&P faculty ended up being tesed much more than the sudents with little prep time, and direction to teach in a
way they may be unfamiliar with, the fipped classroom, online. A plan for refection and a revelation of the faculty member experience

is in the works.

To better describe the design, active learning is implemented both equitably and autonomously across sections. All sections share the
same assignment types, but not necessarily identical assignments nor the same insructor . All sudents mus give two “teach-back”
presentations where the sudent is tasked with becoming an expert on a single learning outcome (LO), and then “teaching-back” that
learning outcome to a classroom audience of sudents. “T each backs” account for about 25-30% of synchronous class time. The other
70-75% of synchronous class time is devoted to reviewing core concepts, demonsrating sudy srategies, and facilitating active learning
activities. The active learning activities are curated by the course director with the intention that the individual insructors modify and

adjus activities as they go, but have a safety net of resources to deliver the course as is.

Noteworthy, not all activities were totally unknown to the faculty with insitutional knowledge when the new core curricula materials
were shared. There were some upcycled former laboratory activities that were really “dry” classroom friendly labs. For example, basic
sensory tess could be done at home with any willing quarantine mate. Activities requiring materials did have to wait for in person days.
The future goal is to add more in-house generated collaborative work to the shared insructor pool to elevate each iteration of the course.

However, “not fxing anything that wasn’t already broke” was deemed a resourceful jumping of point.

The course, now, is robus and both A&P I & II lab and lecture have run online in FA2020/SP2021. The course is now mid re-tes

during our frs in person semeser back, F A2021/SP2022, with the same content and resources generated in crisis mode March 2020-
Summer2020-Fall 2020. We, transitioned synchronous lecture back to masked-face-to-masked-face in person learning in Fall of 2021
and the course is running as planned. No major changes needed to be made to Canvas sites housing core lecture content to make the shift
back to in person. Courses were relatively easy to share and copy over to individual insructors prior to the sart of the semeser to allow

time for autonomous course personalization.

The sory is sill in progress as we have only jus begun to experience Spring of 2022. The course is being tesed in another way now ,
with a virtual sart and a mid-semeser transition back to in person as the pandemic disance learning challenges keep coming. At this
point I’m very grateful to say the course can also seamlessly transition with little notice from remote-to-face-to-face and back again.
Collaborative drawing activities on white boards work on digital white boards with screen sharing. Paper worksheets can also be
completed digitally and collaboratively in small digital break out rooms. Not every activity will transfer perfectly, but that is what makes
a growing pool of shared insructor resources important and valuable. The fipped classroom does not have to be grassroots anymore. A
growing body of generous teacher networks, education organizations, and professional societies continue to share and widely make
active learning resources available to all and often, free. And fnally, there is also nothing like a global pandemic bearing down under

uncompromising deadlines to force a little creativity and development of new ideas to share back to the community.

“*[llustration by Andrea Rochat, MFA

Dr. Nanette J. Tomicek is an Assisant Professor of Biology in the
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Posed in Active learning, Community of Practice, Course Design, Curriculum, Environment, Online Teaching and omment

Learning, Teaching Strategies, Technology for Teaching on February 18. 2022 by Margaret Stieben (Poss [Profle )
Leave a comment

February 3rd, 2022

Pourquoi? rse R ign: A St f How an h

This is a sory of why and how my courses underwent an all-encompassing course redesign.
Why?

Once upon a time, early during my tenure at Heartland
Community College, the nursing faculty invited the A&P
insructors to lunch to discuss what was covered in the A&P
courses because the nursing sudents were replying that they
“didn’t learn that” in A&P.
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The dialog went like this: “Do you teach the autonomic

nervous sysem?”
“Yes, we do!”
“The sudents say they didn’ t learn that. Do you teach the cranial nerves?”
“Yes, we do!”
“The sudents say they didn’ t learn that.”
Etc.
After that meeting, I had a revelation that rocked my world: I wasn’t teaching, and the sudents weren’ t learning!

Then the quesion was what to do about it? Retirement or
Remediation? Well, shortly after my revelation the economy
tanked so retirement wasn’t an option. Remediation, on my
part, was the only course of action to take. I went back and

hit the books.

I found and used many excellent resources and used parts of
all, but it wasn’t until I was searching for how to assess
conceptual undersanding that I found methods that were

used for the major redesign of my courses.
How?

When I hit the books, I read that third graders could learn to do physics. So, I thought there should be no reason that
the method developed by a physics professor/research scientis at Harvard, couldn’ t be used for A&P courses at
Heartland. Therefore, I chose to redesign my courses using a combination of Jus-in-T ime Teaching (JiTT), Peer

Insruction (PI), and Concept Quesions (CQs) that are assessed with clickers, in a manner described by Eric Mazur .

It is very important to make expectations known. In the frs
week of class, sudents are asked to complete an anonymous,
on-line introductory quesionnaire (Mazur , 1997). This helps
to make sure that the sudent’ s expectations conform to what

will be taking place in class. The results of this
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quesionnaire are compiled into a handout and discussed in

class. This quesionnaire is followed up with another

quesionnaire (Mazur , 1997) during the fourth week of the

semeser to identify is there is anything I can do to improve

the in-class experience to help their learning and to address
any expectations that are contrary to what we are doing in class. The result of using these quesionnaires is an

improved sense of cooperation.

The frs week of the semeser is also used expressly to help sudents get acclimated with the fow of the course and the
technology used in class with several non-graded assignments and assessments completed jus for practice.  Students

mus become familiar with the Learning Management Sysem (LMS) and the classroom response sysem (CRS).

Basically, how it works is sudents are given pre-class reading assignments and are required to take a pre-quiz
following the completion of the reading assignment which are posed in the LMS. In one way, the quizzes are used
to check for reading comprehension. In another way, the pre-quizzes allow the sudents to identify and verbalize areas
of confusion. This emphasizes that knowledge acquisition occurs outside of the classroom so that in class, based upon

their input, the focus is placed on what sudents are having difculty with.

The las quesion of the pre-quizzes is the JITT part of the pre-quiz. “Please tell me briefy what single point of the
reading that you found mos difcult or confusing.  If you did not fnd any part of it difcult or confusing, please tell
me what you found mos interesing.” (Mazur , 1997) Many times sudents tell me something they found interesing
when they didn’t answer any of the quesions correctly . So, they indirectly tell me they don’t know what they don’t

know. In either case, their feedback determines the topics for discussion the next day.

Generally, there are about three topics that are identifed from the pre-quizzes. CQs to be used in class are written for
those topics. The following fow-chart demonsrates how it works in class. This process forces sudents to think

through the arguments being developed and provides a way to assess their undersanding of the concept.

ASk Gando Quesions can be written to begin
[P

easy and progress to more

w
conceptual content such as
Emianis roapaad

o il | application and prediction

LT B0%.o1 grambe Comance you Limsss har, Carww culadad quesions, etc. This allows for
[P il =T | gl EAFS Cawecd sl sl

scafolding of knowledge to occur .

r

It is important to monitor
Ak e queslon B

el Line

discussions to keep sudents on

task, fnd out how sudents are
asbapiey boer Elin, Loy, gl Clami, bl Sy Rapaecie s by oomieshy? php . ) ) . .
thinking, and to identify possible
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sources of confusion.

The CQs are assessed with the classroom response sysem. Sometimes technologies fail so it is good to have a back-
up plan. I have letter cards available in such situations. The CQs and are graded upon completion, not on correctness.
Doing so encourages cooperation among sudents. Students mus be continually reminded that it is okay to get

quesions wrong and by jus committing to an answer will help produce more durable learning.
Tangible benefts from the redesign include:

For mos of the CQs asked throughout a semeser the percentage of correct responses after PI were greater than before
PI. Students were able to convince their classmates what the correct answer was. Occasionally, the percent of correct
responses following PI was lower than before PI. This was usually due to a poorly worded or ambiguous quesion, or

a discussion between a sudent who was confdently wrong and one who was correct but not confdent.

Persisence after the redesign was greater than before the redesign. Before the redesign 18% of sudents ended up

dropping the course; after the redesign only 12% of the sudents ended up dropping.

Students liked using the classroom response sysem and sudent discussions. Students responded to open ended
quesions on anonymous, end of the semeser surveys: “Discuss your thoughts on the use of clickers in the classroom”;
“Please discuss your thoughts on the ‘convince your neighbor’ portion of the course.” Numerical value to their
responses were assigned on this Likert scale: 4 = really liked; 3 = liked; 2 = disliked; 1 = really disliked. The
mode/median for the responses regarding using clickers was 4; and 3 for responses regarding the ‘convince your
neighbor’ portion of the course. In their responses, sudents also raised some concerns: “my partner never did the

99 ¢

readings, so he wasn’t a lot of help; but it did help me to try to explain things to him;” “convincing your neighbor

never really helped me mainly because my neighbor was never sure.”
Intangible benefts of the redesign include:

Students are conversing using the language of the discipline and are provided with an opportunity to identify and
verbalize what they don’t know. Answering the CQs is a form of forced retrieval which leads to more durable
learning. Students mus formulate ar guments to support their position when “convincing their neighbors.” And lasly,
by lisening to sudent discussions insructors can identify confusing quesions, misconceptions, sudents with clear

answers, sudents with faulty logic/reasoning or who are confdently wrong, etc.
The following are recommendations to address issues of concern identifed by sudents and the insructor .
Recommendations:

1. To reinforce the importance of pre-class reading assignments, in addition to the reading assignments
posed to the LMS along with the pre-quizzes, give the sudents a hardcopy of all the reading
assignments in the frs week of the semeser and pos it to an informational page in the LMS.

2. Explicitly tell the sudents that work outside of class is expected. The following chart is provided to the
sudents so that they can visualize the general layout of the course.

3. To reduce knowledge voids and the

infuence of confdently wrong
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sudents, encourage sudents to seek
advice from classmates all around
them rather than those sitting next to
them. If you use Learning Catalytics
(LC) as a classroom response sysem,
it can be set to run the class
automatically which will tell each
sudent who they should consult with.
The insructor sets up the parameters
(i.e., three sudents, with diferent

answers, within a certain number of

seats or if it is in a small class — anywhere in the room) but LC uses a sophisicated program to reduce the

infuence of confdently wrong sudents.

discuss the CQs with their teammates also addresses this issue.

Having diverse permanent/fxed teams and having sudents

. To alleviate some anxiety from this non-traditional format sudents are given lecture notes. Traditional

lectures aren’t given, but sudents are given the next bes thing — the lecture notes.

To help motivate the sudents and to reinforce the importance of meaningful learning and moving away

from rote memorization exams should have 50% conceptual quesions.
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So, there you have it — the why and how I completely redesigned
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my courses. Is that the end of the sory, you ask? Of course not.
Teaching is an iterative process and with anonymous, end of the
semeser input from sudents, self-refection, and professional
development, the changes have been continual. Perhaps, in a
future blog, I will write the tale of why and how this course

redesign evolved and changed overtime.
References for Redesign and Remediation:

Bransford, J.D., Brown, A.L., Cocking, R.R., eds. (2000). How
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Erlbaum Associates.

Posed in Active learning, Course Design, Teaching Strategies on February 3. 2022 by Margaret Stieben mment
(Poss |Profle )
Leave a comment

January 24th, 2022

ing Reflection to Help Fin inty in an Un in Tim

As we begin the spring 2022 semeser , we are met with
yet another uncertain path ahead. Will I have to teach
remotely? Will I be able to teach in person? Will I have
the option? What will be the option for sudents? Will all
of this change in a few weeks? How are the sudents
going to handle another sressful semeser? The lis goes
on. | certainly do not have the answers to any of the
aforementioned quesions, but the recent (and not so

recent) uncertainty has prompted me to spend time
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refecting on my courses and teaching practices.

But, before I dive into that, here’s a bit on my

background to help with the context of this refective exercise. Firs, I am relatively new to the teaching profession,

and I sarted my frs tenure track position in the fall of 2017, after an exhilarating and challenging visiting position the
year before (2016-2017). As a visiting professor I found my calling as an educator and mentor, and while I was
working more than I ever thought possible, I loved every minute of it. As you may remember from your frs few years
of teaching, these frs years are flled with exponential growth as an insructor , faculty member, and person. I was
developing new courses almos every semeser and/or making signifcant changes to previously used courses. I worked
with colleagues at my insitution and others, soliciting feedback on how I could improve assessments, sudent
engagement, and advising. Needless to say, very little was the same semeser to semeser — lots of editing and revising.
And right as I’'m sarting to get the swing of things, mid-way through year 3, BAM — COVID! As a relative newcomer
to the classroom, when COVID hit in the spring of 2020, I had a mere 3.5 years of teaching in the pre-COVID era and
very little consisency in my coursework (or so I thought). And since then, every semeser since the sart of COVID

has been diferent in terms of course delivery , assessments, and sudent engagement. Some courses have been fully
remote, some hybrid, some in person, some switched back and forth with sudent options also consantly changing. It’ s

exhausing to think about.

As aresult of all of this inconsisency , when I sarted planning for yet another uncertain semeser (spring 2022) I
decided to spend some time thinking about what has been consisent in my courses throughout the years (both before
and after COVID). To obtain additional data, I also reviewed those dreaded course evaluations in order to review
feedback that wasn’t from my own biased brain. While somewhat scary, this refective activity allowed me to sort out

a few things that paint a clear picture of “my classroom” regardless of the delivery method or sate of the world:

e ORGANIZED - If you were to run a word cloud on all of my course evals the larges word would mos
likely be “organized” or some iteration of that. And for those that know me, this probably isn’t a huge
surprise. I am organized, perhaps a bit over-organized, and this is very clear in my course design.
Students take this as a positive — [ know, or at leas look like I know , exactly where this course is headed,

and they trus me to lead them on this journey .
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e OVER-COMMUNICATION - The second larges word on the world cloud would be “communication”,

and possibly to the point of over-communication. While not every sudent requires reminders of
assignments or expectations, some do. Diferent modes of communication are helpful too: in person, e-
mail, LMS, video chat, etc. Students seem to need more communication during the COVID semesers
than in previous ones and I’ve found that my ability to “over-communicate” helps sudents say on track
and always know the expectations. Plus, I’'m hoping that my practice of over-communication helps

sudents feel more comfortable reaching out to me when they need help.

e ACTIVE — From the beginning I did not want my classroom to be one of those that sudents jus
passively attended. I wanted them to be excited to come to class at 8:00 am because they knew that they
were going to be put to work and be engaged in their learning. This is absolutely a hard sell, especially at
8:00 am, and it takes time for some sudents to warm up to the idea, while a few never do (and they note
that very clearly in the evals). However, for the majority of sudents, the active classroom is a welcoming
and fun learning environment (these comments are more pleasant to read in the evals). Plus, it’s jus more

fun to teach!

e FLEXIBLE — While fexibility has been of utmos importance during COVID, I noticed that I also had a
bit of fexibility in my pre-COVID classroom as well. Flexibility with learning speeds and syles,
fexibility with my own content deadlines, fexibility with sudent requess, and even homework or
project deadlines (to an extent). This was absolutely something that I had to work on early on in my
teaching career, but I learned a lot from lisening to my sudents and their needs in the classroom and

they appreciate my ability to work with them as they sruggle.

e CHALLENGING and SUPPORTIVE — Students note that my courses are challenging, but feasible. Yes,
I have high expectations, of which they are aware (see above), but they also know I’m here to help them
and work with them when they are sruggling (with the course or otherwise). The connections we can
develop with sudents are unlike any other , and I love seeing them grow throughout their educational

journey.

e EXCITING - Students commented on my ability to be “excited” about anatomy and physiology. (Who
isn’t?!1?1) I don’t know if this is jus because I have more ener gy than they do at 8:00 am, but I'll take it.
A&P is EXCITING and apparently that is clear both in person and on camera. Also, apparently, I appear

taller on camera.

Now, while things are sill a bit crazy and uncertain, I encourage you to refect on your own teaching practices both

before and during COVID to uncover some commonalities in your classroom. We will probably never go back to
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exactly the way things were pre-COVID, so sopping and refecting may be a great exercise to help move forward.
Spend some time noting what is similar and maybe even what is diferent. Particularly if you are new to this
profession, such as I am, this activity may help you learn a bit more about your teaching syle and classroom practices.
Then share your revelations with others and encourage them to do the same, perhaps even in the comments section

below.

Posscript: T otal coincidence that this is similar to the January 13th blog topic, which is also a great refective

exercise. Looks like we are on similar paths. Happy refecting!

Jennifer Ann Stokes is an Assisant Professor of Kinesiology at
Southwesern University in Geor getown, TX. Jennifer received her
PhD in Biomedical Sciences from the University of California, San
Diego (UCSD). Jennifer’s courses include Human Anatomy and
Physiology (I and II), Nutritional Physiology, Intro to Human
Anatomy and Physiology, Medical Terminology, and
Psychopharmacology. Jennifer is also actively engaged with
undergraduates in basic science research (www.sokeslab.com ) and
in her free time enjoys trail running, cycling, hiking, and baking

cookies and cakes for her colleagues and sudents.

Posed in Course Design, Refective Practice , Teaching Evaluations on January 24. 2022 by Margaret Stieben Comment
(Poss |Profle )
Leave a comment

January 13th, 2022

Looking back and moving forward. The importance of reflective assessment in physiology education.

At the end of the 1986 movie Platoon, the protagonis (Chris
Taylor, played by Charlie Sheen) provides a very moving
monologue that sarts “I think now , looking back, we did not
fght the enemy , we fought ourselves. The enemy was in us.
The war is over for me now, but it will always be there, the

res of my days.”

When Platoon was frs released in theaters I was in high
school. I was enthralled with Platoon, and it has held a very
special place in my memories ever since. The ending
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monologue has echoed through my mind at the end of almos every semeser that I have been a faculty member (albeit
with a few changes. No insult or mocking of the movie is intended, this is simply my efort to take a powerful
cinematic scene and apply it to my personal situation). My end of semeser monologue goes something like this “I
think now, looking, back, I did not teach the sudents but I taught myself. The sudent was within me. The semeser is
over for me now, but it will always be there, the res of my days.” And with that, I begin refective assessment of my

teaching.

For many educators, assessment is a dirty word and a necessary evil. Hall and Hord (1) reported that faulty experience
anxiety about assessment because of a lack of undersanding of the process or importance of assessment. Faculty may
also disdain participating in assessment due to concerns about accountability, or due to concerns about accreditation
negatively impacting their careers (2). Often, faculty also view assessment reports as things that need to be prepared
and submitted to meet requirements imposed on faculty from an adminisrative ofce within their insitution, or some
outside accrediting agency, but think that assessment reports are not really pertinent to the day-to-day work of
education (3). To help overcome hesitancy to fully engage in the assessment process Bahous and Nabhani (4)
recommend that insitutions hire a full-time assessment ofcer to work one-on-one with faculty . All of these are
relevant to the formal process of assessment and submitting data and reports to meet insitutional or or ganizational
requirements. When done the right way, these assessment reports can be valuable tools in education. But what [ want
to discuss in this blog pos is a more informal form of assessment that I think all educators should do, and probably

already do, which is refective assessment.

Students and faculty alike perceive Physiology as a very challenging academic subject (5, 6). The concepts are
difcult, and there is a lot of terminology . Our undersanding of physiology is continually expanding, but yet sudents
often sill need to have a frm concept of the basic fundamentals before moving on to more complex and in-depth
information. Physiology is often taught in a sysem by sysem approach, yet the sysems do not operate independently
of one another so at times it may feel like the cart is put before the horse in regards to helping sudents to undersand
physiological processes. All of these issues with the difculty of teaching physiology make refective assessment an

important part of teaching.

Quite simply, no matter how well we taught a class or a concept, as educators we may be able to teach better the next
time (7, 8). Perhaps we can tweak an assignment to make it better ft our needs. Or perhaps we can provide a new
resource to our sudents, like an appropriate insructional video or a scholarly article. Or maybe it’ s time to select a
new textbook. Or maybe we have seen something in Advances in Physiology Education or on the PECOP Blog that
we would like to incorporate into our teaching practice. Whatever the reason, refective assessment provides an

opportunity for us to ask ourselves two very simple, but very important quesions about our teaching:

1. What went well in this class, and what didn’t go as well as planned?

2. What improvements are we willing to make to this course to improve sudent learning?

The frs quesion is important for identifying srengths and weaknesses in our courses. ~ We can ponder what went
well, and ask why it went well. Has it gone well each semeser? Or did it go well because of changes we made in our

teaching? Or did it go well because of other changes, such as a change in prerequisite courses?

As we ponder what didn’t go as planned, we can also contemplate why things didn’t go as planned. I think anyone
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who has taught through the COVID pandemic can identify lots of unforeseen and unusual disruptions to our courses.
But we can also use refective assessment to identify ongoing problems that deserve some attention. Or we can

identify problems that have previously not been problems, and make a note to monitor these issues in future courses.

The second quesion, about what changes are we willing to make, is also extremely important. Sometimes a problem
may be outside of our control such as course scheduling, who teaches the prerequisite course, or other issues. But if
the identifed problem is something we can control, such as the timing of the exams, or the exam format, or laboratory
exercises, then we need to decide if the problem arises from something we are willing to change and then decide how
and what to change. Can the problem be addressed through the acquisition of new insrumentation? Can the problem
be addressed by changing textbooks? Some of the problems may be easy to solve, while others might be more
difcult. Some problems might require funding, and so funding sources will need to be identifed. But this is where

refective assessment can really help us to prioritize changes to our teaching.

I ask myself these quesions throughout the semeser as I grade tess and assignments, but in the mids of a semeser

there is often not time to really ponder and make changes to my classes. During the semeser I keep a teaching diary to
make note of the thoughts that come to me throughout the semeser . Then, after fnal grades are submitted and before
the next semeser begins there is more time to read through the teaching diary and to refect and ponder about my
teaching. Often, in this less pressured time between semesers, by reviewing my teaching diary I can take a sep back
to refect on problems during the semeser and determine if this has been an ongoing issue in my classes or an isolated
issue limited to only this one semeser . I often fnd that what seemed like a problem in the middle of the semeser has

resolved itself by the end of the semeser .

Of course there are many other quesions that can be
asked as part of refective assessment (7, 8), and any
quesion can lead to numerous follow up quesions. But
I think these two quesions (1. What went well in this
class, and what didn’t go as well as planned? 2. What
improvements are we willing to make to this course to
improve sudent learning?) form the cornersone of
refective assessment. And refective assessment can
then lead to a career long endeavor to engage in action

research to improve our teaching skills.

1. Hall G, Hord S. Implementing change:
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Sexology Today!

News and commentary from the fascinating science of sex, by Dr. James Cantor.

10 August 2020

Open Letter of Resignation from the Society for the Scientific
Study of Sexuality (SSSS)

My 27-year association with SSSS must come to an end. In the present culture war between
science and popular appeal, the SSSS Board of Directors selected the latter. This is not the first
time the SSSS Board abused their authority to silence science opposing their personal political
views, and no valid organization can be in the name of science in name only. I am grateful to the
other sexuality scientists who have resigned in sympathy, both publicly and privately.

To acknowledge the facts: I have long posted news items and opinion pieces to SSSS’s member
listserv. In July, I posted an essay of my own, When is a TERF not a TERF, challenging the
extremism that has taken over public discussion of trans issues, pointing out, for example, that
the unwillingness ever to recognize anyone’s transition is different from citing the research
suggesting children should wait until age 12 to transition.

A debate ensued, not focused on any argument or evidence submitted, but on whether such
discussions should even be permitted. The cessation of open, critical discussion is antithetical to
the purpose of a scientific society. Participating in the debate were three SSSS Board members
and roughly a dozen general members, expressing a roughly 50/50 opinion [full thread
downloadable here].

I then received an unsigned email informing me that I had been suspended from the

listserv.footnote Ouirage among members ensued, triggering society resignations, list
unsubscriptions, and a statement from the SSSS President, Zoé Peterson, defending the Board’s

intervention.footnote-2

The Board took SSSS across the Rubicon on several levels:

1. The board does not actually have the authority to suspend people from the member
listserv. The listserv policy (here) leaves such decisions to the list’s moderator, to
whom the Board may only provide feedback.

2. Although the SSSS President, Treasurer, and Student Representative each took active
sides in the pertinent discussion, as shown in the thread, they did not recuse
themselves from the Board’s official actions.

3. While intervening in her role as SSSS President, Petersen indicated explicitly during
the thread that she actively sought out views—not of mine, not of the 50/50 of list
members expressing their opinions—but only of those who had expressed the same
views that she herself did, without so much as a pretense of due process.

The SSSS Board did not respond to my emails pointing out these abuses of their

authority_footnote—s

This is not the first time SSSS demonstrated its privileging sociopolitical opinion over science: In
2018, another researcher, Kevin Hsu, won the Ira and Harriet Reiss Theory Award for “the best
social science article, chapter, or book published in the previous year in which theoretical

explanations of human sexual attitudes and behaviors are developed,” a prize by the Foundation
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‘Welcome to Sexology Today!

Sexology Today! brings to readers new
research findings in the fascinating science of
sex, translating the often technical language of
science into plain-language summaries. The
Internet has no shortage of political opinion
about sexuality, but very little scientific
opinion. Despite the enormous public interest
in our work, professional scientists often stick
to publishing in technical journals in technical
language, and with publishing houses charging
$35 and more per download, the general
public has little opportunity to be exposed to
new scientific findings in sex research. I hope
Sexology Today helps to bridge that gap.
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Author

James M. Cantor, PhD

Dr. Cantor is a sexual behavior scientist, studying
and teaching sexology, especially atypical
sexualities, for over 25 years. His research has been
published in Psychological Bulletin, the Journal of
Abnormal Psychology, and the Journal of
Consulting and Clinical Psychology, and he served
as Editor-in-Chief of Sexual Abuse: A Journal of
Research and Treatment. He has appeared to

disc

s sexological issues on CNN, the BBC, The

New York Times, and Dan Savage's Savage Love.
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for the Scientific Study of Sexuality. An audience member disliked the content of this award-
winning, published article. In response to the ensuing complaint, the SSSS Board informed
members they had not had input into the Reiss Award; thus, “Moving forward, The Foundation
for the Scientific Study of Sexuality will be incorporated into SSSS. Starting in 2019, we will be
maintaining full oversight of the awards process.”f°°tnote-4 The Founder of the Award, Ira Reiss,
condemned the SSSS Board, highlighting again its abandonment of the scientific
mission.footmote5 (See also https://doi.org/10.1007/510508-019-1420-y.)

SSSS’s demonstrable and repeated history of anti-scientific grand-standing gives scientists
strong reason to pause before sending their manuscripts to the journal SSSS owns, The Journal
of Sex Research (JSR). Given that the SSSS Board already violates its own procedures to censor
list members, take-over foundations, and disregard donors’ wishes, there is no reason to believe
they would hesitate to abuse their authority with regard to JSR articles. The SSSS Board has
now forced manuscript authors to avoid JSR when evidence might potentially challenge
someone’s political expectations, and they have compelled JSR readers to wonder “Does this
content reflect the best science? Or just the science we want people to hear?”

Moreover, the SSSS President, Zoé Peterson, was Associate Editor of JSR until last year,
handling manuscripts, including the selection of reviewers. Given her failure to follow SSSS
policy for topics about which she has strong views, all scientists whose manuscripts were
assigned to her must now question whether she treated them fairly or treated them as she did
me: choosing to seek input only from those who share her views. Although Peterson claimed
“The SSSS Board of Directors would never attempt to block, censor, or interfere with the
publication of a journal article that had been subjected to and withstood the peer review
process,”footnote-2 gy ch 5 promise is empty. Given an already repeated history of violating even
formal established policies, authors have no reason to trust SSSS will not simply violate any such
promise once again, as soon as anyone objects. A scientific journal cannot be owned by an anti-

scientific society and remain unaffected.

It is unfortunate to have lost SSSS as a genuinely scientific organization, but there is little point

in the collective pretense that it hadn’t already happened a while ago.

— James M. Cantor, PhD, CPsych, ATSAF

FOOTNOTE 1
On 2020-07-15, 8:51 PM, "SSSS" <thesociety@sexscience.org> wrote:

The SSSS Board of Directors has been made aware of several posts you have made that

violate the SSSSTalk listserv guidelines, including the following:

Nasty, discourteous, unkind, uncivil, attacking, inappropriate, unprofessional,
harassing, threatening, hateful, racist, sexist, homophobic, erotophobic,
derogatory, or objectionable remarks or jokes that might be offensive to other
people, abusive, defamatory, libelous, pornographic, obscene, invasive of
another's privacy, or otherwise tortuous or unlawful messages will NOT be
deemed appropriate. Courtesy is highly valued.

After a discussion and vote from the SSSS Board of Directors, your access to the
SSSSTalk listserv has been suspended.

The Society for the Scientific Study of Sexuality
1874 Catasauqua Rd. — PMB #208 | Allentown, PA 18109-3128

FOOTNOTE 2

On 2020-07-16, 10:26 AM, "James Cantor" <jamescantorphd@gmail.com> wrote:

Summaries of his research and other projects are
available at JamesCantor.org.
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Please verify that I correctly understand:

- Although “a discussion and vote from the SSSS Board of Directors” was taken,
that is not the procedure outlined in the listserv guidelines.

- Although the SSSS President, Treasurer, and Student Representative each took
active sides in the pertinent discussion, they did not recuse themselves from
that discussion or vote. The email being unsigned masks the responsible
leadership.

- The SSSS President wrote, “Dear Finn, Jami, Jules, and others, I have
corresponded with some of you privately, but want to say publicly that I hear
you,” yet made no attempt to contact or hear “the defendant” or other critics of
the view the President and other officers expressed holding.

- The decision of the Board of Directors is the direct opposite of what a SSSS
officer was quoted as saying: "I do not believe that he has violated any of the
prohibited behaviors that, according to our policy, could invoke an
investigation and potential termination of membership." Although not
communicated directly from that person, no officer corrected that statement
(despite reassurances of listening), and no other warning or other indication of
a change in what is acceptable was sent to me.

I will interpret lack of response as confirmation.

- James Cantor

FOOTNOTE 3

On 2020-07-20, 4:48 PM, "SSSS" <thesociety@sexscience.org> wrote:
Dear SSSS Members,

I love this organization. It is my academic home and has been the cornerstone of my
professional life. I gave my first research presentation at a SSSS conference. As a student
and junior scholar, senior SSSS members were my mentors and role models. Now, many
of my most valued and loyal friends are people that I met in this organization. I agreed to
run for President of SSSS because I care deeply about and am indebted to SSSS and many
of its members.

Recently, I have heard from many of you who have contacted me individually or who
have posted on the listserv. Some individuals have expressed concerns about the future of
this organization. Those comments break my heart. I believe in this organization and its
mission. I readily acknowledge that SSSS, as an organization, and I, as its leader, are far
from perfect, but I also believe that SSSS and I have the ability to improve and grow.

It is usually my policy to provide a prompt response to all emails from SSSS members,
but the volume of emails recently has prevented that. I want you all to know that I have
been reading your messages. I am listening to you, and this letter is my attempt to
respond publicly to the large collection of messages that I have received.

Before I continue, let me clarify one thing: I am currently the SSSS President, but I want
to be totally clear that I speak only for myself. This is not an “official statement” from
SSSS. Any official action within SSSS must occur by a majority Board vote.

That brings me to my main point: There was a majority Board vote to suspend a SSSS
member’s access to our listserv. I know that some members are very upset about that
decision. I want to help put that decision into context and into perspective.
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First, we did not revoke anyone’s membership in our organization. We did not ban
anyone from presenting at our research conferences. We certainly did not tell anyone
that they could not review for or publish in our society’s journal. In fact, we did not even
revoke anyone’s access to the listserv. We simply suspended one person’s access in
accordance with our listserv policies. In the meantime, as a Board, we are discussing our
policies and procedures around the listserv and considering the value and purpose of the
listserv and whether the listserv is the best format in which to have the types of difficult
but important conversations that have been occurring over the last week.

Second, the Board’s vote to suspend one member’s access to the listserv had nothing to
do with the suppression of science. Like many SSSS members, I have devoted my career
to science because I believe that it is critical to positive change. I also share the view
expressed by many on the listserv discussion that science is neither infallible nor
apolitical, and that is exactly why professional discussions, disagreements, and critiques
of scientific ethics, methods, and interpretations are essential. I would not support
suspending someone from our listserv simply for posting and/or politely and
professionally discussing a scientific article or a research finding—even if that article or
finding was controversial. Although I do not want to speak for any individual Board
member, from my perspective, that is not what the Board was doing in this case. The
suspension in question was not due to any single post; rather, the Board felt that, in this
instance, there was a long-term pattern of harassment from one member against several
other members—even after those other members had repeatedly asked that member to
stop. The Board believed that this unwillingness to be responsive to other members’
entreaties violated the guidelines of the listserv.

Third and related to my prior point, I am aware that one or more individuals have
suggested that, because we suspended a member from our listserv, we might also be
willing to interfere in the editorial independence of the Journal of Sex Research, SSSS’s
outstanding and well-respected academic journal. I would hope that it is obvious that
suspending someone from a member listserv, for which the stated purpose is posting
“announcements of workshops, conferences, and meetings; publications; professional
news items; awards and honors received by SSSS members; employment opportunities;
and recruitment solicitations for sexuality-related research,” is not remotely equivalent to
censoring peer-reviewed science. Nevertheless, I want to be clear about this (and on this,
and only this, point I speak for the entire Board of Directors with their agreement): The
SSSS Board of Directors would never attempt to block, censor, or interfere with the
publication of a journal article that had been subjected to and withstood the peer review
process. The editor of JSR has always been granted complete editorial independence, and

1, personally, would not support any infringement on that.

Fourth, I want to correct some misperceptions that I have heard expressed about our
listserv. Although we retain the right to do so, no one monitors or reviews any posts prior
to their distribution to the listserv. This means that no posts have been suppressed; there
is literally no one to suppress them. Recently, there was a technical issue with our listserv
host, and thus, there were some delays between when posts were made and when they
showed up. Indeed, the Board’s own message was delayed for several hours after we
posted it. The delayed posts were not being suppressed or even reviewed; they were
simply stuck in cyberspace. Additionally, only one person received a suspension from our
listserv. No one else has been removed from our listserv unless they failed to renew their
membership or unless they asked to be removed.

Of course, even after these clarifications, I understand and fully accept that some of you
will still disagree with the Board’s decision to suspend someone from our listserv. Some
members will feel that the Board’s actions in this case did not go far enough; some
members will feel that the Board went too far. Differences of opinion in an organization
are inevitable. Although I have no expectation of agreement from all sides, I can assure
you that the Board acted with good intentions, intensive discussion, and a genuine desire
to improve our organization.

Finally, and most importantly, to our transgender, non-binary, and gender
nonconforming members who raised this issue and who have expressed that they have
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long felt hurt, disrespected, marginalized, and unprotected on our listserv and within our
organization, I hear you and I thank you for sharing your experiences and reactions with
such honesty and courage. I am deeply committed to making SSSS a supportive,
inclusive, and harassment-free professional home for you. Even as you read this, the
Board is working on a specific action plan around this issue. I vow to keep all members
updated on the process and to seek your input as we go. You will be hearing more from
me and the Board going forward.

Let me close by thanking you—my academic family—for trusting me to serve as your
leader. It is hard for me to watch a fracture grow in the organization that I love—
especially when that organization is one I am helping to steward. I am optimistic, though,
that we can work together to mend this fracture in a way that, ultimately, makes our
organization stronger. SSSS is worth it.

Warmly,
Zoe Peterson
SSSS President (2019-2021)

FOOTNOTE 4
On November 15, 2018 at 4:18 PM SSSS <thesociety@sexscience.org> wrote:
Dear SSSS Members and Annual Meeting Attendees,

The SSSS Executive Committee is aware of past and more recent incidents of language
and behavior that has made transgender persons and other attendees feel unwelcome,
unsupported, marginalized, or attacked at our Annual Meetings. We apologize. We want
to assure all Members and attendees that we fully support you and stand with you. We
are trans-allies.

We want to be clear that the Reiss Theory Award was selected by The Foundation for the
Scientific Study of Sexuality, which is separate from SSSS. The Members of the SSSS
Board of Directors and the SSSS Annual Meeting Program Committee have not had input
into decisions regarding the Reiss Award. Moving forward, The Foundation for the
Scientific Study of Sexuality will be incorporated into SSSS. Starting in 2019, we will be
maintaining full oversight of the awards process. This information is provided as an
explanation, not an excuse.

We are taking steps to help all Members and attendees feel safe and welcome at SSSS
events. For example, SSSS is currently creating a new Civility and Anti-Harassment
Policy to supplement our mission and ethics statements. The policy will include
prohibitions against harassing, demeaning, or discriminating against any identity group.
It also will include expectations that scientific and philosophical disagreements and
challenges be expressed in a respectful and civil manner. We will be inviting feedback
from the membership on this policy in the coming months.

As a part of the Annual Meeting, all attendees will also receive a post-conference survey,
on which anonymous feedback can be provided that can assist us in making
improvements in preparation for SSSS 2019 in Denver.

We care deeply about the experiences of our Members and conference attendees, and we
are working hard to ensure a more welcoming and inclusive environment at all SSSS
events. We wish to continue serving as your professional home.

SSSS Executive Committee

Eric Walsh-Buhi, President

Zoe Peterson, President-elect
David Bimbi, Treasurer

Terry Humphreys, Secretary

DJ Angelone, Membership Chair
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Mandy Peters, SSSS Executive Director

FOOTNOTE 5
On 2018-11-16, 5:50 PM, "ira reiss" <irareiss@ COMCAST.NET> wrote:
Hello to all:

Back in 2006 I founded the Reiss Theory Award Plenary in order to develop social
science, research tested, theories concerning sexual behaviors and attitudes. I feel the
need to respond to the SSSS executive board’s email yesterday concerning Kevin Hsu'’s
published article on transgender behaviors and attitudes that won the Reiss Theory
Award at this year’s SSSS Montreal meetings.

The response from the SSSS executive board Thursday, to this paper was, inadequate,
inaccurate, and inappropriate for a scientific organization. I did not attend the meeting
but I contacted both Kevin Hsu and the moderator of the session, Jean Levitan, and I
read the many emails that came in from SSSSTalk and Sexnet. It seems that Christine
Milrod had rudely interrupted Kevin’s talk on some transgender issues. Jean Levitan
told Milrod to let Kevin finish his paper and then raise her comments or questions. The
audience also came in asking Milrod to wait until Kevin was done. It was an unfortunate
disturbance but it was not created by Kevin and was effectively contained by Jean Levitan
the moderator. After the talk Jean Levitan apologized to Kevin for the actions of
Christine Milrod. Ken Zucker, an expert in the area of this talk was there and summed
up his reaction by saying that Kevin gave a “superb talk with amazing data.”

When I read the email yesterday from the SSSS executive board Members I was shocked
to see what seemed like a statement criticizing the selection of this paper for the award.

Was it Kevin’s fault that he was criticized by Milrod? Was he expected to use only the
terminology and conclusions that Milford wanted? SSSS is supposed to represent in
their actions scientific based conclusions and explanations. The executive board in their
email to the SSSS membership never cited any flaws in his research or theory work that
was presented. Where was the scientific evidence that supported the boards statement
that the problem was in “the awards process”?

Paul Vasey, the Award Committee chair at that time and the members of his Reiss Theory
Award Committee voted to select Kevin Hsu’s paper. That Award Committee
examination of publications and voting on a winner was the award process that was
followed since 2006. Nothing specific was said in the SSSS executive board’s message to
back up their criticism of the award process and it seemed to me that they were likely
reacting to some objection from Milrod or others that Kevin Hsu didn’t agree with their
perspective. Kevin was presenting his findings and his explanations. and some of his
work seemed to clash with what Milrod wanted to hear. A scientific award doesn’t
change because someone without convincing evidence just objects or was bothered by the
findings. No specifics on the problem the board had with the award process was in the
executive board’s email yesterday.

Also, the promise that the SSSS executive Board would from now on “take full oversight
over the awards process” sounded authoritarian. I would expect them to say they would
keep the award process fair and science based and would not yield to emotional outbursts
or positions that lacked scientific support. Would the executive board when they “took
full oversight” make their “award process” decisions the same way they made them in
this executive board Message? Would they cancel an award by the Reiss Theory Award
Committee because someone found the publication offensive or disturbing? The answer
to that question is not clear and is of serious concern.

This is not a minor issue that will just pass. Today the emails coming in are asking SSSS
members to resign from SSSS. The executive board cannot just claim they wanted to
keep things civil. Their actions express a non scientific perspective and they need to
clarify and discuss their views. It’s time for the executive board to discuss scientific
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concerns that I've expressed above and those expressed by many others in their emails.
The board needs to build confidence in the membership and in the public that they will
act in line with the name of our organization which was founded as--The Society for
the Scientific Study of Sexuality.

Ira

Ira L. Reiss
Website: https://sites.google.com/a/umn.edu/reiss/

13 comments:

FirmElephant 10 August 2020 at 13:34

Thank you so much for writing this and standing up for the truth. We are just in the beginning, but people
like you refusing to go along with this cultural brainwashing is encouraging. I fear for my possible daughter's
futures.

Reply

Tiffany 10 August 2020 at 13:56

Thank you for standing up to publicly denounce this scientific institutional capture. Science without a
grounding in truth is nothing more than an ideology or religion, and I am an atheist through and through.

Reply

Anonymous 10 August 2020 at 22:16

Unfortunately, your post here is as biased as were your responses in the listserve threat. The thoughts you
were pursuing with your essay were opinions. They were not based in science. Your statement condemning
Peterson for siding with opinions that matched her own opinions is unfounded based on the transcripts.
Instead it appears as though your responses were purposefully antagonizing rather than scientific. I stand
with the SSSS decision.

Reply
Replies

Anonymous 10 August 2020 at 23:35

So much so that you posted this anonymously lol. Get out of here.

Anonymous 11 August 2020 at 04:36

This is Peterson isn't it?

Reply

John 10 August 2020 at 23:31
"Anonymous"

Reply

EB Traveler 11 August 2020 at 00:05
How does Anonymous stand with the SSSS decision if you're anonymous? Chuck from Alabama.

Reply

Deborah L 11 August 2020 at 00:16
Thank you for speaking out. It’s important for the center to speak out against these fringe attacks.

Reply

Fred Sargeant 11 August 2020 at 00:20
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To Anonymous:
"I stand anonymously with the SSSS decision." There, fixed it for you.

Reply

Anonymous 11 August 2020 at 04:59

We're in precarious times. In a world vying for more tolerance and understanding, the pendulum has swung
so far, all discourse is being shut down in favor of unquestioning ideology. It begins with sentiments such as,
“I'm triggered,” “this topic is akin to violence,” or any other examples of emotional embellishments and
hyperbole. Then throw in a few logical fallacies (straw man, begging the claim, etc), and you have the real
“gaslighting” going on here.

1 have to hand it to them; their playbook is predictable, and for the time being, effective. If you don’t
regurgitate every TRA sound byte, you're guilty of the worst atrocities known to humankind. Concerned
about the risk/benefit analysis of puberty blockade for eight-year-olds? You're akin to a murderer. Worried
about potential harms of self-ID? You’re on par with racists.

It’s one thing to see anonymous social media users resort to these pathetic tactics, but it is downright
disheartening to see what is happening in scientific circles. Yet another psychology fad, akin to the false
memory syndrome of the 1980s. We'll be ruining far more lives this time around.

Reply

Katie 11 August 2020 at 07:27

Thank you James.

SSSS - shame on you for kowtowing to the angry homeopathic flat-earth mob. You are pathetic and no longer
speak in the name of science.

Reply

Anonymous 26 August 2020 at 10:15

I really hate acronyms in the gay community. Remember when it use to be one or two things? Long were the
days when you were; gay, bi and trans. Now in 2020 its LGBTTQQIAAP, whatever that means. In my opinion
its ridiculous, pretty soon in the near future we will add bestiality to the mix. I am all for human rights but
there has to be a limit to acronyms that hold so much power in society today. Freedom of expression has
flown out the window and maybe taking our words to seriously and confusing vocabulary gender specific
norms with actual individuals has to stop. Stop it queer community.

Going back to the topic here..

As a gay male I could not imagine being a parent and having a child face those issues, certainly I would want
my child to be happy. Children are always developing and changing who they are, I would want my child to fit
in and be accepted. Let's face it children can be cruel especially in playgrounds. I couldn't imagine being a
child and having to go through all that, gender specific clothing tells people who you are and when we use
clothing to express yourselves at a very young age, it could hinder a child's development. Why because other
kids would be cruel and bully that child. There has to be a silverlineing to helping your child transition and
maybe that might mean allowing them to express themselves using one token of trasition rather then the
whole lot. Keeping my child's safety in mind would be my number one concern.

Reply

Dippycook 27 August 2020 at 06:11

What stood out for me when I read the comments was that there was a clear difference between the scientific
& therapeutic community. I could feel the tension between the feelings of those who feel that they are
therapeutically protecting the trans community & your focus on wanting a debate that remained both factual
& logical. It seemed to me you are all on the same team and in agreement at some level but each party has
missed ‘the rub’ as I call it. The feelings needed to be untangled from their responses & I felt they could have
attempted to understand your focus on the facts and you could have validated their feelings about the topic
rather than suggest it’s emotional abuse. For me that was unnecessary & incendiary.

I'm very surprised the SSSS felt the need to parent this discussion by pulling the plug. Likewise I feel debate
is vital, and was surprised to hear one commenter experienced your conduct as violent. Stephen Fry’s quote
comes to mind “I find that offensive. ' It has no meaning; it has no purpose; it has no reason to be respected
as a phrase. 'T am offended by that. ' Well, so fucking what."

1 do think you have been unfairly treated & accused of behaviour simply because you were being robust in
your stance.

Reply
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EPIDEMIOLOGY OF SPORTS INJURIES AMONG MIDDLE
SCHOOL STUDENTS

Shane Caswell, "2 Matthew Prebble, " Kaitlyn Romm, " Jatin Ambegaonkar,
Amanda Caswell,"? Nelson Cortes"2. "George Mason University, Fairfax, USA;
2Sports Medicine Assessment, Research and Testing Laboratory, Manassas, USA

1,2

10.1136/bjsports-2016-097372.56

Background Participation in youth sports is increasing. Yet,
limited research on the incidence and severity of injuries within
middle school sports(MSS) exists.

Objective Describe the epidemiology of injuries in MSS within
a large metropolitan school system located in the US.

Design Prospective descriptive epidemiology.

Setting Injury data collected in 9-MSS programs during 2015—
2016.

Patients (or Participants) Boy(n=1194) and girl(n=1008) ath-
letes(age=11-14 years) participating in 12 school sponsored
sports.

Interventions (or Assessment of Risk Factors) Each of the 9
schools was assigned an athletic trainer(AT) who attended all
practices and games during the fall, winter, and spring sports
seasons of 2015-2016.

Main Outcome Measurements ATs collected injury and
athlete-exposure(AE) data. Injury frequencies and rates with
95% confidence intervals(95%CI) for practices and games were
described by sport for all injuries (no-time-loss and time-loss).
Injury proportions were described by body region.

Results 1643  injuries(182.6+64.8  injuries/school)  were
reported. Highest rates of injury were: Girls’ basketball (39.4/
1000AE 95% CI: 34.7-44.1), American football (30.7/1000AE
95% CI: 27.3-34.1), wrestling (28.7/1000AE 95% CI: 24.4—
32.9), and girls’ soccer (26.3/1000AE 95% CI: 22.1-30.6).
Lowest rates of injury were: Girls’ volleyball (9.1/1000AE 95%
CI: 6.7-11.6), boys’ baseball (10.2/1000AE 95% CI: 6.8-13.5),
cheerleading (10.6/1000AE 95% CI: 8.5-12.8), and boys’
soccer (14.7/1000AE 95% CI: 11.8-17.7). Most injuries
occurred during practice (n=889, 54%) compared with games
(n=390, 24%). The top three injured body regions injured
were: lower extremity (n=744, 45%), upper extremity (n=409,
25%), and head (n=297, 18%). The highest rates of concussion
were: football (2.9/1000AE 95% CI: 1.9-4.0), girls’ soccer

(2.2/1000AE 95% CI: 0.9-3.4), and cheerleading (1.1/1000AE
95% CI: 0.4-1.8). Most concussions occurred during practice
(47.3%) compared with games (34.5%).

Conclusions Consistent with previous research a greater pro-
portion of MMS injuries occurred during practices than games.
However, our finding that girls’ basketball had the highest
injury rate differs from prior research. Overall, our rates were
higher than those previously reported, yet more precise given
our sample size and detailed documentation AE. Our findings
highlight the need for medical care at MMS practices and
games.

Br J Sports Med 2017;51:284-413.
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Orlgmal Article

Normative health-related fitness values for children:
analysis of 85347 test results on 9—-17-year-old

Australians since 1985

Mark J Catley, Grant R Tomkinson

ABSTRACT

Objectives To provide sex- and age-specific norma-
tive values for health-related fitness of 9—17-year-old
Australians.

Methods A systematic literature search was under-
taken to identify peer-reviewed studies reporting
health-related fitness data on Australian children since
1985—the year of the last national fitness survey. Only
data on reasonably representative samples of appar-
ently healthy (free from known disease or injury) 9-17-
year-old Australians, who were tested using field tests
of health-related fitness, were included. Both raw and
pseudo data (generated using Monte Carlo simulation)
were combined with sex- and age-specific normative
centile values generated using the Lambda Mu and
Sigma (LMS) method. Sex- and age-related differences
were expressed as standardised effect sizes.

Results Normative values were displayed as tabu-
lated percentiles and as smoothed centile curves

for nine health-related fitness tests based on a
dataset comprising 85347 test performances. Boys
typically scored higher than girls on cardiovascular
endurance, muscular strength, muscular endurance,
speed and power tests, but lower on the flexibility
test. The magnitude of the age-related changes was
generally larger for boys than for girls, especially dur-
ing the teenage years.

Conclusion This study provides the most up-to-date
sex- and age-specific normative centile values for the
health-related fitness of Australian children that can be
used as benchmark values for health and fitness screen-
ing and surveillance systems.

BACKGROUND

Physical fitness is considered to be an important
marker of current and future health in children
and adults.! In children, cardiovascular fitness is
a weak-to-strong predictor of total and abdomi-
nal adiposity, cardiovascular disease risk factors,
cancer and mental health.! ? Certain muscular
fitness components (eg, strength and endurance)
are moderate predictors of cardiovascular disease
risk factors, skeletal health and mental health.!
Meaningful relationships have also been reported
between running speed (another muscular fitness
component) and skeletal health.? In adults, car-
diovascular fitness is a strong and independent
predictor of all-cause mortality and cardiovas-
cular disease mortality and morbidity,* stroke,’
cancer, mental health,® health-related quality of
life” and many other cardiometabolic risk factors
and comorbidities.® © Moreover, physical fitness

tracks moderately well from childhood through to
adulthood.!%-18 This evidence highlights the need
to include health-related fitness testing (ie, the test-
ing of fitness components such as cardiovascular
and muscular fitness that have the strongest links
with health outcomes) as part of existing health
and fitness screening and surveillance systems.

Although the most valid assessments of fit-
ness require sophisticated laboratory equipment
and a high level of tester expertise, they unfor-
tunately are not suitable for mass testing. On
the other hand, properly conducted field tests
offer simple, feasible, and practical alternatives,
which typically demonstrate good reliability and
validity.? -7 In Australia, unlike in Europe and
North America where standardised test batter-
ies such as the Eurofit!® or FITNESSGRAM? are
widely administered, a number of different field-
based fitness tests and testing protocols have been
used over time. For example, the most popular field
test of cardiovascular fitness in Australia in the
1960s and 1970s was the 549-m (600 yd) run; in the
1980s and 1990s, it was the 1600-m run; and over
the past decade or so, it has been the 20-m shuttle
run.?? Many physical educators and sports coaches
in Australia continue to administer tests that are
no longer in favour, largely because normative data
(which are now several decades old) are available.
This makes it difficult to assess the current status
of health-related fitness in Australian children.
Further compounding the problem is that the last
national fitness survey of Australian children was
conducted in 1985,%! and with convincing evidence
of recent temporal changes in several components
of fitness,?2-24 the usefulness of such data seems to
be limited.

Because there has never been a follow-up to the
1985 national survey, this study aimed to locate
large and reasonably representative datasets of
Australian children to generate normative centile
values for health-related fitness. This study also
aimed to quantify sex- and age-related differences
in health-related fitness. These normative data
will facilitate the identification of children with
(a) low fitness in order to set appropriate goals and
to promote positive health behaviours, and (b)
specific fitness characteristics that may be consid-
ered important for sporting success.

METHODS

Data sources

A systematic review of the peer-reviewed scien-
tific literature was undertaken to locate studies
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Table 1 Summary of the included studies that have been used to assess the health-related fitness of 9—17-year-old Australians since 1985
Tests reported in included studies
Standing Sit- 20m
Age Raw Sampling Sample Push- Sit- broad Baskethall 50 m and- Hand- 1.6 km shuttle
Study Year (years) N data method base Protocol ups  ups jump throw sprint reach grip run run
ACHPER®0 1994 9-18 39-104 vyes School-based; State ACHPER®0 . . . . .
stratified, (VIC)
proportional
Barnettetal®’ 2007 15-17 21-69 no  School-based; State ACHPERS? .
stratified, (NSW)
random
Birchall®2 1990 5-12 6-184  yes School-based; State Pyke?! . . . . . .
convenience  (VIC)
Boothetal®® 1997 9,11, 399-634 no  School-based; State ACHPER®0 . . .
13,15 stratified, (NSW)
proportional
Boothetal®* 2004 9-15 357-466 no  School-based; State ACHPERS? .
stratified, (NSW)
proportional
Burkeetal’® 2004 10-13 38-117 vyes School-based; Capital city ACHPERS? .
stratified, (WA)
proportional
Cooley and 1998 11-16 339-636 no  School-based; State ACHPER®0 .
McNaughton®® stratified, (TAS)
proportional
Dollman 1997 10-12 118-450 yes School-based; State Pyke?! . . .
etal®’ stratified, (SA)
proportional
Dollman pers. 2002 11-12 19-154 yes School-based; State Pyke?! . .
comm. stratified, (SA)
random
Dollman, 2002 8-12 8-389 yes School-based; State ACHPER®0 . .
pers. comm. stratified, (SA) Pyke?!
proportional
Hands®® 2000 6-12 14-37 yes School-based; Capital city ACHPERS? . . . . . . .
stratified, (WA) Pyke?!
random
Mclntyre, 2009 10-11 23-44 yes School-based; Capital city ACHPER® .
pers. comm. stratified, (WA)
random
McNaughton 1995 7-10 30-83 no  School-based; State Pyke?! . .
etal® stratified, (TAS)
random
Pyke?! 1985 7-15 405-497 yes School-based; National  Pyke?' . . . . . . .
stratified,
proportional
Vandongen 1990 11 485-486 no  School-based; Capital city ACHPERS? . .
et al0 stratified, (WA)
random

identifies test data that are available.

ACHPER, Australian Council for Health, Physical Education and Recreation; year, year of testing; n, sample size range per sex by age by test group; VIC, TAS, SA, WA, NSW

reporting descriptive summary data on Australian children
tested for health-related fitness using field tests. Candidate
studies were searched for in November 2009 using a computer
search of online bibliographic databases (Ausport, CINAHL,
Medline, PubMed, Scopus and SPORTDiscus). The search
string used for the computer search was: (((CLL(((((fitness)
OR aerobic) OR anaerobic) OR cardio*) OR endurance) OR
agility) OR flexibility) OR speed) OR power) OR strength)
OR sprint*) OR jump*) OR push-up*) OR sit-up*) OR grip
strength) OR sit and reach) AND (((child*) OR paediatric*)
OR adolesc*) OR boy*) OR girl*) OR youth*) OR teen*) AND
(Australia*). All titles and abstracts (when available) were
assessed to identify eligible articles, with full-text articles
retrieved if there was doubt in an article’s eligibility. A num-
ber of Australian researchers were contacted through email

20f12

to ask whether they knew of any appropriate studies or
unpublished datasets.

Inclusion/exclusion criteria

Studies were included if they explicitly reported descriptive
health-related fitness test data for apparently healthy (free
from known disease or injury) 9-17-year-old Australians
who were tested from 1985 onwards and if they reported
data at the sex by age by test level, on children directly mea-
sured using field-based fitness tests for which explicit test-
ing protocols were available. Studies were excluded if they
reported descriptive data that were published in another
identified study. The reference lists of all included studies
were examined and cross-referenced to identify additional
studies. Attempts were made to contact the corresponding
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Figure 1 Flowchart outlining the identification of the included studies.

author of each study to request raw data and/or to clarify
study details.

Initial data analysis

The following descriptive data were extracted from each
included study: sex, age, year of testing, sample size, mean,
SD, fitness test type and test protocol. Only data for com-
monly used fitness tests that were collected using protocols
that were originally described in national or state-based fit-
ness surveys of Australian children were retained for further
analysis. Tests were considered to be ‘common’ if they were
used to measure fitness in children across a broad range of
ages and in at least two separate studies. Data for each fit-
ness test were expressed in a common metric, and protocol
differences were corrected where possible (eg, 20 m shuttle

Catley MJ, Tomkinson GR. BrJ Sports Med (2011). doi:10.1136/bjsports-2011-090218

Bocument 3431 Fifed
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Origial Article

run data were expressed as the number of completed stages
using the correction procedures described by Tomkinson
et al).?> However, if protocol correction was not possible,
then only fitness data collected using the most common test
protocol were retained. All available raw data were checked
for anomalies by running range checks with data +3 SDs
away from the respective study by sex by age by test mean
excluded. Age was expressed in whole years as the age at
last birthday.

Statistical analysis

Sex- and age-specific normative centile values were cal-
culated using a dataset comprising raw data and pseudo
data that were generated using the method described by
Tomkinson.?4 Normative centile values were generated using
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Table 2 1.6 km run (s) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age
(vear) Py Py Py Py Py P, P Ps Py Pyy Pys L M S

Boys
9 750 684 618 578 547 522 499 476 452 423 401 —1.042 521.963  0.183
10 732 666 602 564 535 51 489 469 447 420 400 —1.284 511.053 0.175
1 710 646 585 549 523 500 480 461 44 416 397 —1.466 500.394 0.166
12 682 621 563 530 505 485 467 449 430 408 392 —-1.721 484.819  0.157
13 643 587 535 505 483 465 448 432 415 395 380 —1.895 464.529 0.148
14 605 556 509 482 462 446 431 416 401 382 369 —1.987 445569 0.140
15 575 531 490 465 447 432 418 404 390 373 360 -1.979 431.504 0.133
16 552 514 477 454 437 423 410 397 383 366 354 —1.865 422.693 0.128
17 534 500 467 446 430 417 404 392 379 362 350 -1.707 416.545  0.123

Girls
9 829 769 706 666 635 609 584 559 533 499 475 —-0.779 608.674  0.167
10 820 759 697 657 626 600 576 552 526 494 470 —0.878 600.149  0.166
n 801 M 680 641 611 586 562 539 514 483 460 —0.929 585.820 0.165
12 784 726 666 629 600 575 552 529 505 474 452 —0.921 574.682 0.164
13 171 716 658 621 593 569 546 524 500 469 447 —0.852 568.706  0.163
14 763 m 655 620 592 567 545 523 498 468 445 —-0.737 567.486  0.162
15 760 710 656 621 594 570 547 525 500 469 446 —0.591 569.809 0.161
16 757 710 658 624 597 573 550 527 502 471 446 —0.428 572723  0.160
17 753 708 658 625 598 575 552 529 504 47 446 —0.263 574.536  0.159

Note, percentile data were calculated from 11 423 1.6 km run performances collected between 1985 and 1997.
L, skew; M, median; P, percentile; S, coefficient of variation.

Table 3 20 m shuttle run (completed stages) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age
(year) P; Py P2 Py Py P P ) Py Py Py L M S

Boys
9 1 1 2 2 2 3 3 3 4 5 6 0.213 2.573 0.568
10 1 2 2 3 3 4 4 5 5 7 8 0.373  3.537 0.543
" 1 2 3 3 4 4 5 5 6 7 8 0.520 4131 0.517
12 1 2 3 3 4 4 5 6 6 8 9 0.643  4.460 0.486
13 2 2 3 4 4 5 5 6 7 8 9 0.744 4.888 0.453
14 2 3 4 4 5 6 6 7 8 9 10 0.835 5.664 0.418
15 3 3 4 5 6 7 7 8 9 10 1" 0.926 6.527 0.380
16 3 4 5 6 7 7 8 8 9 10 1" 1.031 7.159 0.343
17 4 5 6 6 7 8 8 9 10 1" 1 1.143 7.690 0.306

Girls
9 1 1 1 1 2 2 2 2 3 4 5 —0.065 1.842 0.535
10 1 1 2 2 2 2 3 3 4 5 6 0.086 2.468 0.557
1" 1 1 2 2 2 3 3 4 4 6 7 0.220 2.844 0.573
12 1 1 2 2 3 3 3 4 5 6 7 0.324 3.016 0.577
13 1 1 2 2 3 3 4 4 5 6 7 0.400 3.138 0.569
14 1 1 2 2 3 3 4 4 5 6 7 0.457 3.225 0.554
15 1 1 2 3 3 3 4 4 5 6 7 0.505 3.412 0.536
16 1 2 2 3 3 4 4 5 5 6 7 0.554 3.672 0.518
17 1 2 2 3 4 4 5 5 6 7 8 0.603 4.032 0.499

Percentile data were calculated from 18 075 20 m shuttle run performances collected between 1990 and 2009.

The 20 m shuttle run can be scored in different metrics other than as the number of completed stages, such as the number of completed laps, the speed at the last com-
pleted stage and as mass-specific peak oxygen uptake estimates (see Tomkinson et a/? for details on how to correct 20 m shuttle run performances to different metrics).
L, skew; M, median; P, percentile; S, coefficient of variation.

LMSChartmaker Light (v2.3, The Institute of Child Health, the extent of smoothing required can be expressed in terms of

London) software, which analyses data using the LMS meth- ~ smoothing parameters or equivalent degrees of freedom.?”

0d.26 The LMS method fits smooth centile curves to refer- For each fitness test, differences in means between: (a) age-
ence data by summarising the changing distribution of three matched Australian boys and girls (eg, 10-year-old boys vs
sex- and age-specific curves representing the skewness (L: 10-year-old girls); (b) sex-matched Australian children of differ-
expressed as a Box-Cox power), the median (M) and the coef- ent ages (eg, 10-year-old boys vs 11-year-old boys); and (c) sex-
ficient of variation (S). Using penalised likelihood, the curves ~ and age-matched Australian and international children!® 26-30
can be fitted as cubic splines using non-linear regression, and ~ were expressed as standardised effect sizes.3! Positive effect
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Table 4 50 m sprint (s) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians

Age
year) P Py Py P3 Py Pso i) ) P Py Pys L M S
Boys
9 10.6 10.2 9.8 9.5 9.3 9.1 9.0 8.8 8.6 8.3 8.1 —1.837 9.136 0.078
10 10.5 10.1 9.7 9.4 9.2 9.0 8.8 8.7 8.5 8.2 8.0 —2.185 9.009 0.080
" 10.4 10.0 9.6 9.3 9.1 8.9 8.7 8.5 8.3 8.1 79 —2.405 8.877 0.081
12 10.2 9.8 9.3 9.1 8.9 8.7 8.5 8.3 8.1 1.9 1.1 —2.446 8.673 0.081
13 9.8 9.4 9.0 8.8 8.6 8.4 8.2 8.1 1.9 1.1 15 —2.489 8.377 0.079
14 9.4 9.0 8.7 8.4 8.2 8.1 1.9 1.8 1.6 1.4 1.2 —2.701 8.063 0.076
15 9.0 8.6 8.3 8.1 19 11 1.6 15 1.3 11 7.0 —3.021 7738 0.073
Girls
9 1.7 1.3 10.8 10.5 10.3 10.0 9.8 9.6 9.3 9.0 8.8 —0.981 10.033 0.088
10 11 10.7 10.3 10.0 9.8 9.5 9.3 9.1 8.9 8.6 8.4 —1.453 9.542 0.084
n 10.7 10.3 9.9 9.6 9.4 9.2 9.0 8.8 8.6 8.3 8.1 —1.803 9.161 0.082
12 10.4 10.0 9.6 9.3 9.1 8.9 8.7 8.6 8.4 8.1 1.9 -1.977 8.919 0.080
13 10.2 9.8 9.4 9.2 9.0 8.8 8.6 8.4 8.3 8.0 1.8 -1.99 8.7817 0.078
14 10.0 9.7 9.3 9.1 8.9 8.7 8.5 8.4 8.2 79 1.8 —1.884 8.686 0.076
15 9.9 9.6 9.2 9.0 8.8 8.6 8.5 8.3 8.1 79 17 —1.724 8.638 0.075
Note, percentile data were calculated from 10 104 50 m sprint performances collected between 1985 and 1999.
L, skew; M, median; P, percentile; S, coefficient of variation.
Table 5 Basketball throw (m) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians
Age
(year) P Py Py P Py P, Pg Py P Py Pyg L M S
Boys
9 2.3 2.5 2.1 29 3.1 3.3 3.4 3.6 3.8 41 4.4 0.623 3.260 0.198
10 2.5 2.8 3.0 3.3 3.4 3.6 3.8 4.0 4.2 4.5 4.8 0.675 3.608 0.192
n 2.8 3.1 3.4 3.6 3.8 4.0 4.2 4.4 4.1 5.0 5.3 0.733 4.026 0.188
12 3.1 3.4 3.8 4.0 4.3 4.5 4.1 49 5.2 5.6 59 0.792 4.4 0.188
13 35 3.8 4.2 4.5 4.8 5.0 5.3 5.5 5.8 6.2 6.6 0.843 5.012 0.187
14 3.9 4.2 41 5.0 5.3 5.5 5.8 6.1 6.4 6.9 1.2 0.898 5.522 0.186
15 4.2 4.6 5.0 5.4 57 6.0 6.3 6.6 6.9 7.4 7.8 0.943 5.975 0.185
16 4.4 4.8 5.3 5.6 6.0 6.3 6.5 6.9 1.2 117 8.2 0.964 6.254 0.185
17 4.5 4.9 5.5 5.8 6.2 6.5 6.8 11 15 8.0 8.5 0.966 6.467 0.187
Girls
9 21 2.3 2.5 2.1 29 3.0 3.2 3.3 3.5 3.7 3.9 1.116 3.015 0.182
10 2.3 2.6 2.8 3.0 3.2 3.3 35 37 3.8 4.1 4.3 1.024 3.336 0.181
" 2.6 2.8 3.1 3.3 3.5 3.6 3.8 4.0 4.2 45 417 0.942 3.646 0.180
12 2.8 3.1 3.4 3.6 3.8 4.0 4.2 4.3 4.6 4.9 5.2 0.873 3.970 0.180
13 3.0 3.3 3.6 3.9 4.1 4.3 4.5 4.7 4.9 5.3 5.6 0.816 4.265 0.179
14 3.2 3.4 3.8 4.0 4.2 4.4 4.6 4.8 5.1 5.4 5.7 0.739 4.410 0.175
15 3.3 3.6 3.9 4.1 4.3 4.5 4.7 4.9 5.1 5.5 5.8 0.606 4.486 0.169
16 3.4 3.7 4.0 4.2 4.4 4.6 4.1 5.0 5.2 5.6 59 0.394 4.557 0.162
17 3.6 3.8 41 4.3 45 4.6 4.8 5.0 5.3 5.6 5.9 0.140 4.634 0.154

Note, percentile data were calculated from 5,541 basketball throw performances collected between 1994 and 1999; L, skew; M, median; P, percentile; S, coefficient of
variation.

sizes indicated that mean fitness test performances for boys
(age-matched analysis), older children (sex-matched analysis)
or Australian children (sex- and age-matched analysis) were
higher than those for girls, younger children or international
children, respectively. Effect sizes 0of 0.2, 0.5 and 0.8 were used
as thresholds for small, moderate and large.?!

RESULTS

Table 1 summarises the 15 included studies. Of these, 12 were
identified through bibliographic database searching and
word of mouth, and three were identified through reference
list searching. Corresponding authors of all the studies were

Catley MJ, Tomkinson GR. BrJ Sports Med (2011). doi:10.1136/bjsports-2011-090218

contacted through email to clarify study details and/or to
request raw data. All authors satisfactorily clarified study
details, and seven of them supplied raw data (figure 1).

The final dataset comprised 85347 individual test
results and 142 sex by age by test groups with a median
sample size of 537 (range: 54-2612). Data were available
for six fitness components and nine fitness tests: cardiovascu-
lar endurance (20 m shuttle run, 1.6 km run), muscular strength
(hand-grip), muscular endurance (push-ups and sit-ups), mus-
cular power (standing broad jump and basketball throw), mus-
cular speed (50 m sprint) and flexibility (sit-and-reach). Raw
data were available for 74% of all data points.

Daubert Response App. 0133
5 of 12


http://bjsm.bmj.com/
http://group.bmj.com

Document

nloaded from http: //bésm bmicom/ Tealla ch /

6

%5 Publghed li/group]pmj com

Table 6 Standing broad jump (cm) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians

Age
(year) Py ) Py Py ) P P Pa Py Py Pys L M S
Boys
9 105 13 121 127 133 138 142 147 153 161 168 1.244 137.506  0.138
10 109 17 126 133 138 143 148 154 160 168 174 1.490 143.430 0.138
n 12 121 131 138 144 149 154 160 166 174 181 1.654 149.322  0.138
12 ni 126 137 144 150 156 161 167 173 182 189 1.704 155.838  0.137
13 126 136 147 154 161 166 172 178 185 194 201 1.629 166.340  0.135
14 137 146 157 165 172 178 184 190 197 206 214 1.526 177.688  0.131
15 148 157 169 177 183 189 196 202 209 219 228 1.446 189.485  0.127
Girls
9 95 102 110 116 122 126 131 136 142 150 157 1.098 126.379  0.149
10 100 108 ni 123 128 133 138 143 149 158 165 1.152 133177 0.147
n 106 14 123 129 135 140 145 151 157 166 173 1.197 140.142 0.145
12 m 118 128 135 140 145 151 156 163 m 179 1.21 145.432  0.142
13 15 123 132 139 145 150 155 161 167 176 183 1.183 150.080 0.138
14 19 127 136 143 148 154 159 164 17 180 187 1.158 153.551 0.134
15 122 129 139 145 151 156 161 166 173 181 188 1.148 155.661 0.130
Percentile data were calculated from 11 194 standing broad jump performances collected between 1985 and 2002.
L, skew; M, median; P, percentile; S, coefficient of variation.
Table 7 Push-ups (no. in 30 s) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians
Age
(vear) P; Py P2 P Py P P Py Py Py Pys L M S
Boys
9 4 6 8 9 n 12 14 15 17 20 22 0.846 12.310 0.452
10 4 6 8 10 n 13 14 16 18 21 23 0.894 12.943 0.447
1 4 6 8 10 12 13 14 16 18 20 22 0.940 12.942 0.438
12 4 6 9 10 12 13 15 16 18 20 22 0.980 13.200 0.422
13 5 7 9 1 13 14 16 17 19 22 24 1.020 14.255 0.399
14 6 8 n 13 14 16 17 19 21 23 25 1.070 15.954 0.370
15 7 10 13 15 16 18 19 21 23 25 27 1.126 17.697 0.337
Girls
9 2 3 5 7 8 9 10 12 13 16 18 0.719 8.989 0.550
10 2 3 5 6 7 9 10 " 13 16 18 0.652 8.655 0.583
" 2 3 4 6 7 8 9 " 13 16 18 0.584 8.142 0.624
12 1 2 4 5 6 7 9 10 12 15 18 0.518 7.395 0.672
13 1 2 3 4 6 7 8 10 12 15 18 0.453 6.792 0.720
14 1 2 3 4 5 6 8 9 n 15 18 0.390 6.384 0.765
15 1 2 3 4 5 6 7 9 n 14 18 0.329 5.818 0.812

Percentile data were calculated from 7,342 push-up test performances collected between 1985 and 1991.

L, skew; M, median; P, percentile; S, coefficient of variation.

Normative fitness data for 9-17-year-old Australians are
presented as tabulated percentiles from 5 to 95 (P;, Py, P,
P2os Paor Psor Peor Pror Poos Pogs Pos) in tables 2—-10. The sex- and
age-specific LMS values for all fitness tests are also shown.
The LMS values depict the nature of the age-related distribu-
tions for boys and girls and can be used to calculate z-scores
and hence percentile values by looking up a z-table, using

the following formula:

where z is z score, x is performance, L is sex- and age-specific
L-value, M is the sex- and age-specific /l-value and S is the sex-
and age-specific S-value.

6 of 12

Figures 2 and 3 show the smoothed centile curves
(Pygs Psor Pop)-

Figure 4 shows the sex-related differences in mean fitness.
Boys consistently scored higher than girls on health-related fit-
ness tests, except on the sit-and-reach test, with the magnitude
of the differences typically increasing with age and often accel-
erating from about 12 years of age. Overall, the magnitude of
differences between boys and girls was large for the 1.6 km run,
20 m shuttle run, basketball throw and push-ups; moderate for
the 50-m sprint, standing broad jump and sit-and-reach; and
small for sit-ups and hand-grip strength. Figure 5 shows the age-
related changes in mean fitness. The age-related changes were
typically larger for boys than for girls, especially during the
teenage years, and for muscular fitness tests than for cardiovas-
cular fitness tests. Fitness also tended to peak from about the
age of 15 years. Figure 6 shows that the differences in health-
related fitness between Australian and international children
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Table 8 Sit-ups (no. in 180 s) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age
(year) P Py Py P3 Py P Pgo ) Py Pgy Pys L M S

Boys
9 3 5 8 1l 14 17 21 25 30 40 48 0.321 17.046 0.755
10 5 8 13 17 20 24 29 34 40 50 59 0.466 24.459 0.669
" 6 10 16 21 25 29 34 39 45 55 60 0.629 29.422 0.594
12 8 14 21 26 31 36 40 45 51 60 60 0.841 35.561 0.514
13 10 17 25 31 36 40 45 50 55 60 60 1.056 40.288 0.443
14 12 20 29 34 39 43 48 52 57 60 60 1.232 43.454 0.389
15 14 22 31 36 4 45 49 53 58 60 60 1.335 44,942 0.359
16 16 24 32 38 42 46 50 54 58 60 60 1.426 46.209 0.332
17 18 26 34 40 44 47 51 55 59 60 60 1.517 47.466 0.306

Girls
9 5 8 12 15 18 21 25 29 35 43 51 0.394 21.258 0.642
10 7 10 14 18 22 26 30 34 40 50 58 0.485 25.666 0.605
1" 8 1" 17 21 25 29 34 39 45 54 60 0.571 29.444 0.569
12 9 13 19 24 28 32 37 42 48 57 60 0.646 32123 0.534
13 10 15 21 26 30 34 39 44 50 59 60 0.705 34.408 0.504
14 1" 15 22 27 31 35 40 45 50 59 60 0.741 35.334 0.482
15 1" 16 22 21 31 35 40 44 50 58 60 0.757 35.327 0.464
16 12 17 23 28 32 36 40 44 50 57 60 0.761 35.690 0.447
17 13 18 24 28 32 36 40 45 50 58 60 0.761 36.333 0.431

Percentile data were calculated from 8 837 sit-up test performances collected between 1985 and 1999.
L, skew; M, median; P, percentile; S, coefficient of variation.

Table 9 Hand-grip strength (kg) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians (taken as the mean
of both hands)

Age
(year) P Py Py P3 Py P Pgo P2 P Pgy Py L M S
Boys
9 11.5 12.5 13.8 14.8 15.6 16.4 17.2 18.1 19.2 20.8 221 0.600 16.415 0.197
10 13.1 14.3 15.9 17.0 18.0 19.0 19.9 21.0 22.2 23.9 25.4 0.728 18.967 0.198
1" 14.5 15.9 17.7 19.0 20.1 21.2 22.3 23.5 24.9 26.8 28.5 0.764 21.217 0.200
12 15.4 17.0 18.9 20.3 21.5 22.7 23.8 25.1 26.6 28.7 30.5 0.747 22.655 0.203
13 17.5 19.3 21.5 23.1 245 25.8 21.2 28.6 30.4 32.8 34.9 0.738 25.819 0.205
14 20.8 22.9 25.5 27.4 29.1 30.7 32.4 34.1 36.2 39.1 41.6 0.742 30.731 0.207
15 24.6 271 30.3 32.6 34.6 36.5 38.4 40.5 43.0 46.5 495 0.752 36.517 0.207
Girls
9 9.8 10.8 12.0 12.9 13.7 14.4 15.1 16.0 17.0 18.4 19.5 0.639 14.396 0.205
10 11.4 12.6 141 15.2 16.2 171 18.0 19.0 20.1 21.8 231 0.842 17.072 0.210
" 12.5 13.9 15.5 16.8 17.8 18.8 19.8 20.9 22.1 23.9 25.3 0.932 18.816 0.208
12 14.4 16.0 17.8 19.1 20.3 21.4 22.5 23.6 25.0 26.9 28.5 0.922 21.374 0.200
13 16.4 18.0 19.9 21.3 22.5 23.6 24.8 26.0 27.4 29.5 311 0.880 23.641 0.190
14 18.2 19.7 21.6 23.0 24.3 25.4 26.5 27.8 29.2 31.3 33.0 0.828 25.390 0.178
15 19.8 21.3 23.2 24.6 25.8 26.9 28.0 29.2 30.7 32.7 34.4 0.770 26.881 0.165

Percentile data were calculated from the 3 707 hand-grip strength performances collected between 1985 and 1999.
L, skew; M, median; P, percentile; S, coefficient of variation.

were generally small, with Australian children scoring slightly
higher on hand-grip strength (mean +95% CI: 0.20+0.03 SDs)
and 50 m sprint tests (0.24+0.02 SDs), and slightly lower on sit-
and-reach (-0.36+0.02 SDs), standing broad jump (-0.25+0.02
SDs) and 20 m shuttle run tests (—0.49+0.01 SDs).

DISCUSSION

This study provides the most up-to-date sex- and age-spe-
cific normative centile values for 9-17-year-old Australians
across a range of health-related fitness tests, which can be
used as benchmark values for health and fitness screening

Catley MJ, Tomkinson GR. BrJ Sports Med (2011). doi:10.1136/bjsports-2011-090218

and surveillance of children. These data complement a grow-
ing literature reporting growth percentiles across a range of
different health measures, such as body mass index,%? waist
girth®® and blood pressure,?® and a range of other health-
related fitness measures.?? 30 It also quantifies the magnitude
and direction of sex- and age-related differences in children’s
health-related fitness and shows that boys consistently
scored higher than girls on fitness tests (except on the sit-
and-reach test of flexibility) and that boys experience larger
age-related changes in fitness. The developmental patterns
of children’s fitness have been well studied and extensively
reviewed (eg, for cardiovascular fitness, refer to Armstrong
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Table 10 Sit-and-reach (cm) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians.

Age (y) Pg P1o P20 P30 Py Pso Peo P20 Pgo Pgo Pos L M S

boys

9 10.4 12.9 15.7 17.7 19.4 20.9 22.4 23.9 25.8 28.2 30.3 1.211 20.877 0.285
10 10.0 12.5 15.3 17.3 19.0 20.5 221 23.7 25.5 28.0 30.1 1.190 20.537 0.294
1" 9.6 121 15.0 17.0 18.7 20.3 21.9 23.5 25.4 28.0 30.1 1.167 20.313 0.305
12 9.3 11.8 14.8 16.9 18.7 20.3 21.9 23.6 25.6 28.3 30.5 1.133 20.292 0.315
13 9.4 12.0 15.1 17.2 19.1 20.8 22.5 24.3 26.4 29.2 31.6 1.091 20.785 0.322
14 9.8 12.5 15.7 18.0 20.0 21.8 23.6 25.5 27.8 30.9 33.4 1.054 21.804 0.328
15 10.4 13.2 16.6 19.1 21.2 23.1 25.1 271 29.5 32.9 35.7 1.017 23.112 0.332
16 1.1 14.0 17.6 20.1 22.3 24.4 26.5 28.7 31.3 34.9 37.8 0.984 24.392 0.334
17 1.7 14.8 18.5 21.2 23.5 25.7 219 30.2 33.0 36.8 40.0 0.953 25.686 0.335
girls

9 13.0 15.8 18.9 211 22.9 24.6 26.2 28.0 29.9 32.6 34.8 1.285 24.614 0.264
10 13.0 15.7 18.8 20.9 22.7 24.4 26.0 21.17 29.7 32.4 34.6 1.259 24.402 0.265
1" 13.2 15.9 19.0 21.2 23.0 24.7 26.4 28.1 30.1 32.8 35.0 1.235 24.705 0.265
12 14.0 16.7 19.9 22.2 241 25.8 215 29.3 31.3 34.2 36.4 1.230 25.790 0.262
13 15.3 18.2 21.6 24.0 25.9 21.1 29.5 31.4 33.6 36.5 38.9 1.250 21.740 0.256
14 16.5 19.5 23.1 25.5 27.6 29.4 31.3 33.2 35.4 38.4 40.9 1.293 29.440 0.248
15 17.0 20.1 23.1 26.1 28.1 30.0 31.8 33.7 35.9 38.8 41.2 1.350 29.997 0.241
16 17.0 20.0 23.5 25.9 279 29.6 31.4 33.2 35.3 38.1 40.3 1.412 29.647 0.235
17 16.8 19.8 23.2 25.5 21.4 29.1 30.7 325 34.4 371 39.2 1.472 29.074 0.229

Note, percentile data were calculated from 9,124 sit-and-reach performances collected between 1985 and 2000; L = skew; M = median;
S = coefficient of variation. Note, a score of “20 cm” corresponds to the participant reaching their toes.

et al ®* Krahenbuhl et a/*® and Rowland3%; for muscular fit-
ness, refer to Blimkie and Sale,% Froberg and Lammert3® and
De Ste Croix®?). Although the underlying causes of sex- and
age-related differences are clear for some fitness test per-
formances, such as those for muscular strength, power and
speed, which are largely explained by physical differences
(eg, differences in muscle mass or height), they are less clear
for others, such as for cardiovascular endurance, which may
be explained by physiological differences (eg, differences in
mechanical efficiency and/or fractional utilisation).! %6 It is,
nonetheless, beyond the scope of this article to discuss the
causes that underscore the sex- and age-related changes in
fitness test performance.

International comparisons

Although several studies have previously compared the
health-related fitness of Australian children with their sex-
and age-matched international peers,?? 40 comparisons have
only been made for cardiovascular fitness. Figure 6 compares
the 20-m shuttle run, 50 m sprint, standing broad jump, hand-
grip strength and sit-and-reach performance of 9-17-year-old
Australians with 1 894 971 test results from sex-, age- and test-
matched international children from 48 countries who have
been measured using the same test protocols as those refer-
enced in table 1 and described in Appendix 1. Figure 6 also
shows typically small differences in health-related fitness
between Australian and international children. Furthermore,
the sex- and age-related differences in fitness of Australian
children are strikingly similar to those observed in interna-
tional children. Given that the differences are generally small,
the normative centile data presented in this study could be
used as approximate benchmark values for health-related fit-
ness of international children.

Fitness thresholds for cardiometabolic risk

Fitness is widely recognised as a powerful marker of cur-
rent and future cardiovascular, skeletal and mental health.

8of 12

Unfortunately, there are no universally accepted recom-
mendations for health-related levels of fitness. In recent
years however, sex- and age-specific threshold values for
cardiovascular fitness (operationalised as mass-specific
peak oxygen uptake in ml/kg/min) have been established
for European and US children using linked cardiometabolic
risk-based values from receiver operator characteristic curve
analyses.*1=#* To estimate the prevalence of Australian chil-
dren with ‘healthy’ cardiovascular fitness (ie, those above
the thresholds), ‘international” sex- and age-specific thresh-
olds for 9-17-year-old children were estimated by determin-
ing best-fitting polynomial regression model (quadratic or
cubic) relating age (predictor variable) to previously reported
threshold values (response variable) in Adegboye et al,*!
Lobelo et al,*? Ruiz et al*® and Welk et al.#* Separate models
were generated for boys and girls. Peak oxygen uptake val-
ues in Australian children were estimated using 1.6 km run
and 20 m shuttle run data and the Cureton et a/*® and Léger
et al*0 regression equations, respectively.

Using these thresholds, about 71% of Australian boys
(median +95% Cl: 71%+8%) and 77% of Australian girls
(median +95% CI: 77%=+10%) apparently have ‘healthy’ car-
diovascular fitness. Although in light of recent secular declines
in cardiovascular fitness,?? 22 28 25 and with a median testing
year of 1993 in this study’s cardiovascular fitness dataset, it is
likely that these prevalence rates somewhat overestimate those
of today. These prevalence rates are better than (for girls), or
similar to (for boys), those observed in European (61% of boys
and 57 % of girls)?’ and US (71% of boys and 69% of girls)* chil-
dren. Geographical differences in prevalence rates may reflect
differences in (a) threshold levels, (b) the year(s) of testing, (c)
sampling methodology, (d) test methodology and (e) the way in
which peak oxygen uptake was measured or estimated.*’

Ultimately, it is important to remember that the normative
data presented in this study show how well Australian chil-
dren perform on health-related fitness tests relative to their
sex- and age-matched peers. For example, using a percentile
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Figure 2 Smoothed centile curves (P, Pc, and Pgg) for (A) 1.6 km
run (s), (B) 20 m shuttle run (number of completed stages), (C) 50 m
sprint (s), (D) basketball throw (m) and (E) standing broad jump (cm).

classification, children with fitness in the bottom 20% can be
classified as having ‘very low’ fitness; those between the 20th
and 40th percentiles as having ‘low’ fitness; those between
the 40th and 60th percentiles as having ‘average’ fitness; those
between the 60th and 80th percentiles as having ‘high’ fit-
ness; and those above the 80th percentile as having ‘very high’

Catley MJ, Tomkinson GR. BrJ Sports Med (2011). doi:10.1136/bjsports-2011-090218
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Figure 3 Smoothed centile curves (P, P, and Py;) for (A) push-ups
(number in 30 s), (B) sit-ups (number in 180 s), (C) hand-grip strength
(kg) and (D) sit-and-reach (cm) tests.

fitness. These data are not criterion-referenced in that they do
not indicate whether children with ‘very low’ or ‘low’ (or any
other classification for that matter) have ‘unhealthy’ cardiovas-
cular fitness or increased cardiometabolic risk. Despite the fact
that previous Australian evidence has linked low childhood
cardiovascular fitness with increased cardiometabolic risk in
adulthood,*® future Australian studies are required to exam-
ine whether childhood thresholds for cardiovascular fitness
(or other health-related fitness components) are significantly
associated with clustered cardiometabolic risk (or other health
outcomes, such as mental or skeletal health outcomes).

Strengths and limitations
Despite the fact that the last national fitness survey of
Australian children was in 1985, this study provides the most
Daubert Response App. 0137
9of 12


http://bjsm.bmj.com/
http://group.bmj.com

Case 2:21-cv-003 Dgcumen

from http: //bgm bmicom/ Tegla ch / 6

%5 PuFb)Ighed l%ﬁ/group]pmj com

Original Article

Figure 4 Sex-related differences in mean fitness expressed as
effect sizes. Data are shown for 9—17-year-old children tested on the
(A) 1.6 km run, (B) 20 m shuttle run, (c) 50 m sprint, (D) basketball
throw, (E) standing broad jump, (F) push-ups, (G) sit-ups, (H) hand-
grip strength and (1) sit-and-reach tests. The limits of the grey

zone represent effects sizes of 0.8 and —0.8, beyond which large
differences are observed.

up-to-date normative dataset for nine widely administered
health-related fitness tests, using cumulated data from 85347
Australian children aged 9-17 years collected between 1985
and 2009. This study used a strict set of inclusion and exclu-
sion criteria and rigorous initial data analysis procedures to
systematically control for any factors (eg, differences in test
methodology) that might have biased the normative values or
the estimates of the sex- and age-related differences. It used

10 0f 12

Figure 5 Age-related changes in mean fitness expressed as effect
sizes standardised to an effect size of age 15 years=0. Data are
shown for 9—17-year-old boys (triangles) and girls (circles) separately
tested on the (A) 1.6 km run, (B) 20 m shuttle run, (C) 50 m sprint, (D)
basketball throw, (E) standing broad jump, (F) push-ups, (G) sit-ups,
(H) hand-grip strength and (l) sit-and-reach tests. The limits of the
grey zone represent effects sizes of 0.8 and —0.8, beyond which large
differences are observed.

a novel pseudo-data method to allow both descriptive and
raw data to be merged before using the LMS method to cre-
ate sex- and age-specific smoothed percentiles. It also quanti-
fied sex- and age-related differences as standardised effects
sizes, allowing for comparison between sexes, among differ-
ent ages, and with sex, age and test-matched international

children.
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Figure 6 Sex- and age-specific effect sizes for (A) 20 m shuttle
run, (B) 50 m sprint, (C) hand-grip strength, (D) sit-and-reach and

(E) standing broad jump for 9—17-year-old Australian boys (triangles)
and girls (circles) relative to their international peers. Positive effects
indicate higher fitness scores for Australian children and negative
effects indicate lower fitness scores. Comparative data represent
n=284 508 20 m shuttle run performances,?8-30 n=1 216 452 50 m
sprint performances,'® n=126 361 hand-grip strength performances,?®
n=102 664 sit-and-reach performances,?® and n=164 986 standing
broad jump performances?® of 9—17-year-old children from 48
international countries.

However, this study is not without limitations. Only one of
the 15 included studies was based on a nationally representa-
tive sample, which obviously raises the issue of representa-
tiveness. Most of the included studies used similar sampling
frames (table 1). Schools with a greater interest in sport and
fitness may have been more willing to participate, and because
participation at the individual level was voluntary, it is possible
that children with low fitness levels chose not to participate.
This might have resulted in fitness test performances unrep-
resentative of the population, but it should not have affected
the sex- and age-related differences. Fitness data were also
collected at different times during the 1985-2009 period, and
given convincing evidence of recent temporal declines in some
(but not all) components of Australian children’s fitness,?3 4
it is possible that the normative data presented in this study
represent a better ‘health-related picture’ than what would be
observed today. A temporal analysis of the data accumulated in
this study suggests that these normative data would probably

Catley MJ, Tomkinson GR. BrJ Sports Med (2011). doi:10.1136/bjsports-2011-090218
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overestimate the fitness of Australian children in 2009 by an
average of 0.3 SDs or 13 percentile points, assuming of course
that the observed temporal changes remained consistent across
the entire 1985-2009 period. Nonetheless, these data represent
the best available and most up-to-date health-related fitness
data on Australian children. It must also be remembered that
despite being simple, cheap, easy, reliable, reasonably valid
and widely used alternatives of laboratory-based criterion
measures, field tests are affected by factors other than underly-
ing construct fitness. For example, validity data for field tests
of cardiovascular fitness suggest that (at best) only 50-60%
of the variance in field test performance is explained by the
variance in underlying peak oxygen uptake, indicating that
other physiological, physical, biomechanical, psychosocial and
environmental factors also play a part.!® In addition, although
criterion-related validity has not been established for all of the
included tests, face validity is generally accepted.!” Most of the
included tests are also considered to demonstrate good reliabil-
ity, although tests requiring a reasonable degree of subjective
judgement (eg, the subjective scoring of a properly performed
sit-up or push-up) typically demonstrate poorer reliability.!*

CONCLUSION

Physical fitness is considered to be an excellent marker of cur-
rent and future health. In anticipation of a follow-up national
fitness survey, this study provides the most up-to-date and
most comprehensive set of sex- and age-specific normative
centile values of health-related fitness of Australian children,
which can be used as benchmark values for health and fitness
screening and surveillance systems. These normative centile
values will facilitate the identification of children with low
fitness to set appropriate fitness goals, monitor individual
changes in fitness and promote positive health behaviours.
They will also facilitate the identification of children who
possess specific fitness characteristics that may be considered
important for sporting success, in the hope of recruiting the
high achievers into elite sporting development programs.

Correction notice This article has been corrected since it was published Online
First. The authors have noticed that the normative data in Table 10 are incorrect.
The correct table has been inserted.
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Re-Affirming the Value of the Sports Exception
to Title IX’s General Non-Discrimination Rule

DORIANE LAMBELET COLEMAN* MICHAEL J. JOYNER** DONNA LOPIANO***
It all grew from the power of an idea.!

INTRODUCTION

In just two years, we will celebrate Title IX's fiftieth anniversary. The statute
was designed to address pervasive sex inequality in educational settings,
including in admissions and programming, and in benefits and treatment.
Although sex equality in education-based sport was not an original focus of Title
IX’s proponents, it became an integral part of the project from the date of its
enactment in 1972. Indeed, by the time the statute was in effect re-enacted in 1988,
Title IX had become synonymous with sport.2

Title IX’s structure reflects a hybrid approach to sex equality. That is, the
statute consists of a sex-blind non-discrimination rule, and its regulations contain
a set of limited, sex-affirmative exceptions. Thus, the statutory text provides in
relevant part that

[n]o person in the United States shall, on the basis of sex, be excluded from
participation in, be denied the benefits of, or be subjected to discrimination under
any education program or activity receiving Federal financial assistance.3

And the exceptions permit schools to take sex into account to address
imbalances in admissions, academic programming, and sport.* Because these

Copyright © 2020 by Doriane Lambelet Coleman, Michael J. Joyner, and Donna Lopiano.

* Professor of Law, Duke Law School.

*3%

Caywood Professor of Anesthesiology and Perioperative Medicine, Mayo Clinic School of Medicine.
***  Adjunct Professor of Sports Management, Southern Connecticut State University. President,
Sports Management Resources. Former Chief Executive Officer of the Women’s Sports Foundation and
Director of Women'’s Athletics at the University of Texas at Austin.

1. Cary McTighe Musil, The Triumph of Title IX, Ms. MAG., Fall 2007, at 42, https://www.
feminist.org/education/TriumphsOfTitleIX.pdf  (quoting Professor ~David Sadker, whose
groundbreaking work with his wife Professor Myra Sadker on gender bias and educational equity
helped to support the development and eventual success of Title IX).

2. See generally EQUAL PLAY: TITLE IX AND SOCIAL CHANGE (Nancy Hogshead-Makar & Andrew
Zimbalist eds., 2007). See also infra notes 38-78 and accompanying text (setting out the history of Title
IX).

3. 20U.S.C.§1681 (2018).

4. 34 CFR. § 106 (2019); 34 C.F.R. §§ 106.41(a)-(b) (2019) (containing the general non-
discrimination provision and the sports exception to that provision).
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original regulations were specifically required by Congress,® they have
traditionally been accorded heightened deference by the courts and are tightly
woven into Title IX’s legal fabric.t

This regulatory approach was designed to and has yielded extraordinary
results for women and girls, and for society more generally. The pre- and post-
Title IX narrative is well worn at this point: “Title IX has successfully changed the
lives of girls and of women educators, protecting their rights, broadening their
horizons and setting them up for success in later stages of their education and
careers.”” Still, coming almost two centuries after Mary Wollstonecraft’s original
argument for educating women, its recency still surprises.

There is this, for example, from The Harvard Crimson on November 15, 1968,
three years before Title IX became law:

Yale President Kingman Brewster announced yesterday that Yale will become
coeducational in September 1969. The announcement came shortly after the Yale
faculty approved with only one dissenting vote a plan to admit 250 freshman
women plus 250 upperclass women by transfer. Eventually 1500 women will be
admitted in addition to the 4000 male students .. . The faculty first approved
under-graduate coeducation at Yale in 1962, after women graduate students had
been admitted for several years. The administration considered establishing an
independent coordinate college for women, similar to Radcliffe, two years ago.
Later, Vassar was invited to consider affiliating with Yale, but its trustees declined
to abandon Poughkeepsie for New Haven.”

This last bit of regional disrespect was righted in The New York Times which,
a month later, reported that “[a] Radcliffe dormitory at Harvard is applying as a
unit for admission to Yale next year . . . to end the frustrations of semi-

5. Pursuant to a now-defunct process, the regulations were presented by Secretary Weinberger
to President Ford for his signature in May 1975, and then to Congress on June 4, 1975. From that date,
Congress had 45 days to review and approve or disapprove them. Letter from Caspar Weinberger,
Sec’y of the Dep’t of Health, Education, & Welfare, to the President (Feb. 28, 1975), at A-1-2 [hereinafter
Letter from Casper Weinberger] (delivering and explaining HEW’s final regulation), (on file with the
Gerald R. Ford Presidential Library). Had Congress failed to act, the regulations would have become
valid by default. Id. In its review period, senators and congressmen opposed to Title IX in its entirety
or as applied to sport presented a series of resolutions rejecting the regulations, but ultimately, on July
21, the regulations were approved. See History of Title IX, WOMEN’S SPORTS FOUND. (Aug. 13, 2019),
https://www.womenssportsfoundation.org/advocate/title-ix-issues/history-title-ix/history-title-ix/.
We detail this history, including the still-active practice of according the regulations heightened
deference, infra at notes 40-69 and accompanying text.,

6. See, e.g., McCormick ex rel. McCormick v. Sch. Dist. of Mamaroneck, 370 F.3d 275, 286 (2d Cir.
2004) (summarizing the legislative history of Title IX and noting this heightened deference point). See
also infra notes 65-69 and accompanying text (further discussing the modern legal basis for heightened
deference in this context).

7. See Jennifer Hahn, Schoolgirl Dreams, MS. MAG., Fall 2007, at 46.

8. MARY WOLLSTONECRAFT, A VINDICATION OF THE RIGHTS OF WOMAN (1792).

9. Yale Will Admit Women in 1969; May Have Coeducational Housing, HARV. CRIMSON (Nov. 15,
1968), https://www.thecrimson.com/article/1968/11/15/yale-will-admit-women-in-1969/ [hereinafter
Yale Will Admit Women in 1969].
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coeducation.”!® The utter lack of seriousness with which the matter was discussed
among otherwise respectable people and institutions belied its significance for
women. But it appears to have been in line with the administration’s rationale for
the policy change, which was reported more-or-less consistently by the rival
schools’ newspapers. According to The Crimson, President Brewster denied that a
“student-sponsored Coed Week [which] brought women students from
throughout the northeast for academic and social activity . . . had a direct effect on
his decision, but his proposal to the faculty praised the organizers of the week and
their guests for providing Yale with ‘uncommon excitement.””!' The Yale Daily
News noted that “the decision to have women in 1969 was based not on Yale’s
seeing her mission as the education of both sexes, but on fears that Yale cannot
continue to attract the nation’s top males to a non-coeducated campus.”12

In this context, Title IX was very much an “idea revolution.”*? It sought to
force colleges and universities to matriculate, educate, and graduate female
students not to service men and their institutional needs, but on an equal basis
with their male students. It required them to see women as they saw men: as
students and as alumni without regard to their sex; and to own sex equality in all
respects as one of their own institutional goals.

The transition wasn’t always smooth, but with some notable exceptions,
mostly today colleges and universities have fully embraced these ideas. Indeed,
as we write this almost fifty years later, although their numbers are still
disproportionately low in STEM fields and in leadership positions in the
professional ranks, women have become the majority of college graduates.'* As a
result, they are an increasingly important part of the work force and the
economy.? Title IX was not singularly responsible for these developments, of
course, but the statute’s role in the larger societal project that is sex equality, and
specifically the empowerment of women and girls, is widely recognized and
celebrated.1

This narrative is generally mirrored in the context of education-based sport.
High schools, colleges, and universities understand that the education of women

10. A Timeline of Women at Yale, YALE U., https://celebratewomen.yale.edu/sites/default/files/
files/Timeline-of-Women-at-Yale.pdf (last visited Dec. 1, 2019) (quoting N.Y. TIMES). This is not an
isolated example of the sexism on display in the paper in that period. See also, e.g, Faith A. Seidenberg,
The Federal Bar v. The Ale House Bar: Women and Public Accommodations, 5 VAL. U. L. REV. 318, 324-25
(1971) (noting that “The New York Times, in reporting the . . . story [of Seidenberg v. McSorleys” Old Ale
House, Inc., 317 F. Supp. 593 (S.D.N.Y. 1970) (holding that bar violated Equal Protection Clause when it
refused to admit women as patrons)], said, ‘There was, perhaps a trace of wistfulness in the ruling
[that] the sawdust-floored haven was just another “public place” that must admit any customer who
comes in, even a woman.”” N.Y. TIMES, June 26, 1970, at 1.).

11.  Yale Will Admit Women in 1969, supra note 9.

12. A Timeline of Women at Yale, supra note 10.

13.  Musil, supra note 1, at 42 (quoting Professor Sadker).

14. Dani Matias, New Report Says Women Will Soon Be Majority of College-Educated U.S. Workers,
NPR (June 20, 2019), https://www.npr.org/2019/06/20/734408574/new-report-says-college-educated-
women-will-soon-make-up-majority-of-u-s-labor-f.

15. Id.

16.  See, e.g., Hogshead-Makar & Zimbealist, supra note 2.
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and girls includes providing them with opportunities both to participate and to
compete that are on par with those that are provided to boys and men. As is the
case in STEM, the numbers are not equal, and schools often struggle to achieve
their regulatory obligations.!” Still, “[s]ince the enactment of Title IX, women's
participation in sport has grown exponentially.”’® In high school, girls’
participation numbers have grown from 294,000 in 1971-72 to more than 3.4
million in 2018-19.7° In college, women’s numbers have grown from 30,0002 in
1972 to more than 288,0002! in 2017-18. Women and girls today have the
opportunity only boys and men had in the previous period to reap the widely
recognized and highly valued benefits of being physically strong, of being on
teams and developing the myriad skills associated with competitive sport, of
attending college on athletic scholarships, and of high-end competitive
experiences.2 Again, although Title IX is not singularly responsible for these
developments, it is generally credited with a central role in this aspect of the
empowerment project.

There is an important difference between the two stories, however. Where
there has been a clear and steady upward trajectory for women and girls in
academics, especially outside of STEM, in athletics the momentum has always
been mixed, and it has been a constant battle to gain and to retain ground.
Among other things, the “fate” of women’s sports “has always been tied to the
larger political climate.”?> Because of this, and because of the recency in historical
time of the broader commitment to sex equality, it is important for those who are
devoted to the idea to remain attuned to shifts in that climate.

The earliest and most persistent political opponents of women’s sports came
from the broader football community and from men’s sport more generally.?
Whatever they thought about women’s equality in theory, they were clear that it

17.  See Gerald Gurney, Donna Lopiano & Andrew Zimbalist, Chapter 6: A Continuing Disgrace:
Discrimination Based on Gender, Race, Ethnicity, and Disability, in UNWINDING MADNESS: WHAT WENT
WRONG WITH COLLEGE SPORTS AND HOW TO FIXIT (2017).

18.  This Day in History: Title IX Enacted, HISTORY (July 28, 2019), https://www history.com/this-
day-in-history/title-ix-enacted [hereinafter This Day in History].

19.  2018-19 High School Athletics Participation Survey, NAT'L FED'N OF STATE HIGH SCH. ASS'NS 50,
54 (2019), https://www.nfhs.org/sports-resource-content/high-school-participation-survey-archive/.

20.  This Day in History, supra note 18.

21.  The Equity in Athletics Data Analysis Cutting Tool, OFFICE OF POSTSECONDARY EDUC., U.S. DEP'T
OF EDUC,, http://ope.ed.gov/athletics (last visited Feb. 29, 2020).

22.  See infra notes 128-147 and accompanying text (detailing this point).

23.  See, e.g., This Day in History, supra note 18.

24. This aspect of the story is routinely emphasized in Title IX retrospectives. See, e.g., Hogshead-
Makar & Zimbalist, supra note 2, at 5-6 (summarizing “the struggle for gender equity in athletics”).

25. SUSAN WARE, TITLE IX: A BRIEF HISTORY WITH DOCUMENTS, 13 (2007). Interestingly, the
explanations for the relative weakness of sport and STEM may be similar or the same, i.e., a lack of
commitment on the part of original stakeholders to seeing females succeeding in those areas in
particular, together with related sex-linked stereotypes and cultural norms. The numbers and
experiences are better in medical school and medicine, which our co-author Michael Joyner suggests
may be related to the higher likelihood of predictability, promotion, and success in that STEM field.

26. See Hogshead-Makar & Zimbalist, supra note 2; infra note 41 and accompanying text.
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should not come at the expense of existing men’s programs. In addition to resisting
the threshold assumption that Title IX should apply to sport, they have specifically
resisted the integration of teams, the inclusion of men’s revenue producing sports
in spending comparisons, and the reallocation of spending from men’s programs
to fund women’s programs. Throughout, the underlying premise has been that
men’s sport produces higher value social goods and thus should not be
diminished in an effort to achieve different goods that are of lesser or questionable
value.

The most recent political challenge has come from the identity movement and
affiliated advocacy groups whose goal has been to secure much needed
protections for people who are transgender. To that end, movement advocates
have pushed for policy reforms that would grow the circumstances in which law
is sex-blind. Where sex remains a basis for classification, they have worked to
ensure that people who are transgender are included in spaces and programming
consistent with their gender identity.?”

The merits of both approaches are clear to us in contexts where sex does not
actually matter. But in sport, where sex and the sex-linked physical traits
associated with the male and female body are outcome determinative, the effects
of the proposed reforms would be revolutionary: they would require either the
dismantling of Title IX’s existing sex-segregated architecture and thus of the
female category, or the unconditional inclusion of males who identify as females
in girls and women’s sport.?® While the latter is less obviously existential than the
former, both would signal that policymakers were abandoning the original
commitment to sex equality in this setting.

There is no question about this, as the goal is expressed, unambiguously, in
the public statements of movement advocates; for example, in this one from a set
of prominent civil rights organizations dedicated to ensuring, among other things,
that Title IX evolves to disallow any distinctions on the basis of sex as “sex” is
normally defined:

[W]e support laws and policies that protect transgender people from
discrimination, including in participation in sports, and reject the suggestion that
cisgender [sex typical] women and girls benefit from the exclusion of women and
girls who happen to be transgender.?

27.  Doriane Lambelet Coleman, Sex in Sport, 80 LAW & CONTEMP. PROBS 63, 102-111 (2017).

28. Weunderstand that language and word choices are fraught in this discussion. We explain our
approach and vocabulary immediately below, at and around notes 31-37. The bottom line is that our
goal is to communicate to a broad audience in a highly contested space, including about what sex is
and how it is relevant. To do this well, we can’t adopt an unfamiliar or unclear lexicon, or one that
assumes a particular political outcome since this paper is in part about what that outcome should be.
We know this will make some readers uncomfortable, but we hope that this explanation will help. We
intend no disrespect.

29.  Statement of Women's Rights and Gender Justice Organizations in Support of Full and Equal Access
to Participation in Athletics for Transgender People, NAT. WOMEN’S LAW CTR. (Apr. 10, 2019), https://
nwlc.org/wp-content/uploads/2019/04/Womens-Groups-Sign-on-Letter-Trans-Sports-4.9.19.pdf
[hereinafter Statement of Women’s Rights and Gender Justice Organizations].
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The underlying premise of those who support this move to elide the relevant
physical differences between females on the one hand, and males who identify as
women and girls on the other, is that reconceiving of sex as gender identity —or
privileging gender identity over sex—will produce the highest value overall.3

The goals of this paper are to provide the legal, factual, and normative
background necessary to evaluate the merits of this most recent challenge to the
sports exception to Title IX’s general nondiscrimination rule, and then to present
the case for re-affirming the exception in a form that is appropriate for this next
period of its history. It proceeds in three parts as follows: Part I describes the legal
history of Title IX’s sports exception, its goals, and the current state of the legal
doctrine. Part II explains its scientific basis and rationale. Part III sets out the best
case for and against affirming the commitment to sex equality in education-based
sport, and then presents our argument for resolving the collision of interests at
issue. The paper concludes that the original “idea revolution” continues to do
important work and should not be abandoned, including in the sports space where
equality requires not only recognizing but also celebrating physical sex
differences. Including trans people within this design is difficult by definition, but
because they are also entitled to dignity and respect, policymakers should accept
the challenge.

* * *

Standardizing vocabulary is critical to communication among the different
groups concerned with this topic. Many do not use the same words and phrases,
and even if they do, they often use them differently. Most difficult are those
instances when a word or term that is important to one group for descriptive or
political reasons is politically anathema or even painful to another. Because
capturing and controlling language is part of movement strategy, solving the latter
impasse is especially complicated. We have attempted to standardize our use of
the language in a way that avoids unnecessary harm or discomfort, but to the
extent we cannot always do this, we intend no disrespect. Our goal is to
communicate to a broad audience using standard terms, not to demean.?!

Most importantly, given current debates, we do not work from the
assumption that sex is or includes gender identity. Whether “sex” in law includes
or is distinct from “gender identity” is at issue in both the debates about H.R. 5,
The Equality Act (2019),32 and in the Title VII case currently pending in the United

30. See, e.g., id. (arguing that it is good for all women that transgender women and girls are
included in the category “women” including in athletics competition on the basis that there are no
cognizable differences among transwomen and females that are not “driven by stereotypes and fear . . .
nondiscrimination protections for transgender people—including women and girls who are
transgender—are not at odds with women'’s equality or well-being, but advance them”). For an
analysis of this claim from our perspective, i.e., from a different feminism, see infra notes 184-193 and
accompanying text.

31. For a set of up-to-date working definitions from medicine and endocrinology, see Joshua D.
Safer & Vin Tangpricha, Care of Transgender Persons, 381 NEW ENG. J. MED. 2451, 2451-60 (2019).

32.  Earlier versions of H.R. 5 distinguished “sex” from “gender identity” where the current bill
defines “sex” to include “gender identity.” See Equality Act, H.R. 5, 116th Cong. (2019). This drafting
move is based in evolving views in the advocacy and biosciences communities about how gender
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States Supreme Court.® The related question whether gender identity is
biologically based and, if so, whether it should be considered an aspect or
characteristic of biological sex is the subject of ongoing consideration by relevant
experts in the scientific community.** For now, however, both remain contested
claims in a context in which “sex” is otherwise understood to be the word we use
to denote the individual’s biological and reproductive classification as male or
female.® Because this paper is precisely about whether policy should be reformed
so that sex in this standard sense comes to be replaced by or to include gender
identity in the context of education-based sport, it is necessary for us clearly to
distinguish the operative terms. Again, we intend no disrespect.

Sex — Biological sex. “Either of the two divisions, designated female and male, by
which most organisms are classified on the basis of their reproductive organs and
functions.”% The cluster of sex-linked traits—i.e.,, chromosomal, gonadal,
endocrinological (hormonal), and phenotypic characteristics—commonly used to
establish and denote sex. Primary and secondary sex characteristics. Although
they are terms of art and commonly used in science and medicine, “biological sex”
and “biological (fe)male” may be hurtful to those who are triggered by references
to sexed bodies. Because sport relies on the biological distinction between males
and females to justify separate sex sport, however, we need to use the terms in
their scientific sense and to consider their substance in this discussion.’” Again,
we intend no disrespect.

identity is appropriately characterized and also how best to craft a political path to full equality and
inclusion.

33. Equal Emp’t Opportunity Comm’n v. R.G. & G.R. Harris Funeral Homes Inc., 884 F.3d 560
(6th Cir. 2018).

34. See Safer & Tangpricha, supra note 31, at 2451-52 (addressing this point). For a summary
description of some of the ongoing work on “brain sex” more generally, see also Coleman, Sex in Sport,
supra note 27, at 75-77.

35. See, e.g., R (on the Application of Miller) v. College of Policing & Chief Constable of
Humberside, [2020] EWHC 225 (Admin) [225], ] 267 (Eng.) (decision out of the United Kingdom'’s
High Court of Justice, addressing this contested issue and the expert witness statement of Professor
Kathleen Stock on the point that “For many English speakers, ‘woman’ is strictly synonymous with
‘biologically female[‘] and ‘man” with ‘biologically male’.”).

36. Sex, AM. HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE (5th ed. 2020).

37.  One of our co-authors, Michael Joyner, is a biomedical researcher who, in the 2000s, was
admonished in the peer review process to use the phrase “sex differences” and not “gender
differences” when describing biological phenomenon. This insistence is increasingly routine in the
biomedical setting where the study of sex differences is now well established and producing important
value both in the basic sciences and in applications in personalized medicine. For example, there is a
journal dedicated to the subject, see BIOLOGY OF SEX DIFFERENCES, https://bsd.biomedcentral.
com/about/ (last visited Feb. 15, 2020); and the federal government routinely emphasizes this focus in
its own work and in the distribution of research funding. See, e.g., U.S. FOOD & DRUG ADMIN.,
Understanding Sex Differences at FDA (Apr. 12, 2019), https://www .fda.gov/science-research/womens-
health-research/understanding-sex-differences-fda. This focus is in part the result of the report from
the NAT'L. ACAD. OF SCI. INST. OF MED., EXPLORING THE BIOLOGICAL CONTRIBUTIONS TO HUMAN
HEALTH: DOES SEX MATTER? (2001) [hereinafter EXPLORING THE BIOLOGICAL CONTRIBUTIONS],
http://www .nationalacademies.org/hmd/~/ media/Files/Report%20Files/2003/Exploring-theBiological-
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Female— An individual whose sex is female, i.e., who has ovaries not testes and a
natural estrogenic not androgenic endocrine system. A person’s designation as
“female” may not correspond with their gender identity (in the case of a trans
person) or their sex recorded at birth (in the case of some intersex persons).

Male— A person whose sex is male, i.e., who has testes not ovaries and a natural
androgenic not estrogenic endocrine system. A person’s designation as “male”
may not correspond with their gender identity (in the case of a trans person) or
their sex recorded at birth (in the case of some intersex persons).

Sex stereotype—An assumption (which may be evidence-based or not) or a
generalization (which may have a factual basis) about the aptitudes, preferences,
and capacities of males and females based on their biological sex.

Gender—Social and cultural expression of masculine or feminine behavior. Often
used differently as a synonym for biological sex.

Gender identity —A person’s deeply held internal sense of themselves as male,
female, both, neither, or fluid, and which can be different from their biological sex
or their sex recorded at birth.

Trans—Transgender —Gender incongruent—The word or term used to describe a
person whose gender identity is different from their biological sex or their sex
recorded at birth.

Trans(gender) woman/girl or man/boy—A person who is trans(gender) who
identifies as a woman/girl or man/boy.

I. THE LEGAL HISTORY, MISSION, AND CURRENT DOCTRINE

Title IX was developed to secure equality for women and girls in federally
funded educational settings. It filled the gap that was left by Title VII of the 1964
Civil Rights Act, which protects against sex discrimination in employment but
excludes educational settings otherwise, and by Title VI, which prohibits federally
funded programs from discriminating on the basis of race, color, and national
origin, but not on the basis of sex. Because of this gap, there was no federal
statutory remedy to address the educational disparities women and girls
experienced in relation to boys and men before Title IX. There was also no effective
constitutional remedy to address laws that supported sex discrimination, as the

Contributions-to-Human-Health-Does-Sex-Matter/DoesSexMatter8pager.pdf (explaining the
difference between sex and gender (identity), reporting on the extensive physiological processes and
medical contexts in which “sex matters”, and because of this indicating, among other things, the need
for researchers to address “the inconsistent and often confusing use of the terms “sex” and “gender”
in the scientific literature and popular press”).
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United States Supreme Court had yet to subject them to more than rational basis
scrutiny.%

As described in the Introduction, the architects of Title IX settled on a hybrid
approach to achieving sex equality in education. They paired a general, sex-blind
non-discrimination rule with a set of limited, sex-affirmative exceptions, which
allow educational institutions to take sex into account where doing so is necessary
to address particular imbalances, i.e., in admissions, in programming, and in sport.
In sport, at least, if an institution can meet its sex equality obligations using a sex-
blind approach—without taking sex into account—it need not use these sex-
affirmative tools; they are formally permissive not mandatory. But they become
mandatory in effect if these obligations are not or cannot be met otherwise.®

Assurances that sports teams would be sex segregated were material to Title
IX’s passage and to congressional approval of its implementing regulations.** For

38.  See Craig v. Boren, 429 U.S. 190 (1976) (holding for the first time that sex discrimination was
subject to heightened, i.e., intermediate, scrutiny under the Constitution’s Equal Protection Clause).
39. Asitconcerns sports, this requirement is clear in the statute’s legislative history, in the original
1975 regulations, and in the original 1979 Policy Interpretation. See Regulations of the Department of
Education, Nondiscrimination on the Basis of Sex in Education Programs or Activities Receiving
Federal Financial Assistance, 34 C.F.R. §106.12 (regulations governing athletics); Title IX of the
Education Amendments of 1972; The Policy Interpretation: Title IX and Intercollegiate Athletics, 44
Fed. Reg. 71,419 (Dec. 11, 1979) (again making clear the requirement of parity of competitive
opportunities). For example, the 1979 Policy Interpretation provides, inter alia, as follows:
4. Application of the Policy —Selection of Sports.
In the selection of sports, the regulation does not require institutions to integrate their
teams nor to provide exactly the same choice of sports to men and women. However,
where an institution sponsors a team in a particular sport for members of one sex, it

may be required either to permit the excluded sex to try out for the team or to sponsor
a separate team for the previously excluded sex.

a. Contact Sports—Effective accommodation means that if an institution sponsors a
team for members of one sex in a contact sport, it must do so for members of the other
sex under the following circumstances:

(1) The opportunities for members of the excluded sex have historically been limited;
and

(2) There is sufficient interest and ability among the members of the excluded sex to
sustain a viable team and a reasonable expectation of intercollegiate competition for
that team.

b. Non-Contact Sports— Effective accommodation means that if an institution sponsors
a team for members of one sex in a non-contact sport, it must do so for members of the
other sex under the following circumstances:

(1) The opportunities for members of the excluded sex have historically been limited;
(2) There is sufficient interest and ability among the members of the excluded sex to
sustain a viable team and a reasonable expectation of intercollegiate competition for
that team; and

(3) Members of the excluded sex do not possess sufficient skill to be selected for a single

integrated team, or to compete actively on such a team if selected.
In this context “skill” is understood to include physical not just learned capacity. See infra notes 40-54
and accompanying text. Together with the original 1975 regulations, the 1979 Policy Interpretation is
woven into the fabric of Title IX, including in statutory law. See infra notes 51-69 and accompanying
text (elaborating on the Title IX scheme).

40.  As the bill made its way through Congress, “[a] few people (very few) noticed that athletics

might be affected . . . and so there was a discussion on the floor of the Senate about whether [it] required
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different reasons, both men’s and women’s groups supported and/or insisted on
this. Men’'s teams simply did not want to have to include females on their rosters
or to be made to subsidize the equality project.# Women’s groups wanted separate
opportunities because they were keen to secure equality in education-based
sports, and they understood that it couldn’t be achieved without this separation.

In particular, women and women’s groups fell into one of two camps. Both
accepted that there was a performance gap between male and female athletes that
necessitated sex segregation and thus a sports exception to Title IX’s general non-
discrimination rule. But they disagreed about the source of the gap and thus about
the terms of the exception:

One group took the position that sex segregation and thus the sports
exception in the regulations would be necessary only for a period, until females
were afforded the (equal) training and competition opportunities that would be
required eventually to close the performance gap; after that, sport could be co-ed.*?

educational institutions to allow women to play on football teams.” WARE, supra note 25, at 41. The
answer from its floor manager Senator Birch Bayh was no. Id. “Having inserted that notion into the
legislative history, higher education retreated.” Id. That brief discussion on the Senate floor was
significant in two respects: it presaged the decades-long resistance to Title IX that would come from
college football and men’s sport in general. See supra note 26 and accompanying text (summarizing this
resistance), and infra note 41 and accompanying text (further describing the legislative and regulatory
history). And it laid the necessary legal foundation for sex segregation in this setting. The “sports
exception” or “carve out” to Title IX's prohibition on sex discrimination in federally funded educational
settings powered girls’ and women’s sport and continues to secure its success today.

41.  See supra note 26 and accompanying text. The sports question exploded in the aftermath of
the bill’s passage through Congress. From the time President Richard Nixon signed the Education
Amendments into law in the summer of 1972 to the summer of 1975 when Congress formally approved
the implementing regulations, the institutional powerhouse that is men’s college football went into
overdrive to ensure that, in fact men’s teams would not have to accommodate female athletes, and that
equality for female athletes would not come at the expense of men’s revenue producing sports. This
activity was particularly heated in 1974 and 1975. In that period, the Senate heard but ultimately
declined to pass a bill sponsored by Senator John Tower (R-TX) to amend Title IX to exclude revenue
producing sports from compliance tabulation. Had it succeeded, this would have meant that spending
on female athletes and women'’s sports programs could be only be compared with spending on men’s
non-revenue producing sports, simultaneously insulating (primarily) men'’s football and basketball
programs from Title IX’s effects, and reducing schools’ obligations to women'’s programs. Instead,
Congress passed an alternative bill sponsored by Senator Jacob Javitz (R-NY), formally the Educational
Amendments of 1974, which required the Secretary of the Department of Health, Education, and
Welfare (HEW) to develop “with respect to intercollegiate athletic activities reasonable [regulations]
concerning the nature of particular sports.” The Education Amendments of 1974, Pub. L. 93-380, 88
Stat. 612. Although some advocates for men'’s sport continued to press the point that men’s revenue
producing sports should not be made to pay (either directly or indirectly) for women’s programming,
the Department’s focus during this rulemaking process was mainly on the question whether men’s and
women’s sport and teams would be sex segregated. Comments and lobbying from men’s groups were
consistently against integration. The NCAA, for example, had no interest in having Title IX cover sport
at all, and it was opposed to including women in any of its programming.

42. The National Organization for Women (NOW) originally disagreed with the AIAW and the
NCAA that the goal should be separate sex sport. In a letter to President Ford, HEW Secretary Casper
Weinberger explained NOW’s position that “the ‘separate but equal’ concept is inappropriate for any
civil rights regulation and that open access should be required for all athletic teams with one exception.
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In general, one might characterize advocates in this first group as holding the view
that sex differences were entirely the result of disparate treatment and sex
stereotypes, both of which could be eradicated over time. In their view, like the
classroom, eventually sport could also be sex-blind. The language they used in
this context is reminiscent of that which appears in cases involving race-based
affirmative action measures.*

The other group took the position that the performance gap was the result of
a combination of disparate treatment, sex stereotypes, and biological differences.
For those in this second group, even if that part of the performance gap that was
the result of disparate treatment and sex stereotype could be eradicated, sex
segregation would always be necessary because immutable biological differences
would remain.# This view is consistent with the Supreme Court’s current
substantive equality jurisprudence, which distinguishes sex from stereotype, but
also race from sex on the ground that the latter but not the former involve inherent
differences —these differences are properly considered when doing so serves to
empower rather than to subordinate.*

Importantly, although textualists reject the role of legislative history in
statutory interpretation, to the extent that it remains important to others, and that
there is an ongoing debate about what policymakers meant when they used the
word “sex” in the drafting period,* it is easily resolved in the sports setting. At
least in this context, the legislative history is clear that “sex” meant biological sex,
which was distinguished from sex stereotype. Specifically, the biological

When women are effectively excluded from open teams (where skill in the given sport is the criteria, it
is still conceded by all that open competition for a tackle football team would result in an all-male
team), separate teams should be provided for them on the basis that the training and sports
traditionally available to women have been limited and the provision of separate teams until such time
as the training gap is filled would best fulfill the purposes of the Act.” See Letter from Caspar
Weinberger, supra note 5, at A-6, A-7.

43.  See, e.g., Grutter v. Bollinger, 539 U.S. 306 (2003) (“We expect that 25 years from now, the use
of racial preferences will no longer be necessary to further the interest [in student body diversity]
approved today.”).

44.  See Kathleen Megan, Transgender Sports Debate Polarizes Women’s Advocates, CT MIRROR (July
22, 2019), https://ctmirror.org/2019/07/22/transgender-issues-polarizes-womens-advocates-a-conundr
um/ (quoting our co-author Donna Lopiano: “Title IX was passed 47 years ago to ensure an equal
education for girls, but included a ‘carve out” allowing separate programs for girls because of the clear
biological advantage that males have over females in athletics. ‘It was the notion that there are distinct
biological differences in sex that are immutable.””); Memorandum from Patricia Sullivan Lindh, the
President’s Special Assistant for Women’s Programs, to James Cannon, White House Domestic Policy
Advisor (May 1, 1975) (on file with the Gerald R. Ford Presidential Library) (noting that allowing
schools to field only one “open” team would let them off the hook in terms of providing equal
opportunities for women, and that to assure sex equality, schools should have to take into account
differences between men and women in “competitive skill and physical ability”).

45.  See, e.g., United States v. Virginia, 518 U.S. 515, 532-33 (1996).

46.  See, e.g., Brief of Walter Dellinger, et al. as Amici Curiae in Support of the Employees, Bostock
v. Clayton County, GA, Altitude Express, Inc. v. Zarda, and Harris Funeral Homes, Inc. v. Stephens,
888 F.3d 100 (Nos.17-1618, 17-1623,18-107), 2019 WL 3027045; Brief for the Federal Respondent
Supporting Reversal, Harris Funeral Homes, Inc. v. EEOC, et al., 884 F.3d 560 (N0.19-107) (debating
this question in the context of Title VII of the 1964 Civil Rights Act).
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differences between males and females that account for the performance gap, as
well as those sex traits and related customs that raised safety and privacy concerns,
were key to the discussions and decisions around inclusion and segregation.+
Similarly, to the extent that there is debate today about whether Title IX was
designed to ensure that girls and women were able not only to participate but also
to compete on an equal basis with boys and men, the legislative history also
confirms this commitment. While some early proponents of the statute suggested
that females were or should be interested only in (“cooperative and inclusive”)
participation not (“patriarchal capitalist”) competition,* the stereotypes and

47. The hearings throughout the month of June 1975, before the House of Representatives
Subcommittee on Post-Secondary Education of the Committee on Education and Labor, are illustrative,
including in that members and witnesses distinguished race from sex, and focused on the extent to
which the performance gap was the result of inherent differences between the sexes rather than
historical disparate treatment. See Sex Discrimination Regulations: Hearings Before the Subcomm. on Post-
Secondary Educ. of the Comm. of Educ. & Labor, 94th Cong. 54 (1975) (statement of Bob Blackman, Head
Football Coach, Univ. of Illinois) (“HEW has already [taken sex differences into consideration], they
have already stated . . . that because of physiological differences between men and women, the women
are not expected to compete in the so-called contact sports . . . . So they have already stated the fact that
there are differences.”); id. at 130 (statement of Joan Holt, President, Eastern District, Ass'n for
Intercollegiate Athletics for Women) (“[W]e have been discriminated against in the past due to
physiological limitations that women do have, we are not capable of getting a place on the men’s team,
and they then have an obligation, both because of the discrimination of the past and because of our
competitive interests, that they would have to provide a separate team for the women in this case.”);
id. at 197 (statement of Rep. McKinney) (“We know that until puberty, girl and boy children have
roughly the same athletic capacity. After this point there is a significant difference in their ability in
most sports. However, until we stop punishing girl children for being tomboys and allow their full
participation in scholastic athletics, we will never know their true capacity as sportspersons.”); id. at
390 (statement of Bernice Sandler, Dir., Project of the Status and Educ. of Women & Exec. Assoc., Ass'n
of Am. Colls.) (“In almost all other areas of discrimination, the precedents and principles developed by
the courts in race discrimination cases can readily and easily be applied to sex discrimination problems.
Because of the general physical differences between men and women as a whole, the principles
developed in other discrimination areas do not easily fit athletic issues, particularly in the area of
competitive sports, where the issue of single sex and integrated teams is a difficult one to solve.
‘Separate but equal,” which is a discredited legal principle in terms of civil rights, may have some
validity when applied to some areas of competitive athletics . . ..”); id. at 339 (“Before puberty, males
and females are nearly identical in their physical abilities. Tests of strength, muscular endurance,
cardiovascular endurance and motor performance show few differences between the sexes up to this
age. Beyond that age, however, the male becomes considerably stronger, possesses greater muscular
and cardiovascular endurance and is more proficient in almost all motor skills.”); id. at 343 (“To some,
complete integration of the sexes in all sports would appear to be both the simplest and the least
discriminatory solution. Upon closer examination, however, it becomes clear that because of the
differences in training and physiology, such an arrangement would effectively eliminate opportunities
for women to play in organized competitive athletics. For these reasons, this alternative would not
appear to be in line with the principle of equal opportunity.”); id. (“[T]he ‘separate-but-equal’ principal
in competitive athletics can be justified for sex discrimination (but not for race discrimination) because
there are general physical differences between [women] and men (but not between blacks and
whites).”).

48.  SeeInterview with our co-author Donna Lopiano, Adjunct Professor of Sports Mgmt., S. Conn.
State Univ. (Oct. 13, 2019) (describing the views of some within the “old” NOW and the AIAW who
rejected NCAA-style sports administration and competition). This approach to women’s sport is
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norms they advanced were rejected by other advocates and ultimately by
lawmakers.# To use a currently topical distinction, education-based sport was not
designed to be like selection for the military’s special forces, where women are
entitled to participate in selection rounds but are rarely, if ever, competitive for
full status because of their physical disadvantages relative to men;* rather, sport
was sex segregated because the goal was parity across all categories of
opportunity.

The regulations that were formally presented to, reviewed, and passed over
by Congress in 1975 mimic Title IX’s hybrid approach, and reflect the general
consensus at the time regarding sex segregation in sport. Specifically, they begin
with this general nondiscrimination provision:

86.41(a) General. No person shall, on the basis of sex, be excluded from
participation in, be denied the benefits of, be treated differently from another
person or otherwise discriminated against in any interscholastic ... athletics
offered by a recipient, and no recipient shall provide any such athletics separately
on such basis.5!

The provision is followed by the exception, or “carve out,” for sex-segregation in
sport. The exception emphasizes the two factors that make sex segregation

described in Ann Travers, The Sport Nexus and Gender Injustice, 2 STUD. IN SOC. JUST. 79, 86 (2008)
(describing “radical and cultural feminist... scholars [who] indict sport in its current patriarchal
capitalist iteration and seek to replace it with cooperative and nonhierarchical celebrations of
physicality and play based on feminist principles of cooperation and inclusion”).

49. DEP'T OF EDUC., OFFICE FOR CIVIL RIGHTS, A POLICY INTERPRETATION: TITLE IX AND
INTERCOLLEGIATE ATHLETICS (1979) (making clear the requirement of parity of competitive
opportunities); McCormick ex rel. McCormick v. Sch. Dist. of Mamaroneck, 370 F.3d 275, 282 (2d Cir.
2004) (recognizing the difference between the opportunity to participate and the opportunity to
compete for the win, including for championships, and holding that Title IX requires schools to provide
females with opportunities in both categories that are on par with those provided to males). Notably,
when the subject is not trans athletes or (intersex) athletes with differences of sex development, the
premise that sex segregated sport exists in part to ensure that there are the same numbers of spots in
finals and on podiums for females as for males is generally not controversial. Indeed, even their
advocates tend to take this as a given, i.e., they appear to appreciate the benefits, including for their
clients, of sex segregation. This has them arguing not for co-ed sport, but rather for what is in effect an
exception for those whose sex is male but who identify legally and/or personally as women and girls.
See, e.g., Statement of Women'’s Rights and Gender Justice Organizations, supra note 29 (arguing that
“transgender women and girls” should benefit fully and equally from participation “in women’s
sports”); Doriane Lambelet Coleman, Semenya and ASA v. IAAF: Affirming the Lawfulness of a Sex-Based
Eligibility Rule for the Women'’s Category in Elite Sport, 19 SWEET & MAXWELL’S INT'L SPORTS L. REV. 83
(detailing how a version of this approach was presented in Ms. Semenya’s case at CAS) [hereinafter
Coleman, Semenya and ASA v. IAAF] .

50. Meghann Myers, A Female Soldier Has Made It Through the Army’s Special Forces Selection, ARMY
TIMES (Nov. 14, 2018), https://www.armytimes.com/news/your-army/2018/11/14/a-female-soldier-has-
made-it-through-the-armys-special-forces-selection/.For more information on the integration of
women into special operations career fields and concerns about sex equality and sex specific or neutral
standards in that highly competitive context, see KRISTY M. KAMARCK, CONG. RESEARCH SERV., R42075,
WOMEN IN COMBAT: ISSUES FOR CONGRESS (2016), https://fas.org/sgp/crs/natsec/R42075.pdf.

51. 34 CF.R.§106.41 (a) (2019).
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necessary for the attainment of equality in sport, that is, concerns about
competitive fairness and physical safety:

86.41(b) Separate teams. A recipient may operate or sponsor separate teams for
members of each sex where selection for such teams is based upon competitive
skill or the activity involved is a contact sport. However, where a recipient
operates or sponsors a team in a particular sport for members of one sex but
operates or sponsors no such team for members of the other sex, and athletic
opportunities for members of that sex have previously been limited, members of
the excluded sex must be allowed to try-out for the team offered unless the sport
involved is a contact sport. For purposes of this part, contact sports include
boxing, wrestling, rugby, ice hockey, football, basketball and other sports the
purpose or major activity of which involved bodily contact.>

As is the case with Title IX more generally, the affirmative approach is permissive,
not mandatory, in the first instance, meaning that if a school can find a way to
provide equal training and competition opportunities for females without taking
sex into account, they can proceed in a sex-blind way; but if proceeding in a sex-
blind way perpetuates disparities, the affirmative approach becomes mandatory.>

According to Susan Ware, “[i]n the early days of the law, much discussion
centered on whether teams should be coeducational based on skill (the model
adopted in elementary and high school physical education classes) and whether
women should be eligible to play on men’s teams. On the high school and
intercollegiate level, a consensus soon emerged that sex-segregated but
comparable sports teams were a better model.”>* As our co-author Donna Lopiano
has explained, “[i]t was the notion that there are distinct biological differences in
sex that are immutable . . . Everybody agreed that . . . if you have boys and girls
competing after puberty, who would be more likely to get on a team? Who would
win? It would be men. There would be very few women.”%

From 1975 through 1988, proponents of girls’ and women’s sport continued
to face resistance from boys and men and the male sports establishment, including
with respect to funding, facilities, coaching staff, and competition opportunities.’

52. Id.§106.41 (b).

53. See, e.g., Yellow Springs Exempted Village School Dist. Bd. Of Educ. v. Ohio High School
Athletic Ass'n, 647 F.2d 651, 656 (6th Cir. 1981) (Title IX “grant[s] flexibility to the recipient of federal
funds to organize its athletic program as it wishes [one or separate teams] so long as the goal of equal
athletic opportunity is met.”).

54.  WARE, supra note 25, at 5. This model—co-ed “prior to puberty” — is represented in the still-
current position of the Women'’s Sports Foundation (WSF). See WOMEN’S SPORTS FOUND., ISSUES
RELATED TO GIRLS AND BOYS COMPETING WITH AND AGAINST EACH OTHER IN SPORTS AND PHYSICAL
ACTIVITY SETTINGS, https://www.womenssportsfoundation.org/wp-content/uploads/2019/08/issues-
related-to-girls-and-boys-competing-with-and-against-each-other-in-sports-and-physical-activity-sett
ings-the-foundation-position.pdf [hereinafter WOMEN SPORTS FOUND., ISSUES RELATED TO GIRLS AND
Boys COMPETING]. Although the original position paper was developed and published several years
ago, the WSF re-affirmed it on August 14, 2019. See id.

55.  Megan, supra note 44 (quoting Donna Lopiano).

56. See Hogshead-Makar & Zimbalist, supra note 2, at Part III (describing this period as “The
Initial Backlash”); Mary C. Curtis & Christine Grant, Landmark Title IX Cases in History, GENDER EQUITY
IN SPORT, http://bailiwick.lib.uiowa.edu/ge/historyRE.html (listing key dates in the resistance).
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This resistance was particularly fierce in circumstances that involved cuts to boys’
and men’s programs that were considered —or described as—necessary to meet
Title IX requirements.” It culminated in the 1984 decision, Grove City College v.
Bell, in which the United States Supreme Court sided with the Reagan
Administration’s position that Title IX and its sex equality requirements applied
only to the particular programs that received federal funds, not more broadly to
the institutions of which they were a part.®® Because the federal government did
not contribute directly to education-based sports programs, Grove City in effect
“gutted” Title IX.? As a result, the merits of the “idea revolution” —that there
should be sex equality across educational settings including in education-based
sport—were once again put to Congress.®

The Education Amendments of the Civil Rights Restoration Act of 1987 were
finally passed in 1988, over President Reagan’s veto, extending Title IX's sex
equality requirements to all programs within institutions receiving federal funds.®!
As Title IX expert and three-time Olympic Gold Medalist Nancy Hogshead-Makar
explains, although sport was not prominent in the legislative history prior to the
statute’s passage in 1972, “sports for girls and women were the driving narrative
behind the imperative to pass the law again in 1988. Sports for women swung
Republicans and average families.”®? Since then, although resistance has been
ongoing,® the legislative, executive, and judicial branches of the federal
government have consistently reaffirmed at least the essential aspects of the
statutory scheme, including that parity of competitive opportunities matter and
that the original regulations remain an integral part of the law.%

57.  Cases involving cuts to boys” and men’s wrestling were particularly prevalent. See generally
Bradley David Ridpath et al., Changing Sides: The Failure of the Wrestling Community’s Challenges to Title
IX and New Strategies for Saving NCAA Sport Teams, 1 J. INTERCOLLEGIATE SPORT 255 (2008). See, e.g.,
Nat'l Wrestling Coaches Ass'n v. Dep’t of Educ., 366 F.3d 930 (D.C. Cir. 2004) (affirming district court’s
finding that the decision to drop wrestling is a matter of institutional preference not a requirement in
fact or in effect of Title IX).

58. Grove City College v. Bell, 465 U.S. 555 (1984) (rejecting Association’s challenge to Title IX
Policy Interpretation).

59.  See E-mail from Nancy Hogshead-Makar, Chief Exec. Officer, Champion Women, to Doriane
Lambelet Coleman, Professor of Law, Duke Law Sch. (Feb. 19, 2020, 3:17 PM) (on file with authors).

60.  See supra note 13 and accompanying text (introducing “the idea revolution”).

61. See S. 557 (100th): Civil Rights Restoration Act of 1987, 100th Cong. (1987), https://www.
govtrack.us/congress/bills/100/s557 (providing timeline of the history and text of the legislation).

62. See E-mail from Hogshead-Makar, supra note 59. See also WARE, supra note 25, at 36-43
(describing this history).

63. See Hogshead-Makar & Zimbalist, supra note 2, at Part V (describing the period from 2001 to
2008 as “The Second Backlash”).

64. For example, the 1994 Equity in Athletics Disclosure Act requires “co-educational institutions
of postsecondary education that participate in a Title IV, federal student financial assistance program,
and have an intercollegiate athletic program, to prepare an annual report to the Department of
Education on athletic participation, staffing, and revenues and expenses, by men’s and women'’s teams.
The Department . . . use[s] this information in preparing its required report to the Congress on gender
equity in intercollegiate athletics.” Equity in Athletics Disclosure Act, U.S. DEPT. OF EDUC. (Jan. 24, 2017),
https://www2.ed.gov/finaid/prof/resources/athletics/eada.html. The data in detail are available from
The Equity in Athletics Data Analysis Cutting Tool, OFFICE OF POSTSECONDARY EDUC., U.S. DEP'T OF
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Although the legislative veto was declared unconstitutional in 1983,% in 1984,
the United States Supreme Court affirmed that “where Congress has specifically
delegated to an agency the responsibility to articulate standards governing a
particular area” —as it did in 1972 with respect to Title IX’s standards governing
athletics —“we must accord the ensuing regulation considerable deference.”% The
standards in the 1975 Regulations as well as their 1979 Policy Interpretation have
continued to benefit from such protection, even as the Court has increasingly
rejected the use of legislative history as a tool for statutory interpretation.¢’ In part,

EDUC,, http://ope.ed.gov/athletics. In McCormick ex rel. McCormick v. Sch. Dist. Of Mamaroneck, 370 F.3d
275, 282 (2d Cir. 2004), the Second Circuit held that a school district was out of compliance with Title
IX when it established separate boys’ and girls’ teams but provided boys with more and more
important competitive opportunities. And in 2016, the Obama Administration issued guidance for the
inclusion of transgender student-athletes in education-based sports that made clear its commitment to
sex segregation when this remains necessary to secure competitive fairness and physical safety. See
infra note 73 and accompanying text (providing the details of this guidance).

65. INSv. Chadha, 462 U.S. 919, 959 (1983).

66. Kelley v. Bd. of Trs., 35 F.3d 265, 270 (1994) (citing Chevron, U.S.A., Inc. v. Nat. Res. Def.
Council, Inc., 467 U.S. 837 (1984)).

67. In 2018, the Eastern District of Michigan explained that heightened deference under Chevron
is accorded to both the 1975 Regulations and the 1979 Policy Interpretation of the 1975 Regulations
“because Congress explicitly delegated to the agency the task of prescribing standards for athletic
programs under Title IX.” See Mayerova v. E. Mich. Univ., 346 F. Supp. 3d 983, 989 (E.D. Mich. 2018)
(citing the First Circuit’s decision in Cohen v. Brown Univ., 991 F.2d 888, 895 (1st Cir. 1993) and the
Sixth Circuit’s decision in Miami Univ. Wrestling Club v. Miami Univ., 302 F.3d 608, 615 (6th Cir.
2002)). See also Ollier v. Sweetwater Union High Sch. Dist., 768 F.3d 843, 855 (9th Cir. 2014) (affirming
its practice of giving Chevron deference to the 1979 Policy Interpretation and applying it to the high
school setting, citing the Second Circuit’s decision in Mamaroneck, 370 F.3d at 300, and the Sixth Circuit’s
decision in Horner v. Ky. High Sch. Athletic Ass'n, 43 F.3d 265, 272-75 (6th Cir. 1994)); Biediger v.
Quinnipiac Univ., 691 F.3d 85, 96-97 (2d Cir. 2012) (the Second Circuit reaffirming its decision in
Mamaroneck); Mansourian v. Regents of Univ. of Cal., 602 F.3d 957, 965 (9th Cir. 2010) (the Ninth Circuit
reaffirming that “both the Policy Interpretation and the Clarification are entitled
to deference under Chevron”).

Chevron was reaffirmed by the Court itself in 2013, in City of Arlington v. FCC, 569 U.S. 290 (2013)
(Justice Scalia writing for the Court and noting that courts cannot substitute themselves as
policymakers when this is precisely the job of the federal agencies). City of Arlington was a 6/3 decision,
with Justices Roberts, Kennedy, and Alito in dissent. Their concern was the extension of what they
describe as essentially legislative authority to the executive—and to the consequent creation of an ever-
growing administrative state—even in circumstances where Congress did not clearly delegate this
authority. Id. at 312 (Roberts, C.J., dissenting). In their view, “before a court may grant such deference,
it must on its own decide whether Congress—the branch vested with lawmaking authority under the
Constitution—has in fact delegated to the agency lawmaking power over the ambiguity at issue.” Id.
at 317. Unless Chevron itself is repealed, because Congress “explicitly delegated to the agency the task
of prescribing standards for athletic programs under Title IX,” both the 1975 Regulations and the 1979
Policy Interpretation should continue to be accorded heightened deference by the courts. Mayerova, 346
F. Supp. 3d at 989. Of course, this would not be the case should Title IX, the Regulations, and/or the
Policy Interpretation be repealed.

The final deference point relates to the Department of Education’s own ongoing interpretation
of the 1975 Regulations and the 1979 Policy Interpretation. Such interpretations are afforded regular—
not heightened —deference only when the standards themselves are “genuinely ambiguous” and: the
agency’s interpretation is (1) its own “‘authoritative’ or ‘official position,”” (2) “reasonable”; (3)
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this is because the Regulations and Policy Interpretation establish the architecture
of and rationale for sex segregated education-based sport; and, they are embedded
in an inextricably linked web of related law, including in statutory law. For
example, the 1994 Equity in Athletics Disclosure Act (EADA) requires federally
funded colleges and universities to produce annual reports regarding their athletic
programs so that the Department of Education can monitor compliance with Title
IX.68 The fact that there is deep bipartisan support for girls and women’s sport
surely influences ongoing deference to the regulations as well.®®

To date, the movement to include trans people in spaces and opportunities
based on their gender identity rather than on their sex has not altered this legal
state of affairs at the federal level. That is, as of this writing, there are no new
regulations that require recipients of federal education dollars to include
transgender people in sport on the basis of their gender identity rather than their
biological sex; and there are no federal cases that expand the meaning of “sex” to
include or to be replaced by “gender identity” in a Title IX sports context.”? As
they have done under Title VII, a few federal circuits have expanded the meaning
of “sex” under Title IX, but so far only in the contexts of restrooms and locker room
access.”!

Supporters of transgender student-athletes have argued that these
precedents are applicable to sport: that just as transgender girls must be permitted
to use girls’ restrooms they must also be permitted to be on girls’ sports teams and
included without condition in girls’ competitions.”? But as the Obama

4

“implicate[s] its substantive expertise”; and (4) “reflect[s] ‘fair and considered judgment.”” Kisor v.
Wilkie, 139 S. Ct. 2400, 2412, 2415-17 (2019) (explaining that deference to agencies under the Court’s
decision in Auer v. Robbins, 519 U.S. 452 (1997), are based in the presumption that “when granting
rulemaking power to agencies, Congress usually intends to give them, too, considerable latitude to
interpret the ambiguous rules they issue” but that courts need not defer to those interpretations when
they are not justified according to these requirements).

68.  See supra note 64 (discussing the EADA).

69. This bipartisan support for girls and women’s sport, in a climate where such issues are often
difficult to find, is presumably one of the reasons Republicans have seized on trans inclusion in girls
and women'’s sport as an election issue for the 2020 cycle. See, e.g., James Freeman, Opinion, Did
Democrats Just Create a Problem with Soccer Moms and Dads? A Friday House Vote Could Be the Sleeper Issue
of 2020, WALL ST.J. (May 20, 2019, 4:56 PM), https://www.wsj.com/articles/did-democrats-just-create-
a-problem-with-soccer-moms-and-dads-11558385818.

70.  As of this writing, the first federal case to address this issue has just been filed in the United
States District Court in the District of Connecticut. See Soule et al. v. Conn. Interscholastic Athletic
Conference et al., No. 3:20-cv-00201, (D. Conn., filed Feb. 12, 2020). Otherwise, a Westlaw search of the
All Federal database for “Title w/1 IX & transgender & sport” yields only thirteen cases, none of which
apply to selection for sex segregated sports teams. Almost all are bathroom and/or locker room privacy
cases. The others are not even indirectly on point.

71.  See, e.g., Adams ex rel. Kasper v. Sch. Bd. of St. Johns Cty., 318 F. Supp. 3d 1293 (M.D. Fla.
2018) (restrooms); G.G. ex rel. Grimm v. Gloucester Cty. Sch. Bd., 822 F.3d 709 (4th Cir. 2016), vacated
and remanded, 137 S. Ct. 1239 (2017) (restrooms); Johnston v. Univ. of Pittsburgh, 97 F. Supp. 3d 657
(W.D. Penn. 2015) (restrooms and locker rooms).

72.  See, e.g., Shayna Medley & Galen Sherwin, Banning Trans Girls from School Sports Is Neither
Feminist Nor Legal, ACLU (Mar. 12, 2019, 5:45 PM), https://www.aclu.org/blog/lgbt-rights/transgender-
rights/banning-trans-girls-school-sports-neither-feminist-nor-legal (arguing that “[w]hen
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Administration apparently recognized in 2016 when it was interpreting Title IX in
its Transgender Guidance to schools, sport is different from restrooms not only in
its policy objectives but also in the extent to which sex actually matters:”> Where
sport is designed to develop and showcase the capacities of the physical body —
including mental control of the physical body, and the girls’ and women’s
categories are designed to secure sex equality with respect to the benefits that flow
from sports, restrooms are designed to provide a space for people to relieve
themselves, and girls’ and women’s restrooms are designed to secure safety and
privacy as they do.” In law, at least, institutional design and objectives matter, as
do the facts about whether individuals are similarly or dissimilarly situated with
respect to the characteristics that are relevant to their attainment. In any event, the
Trump Administration has withdrawn the Obama Guidance, restoring the
original regulatory status quo;” and the Department of Education’s Office of Civil
Rights is investigating a complaint alleging that the Connecticut Interscholastic

misinformation about biology and gender is used to bar transgender girls from sports in schools
receiving federal funds, it amounts to the same form of sex discrimination that has long been prohibited
under Title IX”); Dave Zirin, Transphobia’s New Target Is the World of Sports: First It Was Bathrooms, Now
It’s Athletics, NATION (Mar. 5, 2019), https://www.thenation.com/article/archive/trans-runner-daily-
caller-terry-miller-andraya-yearwood-martina-navratilova (analogizing the two in general).

73.  Dear Colleague Letter on Transgender Students from Catherine E. Lhamon, Assist. Sec’y for
Civil Rights, U.S. Dep’t of Educ. & Vanita Gupta, Principal Deputy Assist. Att'y Gen. for Civil Rights,
US. Dep’t of Justice (May 13, 2016), https://www2.ed.gov/about/offices/list/ocr/letters/colleague-
201605-title-ix-transgender.pdf. Compare

Restrooms and Locker Rooms. A school may provide separate facilities on the basis of sex,
but must allow transgender students access to such facilities consistent with their gender
identity. A school may not require transgender students to use facilities inconsistent with
their gender identity or to use individual-user facilities when other students are not required
to do so. A school may, however, make individual-user options available to all students who
voluntarily seek additional privacy.
with
Athletics. Title IX regulations permit a school to operate or sponsor sex-segregated athletics
teams when selection for such teams is based upon competitive skill or when the activity
involved is a contact sport. A school may not, however, adopt or adhere to requirements that rely
on overly broad generalizations or stereotypes about the differences between transgender students and
other students of the same sex (i.e., the same gender identity) or others’ discomfort with transgender
students. Title IX does not prohibit age-appropriate, tailored requirements based on sound,
current, and research-based medical knowledge about the impact of the students’
participation on the competitive fairness or physical safety of the sport.
Id. at 3 (emphasis added). The first and third sentences in the “Athletics” paragraph are original to the
regulations. The second or middle sentence is guidance developed by the administration concerning
the application of the traditional rule to the transgender context. The administration’s position at least
on the first and third points, but arguably also the second, was well-grounded in the legislative history
as recognized over the years by the courts interpreting the statute and its regulations. See, e.g., Kelley
v. Bd. of Trs., 35 F.3d 265, 270 (7th Cir. 1994) (noting that “Congress itself recognized that addressing
discrimination in athletics presented a unique set of problems not raised in areas such as employment
and academics”).

74.  The difference between sport and restrooms is further detailed in Coleman, Sex in Sports, supra
note 27, at nn.316-317 and accompanying text.

75.  Andrew Mytelka, Trump Administration Rescinds Obama-Era Guidance on Transgender Students,
CHRON. OF HIGHER EDUC. (Feb. 22, 2017), https://www.chronicle.com/blogs/ticker/trump-administrati
on-rescinds-obama-era-guidance-on-transgender-students/117025.
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Athletic Conference (CIAC) policy allowing unconditional inclusion of trans girls
in girls competition violates Title IX.76

Regardless of the Trump Administration’s motivation for taking up this
complaint,”” as a doctrinal matter it is on sound footing. Not only is the legal
history of the sports exception to Title IX’s general nondiscrimination rule clear
that it is focused on equality for females in relation to males, but it is also generally
accepted that sex segregated sport is constitutional because of its grounding in the
“inherent [biological] differences between men and women” and because its
purposes are to “compensate” women (and girls) for past and ongoing sex-related
discriminations, to “promote equal [sports] opportunity [between men and
women],” and to “advance full development of [women’s and girls’] talent and
capacities.””® As we explore further below, if both “sex” and “gender identity”
became the basis for eligibility for girls’ and women’s sport—or, as applied, if both
girls’ and boys’ sport included both males and females—inherent differences
would no longer be the rationale for separate sex sport, and the girls and women’s
categories would no longer serve their equality and empowerment goals. They
would lose their constitutional grounding.

II. THE SCIENTIFIC EVIDENCE SUPPORTING THE SPORTS EXCEPTION

The disagreement among women and women’s groups in the 1970s about
whether sex differences in athletic ability were merely stereotype or in fact
inherent has long since been resolved. In 2008, Gina Kolata of The New York Times
reported that “even though some scientists once predicted that women would
eventually close the gender gap in elite performances—it was proposed that all
they needed was more experience, better training and stronger coaching—that
ideais...largely discredited, at least for Olympic events.”” As we write this paper
in 2020, it is clear that Kolata’s point is accurate across the board, at both the elite
and non-elite levels of almost all standard sports and events. To say, as some
advocacy groups do, that there is “no evidence” —or that it is “myth” and

76. Dan Brechlin, Federal Office of Civil Rights Agrees to Investigate Connecticut’s High School
Transgender Athlete Policy, HARTFORD COURANT (Aug. 8, 2019), https://www.courant.com/sports/high-
schools/hc-sp-high-school-connecticut-transgender-policy-20190808-20190808-
iSyfbovklvf4fjrir4douybssjd-story. html.

77. Mark Joseph Stern, Betsy DeVos May Force High Schools to Discriminate Against Trans Athletes,
SLATE (Aug. 9, 2019), https://slate.com/news-and-politics/2019/08/trump-education-department-title-
ix-trans-athletes-discrimination.html (noting that this decision may be part of a broader anti-trans
agenda).

78.  Coleman, Sex in Sport, supra note 27, at 67-70 (quoting United States v. Virginia, 518 U.S. 515,
532 (1996)); see also Kelley v. Bd. of Trs., 35 F.3d 265, 272 (7th Cir. 1994) (upholding the constitutionality
of the statute and regulations against an equal protection challenge on these grounds); Cohen v. Brown
Univ., 991 F.2d 888, 900-01 (same).

79.  Gina Kolata, Men, Women and Speed. 2 Words: Got Testosterone? N.Y. TIMES (Aug. 22, 2008),
https://www.nytimes.com/2008/08/22/news/22iht-22testosterone.15533354.html; see also Robinson
Meyer, We Thought Female Athletes Were Catching Up to Men, but They're Not, ATLANTIC (Aug. 9, 2012),
https://www.theatlantic.com/technology/archive/2012/08/we-thought-female-athletes-were-catching-
up-to-men-but-theyre-not/260927/.
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“outdated stereotype” —that males, including trans women and girls not on gender
affirming hormones, are “better” in sport than females is simply to deny science.s
Sporting opportunities are not always identical, but there is now substantial
parity in training and competition, especially at the elite level, and this has resulted
in important performance gains for female athletes. But as the following figure by
our co-author Mike Joyner tracking marathon performances illustrates, better
training, better races, and more competitive opportunities throughout the world
have resulted in gains for both sexes with a compressed time frame for women.

Marathon World Record Progression

The upshot is that today, depending on the sport and event, the gap between the
best male and female performances remains somewhere between 7 to 25 percent;
and even the best female is consistently surpassed by many elite and non-elite
males, including both boys and men.8! If elite sport were co-ed or competition were
open, even the best female would be rendered invisible by the sea of men and boys

80. See, e.g., Medley & Sherwin, supra note 72 (using the terms “myth”, “stereotype” and the claim
of “no research” to describe the biological evidence in this context); Emilie Kao, How Pelosi’s “Equality
Act” Would Ruin Women’s Sport, HERITAGE FOUND. (Apr. 24, 2019), https://www.her
itage.org/gender/commentary/how-pelosis-equality-act-would-ruin-womens-sports (quoting Sunu
Chandy from the National Women’s Law Center using these ACLU talking points).

81. For data comparing male and female performances in a number of events on the track,
including the number of males (boys and men) who surpass the very best females, see, e.g., Doriane
Lambelet Coleman &Wickliffe Shreve, Comparing Athletic Performances: The Best Elite Women to Boys and
Men, DUKE CTR. FOR SPORTS LAW & POL’Y (2018), https://law.duke.edu/sites/default/files/cente
rs/sportslaw/comparingathleticperformances.pdf.
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who would surpass her. As this next visual using the 400 meters on the track
reflects, in percentage terms, the best female is bettered by relatively non-elite boys
and men starting at 0.01 percent.®2 Simulating the final 100 meters of that event, it
shows three of the fastest ever females on their very best day, against the
thousands of boys and men whose performances—just in the single year 2017 —
would be competitive with or better than them in that final stretch.

Comparing the Best Elite Females to Boys & Men:
Personal Bests For 3 Female Gold Medalists vs 2017 Performances by Boys & Men

The same is true outside of the professional ranks in education-based sport,
including in high school regular and post-season competition. For example, in
2016, Vashti Cunningham—the daughter of former NFL quarterback Randall
Cunningham —set the high school American record in the high jump outdoors at 6
feet, 4%2 inches. Since she joined the professional ranks, she has jumped 6 feet, 6%
inches, and is ranked in the top ten in the world.® Still, in just one year—2018—
and just in the state of California, 50 high school boys jumped higher than her high
school best. Nationwide, in 2019, 760 boys jumped higher.8* As the following
figure simulating a high jump competition demonstrates, if high school sport were
co-ed or competition were open, Cunningham would not have made it to her state

82. Jeff Wald, Doriane Lambelet Coleman, Wickliffe Shreve & Richard Clark, Comparing the Best
Elite Females to Boys and Men: Personal Bests for 3 Female Gold Medalists Versus 2017 Performances by Boys
and Men, DUKE CTR. FOR SPORTS LAW & POL’Y (2018).

83.  Athlete Profile: Vashti Cunningham, WORLD ATHLETICS, https://www.iaaf.org/athletes/united-
states/vashti-cunningham-280887 (last visited Jan. 15, 2020).

84.  See 2019 High School Men’s High Jump Rankings, ATHLETIC.NET, https://www.athletic.net/Tra
ckAndField/Division/Event.aspx?DivID=97967&Event=9&page=7.
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meet, she would not be on the national team, and we would not know her name
other than as a footnote on her father’s Wikipedia page.s>

High Jump: Best American Boys in 2019
Compared to the Girls’ American Record

It is perhaps more important for policy purposes that those girls who are only
average high school athletes—for example, those who might just or occasionally
win an invitational event or regional competition—would fare even worse.
Indeed, a review of age-group performance data confirms what policymakers
understood already in the 1970s: if sport were not sex segregated, most school-
aged females would be eliminated from competition in the earliest rounds.’6 The
following chart illustrates this point, using California intra-state regional results
from the 2019 outdoor season, where the best boy in the state jumped 7 feet, 0
inches, and the best girl jumped 5 feet, 10 ¥2 inches. The average differential was

85. This figure by Jeff Wald is based on data from Athletics.net. According to that database and
that of the NAT'L FED'N OF STATE HIGH SCH. ATHLETIC ASS'NS, https://www.nfhs.org/RecordBook/
Record-book-result.aspx?Categoryld=1712 (last visited Jan. 28, 2020), only five other females residing
and competing in the U.S. have jumped in this range: Alyxandria Treasure (1.92 meters in 2017),
Jeannelle Scheper (1.91 meters in 2016), Toni Young (1.93 meters in 2009), Amy Acuff (1.91 meters in
1992), and Latrese Johnson (1.90 meters in 1985).

86.  See supra notes 44, 54-55 and accompanying text (discussing this concern as it arose in the
original policymaking process). See also E-mail from Michael J. Joyner, Caywood Professor of
Anesthesiology and Perioperative Med., Mayo Clinic Sch. of Med., to Doriane Lambelet Coleman,
Professor of Law, Duke Law Sch. (Oct. 6, 2019, 9:08 AM) (on file with authors) (“My younger boys 9
and 7 are good swimmers and they are in mixed races and it is hit or miss boy or girl who wins. The
best swimmer in the club is a tall skinny 16-year-old girl who is getting recruited by good schools. She
has real ability. She gets crushed by guys who will swim D3 if they choose to.”); Coleman, Sex in Sport,
supra note 27, at n.173 (describing the experience in Massachusetts with boys at the girls’ state
swimming championships).
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ranged from 11.88 percent to 20.73 percent.

2019 California Regional High Jump Results®’

91

REGION BEST BOY BEST GIRL % DIFFERENCE
Central 2.0828 1.778 14.63%
Central Coast 1.9812 1.6764 15.38%
Los Angeles 1.8796 1.5748 16.22%
North Coast 2.0828 1.651 20.73%
Northern 1.9558 1.6764 14.29%,
Oakland 1.8034 1.4732 18.31%
Sac-Joaquin 2.032 1.73355 14.69%
San Diego 2.032 1.7907 11.88%
San Francisco 1.8288 1.4732 19.44%
Southern 2.1336 1.7399 18.45%

The point that from puberty on, co-ed competition relegates most, if not all,
females to being only participants in the game is easiest to prove in the case of
sports with objective metrics, but “it is well-understood that a version of this story
can be told across the board, almost no matter the event.”8 Indeed, the
performance gap is so well-understood, and so abundantly documented in easily
searchable databases, that it’s difficult to take seriously the claim that it is merely

87. We developed this chart using data from the query “California High Jump Results,” in
ATHLETIC.NET , https://www.athletic.net/ (last visited September 25, 2019).

88.  Coleman, Sex in Sport, supra note 27, at 91; Robinson Meyer, We Thought Female Athletes Were
Catching Up to Men, but They're Not, supra note 79.
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“myth” and “false stereotype.” Indeed, many on the sport and science side of the
discussion have not bothered to try.®

Beyond the data, the sex-specific biology underlying the performance gap is
also well-studied and well documented. Like other scientific fields that have
focused on biological sex differences and that have come to recognize the extensive
(beyond reproductive) reach of sex in the human body,” sports science and related
disciplines—e.g., cardiology, hematology, endocrinology—have advanced
tremendously in their understanding of the bases for the sex differences in athletic
performance. What is clear from the evidence is that “the differences aren’t the
result of boys and men having a male gender identity, more resources, better
training or superior discipline. It's because they have androgenized bodies.”*?
Specifically, scientists agree that “males and females are materially different with
respect to the main physical attributes that contribute to athletic performance,”
and that “the primary reason for sex differences in these attributes is exposure in
gonadal males to much higher levels of testosterone (T) during growth and
development (puberty), and throughout the athletic career.”*?

Before the onset of puberty, males and females produce similar, low levels of
T, that is, on the order of 0.25 milligrams (mg) per day. But starting at puberty,
male testes begin to produce much more than female ovaries and adrenal glands
combined. On average, males (including elite male athletes) produce about 7 mg
per day, and females (including elite female athletes) continue to produce about
0.25 mg per day. The normal male range is from 7.7 to 29.4 nmol/L. The normal

89. For example, domestic databases like Athletics.net provide not only national coverage but
also regional, state, and local coverage that goes deep into college, high school, junior high school, and
age group results. And international databases run by the governing bodies do a version of the same
on a global level. See supra notes 81-83 (providing data from the IAAF’s interactive database).
Nevertheless, in this period the ACLU regularly insists that there is “no evidence” that males are better
than females in sport. And even the NWLC publicly repeats this “no evidence” claim and adds that
all sex differences are “unfounded stereotype.” See supra note 80 and accompanying text (citing to these
talking points). Itis only if one accepts their predicate that the category “women” includes males who
identify as female—or, as they put it, “women who happen to be transgender” —that stereotype theory
works in the sports space. See Coleman, Sex in Sport, supra note 27, at 105-106, 109-11 (describing and
responding to these rhetorical claims as they relate to sport). Otherwise, their argument is either
uneducated or convenient science denial. See Doriane Coleman, Martina Navratilova & Sanya
Richards-Ross, Pass the Equality Act but Don’t Abandon Title IX, WASH. POST (Apr. 29, 2019),
https://www.washingtonpost.com/opinions/pass-the-equality-act-but-dont-abandontitleix/2019/04/29
/2dae7e58-65ed-11e9-alb6-b29b90efa879_story.html?noredirect=on.

90. From statistics, for example, see, e.g., For Crying Out Loud 2019, Biology in Sports Matters,
STATHOLE SPORTS (Apr. 18, 2019), http://statholesports.com/for-crying-out-loud-2019-biology-in-sport
s-matters/.

91.  See EXPLORING THE BIOLOGICAL CONTRIBUTIONS, supra note 37 (IOM report examining the
evolving study of sex differences and making the case that barriers to knowledge about sex differences
must be eliminated).

92. Coleman & Shreve, supra note 81.

93. Various experts have recognized the impact of testosterone in athletic performance. The Role
of Testosterone in Athletic Performance, DUKE CTR. FOR SPORTS LAW & POLICY (Jan. 2019) [hereinafter
Testosterone in Athletic Performance] (emphasis added), https://law.duke.edu/sites/default/files/centers/
sportslaw/Experts_T_Statement 2019.pdf.
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female range is from 0.06 to 1.68 nmol/L.** In other words, as the following figure
from Jonathon Senefeld and our co-author Michael Joyner shows, beginning at
puberty, testosterone distributes bi-modally and males (whether they are trans or
not) generally produce four to fifteen times more testosterone than females
(whether they are trans or not). Female T readings are represented in red, male T
readings in blue/purple.

Nationally Representative Data for Total Testosterone
for the U.S. Population Ages 6-35 Years®®

94. Females with polycystic ovaries (PCOS) may have levels upward of 4.8 nmol/L, and those
with with untreated congenital adrenal hyperplasia (CAH) may have levels that are higher than that.
But no healthy female, e.g., no elite athlete, has a natural T level above 5 nmol/L.

95. Jonathon W. Senefeld & Michael J. Joyner (2019). The data in the figure are from the National
Health and Nutrition Examination Survey (NHANES), a study of health of random sample of children
and adults in the United States. Using standard, validated clinical laboratory measurement tools
(isotope dilution liquid chromatography tandem mass spectrometry) the NHANES laboratory
precisely determined total testosterone of 4,229 girls/women and boys/men from ages 6 —35 years.
These data are collected biennially to create a longstanding, National database of normative data. Panel
A demonstrates the distribution of total testosterone concentration in children age 6-18 for each year
using a box-plot to show the 25th, 50th and 75th percentile scores of testosterone. The error bars
represent 3 standard deviations (SD) from the mean testosterone, and all outliers (greater or lesser than
3 SD from the mean) are marked using symbols. The girls (red colored box-plots and symbols) have a
~10-fold increase in testosterone (~3 ng-dL" to ~30 ng-dL") that plateaus at 14 years. The boys (blue
colored box-plots and symbols) have a substantially greater increase in testosterone than girls, an
increase of over 100-fold (~4 ng-dL! to ~450 ng-dL) that begins to plateau at 16 years. Testosterone
concentrations are high and steady after age 18 (during years of peak endurance), and the distribution
of testosterone for adults in this age range (19-35 years) are displayed in Panel B. This data set of over
1,400 samples from men and women shows the distribution curves from 99 percent of the data, with
upper and lower outliers (0.05 percent above and below the mean) removed. The narrow range of the
distribution for normative values for women (10-60 ng-dL") is much smaller than the large range of
normative values for men (175-925 ng-dL1).
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As the next two figures demonstrate, this different exposure literally builds
the male body in the respects that matter for sport. Specifically, “compared to
biological females, biological males have greater lean body mass (more skeletal
muscle and less fat), larger hearts (both in absolute terms and scaled to lean body
mass), higher cardiac outputs, larger hemoglobin mass, (also both in absolute
terms and scaled to lean body mass), larger VoOzmax (higher aerobic capacity) (also
both in absolute terms and scaled to lean body mass), greater glycogen utilization,
higher anaerobic capacity, and different economy of motion.”%

The figure immediately below, from David Handelsman, shows that the
emergence of the performance gap in running, jumping, and swimming tracks the
rise in male T levels at puberty:

Sex Differences in Athletic Performance Coinciding with the Onset of Male Puberty:
Running, Jumping, and Swimming®’

96.  Testosterone in Athletic Performance, supra note 93.

97.  This figure is part of a series that was published by David ]. Handelsman et al., Circulating
Testosterone as the Hormonal Basis of Sex Differences in Athletic Performance, 39 ENDOCRINE REVS. 80329
(2018), https://academic.oup.com/edrv/article/39/5/803/5052770/.

Daubert Response App. 0167



RE-AFFIRMING THE VALUE OF THE SPORTS EXCEPTION 95

This final figure, from our co-author Michael Joyner and his colleague
Jonathon Senefeld, homes in on the swimming line. It confirms that pre-pubertal
children of both sexes are competitive for the win in co-ed events, with females
having some advantage in the six to eight-year-old age brackets. This—together
with the requirement of sex-blind approaches when these do not undermine
equality goals—is the basis for co-educational programming in elementary school
and some age-group competitions.® The figure also confirms that from the onset
of physical puberty to late adolescence, the competitiveness of females decreases
essentially to zero. This—together with the preference for sex conscious
approaches when these are necessary to meet equality goals—is the basis for
policies that separate males and females in athletic competition starting in middle
school and beyond.”

Sex Differences in Swimming Performance by Agel0®

98.  See generally WOMEN’S SPORT FOUND., ISSUES RELATED TO GIRLS AND BOYS COMPETING, supra
note 54 (describing the circumstances in which it is appropriate legally and scientifically to provide for
co-ed and sex segregated sports and physical activities).

99.  See id. (preferring co-ed sport until puberty). Swimming provides a particularly powerful
example of the need for sex segregation in this context because the socio-cultural explanations for the
performance gap are neutralized if not eliminated. Women and girls have had significant competitive
opportunities in swimming that preceded Title IX, more girls participate in USA swimming than boys,
training is systematic, rigorous and mixed from an early age, and records are typically set under
standardized conditions. Additionally, swimmers typically come from resource rich homes where sex
differences in nutrition or access to medical care are unlikely.

100. Michael J. Joyner & Jonathon W. Senefeld, Sex Differences in Youth Elite Swimming, 14 PLOS
ONE 5 (2019). The data in the figure are from the top five swimming performances of all-time by US
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The State of Connecticut is illustrative. It explains the applicability of these
science facts in the FAQs that accompany its public school health, fitness, and
performance standards:!0!

Why do some standards for boys and girls differ?

Two factors must be taken into account when determining criterion-
referenced health standards: inherent physiologic differences between
genders, and differences in health risks between genders. Due to physiologic
and anatomic differences between the genders, there may be inherent
performance differences between boys and girls for a specific fitness
component. For example, differences in cardiac function and body
composition between adolescent boys and adolescent girls result in
adolescent boys, as a general rule, having a higher aerobic capacity than
adolescent girls. Specifically, if the minimum VOzmax for healthy girls is 28 ml.
kg-1. min-1 and for healthy boys, 32 ml. kg-1. min-1, setting the same standard
for both on the One-Mile Run Test would not be appropriate. In the case of
aerobic capacity, gender differences are taken into account, along with
existing data on health risks, in order to determine the standards. In addition
to physiologic differences, the two genders do not face the same health risks
during their growth. To reflect these differentiated health risks, the standards
are adjusted.

Why are some standards for boys and girls the same?

When there is no valid reason for expecting a difference in the performance
between boys and girls, the standards are the same. For example, young
children, particularly in Grades 1-6, do not always possess the physical and
physiological differences that appear as children approach puberty (Falls &
Pate, 1993). When this is true, the same standards may be used for both
genders.

Why are standards for aerobic endurance lower for girls than for boys?

Inherent gender-related differences in body composition and in hemoglobin
concentration cause aerobic capacity, referred to as VO2 max, for boys and
girls who have the same level of physical activity, to be different. The
differences prior to puberty are very small or nonexistent (for hemoglobin

swimmers for each 1-year age group from age 5 to 18 years, a database maintained and verified by
USA Swimming. These data are using long course, freestyle swimming performances. Panel A
demonstrates the sex difference in swimming performance across age (5-18 years). The sex difference
in negative (indicating faster performances by girls) until age 10 (no sex differences) and then the sex
difference markedly increases (faster boys) with a plateau at age 17. This plateau at ~8.5 percent
maintains steady until ~age 50. The black line is the mean sex difference, and the grey area is the 95
percent confidence interval. Panel B demonstrates that similar trends were observed for each major
freestyle swimming distance. Notably, the sex difference is largest in ‘sprint events’ (50, 100 and 200
m) and smallest in ‘endurance events’ (400, 800 and 1,500 m). Panel C is the legend for panel B. The y-
axis for panel C is sex difference (%).

101. CONN. STATE DEP'T OF EDUC., CONNECTICUT PHYSICAL FITNESS ASSESSMENT: THIRD
GENERATION 12-13 (2019-2020), https://portal.ct.gov/-/media/SDE/Phys-Ed/CPFA----Test-Administrat
ors-Manual---2019.pdf?la=en.
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concentration), but they increase during puberty and adolescence. These
differences are linked in part to differences in the reproductive hormones. The
lower VO2 max in girls compared to boys with the same physical activity level
are not thought to be associated with increased health risk. The standards for
boys and girls reflect the different levels of VO2 max that are associated with
increased health risk in adults.???

Notably, based on its interpretation of Connecticut anti-discrimination law, the
Connecticut Interscholastic Athletics Conference (CIAC) has taken a position that
is at odds with the state’s physical standards, that is, despite the science and
related policy, it permits trans girls—whether or not they were on gender
affirming hormones—to compete in girls’ events.'® As a result, in the three year
period 2016 to 2019, two trans girls who would not have been successful, had they
competed in the boys’ division, won fifteen individual state championships in the
girls division.® It is this set of facts that is the basis for the federal Title IX
complaint that the United States Department of Education’s Office of Civil Rights
is currently investigating.105

Apart from testosterone, different sex-linked factors and processes also
contribute to sex differences in athletic performance. What this means is that even
when trans women and girls use blockers and/or gender affirming hormones, male
legacy advantages remain if their therapy begins only after the onset of puberty.10
These include—among others—different muscle mass, bone density, and airway
size.l”” Legacy advantages are more or less pronounced, depending on the age at

102.  Id.

103.  See infra note 104 and accompanying text (summarizing the results of CIAC policy).

104. In spring 2018, Terry Miller and Andraya Yearwood placed first and second at the 2018 Class
M State Championship in the girls’ 100 meters with times of 11.77 and 12.22, respectively. Miller broke
the meet record of 12.16 that was set in 1995. 2018 CIAC Spring Championships: Class M Outdoor Track,
CIAC TOURNAMENT CENT., https://content.ciacsports.com/ot18m.shtml (last visited Jan. 28, 2020). The
top five finishers from the Class M meet go on to the State Open, which includes the top twenty-five
athletes in the state. Miller and Yearwood took 1st and 2nd place there too, with times of 11.72 and
12.29 respectively. See 2018 CIAC Spring Championships: Open Outdoor Track, CIAC TOURNAMENT CENT.,
https://content.ciacsports.com/ot180.shtml (last visited Jan. 28, 2020). Because they had only run 11.87
and 12.28 going into the State Championships, and the boys’ qualifying time was 11.84, neither would
have qualified for post-season competition had they been competing in the boys’ division. The top six
from the State Open represent Connecticut in the New England Championship, which Miller went on
to win as well. See 2018 New England High School Outdoor Track and Field Championships,
RUNNERSPACE.COM, https://new-england-interscholastic-outdoor-championships.runnerspace.com/e
profile.php?do=info&event_id=5773&year=2018 (last visited Jan. 28, 2020).

105.  See supra notes 76-77 and accompanying text (discussing this complaint).

106. Among other related questions, whether male legacy advantages are offset by disadvantages
associated with transition is the subject of ongoing inquiry, including by Joanna Harper and colleagues
at the University of Loughborough.

107.  For an easy to follow description of sex differences in this category, see Yvonne van Dongen’s
interview with physiologist Alison Heather, Even Before Birth, Genetic Building Blocks Are Giving Athletes
Born Male a Massive Advantage Over Females, STUFF (July 21, 2019), https://www.stuff.co.nz/sport/other-
sports/114327152/even-before-birth-genetic-building-blocks-are-giving-athletes-born-male-a-massive-
advantage-over-females; see also, e.g., Paolo B. Dominelli et al., Sex Differences in Large Conducting
Airway Anatomy, J. APPLIED PHYSIOLOGY (1985).
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which the person physically transitions, and Joanna Harper has cautioned that
they may be offset by the disadvantages associated with taking exogenous
hormones and performing in a male frame with female T levels.!% Finally, legacy
advantages are more or less relevant to performance depending on the sport and
event. The latter is why, for example, track and field has taken the position that
winding down testosterone levels is an acceptable compromise, but power lifting
has not.!®

In contrast, despite the frequent contrary assertion from advocates for
unconditional transgender inclusion, there is no evidence that other physical
traits—such as height, wingspan, muscle fiber type, or lactic acid processing
ability, among others —are similarly determinative of outcomes in sport.""® As our
co-author Doriane Coleman has written elsewhere,

[t]here is no characteristic that matters more than testes and testosterone. Pick your
body part, your geography, and your socioeconomic status and do your
comparative homework. Starting in puberty there will always be boys who can
beat the best girls and men who can beat the best women.

Because of this, without a women’s category based on sex, or at least these sex-
linked traits, girls and women would not have the chance they have now to
develop their athletic talents and reap the many benefits of participating and
winning in sports and competition.!!

Indeed, even scientists Ross Tucker and Eric Vilain, who are on record in support
of gender inclusive policies, have acknowledged that this is why “we separate men
and women into categories . . . we want women to be able to win some
competitions;”1? and, “[w]ithout a women’s category” based on sex-linked traits,
“elite sport would be exclusively male.”> Because the traits that account for the
performance gap are in play starting at the onset of male puberty, the same would
be true of non-elite, education-based sport. To paraphrase them both, without a
girls’ category based on sex, or at least on sex-linked traits, education-based

108. Katherine Kornei, This Scientist is Racing to Discover How Gender Transitions Alter Athletic
Performance—Including Her Own, SCI. MAG. (July 25, 2018, 9:00 AM), https://www.sciencemag.
org/news/2018/07/scientist-racing-discover-how-gender-transitions-alterathletic-performance-
including.

109. Compare WORLD ATHLETICS ELIGIBILITY REGULATIONS FOR TRANSGENDER ATHLETES, WORLD
ATHLETICS, http://www.athletics.org.tw/Upload/Web_Page/W A/Eligibility %20Regulations %20for%20
Transgender%20Athletes, %20.pdf, with USA POWERLIFTING TUE COMMITTEE REPORT 2019, USA
POWERLIFTING, https://www.usapowerlifting.com/wp-content/uploads/2019/05/USA-Powerllifting-TU
E-Committee-Report-2019.pdf.

110.  See Testosterone in Athletic Performance, supra note 93 (“No other endogenous physical or
physiological factors have been identified as contributing substantially and predominantly to [sex]
differences [in athletic performance].”).

111.  Doriane Lambelet Coleman, Sex, Sport, and Why Track and Field’s New Rules on Intersex Athletes
are Essential, N.Y. TIMES (Apr. 30, 2018), https://www.nytimes.com/2018/04/30/sports/track-gender-
rules.html.

112.  Coleman, Sex in Sport, supra note 27, at 91 (quoting Eric Vilain).

113.  Id. at 86 (quoting Ross Tucker).
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competitive sport would be mostly, if not exclusively, male. And so, if we want
females to win some competitions, we need to separate them.!4

III. REAFFIRMING THE MISSION
IN LIGHT OF THE CHALLENGE FROM THE IDENTITY MOVEMENT

As we show in Parts I and II, the question presented by advocates for
unconditional inclusion of transgender athletes in girls and women'’s sport is not
whether there is a difference between the male body and the female body that
justifies current Title IX policy; nor is it whether that policy supports sex
segregation in this arena. Rather, the question is the normative one whether, in
light of new attention to and growing knowledge about differences of sex
development and gender incongruence, we are and should remain committed to
equality for females in relation to males in the education-based sports space.
Specifically, is that aspect of the idea revolution that was equality for females still
viable, or should we be moving on to a new one that rejects the original focus on
sex so that we can be inclusive of individuals who are gender diverse?

The voices with the megaphone at the moment prioritize this new and
different revolution;'’® but in fact, feminists are split on this issue, as are
transgender people whether or not they are also feminists."¢ In this respect, the
dispute is as much “in the family”” as it is among traditional political
opponents.'8 Biological sex, sex equality, and sport are matters that mean a lot to

114.  None of this is new to gym teachers and secondary school coaches, who have long used sex
specific performance charts both to assess physical health and development and to sort students for
competitive games and teams. See supra notes 101-102 and accompanying text (setting out the State of
Connecticut’s standards). Nor is it new to the military, which similarly uses sex specific standards for
initial inclusion into the armed services and for fitness reviews, and sex neutral standards in
circumstances where operational needs outweigh inclusion and equality concerns. See generally
KAMARCK, supra note 50.

115.  See infra text and accompanying notes 177-190 (discussing the public positions taken by,
among other organizations, the ACLU, the National Women’s Law Center, and the Women’s Sports
Foundation).

116.  Compare Shasta Darlington, Transgender Volleyball Star in Brazil Eyes Olympics and Stirs Debate,
N. Y. TIMES (Mar. 17, 2018), https://www .nytimes.com/2018/03/17/world/americas/brazil-transgender-
volleyball-tifanny-abreu.html (including the views of Joanna Harper and Tifany Abreu), with Scott
Gleeson & Erik Brady, These Transgender Cyclists Have Olympian Disagreements on How to Define Fairness,
USA TODAY (Jan. 11, 2011), https://www.usatoday.com/story/sports/olympics/2018/01/11/these-
transgender-cyclists-have-olympian-disagreement-how-define-fairness/995434001/ (comparing the
views of Rachel McKinnon with those of some of her female competitors).

117.  See, e.g., Coleman, Navratilova, & Richards-Ross, supra note 89; Doriane Coleman, Who Is a
“Woman" in Sport, VOLOKH CONSPIRACY (Mar. 11, 2019, 8:02 AM), https://reason.com/2019/03/11/who-
is-a-woman-in-sport/; Dave Zirin, Martina Navratilova is Expelled From an LGBTQ Advocacy Group Over
Transphobia Accusations, NATION (Feb. 25, 2019), https://www.thenation.com/article/martina-navratil
ova-athlete-ally-transphobia/.

118.  See, e.g., Andrea Jones & Clare Hepler, Males Don’t Belong in Women’s Sports— Even If They
Don’'t  Always Win, HERITAGE FOUND. (Nov. 27, 2019), https://www.heritage.org/gender/
commentary/males-dont-belong-womens-sports-even-if-they-dont-always-win (one of a series of
commentaries on the subject by the foundation); Megan, supra note 44 (reporting on filing of a Title IX
complaint by the Alliance Defending Freedom).
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many people regardless of politics, and so many people are interested in the
conversation.

In this final part of the paper, we set out what we see as the most persuasive
arguments on both sides of this debate, and we offer a proposal for policy reform
that would simultaneously secure Title IX’s existing commitment to sex equality
and make clear policymakers’ authority to develop approaches to the inclusion of
gender diverse students in education-based sport that do not undermine that
commitment.

A. The Affirmative Case for Sex Equality in Sport

As we see it, the most persuasive argument for sex equality in sport,
including in competitive education-based sport, is the following:

Equality for females is a broadly-held commitment and a high value social
good. Extending this commitment to education-based sport is part and parcel of
securing this value for the individual females who are directly involved, for
related stakeholders, and for society more generally. Because of biological
(“inherent”) differences between males and females, this value cannot be achieved
if teams and events are not separated by sex. And, because of the way equal
protection doctrine has evolved, there is likely no different—other than sex-
based —rationale for segregated sport that is likely to survive constitutional
scrutiny: if the classifications “girls’ sport” and “women’s sport” were based on
gender identity rather than sex, they would be difficult if not impossible to sustain.
Thus, for both biological and legal reasons, unless society is prepared to forego the
benefits that flow from girls” and women’s sport, the classification must continue
to be based on sex, or at least on reproductive sex-linked traits.

1. Sex Equality is a High-Value Social Good

Both sex equality in general and empowering females in particular are
societal priorities. For example, here using the word “gender” as a synonym for
“sex” the United Nations Population Fund explains that:

Gender equality is intrinsically linked to sustainable development and is vital to
the realization of human rights for all. The overall objective of gender equality is a
society in which women and men enjoy the same opportunities, rights and
obligations in all spheres of life. Equality between men and women exists when
both sexes are able to share equally in the distribution of power and influence;
have equal opportunities for financial independence through work or through
setting up businesses; enjoy equal access to education and the opportunity to
develop personal ambitions, interests and talents; share responsibility for the
home and children and are completely free from coercion, intimidation and
gender-based violence both at work and at home.

Within the context of population and development programmes, gender equality
is critical because it will enable women and men to make decisions that impact
more positively on their own sexual and reproductive health as well as that of their
spouses and families. Decision-making with regard to such issues as age at
marriage, timing of births, use of contraception, and recourse to harmful practices
(such as female genital cutting) stands to be improved with the achievement of
gender equality.
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However it is important to acknowledge that where gender inequality exists, it is
generally women who are excluded or disadvantaged in relation to decision-
making and access to economic and social resources. Therefore a critical aspect of
promoting gender equality is the empowerment of women, with a focus on
identifying and redressing power imbalances and giving women more autonomy
to manage their own lives. This would enable them to make decisions and take
actions to achieve and maintain their own reproductive and sexual health. Gender
equality and women’s empowerment do not mean that men and women become
the same; only that access to opportunities and life changes is neither dependent
on, nor constrained by, their sex.!?

That males and females are physically different in relevant ways, and that
females are routinely subject to discrimination because of their distinct physical
characteristics, explains the UN’s commitment to an equality toolbox that includes
sex affirmative measures, that is, measures that “see” sex or that are not “sex
blind.” It is understood that such measures can be effective in ways that sex
neutral measures are not: 12

Taking gender concerns into account when designing and implementing
population and development programmes therefore is important for two reasons.
First, there are differences between the roles of men and women, differences that
demand different approaches. Second, there is systemic inequality between men
and women. Universally, there are clear patterns of women’s inferior access to
resources and opportunities. Moreover, women are systematically under-
represented in decision-making processes that shape their societies and their own
lives. This pattern of inequality is a constraint to the progress of any society
because it limits the opportunities of one-half of its population. When women are
constrained from reaching their full potential, that potential is lost to society as a
whole. Programme design and implementation should endeavour to address
either or both of these factors.12!

These principles are codified at the international level in, for example, the UN
Convention on the Elimination of Discrimination Against Women, and in
European Union law.122

The goal to “[de]limit the opportunities of one-half of [the] population,” as
well as the utility of sex conscious approaches to achieving it, have been embraced
in the domestic context as well. In the United States, both the means and the ends
are supported by a constitutional standard that recognizes the fact of sex
differences and the distinction between sex and sex stereotype. The now-classic

119.  Frequently Asked Questions About Gender Equality (FAQS), UNITED NATIONS POPULATION FUND,
https://www.unfpa.org/resources/frequently-asked-questions-about-gender-equality (last visited Jan.
28, 2020) [hereinafter Gender Equality FAQs] .

120. Mona Lena Krook & Diana Z. O’Brien, The Politics of Group Representation: Quotas for Women
and Minorities Worldwide, 42 COMP. POL. 253 (2010); Stephanie M. Wildman, Affirmative Action: Necessary
for Equality for All Women, 12 BERKELEY LA RAZA L.J. 429 (2000); Laurel Wamsley, California Becomes 1st
State To Require Women On Corporate Boards, NPR (Oct. 1, 2018), https://www.npr.org/2018/10/01/6533
18005/california-becomes-1st-state-to-require-women-on-corporate-boards.

121.  Gender Equality FAQs, supra note 119.

122.  See Coleman, Sex in Sport, supra note 27, at 68, n.17.
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articulation of this standard comes from Justice Ruth Bader Ginsburg’s majority
opinion in United States v. Virginia:'*

While the law cannot “rely on overbroad generalizations about the different
talents, capacities, or preferences of males and females,” it “does not make sex a
proscribed classification.”’?* Indeed, it recognizes that “[p]hysical differences
between men and women . .. are enduring” and that these ““[ilnherent differences’
... remain a cause for celebration, but not for denigration of the members of either
sex or for artificial constraints on an individual’s opportunity.”1?> As applied, this
means is that “[s]ex classifications may be used to compensate women ‘for
particular economic disabilities [they have] suffered,” to ‘promot[e] equal
employment opportunity,” [and] to advance full development of the talent and
capacities of our Nation’s people”;?¢ but, they may not be used to “den[y] to
women, simply because they are women, full citizenship stature—equal
opportunity to aspire, achieve, participate in and contribute to society based on
their individual talents and capacities.”1?”

2. Sex Equality in Sport is a High-Value Social Good

Sport is one of the areas in which the sex equality project has particularly
thrived. The goals of competitive sport are “to showcase the best athletes, to
produce related goods for stakeholders, and to use sport as a means to spread
certain values throughout society. In all three respects, sport seek specifically to
reverse society’s traditional subordination of women by providing them with
opportunities for equal treatment and empowerment.”128

The Olympic Movement supports sex equality in international sport by
setting aside separate competitive opportunities for males and for females. For
example:

FIFA sponsors a football (soccer) World Cup for men and a World Cup for
women so that both sexes have the chance to field teams, to experience high level
international competition, and to be regional and world champions in the sport.
Through the production of its various events, FIFA is able to promote the sport
and to express its emerging commitment to sex equality —or at least to the value
of showcasing empowered females.”? FIFA President Gianni Infantino explained
the impact of the 2019 World Cup on the organization this way:

123. U.S.v. Virginia, 518 U.S. 533 (1996).
124.  Id. at 533 (emphasis added).
125.  Id. (distinguishing the “[sJupposed ‘inherent differences

117

between the races and national
orgins and adding that ““the two sexes are not fungible; a community made up exclusively of one [sex]
is different from a community composed of both’”). See also id. at 532 (“Without equating gender
classifications, for all purposes, to classifications based on race or national origin, the Court. .. has
carefully inspected official action that closes the door or denies opportunity to women (or to men).”).

126.  Id. at 533 (emphasis added).

127.  Id. at 516 (emphasis added).

128.  Coleman, Sex in Sport, supra note 27, at 85.

129.  FIFA Women’s World Cup France 2019 Watched by More Than 1 Billion, FIFA.COM (Oct. 18, 2019),
https://www.fifa.com/womensworldcup/news/fifa-women-s-world-cup-2019tm-watched-by-moretha
n-1-billion [hereinafter FIFA Women’s World Cup France 2019]. See Andreas Themistokleous, The Need
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More than a sporting event, the FIFA Women’s World Cup 2019 was a cultural
phenomenon attracting more media attention than ever before and providing a
platform for women’s football to flourish in the spotlight. The fact that we broke
the 1 billion target just shows the pulling power of the women’s game and the fact
that, if we promote and broadcast world-class football widely, whether it’s played
by men or women, the fans will always want to watch[.]'3

The official blog of the U.S. Department of State added that:

Every four years, the FIFA Women’s World Cup brings the participation and
empowerment of women through sports to the international stage and reminds us
of the essential contributions of women to societies around the world. From the
first tournament held in China twenty eight years ago to France today, the arena
of the Women’s World Cup not only continues to inspire, but also demonstrates
the progress that has been made through the leadership of female athletes, role
models and their supporters on gender equality. A key priority for the State
Department is to support women and girls’ empowerment across economic,
political, and social spheres. One of the ways we achieve this is through sports
diplomacy . .. as the U.S. Women’s National Team holds the Women’s World Cup
Champion title, the positive impacts of Title IX continue to be felt at home and
abroad.!3!

Toward these same combined ends, the sport of athletics (track and field) has
men and women competing separately but at the same event in all of the same
disciplines and arenas.'® From the international federation —formerly the IAAF
now World Athletics—pay is also equal. For example, a world record at the World
Championships is compensated at the rate of $100,000, whether it is set by a male
or a female.’®® At the 2019 World Championships, Dalilah Muhammad was the

for Female Role Models in Sport, MONEY SMART ATHLETE BLOG (Mar. 13, 2019), http://moneysmart
athlete.com/2019/03/13/the-need-for-female-role-models-in-sports/ (discussing research on the broader
effects of seeing strong female athletes and of the related Irish campaign, “If she can’t see it, she can’t
be it”).

130.  FIFA Women’s World Cup France 2019, supra note 129.

131.  Erin Brown, The 2019 FIFA Women's World Cup: A Women'’s Team That Dares To Shine, DIPNOTE:
U.S. DEP'T OF STATE OFFICIAL BLOG (July 8, 2019), https://blogs.state.gov/stories/2019/07/08/en/2019-
fifa-women-s-world-cup-women-s-team-dares-shine.

132.  Eddie Pells & Pat Graham, Felix, Other Top Stars, Fight Track’s Pregnancy Penalty, ASSOCIATED
PRESS (Sept. 28, 2019), https://www.apnews.com/80b9e2db9a614cef99fadc5£7f0f8902 (noting that some
sponsors have subjected female track and field athletes to a “pregnancy penalty”, but that exposure in
competition is equal because “Diamond League meets have just as many female events as male events”
and because “[t]he women'’s side of the sport has long produced as much talent and star power as the
men”). See also Peter Bodo, Follow the Money: How the Pay Gap in Grand Slam Tennis Finally Closed,
ESPN.COM (Sept. 6, 2018), https://www.espn.com/tennis/story/_/id/24599816/us-open-follow-money-
how-pay-gap-grand-slam-tennis-closed (noting that while pay is not equal across all tennis events, “the
equivalent prize money that men and women receive at Grand Slam events still puts tennis ahead of
other leagues and associations in terms of equality”).

133.  See, e.g., Press Release, IAAF, TDK and QNB to Support World Record Program in Doha (Sept.
17, 2019), https://www iaaf.org/news/press-release/world-championships-doha-2019-record-program
m. In 2019 in Doha, Dalilah Muhammad of Team USA and Team USA’s mixed 4x400m relay were
paid under this program, which has been the IAAF standard since the 2009. See IAAF $100,000 IAAF
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only individual athlete to earn the bonus, for her world record in the women’s 400
meters hurdles;'* and for her extraordinary achievements she was subsequently
celebrated, alongside Eliud Kipchoge, who broke the two-hour barrier in the
marathon, as the sport’s Athlete of the Year.!®

Sex equality in international sport remains an aspiration, not a perfected goal.
There is no doubt, however, that we have come a long way toward parity in this
setting even as it remains elusive in different institutional contexts. In important
part, this is because the sex affirmative measures in use in sport—including sex
segregation and a quota system which ensure an equal number of spots on teams,
in finals, and on podiums—have not been embraced elsewhere.

Females have most of the same matching opportunities domestically that
exist internationally, not only to participate but also to make those teams, finals,
and podiums; but here, as the State Department’s statement following Team USA’s
victory in the FIFA Women’s World Cup suggests, this is primarily the result of
Title IX’s equality mandate.’® In the United States, most sport and athlete
development, and most competitions, take place under the auspices of secondary
and post-secondary educational institutions and affiliated sports organizations.
This includes state interscholastic athletic associations and the NCAA. These
institutions and organizations embrace sex equality not only because they have to
as recipients of federal funds and actors in interstate commerce, but also because
they understand the important social value that is created when opportunities for
participation and competition are distributed not only to boys and men but also to
women and girls. The set of synergistic goods that flow from sport to individual,
institutional, and community stakeholders is believed to be worth the investment.

Thus, starting in high school if not already in middle school, educational
institutions and affiliated organizations support separate local, state, regional, and
national competitions for males and females which are designed—like elite
sport—to isolate and celebrate the champions. They also support a combination of
co-ed and sex-segregated opportunities for participation, the latter as pathways to
developing competitive athletes and to inculcating the values of fitness and
athleticism for lifelong health and wellness. The opportunity to be engaged in
competitive sport in particular —regardless of the level at which the competition
occurs—is understood to impart additional socially valuable traits including
teamwork, sportsmanship, and leadership, as well as individually valuable traits
including goal setting, time management, perseverance, discipline, and grit.!¥”

World Record Programme Supported by TDK and Toyota — Berlin 2009, WORLD ATHLETICS (Aug. 12, 2009),
https://www iaaf.org/news/news/100000-iaaf-world-record-programme-supported.

134. Scott Cacciola, Dalilah Muhammad Breaks Her Own World Record in the 400-Meter Hurdles, N.Y.
TIMES (Oct. 4, 2019), https://www.nytimes.com/2019/10/04/sports/dalilah-muhammad-world-record-
hurdles.html.

135.  OlympicTalk, Dalilah Muhammad, Eliud Kipchoge Named World Athletes of the Year, NBC SPORTS
(Nov. 23, 2019, 3:43 PM), https://olympics.nbcsports.com/2019/11/23/eliud-kipchoge-dalilah-muhamm
ad-world-athletics-athlete-year/.

136.  See supra note 131 and accompanying text (quoting that statement).

137.  Coleman, Sex in Sport, supra note 27, at 95-96.
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As in the international context, opportunities for participation and
competition are still not equal;’® and compared to boys, girls have
“disproportionate drop-out rates . . . which [are] heightened as girls transition
from childhood to early adolescence.”’® Nonetheless, because of Title IX and its
sports exception, it is no longer just boys and men who have the opportunity to
experience the sense of strength and power—both physical and mental—that
comes from consistent training and competition; the proverbial “thrill of victory”
and “agony of defeat”; the notion of failure as opportunity; and those “fourth and
goal” high intensity, high impact moments when the team is counting on the
individual to be at their best not only for themselves but also for the collective
endeavor. Because of Title IX and its sports exception, it is no longer just boys and
men who experience being celebrated as champions in their communities, who are
recruited to compete in college, and who provide the optics necessary for those
who look like them and come from their circumstances realistically to dream of
following in their footsteps. The latter point about optics is controversial in some
circles because it is focused on the female phenotype.'* But as the pervasive

138. Congress continues to require institutions to produce an annual accounting of their efforts
toward Title IX’s equality mandate. See supra notes 64 and 68 and accompanying text (discussing the
Equity in Athletics Disclosure Act). And, litigation is ongoing to ensure that they are held accountable
also at the local level. See, e.g., Portz v. St. Cloud State Univ., No. CV 16-1115 (JRT/LIB), 2019 WL
6727122 (D. Minn. Dec. 11, 2019) (denying defendants’ motion to stay injunction requiring schools to
“take immediate steps to provide its female students with an equitable opportunity to participate in
varsity intercollegiate athletics and with an equitable athletic-related treatment and benefits at every
tier of its athletic department”; injunction was based on a finding that the schools “did not comply with
Title IX in its allocation of athletic participation opportunities and treatment and benefits and had not
since at least 2014); Robb v. Lock Haven Univ. of Pa., No. 4:17-CV-00964, 2019 WL 2005636 (M.D. Pa.
May 7, 2019) (denying summary judgment because facts are in dispute on the issue whether the
university’s plans to eliminate its women’s varsity swim team and demote its women’s varsity field
hockey team from Division I to Division II discriminated against female student athletes in violation of
Title IX’s requirement that schools provide “equivalently advanced competitive opportunities”); D.M.
by Bao Xiong v. Minn. State High Sch. League, 335 F. Supp. 3d 1136, 113940 (D. Minn. 2018), rev’d and
remanded, 917 F.3d 994 (8th Cir. 2019) (rejecting boy’s challenge to girls’-only competitive dance team
on the grounds that the exclusion is designed to delimit competitive opportunities for girls in state’s
high school sports space: “[I]t is not unfair discriminatory practice to restrict membership on an athletic
team to participants of one sex whose overall athletic opportunities have previously been limited”).

139. NICOLE ZARRETT, ET AL., WOMEN’S SPORTS FOUND., COACHING THROUGH A GENDER LENS:
MAXIMIZING GIRLS" PLAY AND POTENTIAL, EXECUTIVE SUMMARY 1 (2019), http://www.womensspo
rtsfoundation.org/wp-content/uploads/2019/04/coaching-through-a-gender-lens-executive-summary-
web-1.pdf ; Laura Mallonee, The Importance of Photographing Women in Sports, WIRED (June 26, 2019, 4:56
PM), https://www.wired.com/story/female-hockey-players-photo-gallery/ (“By age 14, girls drop out
of sports at a rate nearly twice that of boys, due to lack of access, social stigma, and other inequities.”).

140.  See Coleman, Sex in Sport, supra note 27, at 91-93 (discussing the controversy over the optics
of the female body).
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mantra “If she can’t see it, she can’t be it” suggests,#! it is both well-studied and
widely-embraced.!#

Finally, it is because of Title IX and its sports exception—together with the
fight that Title IX advocates have put to those who would impede the project—
that we have now experienced four generations of empowered little girls
becoming empowered women. According to Donna de Varona and Beth Brooke-
Marciniak, “Girls who play sport stay in school longer, suffer fewer health
problems, enter the labor force at higher rates, and are more likely to land better
jobs. They are also more likely to lead. [Ernst & Young] research shows stunningly
that 94% percent of women C-Suite executives today played sport, and over half
played at a university level.”14® Although we have not been able to verify their
particular numbers,# and education-based sport is certainly not the only path to

141.  See, e.g., Themistokleous, supra note 129 (discussing the use of this phrase by the Federation
of Irish Sport); Melody Glenn, If She Can't See It, She Can’t Be It: Part 1, FEMINEM (May 25, 2017),
https://feminem.org/2017/05/25/cant-see-cant-part-1/ (using this phrase in support of female role
models in emergency medicine). The phrase is a variant of others such as “you can’t be what you can’t
see” that have also been applied to the cause of women'’s equality and the use of female role models in
that context. See, e.g., Tasnuva Bindi, If You Can’t See It, You Can’t Be It: Female Founders Crushing
Stereotypes, STARTUP DAILY (May 13, 2014), https://www.startupdaily.net/2014/05/cant-see-cant/ (using
this phrase in support of female role models in business, tech, and politics).

142. It is beyond legitimate dispute that role models are effective when their observable
characteristics and trajectories are relevant to the aspirant. This is why, for example, we say that girls
need to see women in positions of authority and that children of color need to see people of color in
those same positions. What we can see—the optics—matter. And the point of reference is the viewer
or aspirant, not the individual who would self-identify as a role model. See Coleman, Sex in Sport, supra
note 27, at n.256; ZARRETT, ET AL., supra note 139, at 3 (listing “female coaches” as one of the things that
can encourage girls to stay engaged in sport once they have chosen to participate: “Girls more readily
identify with and see a female coach as a mentor and role model, which in turn, can help counter
stereotypes and boost girls’ confidence, self-efficacy, and sense of belonging.”). See also Coleman,
Semenya and ASA v. IAAF, supra note 49 (“It is well understood that the empowerment effects of [sex
segregated female sport] are different from those that result from seeing men compete together, and
also different from seeing open competition among men and women.”).

143. Beth A. Brooke-Marciniak & Donna de Varona, Amazing Things Happen When You Give Female
Athletes the Same Funding as Men, WORLD ECON. FORUM (Aug. 25, 2016), https://www.weforum.org/
agenda/2016/08/sustaining-the-olympic-legacy-women-sports-and-public-policy/.

144.  See also Rebecca Hinds, The 1 Trait 94 Percent of C-Suite Women Share (And How to Get It), INC.
MAG. (Feb. 8, 2018), https://www.inc.com/rebecca-hinds/the-1-trait-94-percent-of-c-suite-women-sha
re-and-how-to-get-it.html (citing these EY statistics and noting that being “former or current athletes”
is “a trait that Meg Whitman, Indra Noovi, Marissa Mayer, and many other top female executives
possess”); Monica Miller, 4 Female C-Suite Executives Who Played College Sports, NCAA AFTER THE GAME
(Mar. 8, 2018), http://www.ncaa.org/student-athletes/former-student-athlete/4-female-c-suite-executiv
es-who-played-college-sports (noting that being a former athlete is a characteristic top female
executives share); Valentina Zarya, What Do 65% of the Most Powerful Women Have in Common? Sports,
FORTUNE (Sept. 22, 2017), https://fortune.com/2017/09/22/powerful-women-business-sports/ (same).
We were especially interested in the study design that resulted in the 94 percent figure and so sought
to establish how the company that ran the survey—Longitude—identified its recipients. A
representative from the company explained that “[a]t the time of recruiting for a particular study, our
vendors reach out to the general survey audience and screen respondents according to the survey
requirements. Due to the nature of our work, we therefore deploy purposive sampling methods where
we purposely target a specific type of audience to eventually qualify the right people.” E-mail from
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the C-Suite,#> its multiple health, welfare, competence, and confidence effects have
been well-understood for decades.™* Indeed, as the award-winning sports reporter
Christine Brennan offered in the wake of Team USA'’s victory at the 2019 FIFA
Women'’s World Cup:

This is a watershed moment. The 1999 U.S. Women’s World Cup victory was a
revelation. Back then, the nation fell in love with what it created with Title IX. But
this, the 2019 U.S. Women’s World Cup victory —this is an affirmation. This is the
nation saying, “We want to see more of this.” We’ve been watching these little girls
running to practice every day in our neighborhoods for a couple of decades. They
grow up and this is what happens. They become strong, powerful, fearless women
who can do anything. The success of the 2019 U.S. soccer team is set against the
backdrop of more than 100 women in Congress and 25 women in the Senate. This
is that conversation, #MeToo, women speaking out, equal pay, it’s all wrapped in
one.147

The women on this and other teams stand on the shoulders of their predecessors
and all of them started in school.#8

3. Sex Segregation is Necessary to Protect This Good

If schools could not “carve out an exclusive [girls’ and] women’s category
defined by sex, females and their associates would be excluded from the most
important of the[] benefits” that flow from participation in competitive sport.1*
As we explain in Part II, this is because females as a group are not competitive
with males as a group beginning from the onset of male puberty. Starting then,

Ali Syed, Research Operations Manager, Longitude to Eugene Volokh, Gary T. Shchwartz,
Distinguished Professor of Law, UCLA Law Sch. (May 20, 2019, 8:40 AM) (on file with authors). We
were not provided with further detail about how the company’s purposive approach may have
influenced who received and responded to the survey. The approach may have caused the number to
be higher than it would have been otherwise.

145. Sport is one way that individuals can gain the set of traits that are commonly associated with
success. It is ultimately that set of traits that is valuable to employers. See, .., Christina DesMarais, 7
Reasons Athletes Make the Best Employees, INC. MAG. (Nov. 22, 2017), https://www.inc.com/christina-
desmarais/heres-why-kids-who-play-sports-do-better-in-life.html?cid=search (describing the traits are
commonly associated with athleticism); Coleman, Sex in Sport, supra note 27, at 96 (noting that the traits
athletes develop “are socially valuable in part because they are highly transferrable . . . which is why
“executives like to hire athletes’”); Nanette Fondas, Research: More Than Half of Top Female Execs Were
College Athletes, HARV. BUS. REV. (Oct. 9, 2014), https://hbr.org/2014/10/research-more-than-half-of-fem
ale-execs-were-college-athletes (same).

146.  See Coleman, Sex in Sport, supra note 27, at 95-96; Donna Lopiano, Modern History of Women in
Sports: Twenty-five Years of Title IX, 19 CLIN. SPORTS MED. 163, 163-73 (2000).

147. E-mail from Christine Brennan, Sports Columnist, CNN, to Doriane Lambelet Coleman,
Professor of Law, Duke Law Sch. (Aug. 17, 2019, 10:14 AM) (on file with authors) (discussing CNN
broadcast on day of Team USAs return from France to the parade in New York City).

148.  Women'’s Interest in Sport Continues to Grow, IBERDROLA, https://www.iberdrola.com/about-us/
womens-sport/other-sports/women-sport-today (last visited Jan. 28, 2020) (detailing “the influence of
participation in sports at school [beginning in the 1970s] on women’s sustained interest in sports now”).

149. Coleman, Sex in Sport, supra note 27, at 96.
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even the very best females are surpassed by second-tier males, and second-tier
females have no realistic chance to be anything but early participants in the game.

The case for re-affirming the sports exception is based in the goods produced
by girls’ and women’s sport and in the causal link between sex segregation and
those goods. The more specific case for not including—or for conditioning the
inclusion of —transgender women and girls in girls’ and women’s sport is related:
If they haven’t been on feminizing hormones for a relevant period of time,'* trans
women and girls remain fully male-bodied in the respects that matter for sport;
because of this, their inclusion effectively de-segregates the teams and events they
join.’" Beyond this basic structural point is the fact that if they are just decent
athletes, they will displace females who are the classification’s raison d’étre,!>
including in championship positions.'*® This matters for the individual females
who are displaced, for those who would aspire to be champions, and for the
broader expressive effects we expect from the classification. Even an exception
risks swallowing the rule and defeating the category.

Finally, the position that there is no legally cognizable difference between
females and trans women and girls destroys the legal basis for separate sex
sport.’®* This position—encapsulated in the movement mantra, “Girls who are
transgender are girls. Period.”®—is presumably designed to erase sex-linked
traits from consideration in the analysis whether the two groups are similarly
situated for purposes of equal protection doctrine. If we are not permitted legally
to notice that girls who are female and girls who are transgender are dissimilarly
situated with respect to their anatomy and physiology, and if we are not permitted
to distinguish among them in circumstances where sex actually matters, we will
have dismantled the legal scaffolding that supports separate sex sport. Unlike
restrooms, which are segregated for safety and privacy, sport does not have an
argument that it needs to separate girls from boys, men from women, for any
reason other than sex.’® And, sex discrimination, including sex segregation, is only
lawful if it is necessary.

150.  Feminizing Hormone Therapy, MAYO CLINIC, https://www.mayoclinic.org/tests-procedures/ mt
f-hormone-therapy/about/pac-20385096 (last visited Jan. 28, 2020).

151.  See supra notes 91-102 and accompanying text (summarizing the effects of male puberty on
the body).

152.  See supranotes 81-88 and accompanying text (explaining that even second-tier males routinely
surpass not only second-tier females but also the very best elite females). We don’t separate men from
women, girls from boys, in competitive sport because they have a different gender identity; we separate
them because they have different sex-linked anatomy and physiology. See supra and infra notes 111
114 and 218 and accompanying text (elaborating on this point).

153.  See infra notes 181-182 and accompanying text (noting recent victories by trans women
athletes on and not on hormones).

154.  See supra notes 77-78 and accompanying text (describing this legal point).

155.  See, e.g., Support Trans Student Athletes, ACLU, https://action.aclu.org/petition/support-trans-
student-athletes?ms_aff=NAT&initms_aff=NAT&ms=190726_lgbtrights_transathletepledge&initms=1
90726_lgbtrights_transathletepledge&ms_chan=tw&initms_chan=tw&redirect=transathletesbelong
(last visited Jan. 28, 2020).

156.  For additional analysis of the difference between sport and restrooms, see supra notes 72-74
and accompanying text.
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B. The Affirmative Case for Inclusion on the Basis of Gender Identity

There are important arguments on the other side. From our perspective, this
is the most persuasive case:

A just and ethical society aspires to be inclusive of and to secure equal
protection for all of its citizens, especially for its most vulnerable. Because schools
are one of the settings in which children learn societal values, a just and ethical
society inculcates inclusivity through its educational programming, and then
ensures that all students have equal access to high value spaces and opportunities.
Education-based sports are among the high value spaces and opportunities
schools provide. Eligibility rules for teams and events that sort students based on
biological sex may have the effect of excluding those who are transgender. (This
effect exists when individual transgender students are sufficiently uncomfortable
with the barrier to entry that they choose to exclude themselves.) When this
happens, they are denied equal access to sports. It also denies their schools and
athletic associations the ability to pursue their pedagogical goals and to perfect
themselves as just and ethical institutions. Finally, where a particular student is
especially vulnerable, schools and organizations acting in quasi loco parentis are
denied the means to secure their health and welfare.

1. Equality and Inclusivity as Hallmarks of a Just and Ethical Society

A just and ethical society aspires to be inclusive of and to secure equal
protection for its most vulnerable citizens. Policies that exclude or deny them
equal access are flawed as a matter of principle because they have these effects,
and because they impede the perfection of a virtuous society. Where the policies
are otherwise valuable, a just and ethical society should provide for exceptions.
Where their value is in doubt and cannot be established, they should be
dismantled. The goal should be to acknowledge everyone’s humanity, to practice
generosity, and to make room at the table for everyone. It is often difficult but
especially important to do so in the face of incomprehensible or inexperienced
difference.

In the international context, “social integration to create an inclusive society

. [is] one of the key goals of social development.”’s” For example, the United
Nations Department of Economic and Social Affairs understands social
integration to be “a dynamic and principled process of promoting the values,
relations and institutions that enable all people to participate in social, economic,
cultural, and political life on the basis of equality of rights, equity and dignity.”15
Social inclusion “is understood as a process by which efforts are made to ensure
equal opportunities for all, regardless of their background, so that they can achieve
their full potential in life.”1%

157. UNITED NATIONS DEP'T OF ECON. & SOC. AFFAIRS, CREATING AN INCLUSIVE SOCIETY:
PRACTICAL STRATEGIES TO PROMOTE SOCIAL INTEGRATION 4 (2009) (draft), https://www.un.org/esa/soc
dev/egms/docs/2009/Ghana/inclusive-society.pdf.

158. Id. at3.

159. Id.
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In the domestic context, these same inclusion and equal access goals
motivated the creation of the Civil Rights Division of the Department of Justice in
1957, the passage of the 1964 Civil Rights Act, and, among other subsequent civil
rights legislation, the Americans with Disabilities Act. Throughout, the idea has
been to re-define “We the people” in our Constitution to include all of us within
its protections. And then, through the law and the social movements that
constantly re-work its application, to evolve the culture and social norms also to
be inclusive of and even generous toward those who were previously excluded.
As we do, we not only make room at the table but we also perfect our society.

In both the international and domestic contexts, civil and human rights
advocates have called on states and institutions to make room at the table for trans
people specifically, by protecting them from discrimination and securing their full
social integration according to these principles. This advocacy

[s]eeks to persuade institutional decisionmakers to develop policies designed to
recognize, normalize, include, and empower . . . trans people who throughout
history have been erased or severely marginalized and often subject to violence . .
. [TThe trans community . . . is . . . particularly “associated with high levels of
stigmatization, discrimination and victimization, contributing to negative self-
image and increased rates of other mental disorder.” For example, in the United
States, “[t[ransgender individuals are at a higher risk of victimization and hate
crimes than the general public” and “[a]dolescents and adults with gender
dysphoria are at increased risk for suicide.” In less tolerant parts of the world,
trans people are at even greater risk of violence, social isolation, and reduced life
span.160

We are in the midst of this particular social movement, which has garnered
important support. In the United States, the 116th Congress passed H.R. 5 - The
Equality Act in 2019, which re-defines “sex” in federal civil rights law to include
“gender identity.”1¢! This move was designed to make it unlawful to discriminate
against individuals based on their gender identity; among other things, it would
disallow distinctions among people on the basis of sex. Because it faces significant
opposition in the Republican-controlled Senate and President Trump likely would
not sign it, it probably will not become law; but the vote in the House of
Representative expresses an important social and political viewpoint. Also in 2019,
a consortium of the most important human rights organizations within the United
Nations signed a joint statement “call[ing] on States [and other stakeholders] to act
urgently to end [among other things] . . . discrimination against . . . transgender
and intersex . . . adults, adolescents and children.”162 Like H.R. 5, this statement is

160. Coleman, Sex in Sport, supra note 27, at 102. For example, in the United States, the Human
Rights Campaign “envisions a world where LGBTQ people are ensured of their basic rights, and can
be open, honest and safe at home, at work and in the community.” HRC’s Mission Statement, HUMAN
RIGHTS CAMPAIGN, https://www.hrc.org/hrc-story/mission-statement (last visited Jan. 28, 2020). Its
Transgender Equality Council advocates specifically for full inclusion and equality for “transgender
children and gender expansive youth.” Explore: Transgender Children & Youth, HUMAN RIGHTS
CAMPAIGN, https://www.hrc.org/explore/topic/transgender-children-youth (last visited Jan. 28, 2020).

161. Equality Act, H.R. 5, 116th Cong. (2019).

162.  Ending Violence and Discrimination Against Lesbian, Gay, Bisexual, Transgender and Intersex
People, UNITED NATIONS (Sept. 2015), https://www.ohchr.org/Document/Issues/Discrimination/

Daubert Response App. 0183



RE-AFFIRMING THE VALUE OF THE SPORTS EXCEPTION 111

not itself formal law, but it nevertheless demonstrates important support for the
cause.

2. The Mission of Schools in a Just and Ethical Society Includes Providing
Equal Access and Inculcating and Expressing Inclusivity

Part of the mission of educational institutions in any society is to inculcate
and express community values. The extent to which they do depends on whether
the institutions are public or private, and also on the degree of consensus within
the community about what those values are. Where there is ideological
homogeneity, values are most likely to be inculcated through the schools. Where
there is ideological heterogeneity, this is less likely.

In a just and ethical society, there is or should be a high degree of consensus
that inclusivity and equality are among the most important societal values.
Educational institutions within such a society are likely to be permitted or even
required by the government and citizenry to inculcate and express both. Doing
this successfully means ensuring that school programming is accessible to all
students. This is especially important with respect to high value spaces and
opportunities which are most likely to be arbitrarily exclusive if they are not
carefully monitored.

Education-based sport, including competitive sport, is understood to be a
high value space and opportunity. This is because of the direct physical and health
benefits it yields, and because in elementary and secondary school sports are
also—if not mostly —a co-curricular social space where students learn to interact
successfully with their peers. Because of this, all students should have access to
school sports and related structures should be designed to make this possible.

It is noteworthy that school sports programming has traditionally provided
the basis for inculcating inclusivity. While this is especially evident in the context
of noncompetitive games, it is also apparent in lower level competitive ones.
“Everyone can play” policies, rotation and substitution practices, and the selection
of teams balanced by ability are all ways in which the existing practices of
competitive education-based sport express and inculcate inclusivity.

Providing equality of opportunity for transgender students is consistent with
this approach and the values that drive it. Because they may be excluded in effect
by programming that sorts students according to their sex, it is arguably
incumbent on schools and athletic organizations either to sort students differently
or to accommodate them within existing structures according to their gender
identity. Like other students, transgender students should have the benefit of the
positive social, health, and empowerment effects of school sports. Rashaan

Joint_LGBTI_Statement_ENG.PDF (adopted by the International Labour Organization, Office of the
High Commissioner of the United Nations Human Rights Council, UNDP, UNESCO, UNEFPA,
UNHCR, UNICEF, UNODC, UN Women, World Food Programme, World Health Organization, and
UNAIDS); see also UNITED NATIONS, THE ROLE OF THE UNITED NATIONS IN COMBATTING
DISCRIMINATION AND VIOLENCE AGAINST LESBIAN, GAY, BISEXUAL, TRANSGENDER AND INTERSEX
PEOPLE: A PROGRAMMATIC OVERVIEW (2019), https://www.ohchr.org/Documents/Issues/Discrimin
ation/LGBT/UN_LGBTI_summary_2019.pdf.
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Yearwood, an educator who is also the father of a transgender girl, expresses the
point this way:

My daughter is a trans-female. That means she needs to compete on girls’ teams
in order to feel most comfortable. [This isn't about competition for her.] She’s
running because she wants to be part of a team at this age. You know, comradery.
Perseverance, grit, teamwork. My job is to raise a healthy child. And we all know
that being part of groups and being included allows students to develop in a
healthier way than when you’'re excluded.”1¢3

Because all students gain from exposure to important social values, including
transgender children in school activities like sport according to their gender
identity separately supports the institutions’ broader pedagogical goals.

3. Schools Need to be Able to Take Care of the Especially Vulnerable Child

Schools stand in quasi loco parentis. Although they are not formally in the
shoes of parents, they do have physical custody of the children during the school
day while they are on campus, and their charge is not only to ensure that the
children are safe but also that they are prepared to engage and to learn. Where an
individual child is especially vulnerable—where they might not be safe or when
the environment is such that they might be unable successfully to participate—
schools should have the tools to address their circumstances.

This is a commonplace. When a child has a peanut allergy, we say that other
children cannot bring peanut butter to school. When a child becomes ill, it is or
should be “all hands on deck.” The interests of the at-risk child are understood to
outweigh the interests of others in their teachers’ focused attention or in their
lunch preferences or even their nutritional needs. This balancing analysis does not
always come out in the vulnerable child’s favor—for example when they are
disruptive of the educational process, when they risk the health and welfare of
other children, or when the school is not and cannot be equipped to handle their
special needs. But it should come out in their favor when the interests on the other
side are not so significant.

Not all transgender children are struggling and fragile. Being trans does not
mean having dysphoria.’®* But many are and do. Individual transgender students
may be struggling and fragile because of the discordance between their sex and
their gender identity, because they are in the process of transitioning socially and
maybe also physically, and because of the ways in which others perceive and treat
them:

The disconnect between their experienced gender and their assigned gender can
result in acute stress called gender dysphoria. Gender dysphoria can be a source
of profound suffering. A recent study of transgender teens found that more than
50 percent of transgender males and almost 30 percent of transgender females
reported attempting suicide. Transgender adolescents are often vulnerable to

163. Nia Hamm, Father of Transgender Student Athlete Pushes Back Against Petition to Change
Competition Policy, FOX 61 (June 26, 2018), https://fox61.com/2018/06/26/father-of-transgender-student-
athlete-pushes-back-against-petition-to-change-competition-policy/.

164.  See Safer & Tangpricha, supra note 31, at 2451 (explaining this point).
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bullying and family rejection. And even when families are supportive, it can be a
very difficult transition for both the teen and the parents.1®

The medical standard of care for trans and gender diverse children includes living
and having others treat them in accordance with their gender identity.'® Although
medicine can’t prescribe other-than-medical policy, schools should take that
standard under advisement as they develop their policies; and they should follow
it in individual instances when the benefits of doing so outweigh the costs. As
applied, taking care of transgender children means including them in sex
segregated spaces and opportunities like sport on the basis of their gender
identity. Where the individual child is especially vulnerable, supporting their
successful social transition is arguably more important than the integrity of the
sex-segregated competitions they would enter. If the student is a transgender girl,
supporting her is arguably more important than the interests of all female students
in winning.

This last argument is often coupled with evidence that transgender teens are
at an especially high risk of suicide. For example, Helen Carroll of the National
Center for Lesbian Rights explains that “[s]port can be life-saver for transgender
people, who are at high risk of suicide . . . “They’ve been fighting themselves and
feeling like they’re in the wrong body, and sport gives them a place to be happy
about their body and what it can do.””’¢’ Carroll is right on the facts; an
extraordinarily disturbing 30 to 50 percent of transgender teens report attempting
suicide.’®® Carroll herself continues to be invaluable to all stakeholders in her
support for trans athletes within existing structures.'®® But of course her point is

165. Caroline Miller, Transgender Kids and Gender Dysphoria, CHILD MIND INST,,
https://childmind.org/article/transgender-teens-gender-dysphoria/ (last visited Jan. 28, 2020). See also
Doriane Lambelet Coleman, Transgender Children, Puberty Blockers, and the Law: Solutions to the Problem
of Dissenting Parents, 19 AM. ]J. BIOETHICS 82 (2019) (addressing the question whether and how the law
is able to assist transgender children whose families are not supportive).

166. News Release, Endocrine Soc’y, Endocrine Society Urges Policymakers to Follow Science on
Transgender Health (Oct. 29, 2019), https://www .eurekalert.org/pub_releases/2019-10/tes-esu102919.
php (“As noted in our evidence-based guideline, transgender individuals, both children and adults,
should be encouraged to experience living in the new gender role and assess whether this improves
their quality of life.”). See also Jason Rafferty, Ensuring Comprehensive Care and Support for Transgender
and Gender-Diverse Children and Adolescents, 142 PEDIATRICS 1 (2018); https://pediatrics.aappublications.
org/content/pediatrics/142/4/e20182162.full. pdf (American Academy of Pediatrics does the same.);
Joshua Safer & Vin Tangpricha, Care of the Transgender Patient, ANNALS OF INTERNAL MED. (July 2, 2019),
https://annals.org/aim/article-abstract/2737401/care-transgender-patient ~ (American  College  of
Physicians guidelines support the same.).

167.  Christie Aschwanden, Trans Athletes Are Posting Victories and Shaking Up Sports, WIRED (Oct.
29,2019, 12:00 PM), https://www.wired.com/story/the-glorious-victories-of-trans-athletes-are-shaking-
up-sports/.

168. Rokia Hassanein, New Study Reveals Shocking Rates of Attempted Suicide Among Trans
Adolescents, HUMAN RIGHTS CAMPAIGN BLOG (Sept. 12, 2018), https://www hrc.org/blog/new-study-rev
eals-shocking-rates-of-attempted-suicide-among-trans-adolescen.

169.  See generally Cyd Zeigler, LGBTQ Sports Advocate Helen Carroll Retires From NCLR, OUTSPORTS
(June 1, 2017, 10:27 PM), https://www.outsports.com/2017/6/1/15723406/helen-carroll-nclr-lgbtq-spo
rts-retire and infra note 225 and accompanying text (discussing her work with Pat Griffin on the NCAA
transgender guidelines).
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an application of more general ones, about the empowerment effects of sport for
females and its therapeutic effects for those who are suffering as a result of difficult
personal and mental health issues whatever their source.’”? It is an unfortunate
fact that major depression and associated feelings of hopelessness are on the rise
among children in the United States, with girls being especially affected.'” Suicide
is now the second leading cause of death among adolescents in general.'” Risk
factors include “psychiatric disorders and comorbidities, family history of
depression or suicide, loss of a parent to death or divorce, physical and/or sexual
abuse, lack of a support network, feelings of social isolation, and bullying”'”? as
well as “barriers to access treatment, homosexual orientation” and being an “early
or late developing girl[].”"7* Educational institutions that have the necessary
resources should follow the evidence and do what they can to mitigate these risks
regardless of the child at issue.1?

There is a related, overlapping claim from vulnerability. It is that as a group,
transgender children are struggling and fragile so that their interests in being
included in sex-segregated spaces and opportunities on the basis of their gender
identity always trump the interests of classmates who, as a group, cannot be
described as similarly vulnerable. This is a standard move in advocacy circles
which has, in turn, influenced sports policymakers on the ground. For example,
the Executive Director of the National Federation of State High School
Associations Karissa Niehoff argues that:

[This] is not about the winning and losing. It's about the successful development
of these [transgender] kids. [I]f we don’t treat them respectfully, their
development is going to lose. That’s a much bigger issue than someone not getting
a medal or a place in a race. Much bigger issue.”®

170.  See generally Emily Pluhar et al., Team Sport Athletes May Be Less Likely To Suffer Anxiety and
Depression Than Individual Sport Athletes, 18 J. SPORTS, SCI., & MED. 490 (2019) (noting positive mental
health effects of sports in general while distinguishing results in team and individual sports); Nick
Pearce et al., The Role of Physical Activity and Sport in Mental Health, FACULTY OF SPORT & EXERCISE MED.
UK (May 2018), https://www .fsem.ac.uk/position_statement/the-role-of-physical-activity-and-sport-
in-mental-health/.

171.  Patti Neighmond, A Rise In Depression Among Teens and Young Adults Could Be Linked to Social
Media Use, NPR (Mar. 14, 2019, 11:01 AM), https://www.npr.org/sections/health-shots/2019/03/14/703
170892/a-rise-in-depression-among-teens-and-young-adults-could-be-linked-to-social-medi.

172.  Melonie Heron, Deaths: Leading Causes for 2017, 68 NAT'L VITAL STAT. REP. 1 (2019).

173.  Teen Suicide, AMERICA’S HEALTH RANKINGS, https://ww.americashealthrankings.org/explore/
health-of-women-andchildren/measure/teen_suicide/ state/ALL (last visited Jan. 28. 2020).

174.  Stephanie Secord Fredrick et al., Can Social Support Buffer the Association Between Depression and
Suicidal Ideation in Adolescent Boys and Girls?, 55 PSYCHOL. IN THE SCHOOLS 490, 491 (2018).

175.  See generally CTRS. FOR DISEASE CONTROL & PREVENTION, NAT'L CTR. FOR INJURY PREVENTION
& CONTROL, DIV. OF VIOLENCE PREVENTION, THE RELATIONSHIP BETWEEN BULLYING AND SUICIDE:
WHAT WE KNOW AND WHAT IT MEANS FOR SCHOOLS (2014), https://www.cdc.gov/violenceprevention/
pdf/bullying-suicide-translation-final-a.pdf.

176.  Mary Albl, CIAC’s Transgender Policy Faces Test With New Lawsuit, DYESTAT (June 24, 2019,
1:20 PM), https://www.runnerspace.com/gprofile.php?mgroup_id=44531&do=news&news_id=58023
8.
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Niehoff’s statement reflects the sense that the successful development of different
kids is not similarly dependent on equality, inclusion, and success in school and
sport; and that to the extent it might be, this will either be an only occasional
conflict, or else the opportunity to participate will be enough for most or all kids
who are not transgender. It also reflects the view that although education-based
sport sometimes promotes competition and winning, this is ultimately not its

primary institutional focus.
* * *

We close out this section with brief reactions to four arguments that are not
persuasive from our perspective. They include some that are particularly
prominent in the public relations strategies of the advocacy groups that currently
control the megaphone.

The first of these is the argument, grounded in science denial, that we have
already addressed in Part I1."”7 It is fact, not myth or stereotype, that beginning at
the onset of male puberty, an insurmountable performance gap between males
and females emerges such that even the very best females are not competitive for
the win against males, including against second-tier males. If we care about sex
equality in sport, that is, if we care about seeing females in finals and on the
podium however they might happen to identify, competitive sport has to be
segregated on the basis of sex.

The second is the suggestion that because there are few transgender women
and girls relative to the numbers of females, any disruption of the competitive
hierarchy is unlikely to be substantial enough to jeopardize sex equality goals.”s
That some transgender women and girls may be on feminizing hormones is said
to reduce their potential impact even further. As we explain in Part III(C) below,
we agree that a consistent course of hormone replacement therapy (HRT) can wind
down the male advantage to the point that a policy exception at the development
elite and collegiate levels is justified. But we don’t think that transition hormones
should be a requirement for participation in secondary school competition; and in
any event, many transgender teens do not want or have access to hormones. As
students in the latter category are increasingly comfortable coming out at school —
which from our perspective is a good thing—the number of “out” trans kids is
growing beyond the small percentages described in earlier population surveys.
This increase is not yet well understood, but it appears to be an upward
trajectory.””” Because it is well-established that athletic but not necessarily elite

177.  See supra Part II. See, e.g., Medley & Sherwin, supra note 72 (describing as “myth” and
“impermissible sex stereotype” the fact of the sex-linked performance gap, and as “arbitrary” the rules
of sports governing bodies that use sex-linked traits as the basis for classification into and out of the
women'’s category, and claiming that there is “ample evidence that girls can compete and win against
boys”).

178.  See, e.g., id. (“The truth is, transgender women and girls have been competing in sports at all
levels for years, and there is no research supporting that they maintain a competitive advantage.”).

179.  See Rafferty, supra note 166 (discussing recent statistics); Michelle M. Johns et al., Transgender
Identity and Experiences of Violence Victimization, Substance Use, Suicide Risk, and Sexual Risk Behaviors
Among High School Students—19 States and Large Urban School Districts, 2017, 68 CDC MORBIDITY &
MORTALITY WKLY. REP. 67 (reporting a 1.8 percent incidence rate as of 2017); Jesse Singal, When Children
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males dominate females in almost every sport and event, which is true without
regard to how individuals identify, it is reasonable to expect that trans girls not on
hormones will affect results in important ways—as athletes with 46,XY differences
of sex development have in the international arena.’® It is not a fluke that, in the
last three years, we have seen the first trans girls as state champions,'s! the first
trans woman as DII national champion,’8? and the first potentially consequential
trans woman in a DI sport.18

The third is the political and sociological claim'$ that transgender girls are
girls and, because of this, their reproductive sex-linked traits are irrelevant to the
conversation about their classification into spaces and opportunities designed
specifically to empower females.’> This claim is weak not only because it has its

Say They're Trans, ATLANTIC (July/Aug. 2018), https://www.theatlantic.com/magazine/archive/2018/07
/when-a-child-says-shes-trans/561749/ (reporting on rise in numbers of people identifying as trans).

180.  See Coleman, Sex in Sport, supra note 27, at 106-108 (responding to the numbers argument in
that context).

181.  See 2018 CIAC Spring Championships: Class M Outdoor Track, supra note 104 and accompanying
text (discussing Connecticut state championships in track and field).

182. DPress Release, Franklin Pierce Univ., NATIONAL CHAMPION! Telfer Claims Women’s Track
& Field’s First NCAA Title (May 26, 2019), https://www.franklinpierce.edu/about/news/Nation
al_Champion_CeCe_Telfer.htm.

183. Kyle Hansen, Montana Cross Country Runner, Belgrade Native to Make History as Transgender
Athlete, MISSOULIAN (Aug. 30, 2019), https://missoulian.com/sports/college/big-sky-conference /univers
ity-of-montana/montana-cross-country-runner-belgrade-native-to-make-history-as/article_2a 37bd80-
9eea-519d-8636-040473b84cc8.html. As of this writing, June Eastwood’s performances appear to be
consistent with Joanna Harper’s hypothesis that, at least for distance runners, a year of consistent use
of gender affirming hormones winds down the male advantage to the point that trans women return
to their place in the hierarchy, e.g., roughly speaking if they were the tenth best man they will be
approximately the tenth best woman. Eastwood’s announcement that she was transitioning from male
to female, and from the Montana men’s team to the Montana women’s team, sounded alarm bells
within the sport, however, because her pre-transition times in high school and early college, especially
in the middle distances, would have immediately put her at or close to the professional women’s world
records. In this respect she was, and depending on how she runs going forward may still be, the most
significant trans woman athlete to date.

184. We characterize this as a political and sociological claim because it is based in an effort to
expand the standard definitions of female, girl, and woman beyond their basis in female reproductive
sex to include a subset of individuals whose reproductive sex is male. It is one of a number of strategies
that might be employed to secure equality for trans people. There is a counterargument that this is a
factual claim since gender identity likely has a neurobiological basis and may be related to our natural
reproductive inclinations. Even if this is eventually established, however, individuals would still have
either male or female reproductive sex, which is what the words and dichotomies male/female,
girl/boy, and man/woman are generally understood to connote; and we would still need words that
did this descriptive work. The arguments that we wouldn’t or shouldn’t, or that it shouldn’t or couldn’t
be the ones we use now because they exclude trans people, are undoubtedly political.

185.  See, e.g., Medley & Sherwin, supra note 72 (rejecting the “policing of gender [that] has been
used to justify subjecting transgender student athletes to numerous additional barriers to participating
in sports, from onerous medical requirements to segregation in locker rooms to outright bans on their
participation”); Statement of Women'’s Rights and Gender Justice Organizations, supra note 29 (rejecting any
distinctions among cis and trans women and girls on the argument that “Transgender girls are girls
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advocates making easily dismissed arguments about testes and T levels being no
different than —for example —height and wingspan, but also because it ignores the
reasons these spaces and opportunities exist and censors legitimate discussions
about the implications of erasing biological sex even where it is undoubtedly
relevant. This includes contexts in which sex is outcome determinative, like
competitive sport. It also includes contexts in which sex differences are an
affirmative individual and societal good. Discussions about sex and sex-linked
anatomy and physiology must be had kindly, but it is wrong to censor them.!86
The fourth is the argument from intersectional feminism that it is good for all
women that we accept that transgender women are women, and that transgender
girls are girls.’” Accepting trans women and girls is the good and right thing to
do for a lot of reasons, including that our default should be inclusion unless there
are persuasive reasons to make distinctions. But the suggestion that women
should understand that eliding relevant sex differences is good for them
particularly —even if they don’t know it—is patronizing and otherwise deeply
problematic.!® From what we have gathered, it appears to be based in a number
of different assumptions all of which we reject: that sex classifications are always

and transgender women are women. They are not and should not be referred to as boys or men,
biological or otherwise”).

186.  For an analysis of the harm caused by the censorship of females talking about the female body
see Doriane Lambelet Coleman, A Victory for Female Athletes Everywhere, QUILLETTE (May 3, 2019),
https://quillette.com/2019/05/03/a-victory-for-female-athletes-everywhere/.

187.  See, e.g, Statement of Women'’s Rights and Gender Justice Organizations, supra note 29 (“[Wle. ..
reject the suggestion that cisgender women and girls benefit from the exclusion of women and girls
who happen to be transgender”; “we recognize the harm to all women and girls that will flow from
allowing some women and girls to be denied opportunities to participate and cast out of the category
of ‘woman’ for failing to meet standards driven by stereotypes and fear”; “we speak from experience
and expertise when we say that nondiscrimination protections for transgender people—including
women and girls who are transgender—are not at odds with women’s equality or well-being, but
advance them.”); Support Trans Student Athletes, supra note 155 (“The marginalization of trans student-
athletes is rooted in the same kind of gender discrimination and stereotyping that has held back
cisgender women athletes. Transgender girls are often told that they are not girls (and conversely
transgender boys are told they are not really boys) based on inaccurate stereotypes about biology,
athleticism, and gender. . . . Girls who are transgender are girls. Period.”). See also, e.g., Carol Hay, Who
Counts as a Woman, N.Y. TIMES (Apr. 1, 2019), https://www.nytimes.com/2019/04/01/opinion/trans-wom
en-feminism.html (noting the origins of this claim in intersectional feminism); Jack Guy, Women or
‘Womxn'? Students Adopt Inclusive Language, CNN (Nov. 27, 2018, 11:38 AM), https://www.cnn.com/20
18/11/27/uk/womxn-inclusive-language-gbr-scli-intl/index.html (describing the “growing use of
inclusive language, designed to avoid excluding particular groups of people” including that “Womxn
is a more inclusive term which promotes intersectionality” and is thus “more inclusive of all kinds of
women, including trans women” and that “Womxn is used to demonstrate our commitment to
inclusiveness”).

188.  Especially patronizing is the suggestion that these organizations have particular “experience
and expertise” about women—including about how they should define themselves and their
wellbeing —that women themselves don’t have. See, e.g., Statement of Women'’s Rights and Gender Justice
Organizations, supra note 29 (“[W]e speak from experience and expertise when we say that
nondiscrimination protections for transgender people—including women and girls who are
transgender —are not at odds with women’s equality or well-being, but advance them.”). It is this kind
of talk that has alienated many, including many women, who might otherwise be natural allies.
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harmful or at least a net harm to women and girls; that all sex classifications are
based in false and damaging sex stereotypes; that women all want or should want
to be freed from the yoke that is their secondary sex characteristics and cultural
expectations around femininity; that women and girls are by nature or necessity
inclusive and self-sacrificing, so that the category that describes them itself should
be generously so; and that women and girls—and their allies—don’t or shouldn’t
care as much as boys and men do about competition and being competitive for the
win. We reject each of these because they are themselves false and damaging sex
stereotypes.

The last of these is especially problematic as we discuss the future of Title IX.
It has led a group of prominent civil rights organizations to return to the posture
of some of their 1970s counterparts who argued that high-end NCAA-style
competitions were not for women;'® today, they have determined to limit their
advocacy to protecting opportunities for women and girls to participate—not
necessarily to win—in sport.’ It is presumably just helpful coincidence and not
coordinated strategy that their position aligns with the position of some in the
trans advocacy community that because trans women and girls are women and
girls, their victories in events in which females retain opportunities to participate
should be celebrated, not discredited.’”! This move is particularly insidious as
applied to the high school sports space which can be described as relatively
unimportant to protect if it’s really just about participation.

189.  See supra notes 42 and 48 and accompanying text (describing that earlier position); and
Interview with our co-author Donna Lopiano, President & Founder, Sports Mgmt. Res. (Oct. 13, 2019),
(noting that in the development of Title IX, “the focus on participation opportunities came first,
followed by the focus on competition, because we had to build the ranks of those participating before
we could think about competition, but also because early advocates preferred a health-focused,
student-led, physical education model that would concentrate on intramural or junior varsity style
events, as distinguished from the varsity and NCAA commercial model for competition they rejected”).

190. Id. (noting that women’s organizations that fought for both participation and competition
opportunities in earlier periods have decided as a strategic matter to focus their efforts going forward
on participation numbers and not to use organizational resources to continue to secure and protect the
right of women and girls also to win, i.e., also to spots in finals and on podiums); E-mail from N.F. to
M.R. (Mar. 23, 2019, 3:17 PM) (on file with authors) (sharing that “the Title IX advocacy community is
in lockstep” in its commitment to the unconditional inclusion of trans kids in high school sports on the
basis of their gender identity so that the right of cis-girls to more than just participation in this—as
opposed to the college sports—space “is not the battle of [the organizations] at this time”). This
position appears to be reflected in the approach of the Connecticut CIAC, among other state athletic
associations. See New Hampshire House Bill 1251, SAVE WOMEN'S SPORTS (Jan. 15, 2020), https://savewom
enssports.com/original-articles/f/new-hampshire-house-bill-1251-hearing (quoting a testimonial from
Connecticut mother, Christy Mitchell, “I was astounded to hear from state officials that ‘girls have the
right to participate not to win.””).

191.  See, e.g., Rachel McKinnon, I Won a World Championship. Some People Aren’t Happy., N.Y. TIMES
(Dec. 5, 2019), https://www.nytimes.com/2019/12/05/opinion/i-won-a-world-championship-some-peo
ple-arent-happy.html (“Trans women are women. We are female . .. It is a human right to be able to
compete. I will continue to show up. Ihope you'll consider cheering.”); Dave Zirin, Transphobia’s New
Target Is The World of Sports, supra note 72 (“Terry Miller and Andraya Yearwood finished first and
second place respectively in the state open indoor-track championships last month. Instead of
celebrating one of the great moments in their lives, they were immediately put on the defensive about
their right to compete in the first place.”).
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The proposition that females don’t need to be competitive for the win is no
longer viable; see the FIFA Women’s World Cup."2 The proposition that
showcasing strong female-bodied champions is not a high value social good is no
longer viable; see Serena Williams and Allyson Felix.' We do not doubt that they
are well-intentioned, but coming in 2020, from organizations that otherwise decry
sex stereotypes and that previously championed the right of women and girls also
to equality of competitive opportunity, they are nothing short of extraordinary.
We need to take care of transgender women and girls, but the path should not
involve weakening the commitment to females. And here we should be clear: It
is weakening the commitment to females and to sex equality to accept that the
boys’ state championship will probably always be won by a male where the girls’
state championship will not always be won by a female.

C. Updating Title IX for Its Next Half Century

Biological sex matters. It is real, not socially constructed; and it affects
peoples’ lives, opportunities, and experiences in even the most benign or
egalitarian situations and societies. In particular, because of their different
reproductive biology and secondary sex characteristics, females in general have
different physical capacities and experiences than males. This is true regardless of
how they identify.

Sex matters in ways that are empowering and celebrated, and also in ways
that are damaging and censured. For females, physical—including sexual—
violence perpetrated primarily by males is a destructive commonplace, as are the
routine exclusions and subordinations they experience based on their phenotype
and their reproductive biology. Sometimes these exclusions and subordinations
are driven by false stereotypes. But they may also be driven by a reluctance to re-
imagine structures to accommodate real and otherwise appreciated sex-linked
physical differences. Regardless, sex is relevant if not defining.

Sex equality also matters. Although we can imagine a world in which sex is
not relevant or defining, in which we classify people on entirely different terms or
else not at all, this isn’t ours. As ours exists, because sex matters, so does sex
equality. The United Nations is not wrong to think about the world’s population
in male and female halves, because this is how we tend in the first instance to sort
ourselves, and then how our experiences and opportunities line up. They
generally line up this way, again at least in the first instance, without regard to
race, class, or gender identity. Because of this, it is also not wrong to make anti-
subordination commitments specifically to the female half of the world’s
population. This should not be our only anti-subordination commitment, but is it
an entirely rational and important one.

192.  See also ZARRETT, ET AL., supra note 139, at 3 (noting that one of the things that can work to
encourage girls to stay engaged in sport once they have chosen to participate is “[a]Jn emphasis on
winning . . . when combined with an emphasis on fun and skill development . .. . Healthy forms of
competition are ideal for fostering girls” engagement”).

193. Mallonee, supra note 139 (“One of the biggest things researchers are finding that keeps girls
engaged in sports is access to their heroes and mentors—even if it’s just seeing them ... [t]o see a
banner or a poster or an ad featuring someone like you is monumental.”).
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Sex equality can sometimes be achieved without affirmative consideration of
sex, and in this period in the United States, sex-blind policies are preferred. But
when sex blindness would be counterproductive, ineffective, or insufficiently
remedial, sex conscious approaches should be tools in the equality toolbox. These
are especially useful in circumstances where, to fix inequities, it is important to
see, not to erase, the female body. This includes at least aspects of the workplace;
the military; medicine and bio-medical research; and competitive sport. If we were
to have to ignore sex differences in these circumstances, sex equality would remain
elusive.

Efforts to secure inclusion and equality for transgender people that are
premised on erasing sex and sex differences—conceptually and from the
discourse—are fundamentally incompatible with these facts, priorities, and
approaches. Where sex, including being able to name it, is central for many if not
most females, both are anathema for many in the transgender community. For
this reason, but also because it fits their legal and political strategy, some trans
rights advocates seek to redefine sex to be or to include gender identity; and
further to ensure that no distinctions can be made on the basis of sex on the ground
that such distinctions are a rejection of transgender people.* Those who do not
play ball are labeled “transphobic” and, if they are liberal and feminist, also as
“trans exclusionary radical feminists” (TERFs), which is intended as an insult.!®>

The competitive sports question is hard, maybe even impossible to resolve
with a win on all sides, because what females need to have recognized is precisely
what advocates for trans students suggest should be erased. For example, if we
continue to be committed to equality for females in relation to males in the high
school sports space—equality not only for its own sake but also for the myriad
individual, institutional, and societal benefits that flow from its terms—we need
structures that recognize sex differences in athletic performance and that sort
athletes on the basis of sex.’% At the same time, because they are properly focused
on the individual children in their care—and not on the implications for others of
their approach—erasure of these same sex differences has been built into the
therapeutic model developed by pediatricians working with transgender children,
and impressed on their educational custodians.!”

As we have already discussed, efforts to will this collision away do not work
because they rest on a series of ultimately unacceptable fictions: That all sex is
socially constructed stereotype that inures to the detriment of women. That there
are no cognizable differences between women who are transgender and women
who are not. And that “women” is a concept that, in its best iteration, describes

194.  See supra notes 29-30 and accompanying text.

195. Colleen Flaherty, ‘TERF’ War, INSIDE HIGHER ED (Aug. 29, 2018), https://www.insidehigher
ed.com/news/2018/08/29/philosophers-object-journals-publication-terf-reference-some-feminists-it-re
ally. See R (on the Application of Miller) v. College of Policing & Chief Constable of Humberside, [2020]
EWHC 225 (Admin) [225], ] 241-46 (Eng.) (describing and quoting the expert witness statement of
Professor Kathleen Stock on the use of the term ‘TERF’ in the context of the gender-related divisions
among feminist academics).

196.  See supra notes 112-114, 149-156 and accompanying text.

197.  See supra note 166 and accompanying text.
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people who are relatively anti-competitive and selfless and so do not mind being
relegated to the bench if this is necessary to secure the health and welfare of others
who may be more vulnerable.!%

The competitive sports question is also hard because it involves claims for
inclusion and equality from both sides; and, because of how sport and sex-linked
biology work together, including one group necessarily means excluding or
limiting the opportunities of the other. The carve-out that is the sports exception
to Title IX’s general, sex-blind nondiscrimination rule recognizes this. And so, to
secure the inclusion of and equality for females, it formally permits—but also
sometimes requires—schools to exclude males from their sports and events.!®
Carving out what would be, in effect, an exception to this exception for the subset
of males who identify as women and girls would result in their inclusion; but it
would have exclusive effects in the other direction. Longer term, it would
inevitably signal that we don’t actually need sex segregation, which would result
in the full re-integration of sport and thus the re-exclusion of females. Shorter term,
because competition itself is exclusionary in the sense that making teams requires
try-outs and cuts, and making it through to the finals and championships involves
a version of the same—there can be only one state, regional, or national
champion—carving out an exception to the sex segregation rule for males who
identify as women and girls will result in the exclusion of females from teams,
finals, and podiums.2%

The problem is hard but, in general, there are four possible approaches:
affirming the carve-out as a biological classification tied to natal sex; re-imagining
the carve-out as an identity classification; re-imagining the carve-out as a
biological classification tied to the onset of male puberty; and formalizing an
accommodations approach.

1. Affirming the Carve-Out as a Biological Classification Tied to Natal Sex

The first option is to affirm the traditional approach. This approach ties
eligibility to natal sex, which would generally be based on the sex recorded at birth
on the individual’s birth certificate. It is mostly efficient and effective because
natal sex and sex recorded at birth are typically the same, and both typically
correspond to the relevant primary and secondary sex characteristics that matter
for sport.

Nevertheless, the traditional approach is both over and underinclusive: On
the one hand, it includes trans boys and trans men who go on puberty blockers
and gender affirming hormones beginning at the onset of female puberty; as a
result, these athletes develop the male secondary sex traits that girls’ and women’s
sport exist to exclude. On the other hand, it excludes trans girls and trans women
who do the same at the onset of male puberty, and who, as a result, never develop
those traits.

198.  See supra notes 185-193 and accompanying text.

199.  See supra notes 52-53 and accompanying text.

200.  See supra notes 104-105 and accompanying text (detailing how this has already happened in
the State of Connecticut and how the related data are being used in a Title IX OCR complaint).
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In addition, many jurisdictions now permit people who are transgender to
change the sex that is recorded on their birth certificates so that it accords with
their gender identity; in some places, parents can do the same for their children.20!
Depending on the jurisdiction, the individual need not have gone on hormones
before making this switch; that is, the switch may be permitted on some form of
self-declaration.?? As a result, at least for some trans people, the sex recorded on
the birth certificate is no longer a reliable proxy either for natal sex or for the
relevant sex traits.

Because of these administrative and policy concerns, but also because the law
requires sex-related criteria to be closely tailored to institutional ends, we do not
support this approach. In our view, transgender women and girls should not be
excluded from girls’ and women's sport if they have not gone through any part of
male puberty. Moreover, to include transgender men and boys who are on gender
affirming androgens is, in effect, no different from condoning the use of
performance enhancing drugs. Still, whether it is as a matter of choice or inertia,
many jurisdictions continue to provide that natal sex as recorded on the
individual’s birth certificate is the standard for eligibility for sex segregated sport.2®

2. Re-imagining the Carve-out as an Identity Classification

The second option is to abandon the carve-out for females only. This would
necessarily entail a rejection of the legitimacy and value of the claim from females
for equality in relation to males in the education-based competitive sports space.
It would involve either the full integration of sports and events, that is, all would
be co-ed; or it would involve a challenge to re-imagine girls’ and women’s sport
as a category that includes anyone who identifies as a girl or woman most broadly
defined, even if they retain their full male-linked performance advantages. The
best analog would be to an all-women’s college that admits and retains students
who identify as women regardless of their sex.204

Advocates for transgender rights have persuaded many secondary school
athletic associations to adopt this approach. The unfounded claim that it is
required by Title IX may have been at play in some cases.?> Nevertheless, it is

201.  See generally ID Documents Center, NAT'L CTR. FOR TRANSGENDER EQUAL., https://transequality.
org/documents (last updated Jan. 2020) (providing state-by-state information and details on New York
City rules permitting parents to change their child’s birth certificate).

202. Seeid.

203.  See High School Policies, TRANSATHLETE, https://www.transathlete.com/k-12_(last visited Jan.
28, 2020).

204. See, e.g., Jeremy Bauer-Wolf, At Women’s Colleges, Rules Vary Widely for Trans and Nonbinary
Students, EDUC. DIVE (Nov. 18, 2019), https://www.educationdive.com/news/at-womens-colleges-tra
ns-and-nonbinary-applicants-face-inconsistent-rules/567537/; Rebecca Brenner Graham, Women'’s
Colleges Should Admit Trans Students. It's Wholly Consistent with Their Mission, WASH. POST (Jan. 10, 2019),
https://www.washingtonpost.com/outlook/2019/01/10/womens-colleges-should-admit-trans-women-
its-wholly-consistent-with-their-mission/.

205.  See supra notes 70-76 and accompanying text (discussing the state of the law); supra note 203
(providing an up-to-date description of state high school athletic association policies). See e.g.,
Complaint Targets Transgender HS Track Athletes, ESPN (June 20, 2019), https://www.espn.com/high-sch
ool/story/_/id/27015115/complaint-targets-transgender-hs-track-athletes  (discussing the claim that
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viable in the long run only if these advocates can convince law and policy makers
at the national level that Title IX should be revised to these ends. Specifically, they
will need to convince the federal government that the original Title IX carve-out
for females in sport is not a commitment it wants to keep; but that we still need —
and need to support with federal funds—two classifications, both of which would
be comprised of a combination of males and females, and both of which would see
males in championship positions.

These are important hurdles, particularly in an adverse political climate. Not
only have the last two administrations held firm to the premise that distinctions
on the basis of sex in Title IX sport are necessary and appropriate, but also, this
policy choice appears to be based in or at least consistent with a clear, bipartisan,
nationwide consensus in favor of the traditional approach.??® Nevertheless, the
option is attractive to those who prefer that education-based sport focus on
opportunities for participation not competition, including whenever possible in
co-ed settings.??” It is also attractive to those whose focus is specifically on the
health and welfare of transgender people, rather than on females, on the view that
at least in this period, the former need support more than the latter.2¢ Finally, it is
attractive to those who prefer a wait-and-see to a precautionary approach to
restrictions on eligibility; they predict that trans women and girls won’t have an
important impact on girls’ and women’s sport, but that we can re-evaluate if they
do.

The best argument in favor of this approach today is based in the view that
almost everyone has a gender identity that aligns with their natal sex, in the still
small numbers of trans girls and women who seek to be classified according to
their gender identity, and in the fact that, until recently, we had not known of any
in championship positions. Until recently, including them was—in effect—a non-
category defeating accommodation within the existing sex segregated structure.
As Rachel McKinnon has argued,

Title IX requires the inclusion of trans girls in girls sport); Reference Guide for Transgender Policy, CONN.
INTERSCHOLASTIC ATHLETIC CONF., https://www.casciac.org/pdfs/Principal_Transgender_Discussion
_Quick_Reference_Guide.pdf (last visited on Feb. 19, 2020) (explaining that “[t]he CIAC has concluded
that it would be fundamentally unjust and contrary to applicable state and federal law to preclude a
student from participation on a gender specific sports team that is consistent with the public gender
identity of that student for all other purposes”).

206. See supra notes 69-76 and accompanying text. See, e.g., Most Oppose Transgender Athletes on
Opposite Sex Teams, RASMUSSEN REP. (June 4, 2019), https://www.rasmussenreports.com/public _conten
t/lifestyle/social_issues/most_oppose_transgender_athletes_on_opposite_sex_teams (finding that “just
28% of American Adults favor allowing transgender students to participate on the sports team of the
gender they identify with”). Given that this is a breakout conversation, see supra note 69, this number
is likely to shift in one or the other direction, as is the number representing undecideds, i.e., 18 percent
in the same survey.

207.  See infra note 208 and accompanying text (describing this position).

208. See Navratilova, Coleman & Richards-Ross, supra note 89 (noting that “Advocates of the
Equality Act who know sports or aren’t science deniers . . . [argue] that it’s time to shift our focus from
supporting female-bodied athletes for whom Title IX has already done a lot of work, to supporting
transgender women and girls who [now] need our help more”).
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Since the 2004 Athens Olympics, there have been over 54,000 Olympians. Not one
of them has been openly trans. There also aren’t any cases of men pretending to
be (trans) women. Next year, there are a few athletes who have the potential to be
the first openly trans athlete to compete in the Games. None are a medal favorite.
This is not the beginning of the end of women’s sports.2?

This moment is passing quickly, however, as more children identify as
transgender; as we are learning to embrace them as they are; as they are
increasingly comfortable coming out in high school even if they are not on
hormones; and as advocacy to establish trans rights is increasingly successful in
other contexts.? This includes recent legislation in the United States and in many
countries around the world that permits trans people more easily to reform their
identity documents to provide that their legal sex is their gender identity.?'! As
we have already noted, it is not a coincidence that it is in the last three years we
have seen the first male-to-female transgender state, national, and international
champions in girls’ and women’s Olympic events?? and that international
regulators are working to ensure that policies are in place to address the expected
increase in numbers.?!3

McKinnon herself made history when she won gold in the women’s sprint
event at the 2018 and 2019 Masters Track Cycling World Championships and in
the process set a women’s world record.?# She is a trans woman who has met the
hormonal conditions required for inclusion in women’s cycling events; she is
playing by the rules established by her governing body.?'* Those rules are in play,
however. On the one hand, many have expressed concern that they insufficiently
account for the legacy advantages retained by trans women who physically
transition after puberty.?® On the other, some, including McKinnon, have argued
that they should be revised to permit unconditional inclusion on the view that
trans women are women based on their gender identity, without respect to the
decisions they might take privately about gender affirming hormones or

209. McKinnon, supra note 191.

210.  See supra note 179.

211.  See, e.g., ID Documents Center, supra note 201 (providing up-to-date information on relevant
state laws and practices).

212.  See supra notes 181-182 and 209 and accompanying text.

213. Press Release, World Athletics, International Federations Discuss Consensus on Establishing
Rules for Transgender Athletes (Oct. 31, 2019), https://www.worldathletics.org/news/press-release/inte
rnational-federations-rules-transgender-a.

214. Karleigh Webb, Trans Cyclist Rachel McKinnon Keeps Winning Championships and Her Detractors
Don’t Like It, OUTSPORTS (Oct. 23, 2019), https://www.outsports.com/2019/10/23/20928252/rachel-mckin
non-trump-cycling-trans-athletes-transphobia-world-championships.

215.  McKinnon, supra note 191.

216.  See, e.g., Sean Ingle, Sports Stars Weigh in on Row Over Transgender Athletes, GUARDIAN (Mar. 3,
2019), https://www.theguardian.com/society/2019/mar/03/sports-stars-weigh-in-on-row-over-transge
nder-athletes (summarizing this argument). For a good description and evaluation of the debate
around legacy advantages, see generally Ross Tucker, On Transgender Athletes and Performance
Advantages, SCI. SPORT (Mar. 24, 2019), https://sportsscientists.com/2019/03/on-transgender-athletes-an
d-performance-advantages/?doing_wp_cron=1576790435.8559970855712890625000.
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surgery.2l” Although the call for unconditional inclusion has not yet succeeded in
the elite sport space, related efforts directed at state high school athletic
associations across the United States have altered that landscape.

3. Re-Imagining the Carve-Out as a Biological Classification Tied to Puberty

In 2019, in the challenge brought by Caster Semenya to the eligibility criteria
for the women’s category in the sport of track and field, the Court of Arbitration
for Sport (CAS) explained that:

the purpose of the male-female divide in competitive athletics is not to protect
athletes with a female legal sex from having to compete against athletes with a
male legal sex. Nor is it to protect athletes with a female gender identity from
having to compete with athletes with a male gender identity. Rather, itis to protect
individuals whose bodies have developed in a certain way following puberty from
having to compete against individuals who, by virtue of their bodies having
developed in a different way following puberty, possess certain physical traits that
create such a significant performance advantage that fair competition between the
two groups is not possible.?18

Consistent with this rationale, the third approach affirms the carve-out for those
who have not experienced male puberty. We peg this to male puberty to include
in the classification all those who cannot be said to have developed the male sex-
linked advantages that justify sex-segregated sport. It would include all females—
however they identify —so long as they are not on masculinizing hormones; and
all trans girls who, because they were on blockers and then feminizing hormones,
have not experienced male puberty. This option is a challenge to imagine
education-based sport as analogous to the medical setting, where sex and
associated physical characteristics remain relevant; and where gender identity and
expression are for the individual to resolve and others to respect as they would
any central aspect of an individual’s personhood.

This option is attractive for several reasons:

It is fully consistent with the carve-out’s raison d’étre and with its legal
grounding.?!? In the language of the law, an approach that hews closely to this
rationale is, as required, narrowly tailored and neither over- nor under-inclusive.

Moreover, as in other modern contexts where physical facts remain relevant
to the enterprise, it distinguishes only on those objective grounds and otherwise
respects the inherently personal nature of gender identity and expression. That is,
it does not seek to establish, judge, or sort anyone on those different grounds
that—in contrast with the physical —are ultimately unrelated to the institution’s
goals. But it does commit to respecting them without challenge. As it should be

217.  See, e.g., Charlie Ashworth, Women’s Sports: Rachel McKinnon Believes Trans Women Have a
‘Human Right’ to Compete, GIVE ME SPORT (Oct. 21, 2019), https://www.givemesport.com/1514948wome
ns-sports-rachel-mckinnon-believes-trans-women-have-a-human-right-t-ocompete (“By preventing
trans women from competing or requiring them to take medication, you're denying their human
rights.”).

218. Mokgadi Caster Semenya & Athletics S. Afr. v. Int'l Ass'n of Athletics Fed'ns, CAS
2018/0O/5794 1 559 (2019).

219. 1Id.
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developmentally, there is no questioning by a school or athletic association of a
child’s credibility about or commitment to a particular gender identity or
expression; nor is there a requirement that they agree to be fixed for a season or an
academic year to their expressed preferences. They can be who they are, including
in flux, throughout the relevant period.

Consistent with Title IX’s original design, all females who are not on
transition hormones —however they might identify —have a space in which they
can not only play but also compete for the win. Except in the rare case of an
exceptionally precocious child star, the policy cannot be said to incentivize a
student’s choice to go on gender affirming hormones. And because they have
benefitted from either endogenous or exogenous male testosterone levels, the
subset of trans kids who start on hormones only after the onset of puberty is not
be eligible to compete in the female category; but they are eligible to participate
and welcome in the male category, and —importantly —their private needs and
choices will not dictate outcomes for others. In this respect, this option is the least
disruptive of the existing model that does a lot of good work for the vast majority
of stakeholders.

It would be most easily implemented in circumstances where school sports
teams don’t have to train separately, that is, where only competition itself needs
to be sex segregated. In such contexts, the social aspects of participation in
education-based sport would not be linked to sex or gender. Swimming, cross
country, and track and field are among the sports where —at least as practiced in
some places—a version of this model already exists.?20

The principal costs associated with this approach are as follows:

Because it is not simply a re-naming of the existing sex-segregated structure,
imagining the classifications as we suggest would take work, even if everyone
were on board. This work would range from the relatively simple and technical to
the more difficult and conceptual. For example, we would have to decide what to
call the classifications and how to establish where students belong. We have
labeled the classifications “male” and “female” here, but they could be labeled
differently. Uniform rules would need to be changed to allow students to select
the style that makes them most comfortable regardless of sex or gender. And the
notion of school sports as sex or gender-specific social spaces would need to be
wound down. The latter would be resisted by traditionalists but also by some
trans kids and their advocates who embrace binary sex classifications and see
inclusion within them as having the potential to contribute to their successful
transition.?!

Finally, regardless of how respectful and welcoming the environment is
made for gender diverse students within the categories, those who may be passing
do not want to be outed by sex classifications. Others who are not passing but who
suffer from dysphoria and are deeply (not just politically) hurt by references to
their sex-linked traits may continue to be effectively excluded from participation

220. See, e.g., Josh Weinreb, Thetford Academy Transgender Runner Embraces Her Identity and Gains
Freedom, VALLEY NEWS (May 25, 2019, 9:25 AM), https://www.vnews.com/Running-career-has-helped-
Thetford-Academy-senior-Bel-Spelman-navigate-her-gender-identity-24764677.

221.  See supra note 166 and accompanying text (noting this strategy).
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and competition. Still others who do not suffer from dysphoria but who prefer to
occupy spaces where sex is irrelevant may reject school sport because it is still so
focused. To the extent the institution could and should produce important health
and welfare benefits for these individuals, this approach would not be effective.
As is the case today for kids who for various reasons eschew school sports, some
will remain left out or will choose to exclude themselves.

4. Formalizing an Accommodations Approach

The fourth option is to affirm the commitment to the Title IX carve-out for
females but also formally to grant authority to policymakers to accommodate
gender diverse students in ways that are not category defeating. Accommodations
are often preferred in circumstances that involve competing rights claims.?2 To
date, some form of this approach has been preferred by those working most
thoughtfully on inclusion in the elite sports space, for example within the Olympic
Movement, the NCAA, and the National Scholastic Athletics Foundation
(NSAF).2s

Although it has not been formally tested to date, the NCAA policy is
especially relevant as it operates within institutions governed by Title IX. It
permits transgender student-athletes to compete either according to their natal sex
or their gender identity. In the latter case, if the athlete is a trans man, they are
required to have a therapeutic use exemption (TUE) if they are on gender affirming
hormones (testosterone); and if they are a trans woman, they are required to have
been on testosterone suppressants for at least a year before they are eligible for
women’s teams and competitions.??* We do not have enough studied experience
with trans women and girls in sport to know that suppression to a certain level for
a given period of time is sufficient to wind down male-linked advantages to the
point where they are not category defeating in particular sports and events.
Nevertheless, the rule fits the model because it presumes an ongoing primary
commitment to female athletes, which is the raison d’étre for the sports exception
to Title IX’s non-discrimination rule; and it includes trans women when they meet

222.  See, e.g., Notice, Enforcement Guidance: Reasonable Accommodation and Undue Hardship Under the
Americans with Disabilities Act, U.S. Equal Emp. Opportunity Comm’'n (Oct. 17, 2002), https://www.
eeoc.gov/policy/docs/accommodation.html (applying the model in the context of conflicts between
employers and employees with disabilities). Accommodation is related to compromise. See, e.g., Dale
Eilerman, Agree to Disagree: The Use of Compromise in Conflict Management, MEDIATE (Oct. 2006),
https://www.mediate.com/articles/eilermanD7.cfm (describing when compromise is useful in
mediation).

223.  Almost all elite sports institutions have adopted a rule of conditional inclusion based on
testosterone levels. See, e.g., IOC Consensus Meeting on Sex Reassignment and Hyperandrogenism, INT'L
OLyYMPIC COMM. (2015), https://stillmed.olympic.org/Documents/Commissions_PDFfiles/Medical _co
mmission/201511_ioc_consensus_meeting_on_sex_reassignment_and_hyperandrogenism-en.pdf;
NCAA Inclusion of Transgender Student-Athletes, NAT'L COLLEGIATE ATHLETIC ASS'N (2011), https://132
48aea-16£8-fc0a-cf26-a9339dd2a3f0.filesusr.com/ugd/2bc3fc_4al135824fabc462183¢71357c93a99b4.
pdf; National Scholastic Athletic Foundation Transgender Participation Policy and Procedure, NAT'L
SCHOLASTIC ATHLETICS FOUND. (2019), https://www .nationalscholastic.org/nbin/transgender/.

224. NCAA Inclusion of Transgender Student-Athletes, supra note 223, at 13.
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relevant physical conditions.??5 At least conceptually, because testosterone is the
primarily driver of the performance gap, the accommodation is viable as category
affirming not defeating. As an evidentiary matter, and thus legally, the rule would
be especially defensible if the NCAA were to establish a maximum allowable T
level that is within the female range and then to develop a protocol for monitoring
compliance.22

A different example of the accommodations approach outside of elite sports
can be found in the policies of state athletic associations that have experience
integrating male students who are not transgender into girls’ sports and events.
This happens where there is no boys’ team and the male students can show—
consistent with Title IX requirements—that they are the excluded sex. Where
particular males threaten to disrupt the championship experience and hierarchy,
officials have sought solutions to their inclusion that are consistent with the goals
of the carve-out, such as adding lanes or running separate male and female
sections of a final, and featuring separate podiums for male and female finishers.
Consistent with the goals of the sports exception to Title IX's general non-
discrimination rule, this has ensured that male student-athletes are not precluded
from participating in their chosen sports, but also that there cannot be a male
winner of the girls state championship.?” These strategies aren’t perfect fits, given
that trans girls and women identify as girls and women, not as boys and men. But
since sport is segregated on the basis of sex, not identity, and identity is ultimately
irrelevant to sports performance, they can be useful as examples of solutions that
might resolve certain impasses.

Other models that could be adapted depending on the sport and event are
quotas and adjusted scores and start lines. Quotas might be especially useful in
team sports situations. Joanna Harper and Tiffany Abreu have suggested they
could work in volleyball and basketball, for example.??® The basic concept of
adjusted scores and start lines comes from golf, which designate different Tee
boxes for males and females and —to level the playing field for golfers of different
abilities—use adjusted scores (handicaps) to compare relative performances.

225.  According to the Justice Department, the NCAA rule was developed in “consult[ation] with
medical experts, athletics officials, affected students, and [with advocates for transgender student-
athletes].” Dear Colleague Letter, supra note 73 (citing NCAA Inclusion of Transgender Student-
Athletes 2, 30-31, and Pat Griffin & Helen J. Carroll, On the Team: Equal Opportunity for Transgender
Student Athletes (2010)). On the Team itself notes that “policies that may be appropriate at the college
level may be unfair and too complicated for [the high school] level of competition.” It thus encourages
the development at the high school level of age-appropriate policies. Id. at 26. It was co-authored by
two of the leading players in this area, Helen Carroll of the National Center for Lesbian Rights (NCLR)
and Pat Griffin of the University of Massachusetts Amherst, in consultation with Shannon Minter, also
of the NCLR, and Eric Vilain, who also consulted on the IOC policy. Both Minter and Vilain are leading
experts in their respective fields, i.e., civil rights litigation and biological sex, respectively.

226.  As of this writing, although we expect that most trans girls and women on hormones follow
the medical standard of care which has a target of well under 5 nmol/L, the NCAA has not set a
maximum allowable level, nor does it monitor compliance.

227.  See, e.g., Coleman, Sex in Sport, supra note 27, at 173-77 (describing the State of Massachusetts’
approach to the inclusion of boys in girls’ swimming events).

228. Darlington, supra note 116.
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Different start lines could be adjusted based on the sport’s average performance
gap between males and females, in the manner that the distance between Tee
boxes is adjusted to reflect the relative power of female and male golfers, and
scores could be adjusted at the outset on the same group —rather than individual —
basis. More complicated iterations of golf's handicapping system have been
described elsewhere.?? Ultimately, the key to such approaches would be assuring
their efficacy and their administrative feasibility.

Like accommodations in general, accommodations in sport have the benefit
of being adaptable over time based on new knowledge. For example, as we learn
more about the nature and extent of the legacy advantages of going through male
puberty, as well as about their particular effects in different sports and events, the
specific requirements within the model could be adjusted without altering the
commitment to the model itself. And as we develop a better sense of the political
community’s relative commitments to female sport on the one hand and to trans
inclusion on the other, the reasonableness of specific conditions within models will
also evolve.

The merits of and problems inherent in accommodations models are that they
tend mostly, but not entirely, to satisfy principal policy goals while reducing, but
not eliminating, the concerns of affected individuals. In other words, like all
compromises, accommodations generally mean that no one gets everything they
wanted; and, depending on the specifics, one or the other side still faces a complete
loss. As it considers the question of transgender inclusion, sport is no different.
Purists on both sides of the debate decry all proposed concessions: Those who
want girls’ and women’s sport to remain exclusively for females say they cannot
abide a solution that would ever see a transgender athlete in a championship
position, even if she is following all of the rules. Those who want girls and
women'’s sport to be unconditionally inclusive of transgender athletes say they
cannot abide a solution that recognizes that there is a difference between females
and transgender women and girls: “Transgender women are women. Period.
Transgender girls are girls. Period.” Those who argue from “the messy middle”
can struggle to get a foothold. But given the stakes on both sides, it is surely
worthwhile also to consider solutions in this space.

D. Our Recommendations

Because sex equality in education-based sport produces enormous value,
and because the development of inclusive policies is separately consistent with
educational institutions’ goals, policymakers should affirm Title IX’s original
design and work to include gender diverse students within that design. Because
institutional goals are different in non-elite and elite settings, approaches to
inclusion should track those different goals. Throughout, policymakers should
endeavor to develop strategies that will encourage as many students as possible
to remain engaged in school sports as participants and as competitors.

Where it can be effective to all ends to combine teams or at least team
practices and only to segregate competition itself on the basis of sex, the approach

229.  See, e.g., Aschwanden, supra note 167 (discussing the concept in general and the work of Alison
Heather and colleagues in particular).
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we detail in Part [IIC3—re-imagining the carve-out as a biological classification
pegged to puberty —should be preferred. So long as it doesn’t result in diminished
coaching opportunities for females who remain underrepresented in those ranks
or deter female students from staying engaged with sport, it is the most inclusive,
least intrusive, and simplest to administer. Existing co-ed arrangements can be an
ongoing model for this purpose.

Where combined teams or practices coupled with sex segregated competition
cannot accomplish institutional goals, the accommodations approach detailed in
Part IIIC4 should be adopted. This will be the case in circumstances where sex
segregated teams and events remain necessary to secure parity of opportunity for
females. Where the accommodations approach is adopted, trans students will train
and compete consistent with their gender identity so long as their inclusion can be
relevantly conditioned. The NCAA transgender policy is illustrative of a hormonal
condition in this category; others that do not require medicalization— such as
handicaps, offsets, and quotas—exist as more appropriate models for the high
school sports space.

In high school intramural, junior varsity, and regular season play, where
institutional goals are primarily related to health and fitness and to the
development of social skills, unconditional inclusion of gender diverse students
according to their gender identity rather than their sex will usually be category
affirming. Exceptions will arise where this is not the case, for example in contact
sports situations where physical safety is tied to sex-linked differences, and where
regular season play determines invitational and post-season opportunities. But to
the extent that including trans students according to their gender identity merely
makes others uncomfortable, educators should be encouraged to educate,
including to inculcate empathy and inclusivity, rather than to exclude.

Once the focus shifts to competition and to the establishment of hierarchy and
the isolation and celebration of champions, unconditional inclusion of trans girls
and women who have benefited from male puberty becomes category defeating.
Conditional inclusion in this context is therefore appropriate. This position will
not satisfy purists on either side of the issue and both have strong arguments in
support of their views. Most immediately, it won't satisfy those who believe the
category is inevitably defeated by the inclusion of students whose natal sex is male
regardless of how their participation is conditioned. And it won’t satisfy either
medical providers who have built girls sport or invariable inclusion on the basis
of gender identity into their treatment design or trans advocates whose movement
strategy is to elide the differences between sex and identity. Ultimately, however,
the standard that prevails should be one that provides for reasonable
accommodations given institutional goals.

Finally, because the legal landscape has become muddied in this period, to
the point that there are questions about what Title IX does or should require, the
re-commitment to its original design should be codified by statute along with an
allowance for reasonable, non-category defeating accommodations.?® To the

230. The Obama and Trump Administrations were both put to this question in the context of claims
for transgender inclusion and both have re-affirmed the federal government's commitment to sex
equality, albeit in different forms. See supra notes 73-75 and accompanying text. But because the
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extent possible the legislation should be based in existing language so as not to
disrupt the well-established body of accompanying law, with definitions and
clarifications as appropriate given the current context. Consistent with this
prescription, we propose the following draft language:

No person shall, on the basis of sex, be excluded from participation in, be denied
the benefits of, be treated differently from another person or otherwise
discriminated against in any interscholastic athletics offered by a recipient, and no
recipient shall provide any such athletics separately on such basis.

However, to secure Title IX’s commitment to sex equality, a recipient may operate
or sponsor separate teams and events based on sex where selection and
advancement are affected by sex-linked competitive advantages or the activity
involved is a contact sport in which physical safety is implicated.

So long as they do not imperil female students” physical safety or diminish their
competitive opportunities, a recipient that operates or sponsors separate sex teams
and events may include persons of the excluded sex when their gender identity is
concordant. On the same conditions, a recipient that sponsors a team for only one
sex may include persons of the excluded sex. Reasonable accommodations
consistent with these conditions are encouraged.

For purposes of this statute, sex retains its dictionary definition as “either of the
two divisions, designated female and male, by which most organisms are
classified on the basis of their reproductive organs and functions.”?’! It does not
include sex stereotypes or legal or gender identity.

CONCLUSION

Title IX expresses society’s commitment to sex equality in educational
settings. At the time of the statute’s enactment in 1972, this commitment was
revolutionary. Today, in no small part because Americans across the political
spectrum are invested in the goal, Title IX’s value is mostly a given.? From the
focus on increasing the numbers of women in STEM to the effort to eradicate the
conditions that enable sexual assault, the idea that women belong as equals on
campus persists. Notably, the commitment to this idea is not merely normative.
As Nicholas Kristof wrote in his year-end column for the New York Times in 2019,
“few forces change the world so much as education and the empowerment of
women.”233

executive branch has discretion in the interpretation of federal regulations, and because
administrations come and go, they can foster unnecessary confusion and ensure that the matter
remains unsettled.

231.  Sex, AM. HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE (5th ed. 2020).

232. Sandra Guy, Title IX at 45, SOC’Y OF WOMEN ENG'RS MAG. (Mar. 20, 2017), https://alltogether.
swe.org/2017/03/title-ix-45/ (“Title IX is hugely popular, and it’s a bipartisan issue. We don’t expect
that to change.”).

233.  Nicholas Kristof, This Year Has Been The Best Year Ever, N.Y. TIMES (Dec. 31, 2019), https://ww
w.nytimes.com/2019/12/28/opinion/sunday/2019-best-year-poverty.html. See also Ana Revenga &
Sudhir Shetty, Empowering Women is Smart Economics, 49 IMF FIN. & DEV. (2012), https://www. imf.org/e
xternal/pubs/ft/fandd/2012/03/revenga.htm.
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The structure of the Title IX regulatory scheme makes clear that the goal is
sex equality, not sex neutrality. Consistent with American equal protection
jurisprudence and our general political inclinations, the latter is merely the
preferred means to the former end. Like other sex equality measures, Title IX
recognizes that females often remain disadvantaged in relation to males because
of their reproductive biology and because of stereotypes about them based on that
biology. Sex affirmative approaches are appropriate when sex neutrality cannot
effectively address that disadvantage. Thus, such approaches may be used to
overcome entrenched discriminatory patterns that are not explained by inherent
differences; see special provisions for women and girls in fields in which they
remain underrepresented. And they may be used to ensure that such differences
are not unnecessary obstacles to important opportunities; see separate sex sport.

Notwithstanding our general preference for sex neutral measures, the sports
exception to Title IX’s general nondiscrimination rule has long been one of the
statute’s most popular features.?* This affirmative approach is understood to be
necessary to ensure that the sex-linked differences that emerge from the onset of
male puberty do not stand as obstacles to sex equality in the athletic arena. From
the beginning, it was understood that any different, sex neutral measure would
ensure precisely the opposite—that spaces on selective teams and spots in finals
and on podiums would all go to boys and men. The sports exception makes it
possible for women and girls also to benefit from the multiple positive effects of
these experiences, and for their communities and the broader society to reap the
benefits of their empowerment.

The challenge in the beginning of the Title IX era was to conceive of and
equally to support females as athletes, coaches, and sports administrators. We
continue to fight for equal support as important institutions still stumble—see, for
example, the dearth of female coaches in NCAA programs;?*> Nike’s recently-
revealed failure to keep its brightest female stars under contract when they become
pregnant;?¢ and USA Soccer’s refusal to provide equal pay to the members of its
male and female teams.2%” But as Title IX concludes its first semi-centennial, we no
longer struggle as we did in the beginning with the basic concept of females as
athletes. It is no longer commonplace for an athletic department to assume that a
female is on the field to land a husband rather than a medal. Female puberty,
pregnancy, and motherhood remain visible indicia of difference, but because of

234.  See supra note 62 and accompanying text (quoting Nancy Hogshead-Makar on this point).

235.  Jeré Longman, Number of Women Coaching in College Has Plummeted in Title IX Era, N.Y. TIMES
(Mar. 30, 2017), https://www .nytimes.com/2017/03/30/sports/ncaabasketball/coaches-women-titleix.ht
ml.

236.  Alisia Montafo, Nike Told Me to Dream Crazy, Until ] Wanted a Baby, N.Y. TIMES (May 12, 2019),
https://www.nytimes.com/2019/05/12/opinion/nike-maternity-leave.html. The company was smart
enough to continue to pay Serena Williams through her pregnancy, but other stars—including most
notably Allyson Felix—were not similarly treated. Scott Davis, Serena Williams Supports Nike After Its
Maternity Pay Controversy, Saying the Company Is ‘Learning from Mistakes and Doing Better’, BUS. INSIDER
(May 28, 2019, 12:51 PM), https://www.businessinsider.com/serena-williams-backs-nike-maternity-
pay-controversy-2019-5.

237.  Andrew Das, U.S. Women'’s Soccer Team Granted Class Status in Equal Pay Lawsuit, N.Y. TIMES
(Nov. 8, 2019), https://www.nytimes.com/2019/11/08/sports/uswnt-equal-pay-lawsuit.html.
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the sports exception, they are no longer disqualifying. Indeed, when the
promotion is done right, these are affirmatively empowering and celebrated.?

The challenge as we move into Title IX’s second semi-centennial is to
persuade institutions finally to address the remaining disparities in their support
of female athletes and female sport at the same time that we enter a new
revolutionary period in which we are being asked to imagine that “female”
includes individuals of both biological sexes so long as they identify as women
and girls. This ask reflects the intellectual choice to conceive of sex as a social
construct rather than as a fact of biology tied to reproduction, and also the strategic
choice of trans rights advocates to work toward law reform that would disallow
any distinctions on the basis of reproductive sex. A popular manifestation of this
strategy is their insistence that we accept as threshold truth rather than as political
claim the proposition that “Trans women are women, period.”

The problem is that female sport is by design and for good reasons, a
reproductive sex classification. These reasons have nothing to do with transphobia
and everything to do with the performance gap that emerges from the onset of
male puberty. Whether one is trans or not, if one is in sport and cares about sex
equality, this physical phenomenon is undeniably relevant. Changing how we
define “female” so that it includes individuals of both sexes, and then disallowing
any distinctions among them on the basis of sex, is by definition and in effect a
rejection of Title IX's equality goals. Whatever their earlier allegiances, and
however they would seek to re-tool the relevant vocabulary to obscure this point,
we should be clear that those push for these changes today are committed to sex
neutrality, not to sex equality.

We need to find a path to equality also for trans people. And we need to be
thoughtful about how they are included within an institution whose design is at
odds with who they are. But given the enormous social utility and popularity of
that design, as well as the work that still needs to be done to fulfill its promise, a
path that involves a rejection of its principal terms is a non-starter.

In this paper, we have provided the legal history and the science that make
sense of the sports exception to Title IX’s general nondiscrimination rule. We have
also developed the policy arguments for affirming the commitment to sex equality
in the education-based sports space, and for including trans kids in that space in
ways that support their healthy development without undermining either the
statute’s sex equality goals or its allowance for sex affirmative measures to achieve
them. Finally, we have described and evaluated the options that are and ought to
be on the table as civil rights advocates and policymakers work through this
challenge. We do not expect that we have thought of everything; indeed, because
the science and social norms are evolving as we write, we assume that regular

238.  This video from the Olympic Channel, Aiming for the Olympics After Child-Birth ft. Allyson Felix/
Top Performer, YOUTUBE (Oct. 21, 2019), https://www.youtube.com/watch?v=TNuL38NRppg is
illustrative. See also, e.g., Annabelle Timsit, Serena Williams’s New Ad Gives Working Moms the Nuanced
Representation They Deserve, QUARTZ AT WORK (Aug. 29, 2018), https://qz.com/work/1372139/serena-
williams-thismama-ad-offers-a-powerful-vision-of-working-moms/. For a summary of the
development of the market for female sport, see Ross Andrews, Women'’s Sports Popularity is Growing,
According to Nielsen Study, GLOB. SPORT MATTERS (Nov. 13, 2018), https://globalsportmatters.com/busin
ess/2018/11/13/womens-sports-popularity-is-growing-according-to-nielsen/.
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updating will be necessary. But we hope that the structure, background, and
arguments we’ve set out will be useful in the process.
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ABSTRACT

Introduction. Puberty suppression by gonadotropin-releasing hormone analogs (GnRHa) is prescribed to relieve the
distress associated with pubertal development in adolescents with gender dysphoria (GD) and thereby to provide
space for further exploration. However, there are limited longitudinal studies on puberty suppression outcome in
GD. Also, studies on the effects of psychological support on its own on GD adolescents’ well-being have not been
reported.

Aim. This study aimed to assess GD adolescents’ global functioning after psychological support and puberty
suppression.

Methods. "Two hundred one GD adolescents were included in this study. In a longitudinal design we evaluated
adolescents’ global functioning every 6 months from the first visit.

Main Outcome Measures. All adolescents completed the Utrecht Gender Dysphoria Scale (UGDS), a self-report
measure of GD-related discomfort. We used the Children’s Global Assessment Scale (CGAS) to assess the psycho-
social functioning of adolescents.

Results. At baseline, GD adolescents showed poor functioning with a CGAS mean score of 57.7 £12.3. GD
adolescents’ global functioning improved significantly after 6 months of psychological support (CGAS mean score:
60.7 £12.5; P<0.001). Moreover, GD adolescents receiving also puberty suppression had significantly better
psychosocial functioning after 12 months of GnRHa (67.4 £ 13.9) compared with when they had received only
psychological support (60.9 +12.2, P=0.001).

Conclusion. Psychological support and puberty suppression were both associated with an improved global psycho-
social functioning in GD adolescents. Both these interventions may be considered effective in the clinical manage-
ment of psychosocial functioning difficulties in GD adolescents. Costa R, Dunsford M, Skagerberg E, Holt V,
Carmichael P, Colizzi M. Psychological support, puberty suppression, and psychosocial functioning in
adolescents with gender dysphoria. J Sex Med 2015;12:2206-2214.

Key Words. Gender Dysphoria; Adolescents; Psychosocial Functioning; Puberty Suppression

Introduction

o ( ; ender dysphoria (GD) individuals experi-
Joint last authors. ence a marked incongruence between their

The study was conducted in the Gender Identity Develop-

ment Service, Tavistock and Portman NHS Foundation
Trust, Tavistock Centre, 120 Belsize Lane, London NW3
SBA.

J Sex Med 2015;12:2206-2214

assigned gender and their experienced gender [1].
GD refers to this stressful condition resulting in
clinically significant distress or impairment in

© 2015 International Society for Sexual Medicine
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important areas of functioning [2,3]. When sup-
porting and treating children and adolescents with
GD, health professionals should broadly conform
to the Standards of Care of the World Professional
Association for Transgender Health (WPATH)
[4]. These guidelines indicate that psychological
support should focus on exploring gender identity,
role, and expression; addressing the negative
impact of GD and stigma on mental health; alle-
viating internalized transphobia; enhancing social
and peer support; improving body image; promot-
ing resilience. Psychological interventions such as
individual, couple, family, or group therapy should
be provided within a multidisciplinary gender
identity specialty service [4].

Studies indicate that cross-sex hormonal treat-
ment (CSHT) improves well-being in GD adults
[5,6]. However, it has been observed that despite
many years of psychotherapy the GD of most ado-
lescents does not often abate. Rather, once these
young persons, who are already experiencing con-
siderable distress over their gender identity,
undergo the pubertal development of their bio-
logical sex, their psychological well-being deterio-
rates significantly [7]. Because this risk can be so
great, the need for an early intervention has
become paramount.

Delemarre-van de Waal and Cohen-Kettenis
have proposed an early intervention approach, the
Dutch model [8], which aims to eliminate the
exposure to unwanted pubertal hormones, limit
GD, and improve the ability to “pass” as the
desired gender in adulthood. It considers adoles-
cents, after a comprehensive psychological evalu-
ation with many sessions over a longer period of
time, eligible for puberty suppression, cross-sex
hormonal treatment (CSHT), and gender reas-
signment surgery (GRS) at the respective ages of
12, 16, and 18 years when there is a history of GD;
no psychosocial problems interfering with assess-
ment or treatment; adequate family or other
support; and good comprehension of the impact of
medical interventions. According to this protocol,
suppressing puberty and allowing young individu-
als the opportunity to explore their gender identity
would provide some relief from the distress asso-
ciated with the development of secondary charac-
teristics [8]. Consistently, some studies indicate
that puberty suppression leads to a better psycho-
social outcome [2,9].

Since the release of the Dutch model, there has
been disagreement about the appropriateness of
treatment in minors. Some practitioners have ques-
tioned the ethics and safety of this intervention.
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Conversely, other health care professionals have
argued they have an obligation to alleviate suffering
and it would be unethical to allow a patient to suffer
through the distress of pubertal development when
there is a way of preventing it [10]. Anyway, puberty
suppression by gonadotropin-releasing hormone
analogs (GnRHa) has increasingly become
accepted in clinical management of adolescents
with GD. Even if further studies are needed,
GnRHa are considered a safe and putatively revers-
ible intervention which should be provided to
people in need ofit, especially if allowing puberty to
progress appears likely to harm the young person
[7].
There are limited longitudinal studies on the
psychosocial functioning of GD adolescents after
puberty suppression [2,9]. Also, studies on the
effects of psychological support on its own on GD
adolescents’ psychosocial functioning have not
been reported.

Aims

The aim of this study was to assess GD adoles-
cents’ psychosocial functioning in follow-up evalu-
ations. Based on previous literature [2,9] and our
clinical experience, we hypothesized a poor
general functioning at baseline, an improvement
after psychological support, and a further
improvement after the beginning of the GnRHa.

Methods

Study Design and Participants

This longitudinal study was conducted at the
Gender Identity Development Service (GIDS) in
London. The health care pathway provided at the
GIDS is described in Figure 1. A consecutive
series of 436 adolescents (mean age = 15.74 £ 1.38
years; natal male/natal female ratio = 1:1.7) were
referred between 2010 and 2014 to the GIDS. 201
adolescents (mean age = 15.52 + 1.41 years; natal
male/natal female ratio=1:1.6) completed the
diagnostic procedure (about 6 months) and were
invited to take part in the follow-up evaluations.
No GD adolescent refused to participate and all
participants and their parents gave informed
consent. By clinical interview, all adolescents ful-
filled DSM-IV-TR criteria in use at the time for
Gender Identity Disorder. The GIDS has adopted
the WPATH Standards of Care [4]. There were no
significant differences in socio-demographic char-
acteristics as well as baseline CGAS scores

J Sex Med 2015;12:2206-2214
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between adolescents with a GD diagnosis enrolled
in this study (N =201) and adolescents who did
not complete the diagnostic procedure (N = 235;
all P> 0.1).

Psychological Support
The GIDS has developed a standardized psycho-
logical assessment which is part of the diagnostic
procedure, in accordance with the WPATH guide-
lines [4]. This model emphasizes the early recog-
nition and non-judgmental acceptance of gender
identity problems as well as the importance of
ameliorating associated behavioral, emotional and
relationship difficulties [11]. Ample room is given
to adolescents to explore different options for
gender expression. Together with their families
GD adolescents are supported in making difficult
decisions regarding the extent to which they are
allowed to express a gender role that is consistent
with their gender identity. Also the timing of
changes in gender role and possible social transi-
tion are extensively explored. This ensures that
decisions about gender expression and the treat-
ment of GD are thoughtfully and recurrently con-
sidered. Health care professionals help families to
make decisions regarding the timing and process
of any gender role changes for their young chil-
dren. Information is provided to parents to weigh
the potential benefits and challenges of choices.
The aims outlined are achieved through various
psychotherapeutic interventions, ranging from
individual to family and group therapy, which are
carried out on a regular basis (at least once a
month). Social and educational interventions are

J Sex Med 2015;12:2206-2214

Costa et al.

Figure 1 Health care pathway at the
Gender Identity Development
Service (GIDS)

also provided if necessary. All these interventions
are well coordinated and integrated in a compre-
hensive management plan agreed with local ser-
vices (The Network Model). Moreover, the care
pathway provides continuous psychological
support to the patients’ emotional and behavioral
changes that may occur during the puberty sup-
pression treatment. All adolescents received psy-
chological support for the entire duration of the
study.

Eligibility for Puberty Suppression

In accordance with the WPATH Standards of
Care [4], adolescents were able to commence
puberty suppression with GnRHa if they met the
following criteria: (i) a presence of GD from early
childhood on; (ii) an increase of the GD after the
first pubertal changes; (iii) an absence of psychiat-
ric comorbidity that interferes with the diagnostic
work-up or treatment; (iv) adequate psychological
and social support during treatment; and (v) a
demonstration of knowledge and understanding of
the effects of GnRHa, cross-sex hormone treat-
ment, surgery, and the social consequences of sex
reassignment. All GD adolescents were considered
eligible for puberty suppression. Eligible adoles-
cents were divided into two groups: immediately
eligible and delayed eligible adolescents, consis-
tently with Cohen-Kettenis and colleagues [12].
Immediately eligible adolescents started GnRHa
at the end of the diagnostic procedure (0.75 £ 0.59
years from baseline). On the contrary, some ado-
lescents were considered delayed eligible and con-
tinued to receive psychological support without
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any type of physical intervention until they felt
ready to make a decision in collaboration with
their families and the clinicians. In those specific
cases clinicians needed more time to make the
decision of starting GnRHa because of possible
comorbid psychiatric problems and/or psychologi-
cal difficulties. If concomitant problems were
observed (e.g., psychiatric problems, substantial
problems with peers, or conflicts with parents or
siblings), the young person was referred to a local
mental health service. All possible medical and/or
psychosocial interventions were well coordinated,
integrated in a comprehensive management plan
agreed with local services, and tended to be indi-
vidualized in relation to the psychopathology/
difficulty. The primary aim was for the child and
the family to function better. After being assessed
and, if necessary, treated for a psychiatric
comorbidity, all delayed eligible GD individuals
received puberty suppression. The interval from
the start of the diagnostic procedure to the start of
puberty suppression took about 1.5 years
(1.5+0.63 years from baseline). None of the
delayed eligible individuals received puberty sup-
pression at the time of this study.

Main Outcome Measures

Socio-Demographic Information

The data collected included: natal gender (male—
female ratio), age (at assessment, at start of
GnRHa), education level (yes/no), living arrange-
ment (both parents, one parents, other), living in
the chosen gender (partly, i.e., by wearing clothing
and having a hairstyle that reflects gender identity/
completely, i.e., by also using a name and pro-
nouns congruent with gender identity/no), and
change of name (yes/no).

GD-Related Discomfort

The Utrecht GD Scale (UGDS) was used to
measure adolescents’ GD-related discomfort. This
is a 12-item questionnaire specifically developed to
measure GD in a dimensional way. In particular,
the UGDS focuses on core aspects of GD and
gender identity. The adolescents are asked to rate
their agreement on a 5-point scale. The total score
ranges from 12 to 60. Higher UGDS total scores
indicate high level of GD [13]. The scale has
shown a high reliability (a Cronbach’s alpha of
0.66-0.80 in one sample, and 0.78-0.92 in
another); as reported by the authors, the lower
alphas on the scale were only found among control
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subjects, which may be related to the lower vari-
ability of GD in these groups [13]. Cronbach’s
alpha for UGDS in our sample was 0.76-0.88. The
UGDS has also shown a good discriminant valid-
ity, when adolescents and adults with and without
a GD diagnosis were compared.

Measure of Global Psychosocial Functioning
The Children’s Global Assessment Scale (CGAS)

was used to assess adolescents’ psychosocial func-
tioning. The CGAS is one of the most widely used
rating scales designed to measure how children
and adolescents function psychosocially in daily
life [14]. This clinical-rated instrument is divided
into 10-point intervals and ranges from 1 to 100,
with higher scores indicating better psychosocial
functioning. The CGAS is useful to assess
psychosocial/psychiatric outcomes, socio-
cognitive competence and changes because of
treatment [15]. In particular, it has been used in
several longitudinal and epidemiological studies in
clinical and non-clinical populations, naturalistic
cohorts [16], and young GD individuals [9]. The
inter-rater reliability was tested by Shaffer and his
colleagues [14] before publication of CGAS, in
order to minimize variation because of clinician
background. Test—retest has been described in dif-
ferent studies with raters’ consistence over time
[16].

All CGAS were administered by qualified psy-
chologists, psychotherapists, and psychiatrists
who attended training and intra-class correlation
assessment (0.76 < Cronbach’s o < 0.94). Partici-
pants were assessed at baseline (Time 0) and
every following 6 months, for a total of four
evaluations over an 18-month period. Follow-up
evaluations were performed 6 months from the
baseline (Time 1: after 6 months of psychological
support); 12 months from the baseline (Time 2:
after 12 months of psychological support for
delayed eligible GD adolescents, and after 12
months of psychological support+ 6 months of
puberty suppression for immediately eligible GD
adolescents); 18 months from the baseline (Time
3: after 18 months of psychological support for
delayed eligible GD adolescents, and after 18
months of psychological support+ 12 months of
puberty suppression for immediately eligible GD
adolescents).

Participants were compared with a sample of
young individuals without observed psychological/
psychiatric symptoms (N =169), using the same
methodology of this study, the CGAS scale [16].

"This sample was part of a large naturalistic cohort

J Sex Med 2015;12:2206-2214
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of children/adolescents who attended child and
adolescent mental health services (CAMHS;

N =12,613) in Stockholm in order to be evaluated
for their psychosocial functioning.

Statistical Analysis
Chi-squared and independent #-tests were used to
test for possible differences in socio-demographic
characteristics and CGAS scores between natal
men and natal women; adolescents who did not
complete the diagnostic procedure and adoles-
cents who received a GD diagnosis; immediately
eligible and delayed eligible individuals. Depen-
dent and independent #-tests were used to test for
possible differences in CGAS scores between base-
line and follow-up evaluations, in both immedi-
ately eligible and delayed eligible individuals.
Finally, independent z-tests were used to
compare GD adolescents’ CGAS scores with
CGAS scores from a sample of children/
adolescents without observed psychological/
psychiatric symptoms [16].

Costa et al.

Ethics

The study received ethical approval from the
National Research Ethics Service (NRES) Com-
mittee London-Camden and Islington.

Results

Socio-Demographic Characteristics of the Sample

Socio-demographic characteristics of the sample
(N =201) are reported in Table 1. The majority of
GD adolescents were living with one parent, were
in education, were living as a member of the
desired gender, and had changed their names.
However, compared with natal women, a higher
proportion of natal men did not live with their
biological parents, had left school, were not living
as a member of the desired gender, and had not
changed their names. Moreover, natal women
reported a significantly higher GD-related dis-
comfort than natal men. Natal men and women
did not differ in their age, both at assessment and

when GnRHa was started (Table 1).

Table 1 General characteristics of 201 adolescents with gender dysphoria

All participants Natal men Natal women Statistical comparisons

Age in years, M (SD) t-test; P value
Baseline 15.52 (1.41) 15.61 (1.70) 15.46 (1.22) 0.73; 0.47

Range 12-17 12-17 12-17
At start of GnRHa 16.48 (1.26) 16.64 (1.22) 16.39 (1.28) 0.74; 0.46

Range 13-17 13-17 13-17
Living arrangement, N (%) x4 P

Both parents 78 (41.5) 25 (33.7) 53 (44.2) 8.95; 0.01

One parent 100 (53.2) 35 (51.5) 65 (54.2)

Other* 10 (5.3) 8(11.8) 2(1.6)

No details 13 5 3.47;0.06
Education

Yes 168 (89.8) (83.6) 112 (93.3) 20.52; <0.001

No 19 (10.2) 11 (16.4) 8 (6.7)

No details 14 5
Living in role

Completely 117 (62.6) 29 (42.6) 88 (73.9) 23.14; <0.001

Partly 27 (14.4) 12 (17.7) 15 (12.6)

No 43 (23.0) 27 (39.7) 16 (13.5)

No details 14 8 6
Change name

Yes 107 (57.5) 23 (33.8) 84 (71.2)

No 79 (42.5) 45 (66.2) 34 (28.8)

No details 15 8 7

Mean (SD) Mean (SD) Mean (SD) t-test; P value

UGDSt 54.7. (6.8) 51.6 (9.7) 56.1 (4.3) 4.07; <0.001
CGAS at baseline 57.7 (12.3) 55.4 (12.7) 59.2 (11.8) 2.15;0.03

*Living in children’s home, living with other family’s members

fData available in 160 individuals, 50 natal men (31.25%), 110 natal women (68.75%)

M (SD) = mean (standard deviation); UGDS = Utrecht Gender Dysphoria Scale; CGAS = Children’s Global Assessment Scale; GnRHa = gonadotropin-releasing
hormone analogs
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Figure 2 Gender dysphoria adolescents’ psychosocial functioning (CGAS) at baseline, after psychological support, and

after puberty suppression

CGAS, Children’s Global Assessment Scale; Time 0, baseline; Time 1, 6 months from baseline (after 6 months of
psychological support); Time 2, 12 months from baseline (delayed eligible gender dysphoria [GD] adolescents, after 12
months of psychological support; immediately eligible GD adolescents, after 12 months of psychological support + 6 months
of puberty suppression); Time 3, 18 months from baseline (delayed eligible GD adolescents, after 18 months of psychological
support; immediately eligible GD adolescents, after 18 months of psychological support + 12 months of puberty suppression)

CGAS at Baseline

GD adolescents’ CGAS at baseline (Time O,
M =57.7%12.3) revealed a score suggestive of
“variable functioning with sporadic difficulties or
symptoms in several but not all social areas” (range
50-59). Natal men had a significantly lower func-
tioning than natal women at baseline (P=0.03;
Table 1). CGAS scores were not associated with
any demographic variable, in both natal men and
women (all P>0.1). GD adolescents’ CGAS
scores at baseline were significantly lower (¢t = 7.4,
P < 0.001) than that found in a sample of children/
adolescents without observed psychological/
psychiatric symptoms (N = 169, 67.1 + 12) [16].

CGAS at Follow-Up

Compared with baseline, GD adolescents’ psycho-
social functioning was increasingly higher at each
of the following evaluations (Figure 2). In particu-
lar, CGAS scores were significantly higher after 6
months of psychological support (Time 0 vs. Time
1, P<0.001). Also there was a further significant
improvement 18 months from baseline (Time 1 vs.
Time 3, P=0.02; Table 2).

Delayed eligible GD adolescents, who received
only psychological support for the entire duration
of the study, had a significantly better psychosocial
functioning after six months of psychological
support (Time 0 vs. Time 1, P=0.05). However,

despite scoring better at the following evaluations
they did not show any further significant improve-
ment in their psychosocial functioning (Table 2).
Also, the delayed eligible group continued to score
lower than a sample of children/adolescents
without observed psychological/psychiatric symp-
toms [16], even after 18 months of psychological
support (Time 3, t=2.0, P=0.04).

On the contrary, the immediately eligible
group, who at baseline had a higher, but not sig-
nificantly different psychosocial functioning than
the delayed eligible group, did not show any sig-
nificant improvement after 6 months of psycho-
logical support. However, immediately eligible
adolescents had a significantly higher psychosocial
functioning after 12 months of puberty suppres-
sion compared with when they had received only
psychological support (Time 1 vs. Time 3
P =0.001; Table 2). Also, their CGAS scores after
12 months of puberty suppression (Time 3) coin-
cided almost perfectly with those found in a
sample of children/adolescents without observed
psychological/psychiatric ~ symptoms  (z=0.01,
P=0.99) [16].

There were no significant differences in CGAS
scores between GD natal men and women in all
the follow-up evaluations (all P>0.1). Also
delayed eligible and immediately eligible GD ado-
lescents did not differ in their demographic vari-
ables (all P > 0.1). Finally, even if at the end of the

J Sex Med 2015;12:2206-2214
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Table 2 Gender dysphoria adolescents’ psychosocial functioning (CGAS) at baseline, after psychological support, and
after puberty suppression

Time 0 Time 1 Time 2 Time 3 Statistical comparisons
N N N N
M/F ratio M/F ratio M/F ratio M/F ratio
M (SD) M (SD) M (SD) M (SD) t-test; P value
All participants N =201 N =201 N=121 N=71 4.87*; <0.001
1:1.6 1:1.6 1:1.6 1:1.6 3.707; <0.001
57.73 (12.27) 60.68 (12.47) 63.31 (14.41) 64.93 (13.85) 4.11% <0.001
1.73%,0.08
2.407; 0.02
0.76**; 0.45
Delayed eligible GD adolescents N =100 N =100 N =61 N =36 1.99% 0.05
1:1.6 1:1.6 1:1.6 1:1.6 2.89"; 0.005
56.63 (13.14) 60.29 (12.81) 62.97 (14.10) 62.53 (13.54) 2.29% 0.02
1.248; 0.22
0.897; 0.37
0.15**; 0.88
Immediately eligible GD adolescents N =101 N =101 60 N=35 1.31% 0.19
1:1.7 1:1.7 1:1.7 1:1.7 3.027; 0.003
58.72 (11.38) 60.89 (12.17) 64.70 (13.34) 67.40 (13.93) 3.66% <0.001
1.85%; 0.07
2.637; 0.001
0.94**; 0.35

Statistical comparisons

t-test; P value 1.211;,0.23

0.341%; 0.73

0.69%; 0.49 1.49%, 0.14

*Comparison between baseline and Time 1
fComparison between baseline and Time 2
*Comparison between baseline and Time 3
SComparison between Time 1 and Time 2
fiComparison between Time 1 and Time 3
**Comparison between Time 2 and Time 3

ftComparison between delayed eligible GD adolescents and immediately eligible GD adolescents
CGAS = Children’s Global Assessment Scale; M/F = natal male/natal female; M (SD) = mean (standard deviation)

follow-up study (Time 3) the immediately eligible
group had a 5-point higher CGAS score than the
delayed eligible group, this difference failed to
reach significance, possible because of sample size

(Table 2).

Discussion

Results from this study indicate that psychological
support is associated with a better psychosocial
functioning in GD adolescents, especially if
presenting psychological/psychiatric  problems.
Moreover, puberty suppression was associated
with a further improvement in global functioning.
Finally, global functioning improved steadily over
time in GD adolescents receiving both psychologi-
cal support and GnRHa.

Medical and surgical interventions are consid-
ered to be necessary components of effective man-
agement in GD adults. These partially reversible/
irreversible treatments aim to align the individuals’
physical appearance with their internal gender
identity and have been shown to improve the
patients’ psychosocial well-being [3,5,6]. GD ado-

J Sex Med 2015;12:2206-2214

lescents may experience psychosocial problems at
puberty onset because of an intensification of feel-
ings of incongruence between self-perception and
their natal gender [2,9]. Therefore, in the pre-
pubertal population, the suppression of puberty
using continuous GnRHa is a fully reversible
treatment which has the fundamental benefit for
children of gaining time to reflect over their
gender identity, have a real-life experience living as
the other gender (i.e., in dress and behavior) and
determine whether or not they desire the transi-
tion [12,13]. Preventing the development of a
body contrary to the experienced gender, puberty
suppression allows GD adolescents to experience a
smooth transition into their desired gender role.
This translates into an improvement in many
aspects of their psychosocial functioning, such as
mood improvement and school integration [2,9].
Consistently, these results underline the impor-
tance of puberty suppression for GD adolescents’
well-being.

The GD adolescents’ improved global func-
tioning after only 6 months of psychological
support may have different explanations. First, it
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could indicate that the timely addressing of psy-
chosocial problems contributes to enhanced psy-
chological well-being. Second, as also reported in
previous studies among both GD adults and ado-
lescents [2,3,5,9], our clinical experience suggests
that patients attending a gender unit are pleased in
the knowledge that the puberty suppression will be
performed within a reasonable time and refer a
distress reduction because of their accepted and
understood requirements. Moreover, the initiation
of the puberty suppression may have a psychologi-
cal meaning which per se could be fundamental in
reducing distress. In any case, data are too limited
to express conclusively.

Both natal men and women benefited from the
clinical approach, although natal men had a sig-
nificantly worse functioning than natal women at
baseline. It is even more important if we consider
that natal men reported more social difficulties
than natal women (higher dropout from school
and more frequently not living with their
parents). Interestingly, natal women reported sig-
nificantly more GD-related discomfort than natal
men. As already suggested [2], with a mean of 15
years most natal women had developed their
breasts and had their menarche, which are likely
to be associated with higher levels of distress.
Therefore, natal men and women may need to be
thought about separately and may require differ-
ent interventions. Also, as the revised Dutch
model [8] encourages considering GD individuals
eligible for puberty suppression when they are 12
years old, studies are ongoing at our service to
explore the possible benefit of further reducing
the age for being eligible for puberty suppression.
Even if the absence of a control group in our
study does not allow us to pronounce conclu-
sively on these comparisons, GD adolescents
undergoing puberty suppression in addition to
the psychological support result in psychosocial
functioning levels that are impossible to differen-
tiate from a sample of peers. These additional
findings further indicate the effectiveness of both
psychological support and puberty suppression in
enabling young GD individuals to reach a satis-
factory psychosocial functioning.

In the present study, there are some limita-
tions. Even if psychosocial functioning is of
crucial importance to identify clinical or socio-
cognitive difficulties [17], we focused only on a
measure of psychosocial well-being. Also, the
study sample was relatively small and came from
only one clinic. Most importantly, despite the
findings seem to suggest a cumulative and
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increasing over time positive effect of psychologi-
cal support and GnRHa on young GD patients’
well-being, results could have also different
explanations because of the study design. For
instance, getting older has been positively associ-
ated with maturity and well-being [18]. Ideally, a
blinded randomized controlled trial design
should have been performed. However, it is
highly unlikely that adolescents would be moti-
vated to participate. Also, disallowing puberty
suppression, resulting in irreversible development
of secondary sex characteristics, may be consid-
ered unethical [2]. Moreover, we cannot be con-
clusive on the higher GD-related distress in natal
women compared with natal men. There are dif-
terent versions of the UGDS scale for men and
women, with specific items reversely coded
because of gender. These differences do not allow
drawing strong conclusions from the gender dif-
ference analysis.

Conclusions

In conclusion, this study confirms the effectiveness
of puberty suppression for GD adolescents.
Recently, a long-term follow-up evaluation of
puberty suppression among GD adolescents after
CSHT and GRS has demonstrated that GD ado-
lescents are able to maintain a good functioning
into their adult years [2]. The present study,
together with this previous research [2], indicate
that both psychological support and puberty sup-
pression enable young GD individuals to reach a
psychosocial functioning comparable with peers.
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Abstract

Background: Sex differences in body composition are appre-
ciated throughout the lifespan with probable contributions
from sex steroids: testosterone and estrogen. The purpose
of this longitudinal observational study was to determine if
sex differences in body composition emerge during the first
months of life in healthy infants, corresponding to the age
at which male infants produce endogenous testosterone.
Methods: Linear growth and body composition para-
meters using air displacement plethysmography were
obtained from 602 healthy infants after birth and again
at 5 months of age. Rate of change in body composition
parameters were compared between sexes.

Results: Sex differences in length, total mass, fat free mass
(FFM), and percent fat mass (%FM) were present both at
birth and at 5 months (p < 0.001 for all), with males having
greater total mass and FFM but lower %FM. Gain in %FM
over the first 5 months was significantly lower in males
(p=0.0004). This difference was secondary to a gain of
17 g/week more in FFM in males compared to females.
Conclusions: Sex differences in body composition emerge
in the first months of life, with lower adiposity accumu-
lation in males. Endogenous testosterone production in
males ~1-4 months of age may account for findings and
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may have lifelong implications for sex differences in body
composition.

Keywords: adipose tissue; body composition; body fat
percentage; critical window; mini-puberty; PEA POD.

Background

Sex differences in body composition are recognized
throughout the lifespan, with females having significantly
lower lean mass and greater percent fat mass (%FM)
than males. Sex steroids (testosterone and estrogen) are
assumed to be largely responsible for these differences;
however, sex differences are observed in childhood well
before puberty occurs [1]. While some studies report that
sex differences are present at birth [2-4] others have found
no differences between males and females [5, 6]. By 1 year
of age, females have greater %FM and this difference
seems to persist until puberty at which time it becomes
further exaggerated. Although sex differences in body
composition are known to exist, the underlying etiology
and timing of emergence are surprisingly understudied.
The mini-puberty period of infancy is a biologically
plausible time during which sex differences in body com-
position may emerge. The mini-puberty period refers
to temporary activation of the hypothalamic-pituitary-
gonadal axis resulting in near-adult concentrations of
testosterone in boys from around 1-4 months of age [7].
Testosterone is an anabolic steroid that acts to increase
protein synthesis and lean mass while decreasing fat mass
(FM). Although the existence of the mini-puberty period is
well known by pediatric endocrinologists, the short and
long-term consequences of this temporary testosterone
exposure are just beginning to be unveiled. It was recently
shown that there are sex differences in linear growth veloc-
ity during the first 6 months of life associated with testos-
terone concentrations [8]. This difference in infancy was
calculated to be substantial enough to account for 15% of
the final height differences between men and women [9].
Animal models have found that blocking the post-natal
testosterone surge in male mice results in greater adipos-
ity lifelong [10]. The effects of sex steroid exposure during
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the mini-puberty period on body composition in humans
have not been studied.

The objective of this secondary data analysis was to
determine if sex differences in body composition emerge
during the first months of life at a sensitive time period
at which sex steroid exposure is known to be substan-
tially different between the sexes. We hypothesize that
differences in body composition emerge during the first
5 months of life, with males developing more lean mass
and lower %FM in a pattern consistent with testosterone
exposure.

Materials and methods

Between 2009 and 2014, the Healthy Start Study enrolled 1410 mother-
offspring dyads before 24 weeks’ gestation from obstetrics clinics at
the University of Colorado Hospital. Detailed assessment of the study
participants and methods have been previously published [11-14]. In
brief, sociodemographic data, maternal medical history, pregnancy
and birth history, and infant feeding methods were collected. Infant
growth and body composition parameters were obtained at birth
and again at 4-6 months of age. For this analysis, infants had to be
born term (>37 weeks gestation) and have complete data on body
composition available for both the neonatal visit (<3 days of age)
and the infant visit (~5 months of age, range 3-7 months). The study
was approved by the Colorado Multiple Institutional Review Board
and all women provided written informed consent for study partici-
pation. The Healthy Start Study was registered at clinicaltrials.gov
(NCT02273297).

Mothers self-reported their race/ethnicity, tobacco use, and
infant feeding status. Maternal race was categorized as Non-Hispanic
White, Hispanic, Non-Hispanic Black, and Other, which included
Asian or Pacific Islander and American Indian or Alaskan Native.
The total number of breastfeeding months was calculated as previ-
ously described [12]. Pre-pregnancy body mass index (BMI), maternal
weight gained during pregnancy, gestational age at birth, and infant
birthweight were abstracted from medical records.

Infant length was measured supine on a length board to the
nearest tenth of a centimeter (cm) by two trained research person-
nel. Body composition was assessed using air displacement ple-
thysmography (PEA POD, COSMED, Rome, Italy). The PEA POD is a
validated instrument that measures total body mass in grams, total
body volume, and estimates FM, fat-free mass (FFM), and %FM [15].
Each infant was measured twice, with a third measurement obtained
when %FM differed by >2.0%; the average of the two closest readings
was used for analysis. The rate of change for each of the following
parameters: length, %FM, FM, and FFM, was calculated as the meas-
urement at ~5 months minus the measurement at birth divided by the
amount of time between measures in weeks.

Statistical analysis

Descriptive statistics were used to summarize baseline characteris-
tics of the sample as well as body composition parameters at birth
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and at 5 months of age stratified by sex. Change in body composition
parameters between time points were assessed with a paired t-test.
Sex differences were evaluated using t-tests for continuous variables
and the Cochran-Mantel-Haenszel test for categorical variables.

Separate general linear univariate multivariable models were
fit for each outcome with sex of the offspring as the main predictor.
A priori covariates included race and the measure of the outcome near
birth (i.e. %FM near birth was included as covariate when the rate of
change of %FM was the outcome). Although several other covariates
are known to affect infant adiposity, including maternal BMI, weight
gain during pregnancy, smoking, and infant feeding source, these
variables are not associated with infant sex or on the causal path-
way between sex and change in body composition so they were not
included in the model. We assessed the significance of the covariates
using an F test at an o level of 0.05. We examined the studentized
residuals to ensure we met the model assumptions of normality and
homoscedasticity. All model assumptions were met and there were
no overly influential observations. The final model for each outcome
included race and the measure of the outcome at birth as covariates.
The estimates of association, p-values, and 95% confidence intervals
are presented. Statistical analyses were conducted in SAS 9.4 (SAS
Institute, Cary, NC, USA).

Results

Out of the full 1410 infant cohort, we excluded infants
who did not have outcome measures at both time points
(n=673), as well as infants born before 37 weeks’ gesta-
tion (n=11), infants who had their initial PEA POD meas-
urement after 3 days of age, or second PEA POD more
than 209 days after birth (n=124). Therefore, the analytic
cohort included the remaining n =602 participants. Mater-
nal and infant characteristics were similar between the
full cohort and the analytic cohort, similar to that previ-
ously reported [12]. The mean age of the cohort at the first
visit was 1.5 days and at the second visit was 5 months.
Demographic data were similar between males and
females (Table 1). Sex differences in length, FM, FFM, and
%FM were present at birth for all parameters (p<0.001,
Table 2). As expected, length, FM, FFM, and %FM all
increased between birth and 5 months in both males and
females (p < 0.001 for all, Table 1). At 5 months of age, FFM
and %FM remained significantly different between males
and females, with relative total body adiposity now 8.7%
lower in males compared to females [(25.47-23.25)/25.47,
p<0.0001]. FM was no longer significantly different
between sexes at 5 months of age (p=0.12).

Sex differences in the rate of change per week in body
composition parameters are shown in Table 3. On average,
after adjusting for race/ethnicity, FFM increased 17 g more
per week in males compared to females (p <0.0001, 95%
ClI: 14, 20), yielding a difference of 410 g of FFM between
sexes at 5 months. The rate of FM gain was not significantly
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Table 1: Participant demographics (mean=+SD, n [%]).

Davis et al.: Sex differences in infant body composition = 1237

Total sample (n=602)

Females (n=306) Males (n=296)

Maternal characteristics

Race
Hispanic 147 24%) 74 (24%) 73 (25%)
Non-Hispanic White 341 (57%) 173 (57%) 168 (57%)
Non-Hispanic Black 83 (14%) 42 (14%) 41 (14%)
Other 31 (5%) 17 (6%) 14 (5%)
Pre-pregnancy BMI, kg/m? 25.84+6.36 25.68£6.20 26.00£6.52
Gestational weight gain, kg 13.65+6.38 13.65+6.68 13.65+6.06
Smoking during pregnancy, n 38 (6%) 18 (6%) 20 (7%)
Infant characteristics
Gestational age, weeks 39.54+1.15 39.57+1.16 39.50+1.13
Birthweight, g 3277+426 3220+410 3330+428
Age at PEA POD #1, days 1.12+0.53 1.17+0.56 1.08+0.49
Age at PEA POD #2, months 4.94+0.93 4.98+0.92 4.891+0.94
Breastfeeding months 3.48+1.81 3.47+1.80 3.49+1.83
Table 2: Body composition measures (mean+SD) at birth and at 5 months by infant sex.
Total sample (n=602) Females (n=306) Males (n=296) p-Value
Body composition at birth
Total body mass, kg 3.12+0.41 3.07+0.40 3.17+0.41 0.001
Length, cm 49.18+2.04 48.75+1.97 49.63£2.02 <0.0001
Fat free mass, kg 2.83£0.33 2.76+0.31 2.91+£0.33 <0.0001
Fat mass, kg 0.29+0.14 0.31+0.14 0.27+0.13 0.0002
% Fat mass 9.02+3.72 9.83+£3.85 8.18+3.39 <0.0001
Body composition at 5 months
Total body mass, kg 6.74+0.83 6.57+0.82 6.92+0.81 <0.0001
Length, cm 63.74£2.66 63.0912.54 64.4412.62 <0.0001
Fat free mass, kg 5.08+0.57 4.88%0.53 5.29+0.54 <0.0001
Fat mass, kg 1.66+0.50 1.70+0.50 1.63+£0.50 0.12
% Fat mass 24.38+5.42 25.47+5.32 23.25+5.30 <0.0001

Table 3: Sex differences in the rate of change per week in body
composition parameters.

Outcome B Coefficient (males  Standard p-Value
relative to females) error

Rate of change in -0.09 0.02 0.0004

percent fat mass, %

Rate of change in fat 16.59 1.65 <0.0001

free mass, g/week

Rate of change in fat -1.07 2.00 0.59

mass, g/week

Rate of change in 0.05 0.01 <0.0001

length, cm/week

different between sexes. For males, %FM increased 0.09
percentage points less per week than females (p=0.0004,
95% CI: 0.04, 0.13), which equates to an 8% difference
between sexes in adiposity gain during the first 5 months

of life. The length increased 0.05 cm more per week
(2.6 cm/year) in males compared to females (p<0.0001,
95% CI: 0.04, 0.07) during the first 5 months of life.

Discussion

In this large, ethnically diverse cohort of term infants,
we have shown that while sex differences in body com-
position are already present at birth, the magnitude of
these differences increases during the first 5 months of
life. The gain in adiposity was 8% lower in males com-
pared to females, and this was due to a greater gain in
absolute FFM in males vs. females. We also confirmed
that the linear growth velocity is greater in males during
this time period. These early differences in growth pat-
terns between males and females are important to con-
sider as we further define the critical role of programming

Daubert Response App. 0219



Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 220 of 940 PagelD #: 24758

1238 —— Davis et al.: Sex differences in infant body composition

in the early post-natal period on future risk for adult
diseases [16].

Sex differences in adiposity are well recognized in
adults, with males having less total adipose tissue but
disproportionately more visceral adipose tissue [17]. This
sexual dimorphism in body composition has been demon-
strated even in pre-pubertal children, although to a much
smaller extent than after puberty [1, 18, 19]. Adipose tissue
was once thought to be a storage depot for lipids but it
is now recognized as an endocrine organ that regulates
metabolism [20]. Adipose tissue dysfunction is strongly
associated with systemic inflammation, insulin resist-
ance, and cardiovascular disease. Furthermore, accumu-
lation of adiposity in the early infancy period has been
associated with later childhood, adolescent, and adult
obesity, supporting the model that programming during
critical windows of development and plasticity influ-
ence lifelong metabolism [21, 22]. Despite this, there has
been minimal investigation comparing differences in
early growth between sexes, and our understanding of
the origins of later sex differences is largely speculative.
This study specifically compares longitudinal changes in
body composition during this critical time period between
males and females.

The mini-puberty period of infancy refers to tempo-
rary activation of the hypothalamic-pituitary-gonadal axis
and production of sex steroids (testosterone and estro-
gen) in infancy [7]. The time course is more well-defined
in males, peaking around 6-8 weeks of age and typically
ending by 4-5 months of age. Testosterone is an anabolic
hormone that increases lean mass as well as linear growth
velocity. Kiviranta et al. found sex differences in growth
velocity in 18,570 infants from the UK, with males growing
2-4 cm/year more than females in the first 6 months
of life and no sex differences in growth velocity after
6 months of age [8]. Our data corroborate these findings
with a difference between sexes of 2.6 cm/year in the first
5 months of life. These results support the importance of
the first few months of life in establishing early sex dif-
ferences in height. Beyond height, the body composition
changes we observed in males in this study are identical
to what is expected from testosterone exposure: greater
FFM, lower %FM, and higher linear growth velocity com-
pared to females. To confirm these observed changes in
body composition parameters were not secondary to the
change in length, the analyses were repeated with change
in length as a covariate in the model and the outcomes
were unchanged. Although we cannot definitively con-
clude that these differences are due to testosterone, the
body composition changes we observed during the time
course of the normal mini-puberty period are consistent

DE GRUYTER

with the known effects of testosterone. The implications
of the mini-puberty period and its coincidental timing
with the hypothesized critical programming in the first
months of life are just beginning to be investigated.

The major strengths of this study are the large, ethni-
cally diverse cohort of infants with a rigorous assessment
of body composition. Limitations of this study include
no measures to directly attribute the observed sex dif-
ferences to testosterone and data limited at this time to
the first 6 months of life (though additional follow-up is
underway). In addition, as the PEA POD assesses total
body adiposity we are unable to evaluate sex differences
in adiposity depots, such as visceral vs. subcutaneous fat,
which is recognized to be sex specific and have a strong
correlation with cardiometabolic disease states in adults
[23]. Despite these limitations, this study is the first to
demonstrate that sex differences in body composition
increase during these early months of life and provide
justification for further investigation into the mechanisms
and clinical implications of these findings.

In conclusion, our study confirms there are sex differ-
ences emerging in the rate of linear growth during early
infancy, and also provides novel data supporting emerg-
ing sex differences in body composition. Sex differences
in body composition are present at birth but significantly
widen over the first 5 months of life. FFM increases sig-
nificantly more in males than females, while FM gain is
similar between sexes resulting in lower adiposity gain in
males. Although we cannot confirm this is secondary to
the testosterone surge occurring in healthy male infants
during this time period with our dataset, this pattern of
change in body composition is congruent with what would
be expected from testosterone exposure. The finding sup-
ports further study of the physical sex differences emerg-
ing during the mini-puberty period of infancy that may
have lifelong implications in health and disease.
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ORIGINAL ARTICLE
Physical fitness reference standards in European children:

the IDEFICS study

P De Miguel-Etayo'**'®, L Gracia-Marco'*'®, FB Ortega®®, T Intemann’, R Foraita’, L Lissner®, L Oja®, G Barba'®, N Michels",
M Tornaritis'?, D Molnar'3, Y Pitsiladis', W Ahrens’"> and LA Moreno'? on behalf of the IDEFICS consortium

BACKGROUND/OBJECTIVES: A low fitness status during childhood and adolescence is associated with important health-related
outcomes, such as increased future risk for obesity and cardiovascular diseases, impaired skeletal health, reduced quality of life and
poor mental health. Fitness reference values for adolescents from different countries have been published, but there is a scarcity of
reference values for pre-pubertal children in Europe, using harmonised measures of fitness in the literature. The IDEFICS study offers
a good opportunity to establish normative values of a large set of fitness components from eight European countries using
common and well-standardised methods in a large sample of children. Therefore, the aim of this study is to report sex- and
age-specific fitness reference standards in European children.

SUBJECTS/METHODS: Children (10 302) aged 6-10.9 years (50.7% girls) were examined. The test battery included: the flamingo
balance test, back-saver sit-and-reach test (flexibility), handgrip strength test, standing long jump test (lower-limb explosive
strength) and 40-m sprint test (speed). Moreover, cardiorespiratory fitness was assessed by a 20-m shuttle run test. Percentile curves
for the 1st, 3rd, 10th, 25th, 50th, 75th, 90th, 97th and 99th percentiles were calculated using the General Additive Model for
Location Scale and Shape (GAMLSS).

RESULTS: Our results show that boys performed better than girls in speed, lower- and upper-limb strength and cardiorespiratory
fitness, and girls performed better in balance and flexibility. Older children performed better than younger children, except for
cardiorespiratory fitness in boys and flexibility in girls.

CONCLUSIONS: Our results provide for the first time sex- and age-specific physical fitness reference standards in European children

aged 6-10.9 years.

International Journal of Obesity (2014) 38, S57-S66; doi:10.1038/ij0.2014.136

INTRODUCTION

Physical fitness (hereinafter called just fitness) has been related to a
person'’s ability to perform physical activities that require aerobic
capacity, endurance, strength or flexibility, which seems to be
linked to inherited and environmental factors.' Fitness has been
considered a powerful marker of health, both, in childhood and in
adulthood,? independent of physical activity.>* A low fitness status
during childhood and adolescence is associated with important
health-related outcomes, such as increased future risk for obesity5
and cardiovascular diseases,® impaired skeletal health,” reduced
quality of life® and poor mental health. In spite of the healthy
benefits of a high fitness, children and adolescents performance in
fitness tests has declined over the last three decades.'®

The most frequently evaluated fitness component is cardior-
espiratory fitness (CRF)."" However, in the last years other fitness
components such as flexibility, muscular fitness and speed/agility
were evaluated and associated with health outcomes.’

Nowadays, fitness reference values in adolescents from different
countries in America,'>™'* Asia,'® Africa'’ and Europe® have been

published. However, there is a scarcity of reference values for pre-
pubertal children in Europe and in other continents, using
harmonised measures of fitness in the literature."® Reference
values are necessary to classify children and to monitor the fitness
status of the population. The IDEFICS study (Identification and
prevention of dietary and lifestyle-induced health effects in
children and infants)'> offers a good opportunity to establish
normative values for a large set of fitness components using
common and well-standardised methods in a large sample of
children from eight European countries. Therefore, the aim of this
study is to provide sex- and age-specific fitness reference
standards for European children aged 6-9 years.

MATERIALS AND METHODS

Study design

The IDEFICS study'® is a prospective cohort study with an embedded
controlled intervention aiming to prevent childhood obesity in a
community-oriented approach. IDEFICS is a multi-centre study on lifestyle

'GENUD (Growth, Exercise, NUtrition and Development) Research Group, Universidad de Zaragoza, Zaragoza, Spain; Department of Psychiatry and Nursing, Faculty of Health
Sciences, University of Zaragoza, Zaragoza, Spain; *Department of Paediatrics, Faculty of Medicine, Universidad de Zaragoza, Zaragoza, Spain; “CHERC (Children’s Health and
Exercise Research Centre), College of Life and Environmental Sciences, Sport and Health Sciences, University of Exeter, Exeter, UK; SPROFITH (PROmoting FITness and Health
through physical activity) Research Group, School of Sports Science, University of Granada, Granada, Spain; ®Department of Biosciences and Nutrition, Karolinska Institutet,
Stockholm, Sweden; ’Leibniz Institute for Prevention Research and Epidemiology—BIPS, Bremen, Germany; ®Department of Public Health and Community Medicine, University of
Gothenburg, Gothenburg, Sweden; °National Institute for Health Development, Tallinn, Estonia; '°Epidemiology and Population Genetics, Institute of Food Science, National
Research Council, Avellino, Italy; ''Department of Public Health, Ghent University, Ghent, Belgium; '*Research and Education Institute for Child Health, Strovolos, Cyprus;
3Department of Pediatrics, University of Pécs Medical School, Pécs, Hungary; "*Centre for Sport and Exercise Science and Medicine (SESAME), University of Brighton, Eastbourne,
UK and "Institute of Statistics, Faculty of Mathematics and Computer Science, University of Bremen, Bremen, Germany. Correspondence: P De Miguel-Etayo, GENUD (Growth,
Exercise, NUtrition and Development) Research Group, Universidad de Zaragoza, C/Pedro Cerbuna, 12, Zaragoza 50009, Spain.
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and nutrition among children aged 2-9 years from eight European countries
(Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium and Estonia).

In the first survey, data collection took place from September 2007 to
June 2008 (TO, baseline survey); 2 years later the follow-up survey was
conducted from September 2009 to May 2010 (T1, follow-up survey), where
the present analysis is based on cross-sectional data only. A detailed
description of IDEFICS sampling and recruitment approaches, standardisa-
tion and harmonisation process, data collection, analysis strategies, quality
control measures and inclusion/exclusion criteria have been already
published."® The study was approved by the Research Ethics Committees
of each institution and region involved. Parents signed an informed consent.

Study population

A cohort of 18 745 children aged 2-10.9 years was established including all
children recruited at baseline and children newly recruited at thr first

follow-up. Fitness was measured in children older than 6 years (N=10 302,
50.7% qirls) fulfilling the inclusion criteria (having complete data on
weight, height, age and sex). Because not all children took part in all
components of the physical fitness battery, analysis groups and sample
sizes vary for the different physical fitness tests (Figure 1). We compared
these varying analysis groups with the overall study population of children
older than 6 years. Since the groups of children who participated in the
back-saver sit-and-reach test, the standing long jump or the handgrip
strength test were nearly identical, we considered these children as one
analysis group. The second analysis group consisted of children who
participated in the 40-m sprint test; the third group of children who
participated in the Flamingo balance test; and the children who conducted
the shuttle run test formed the fourth group. Mean age varied between 7.6
and 7.7 years, and the percentage of boys was highest in the total study
population with 49.4% and smallest (47.3%) in the third analysis group
(Flamingo balance test). The prevalence of overweight and obese children

IDEFICS children

N=18,745 (2.0-10.9 years old)

N boys= 9,456 (50.4%)

N girls= 9,289 (49.5%)

___________ > Children younger than 6 years

N=8,443

N=10,302 (6.0-10.9years old)

Performed physical fitnesstest

N boys= 5,071 (49.2%)

N girls= 5,231 (50.7 %)

Back-saver sit & reach test 1 1'_

The test not performed
1:N=1,765 N boys=912// N girls= 853
2:N=1,808 N boys=916 // N girls= 892
3:N=1,884 N boys=957// N girls= 927

4:N=5,024 N boys= 2,479// N girls= 2,545

l

N=8,537

Standing long jump test 2

5: N=2,836 N boys= 1,544/ N girls= 1,292

| 6:N=3,904 N boys=1,961// N girls= 1,943

N boys=4,159// N girls= 4,378
N=8,494

N boys= 4,155// N girls= 4,339

Handgrip strength test 3 |‘_

N=8,418

40-m sprint test 4

N boys= 4,114 // N girls= 4,304

N=5,278

N boys= 2,592 // N girls= 2,686

Flamingo test balance 5

*—

N=7,466

Cardio-respiratory fitness (20-m shuttle run test) 6

N boys= 3,527 // N girls= 3,939

N=6,398

N boys= 3,110 // N girls= 3,288

Maximal oxygen capacity (VO,,

)

Figure 1.

International Journal of Obesity (2014) S57 - S66

N=6,492

N boys=3,163 // N girls= 3,329

Flow chart of the population involved in this study from the IDEFICS study.

© 2014 Macmillan Publishers Limited
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was highest (25.3%) for children of group 1 compared with 24.5% in the
total study population and smallest (20.9%) in the children participating in
the shuttle run test. The most pronounced differences were seen with
respect to the ISCED (International Standard Classification of Education)
level where the maximum level of both parents was considered. The
distribution of ISCED levels was rather similar in the overall study
population, analysis groups 1 and 3, but fewer children from families with
ISCED level 0-2 participated in the 40-m sprint (4.5%; analysis group 2) and
in the shuttle run test (6.8%; analysis group 4) as compared with 10.5% in
the overall study population, 10.3% in group 1 and 10.0% in group 3.

Physical fitness

Components of the fitness tests were mostly adapted from the ALPHA
health-related fitness test battery, and based on a published review their
reliability has been shown in children and adolescents.”'®'® The test
battery thus included: the flamingo balance test, back-saver sit-and-reach
test, handgrip strength test, standing long jump test and 40-m sprint test.
Moreover, CRF was assessed by the 20-m shuttle run test (20mSRT)."”

The protocols used for fitness testing are described in detail below:

The flamingo balance test measures the ability to balance successfully
on a single leg. The child has to bend his/her free leg backwards and grip
the back foot with his/her hand on the same side, and stand like this for
1 min. The child is given one try before to become familiar with the test.
Then the number of attempts needed to stand on one leg for 1 min is
counted for each leg. Children were excluded if they had put down the
other foot 15 times or more within the first 30 s. The test score is calculated
as the sum of attempts with both legs; lower scores indicate better
performance.

The back-saver sit-and-reach test measures the flexibility of the
hamstring muscles and it was conducted in the FITNESSGRAM battery.°
The test is performed with a standard box with a scale on the top. The
participant is required to sit with the untested leg bent at the knee;
the tested leg is placed straight with the foot placed against the box. In the
back-saver sit-and-reach test, only one leg was evaluated at a time. The
participant slowly reached forward as far as possible. The back-saver sit-
and-reach test is similar to the traditional sit-and-reach test, except that the
measurement is performed on one side at a time, so a specific score is
obtained from each side. The score is calculated as the average of both
sides; higher scores indicate better performance.

The handgrip strength test measures the maximal isometric force that
can be generated mainly by the forearm. The child stays in a standard
bipedal position with the arms in complete extension holding the
dynamometer (TKK 5101; Takei, Tokyo, Japan) without touching any part
of the body with it. The dynamometer is adjusted to sex and hand size for
each child.?" The measurement scale starts with 5 kg. Children who did not
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reach this minimum (N=5; 0.1%) were scored as 2.5 kg (average 0-5 kg).
The score is calculated as the average of right and left handgrip strength;
higher scores indicate better performance.

The standing long jump test?? assesses lower-limb explosive strength.
The child jumps as far as possible off the stand, trying to land with both
feet together and maintaining the equilibrium once landed (it was not
allowed to put the hands on the floor). The score was obtained by
measuring the distance between the last heel-mark and the take-off line.
Two tries were allowed and the best score was retained. Higher scores
indicate better performance.

The 40-m sprint test measures the maximum running speed of the child.
This test is carried out along 40 m delimited by five marker cones aligned,
within a distance of 10 m between each two neighbouring cones. With 3-m
distance, five more marker cones are placed in parallel marking the
running track. The child is instructed to run as quick as he/she can, after
the starting signal. Two tries were allowed, the best score was retained. In
this test lower scores indicate better performance.

The 20mSRT estimates the CRF (aerobic capacity). Children run back and
forth between two lines 20-m apart following beep signals played from a
pre-recorded CD. The test is finished when the child stops owing to fatigue
or when he/she does not reach the line in time with the audio signal on
two consecutive occasions. During the fieldwork, 20mSRT was performed
using four different versions: multistage fitness test, sports coach UK
(applied in Germany, Estonia and Cyprus); Leger test, CAEP Quebec Faca
(applied in Spain and Hungary); multistage fitness test (applied in Sweden)
and Uithouding shuttle run test (applied in Belgium). During the fieldwork,
20mSRT was assessed in shuttles. Results were unified according to the
Leger test protocol. The initial speed in the Leger test starts in 85 kmh ™",
with progressive increases of 0.5 km h™~". Taking into account the speed in
the other three protocols, we estimated the equivalent shuttles for every
protocol. Shuttles were converted to stages in order to calculate maximal
oxygen consumption (VO,may) Using Leger’s equation.'® A greater number
of shuttles indicate better performance. This test was not performed in
Italian children (N=2440; 51.8% girls).

Anthropometric measurements

International guidelines for anthropometry in children were used in the
IDEFICS study.”*** Body weight (kg) and height (cm) were measured
in barefoot children, clothed in underwear, using an adapted version of
electronic scale TANITA BC 420 SMA (Tanita Europe BV, Amsterdam, The
Netherlands), precision 100 g, range 0-150 kg and a portable stadiometer
(seca 225, seca, Birmingham, UK), precision 0.1cm, range 70-200cm,
respectively. Body mass index was calculated as body weight (kg) divided
by height (m) squared.

Table 1. Chosen GAMLSS models to calculate the physical fitness reference values
Variable Sex Model distribution Parameters
u log(o) v log(1)
Back-saver sit-and-reach test (cm) Girls BCCG 1 Age 1 —
Boys BCCG Age Age 1 —
Handgrip strength test (kg) Girls BCCG Age 1 Age —
Boys BCCG Age 1 1 —
Standing long jump test (cm) Girls BCCG Age Age 1 —
Boys
40-m sprint test (s) Girls BCPE Age 1 1 1
Boys
20-m shuttle run test (shuttles) Girls BCPE Age 1 1 1
Boys
log(u) log(o) logit(v) —
Flamingo balance test (attempts) Girls DEL Age Age Age —
Boys
log(u) log(o) - -
20-m shuttle run test (VOamax mikg™ " min™") Girls IG Age Age — —
Boys
Abbreviations: BCCG, Box—Cox Cole and Green; BCPE, Box-Cox power exponential; DEL, Delaporte distribution; GAMLSS, General Additive Model for Location
Scale and Shape; IG, inverse Gaussian.
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Figure 2. Percentile curves of the flamingo balance test (attempts), back-saver sit-and-reach test (cm) and 40-m sprint test (s) at median age in

normal-weight children.

Statistical analysis

We calculated percentile curves of the physical fitness outcome variables
as a function of the covariate age stratified by sex using the General
Additive Model for Location Scale and Shape (GAMLSS) method. The

International Journal of Obesity (2014) S57 - S66

GAMLSS method is an extension of the LMS method that models three
parameters depending on one explanatory variable: M accounts for the
median of the outcome variable and the coefficient of variation, (S)
accounts for the variation around the mean and adjusts for non-uniform
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Figure 3.

dispersion, whereas the skewness (L) accounts for the deviation from a
normal distribution using a Box-Cox transformation. The GAMLSS method
is able to particularly model the kurtosis using other distributions and to
include > 1 covariate. We used the gamlss package (version 4.2-6)?° of the
statistical software R (version 3.0.1).2° Different distributions, that is, the
Box-Cox power exponential (BCPE), Box-Cox Cole and Green, inverse
Gaussian and Delaporte distribution were fitted to the observed
distribution of the physical fitness outcome variables. Moreover, the
influence of age on the parameters of the considered distributions were
modelled either as a constant, as a linear function or as a cubic spline.
Goodness of fit was assessed by the Bayesian Information Criterion and
Q-Q plots to select the final model including the fitted distribution of the
physical fitness outcome variables. Worm plots were used as a diagnostic
tool to assess whether adjustment for kurtosis was required.?” Finally,
percentile curves for the 1st, 3rd, 10th, 25th, 50th, 75th, 90th, 97th and
99th percentiles were calculated based on the model that showed the best
goodness of fit.>>?® For the Flamingo balance test only the 50th, 75th,
90th, 97th and 99th percentile curves are presented, because lower
percentile curves of the best model did not correspond to the percentage
of values below the percentile curves, that is, for example, instead of the
targeted 25% of the girls’ values there were only 12.6% of the girls’ values
below the 25th percentile curve. Similar results were observed for the 3rd,
10th and 25th percentile curves of the flamingo balance test in boys
and girls.

The chosen GAMLSS models in boys and girls are listed in Table 1; for
example, the best model for the 40-m sprint test in boys and girls was
achieved with a Box—Cox power exponential distribution where the four
parameters were modelled as follows: the location parameter u linearly,
the scale parameter log(o) and the shape parameters v and log(t) as

© 2014 Macmillan Publishers Limited
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long jump test (cm) at median age in normal-weight children.

constants. Taking account the discrete distribution of the data from the
flamingo balance test in contrast to all other models, the discrete
Delaporte distribution was chosen.

RESULTS

Tables 2-4 and Figures 2-4 show the sex- and age-specific
reference values (P;, P3, Pio, Pas, Pso, P7s, Poo, Po7 and Pyg) for the
different fitness tests in European children.

Boys performed better than girls in speed/agility (40-m sprint),
muscular strength (handgrip strength and standing long jump)
and CRF (20mSRT; shuttles and VO;na). Nevertheless, girls
performed better than boys in balance (flamingo) and flexibility
(back-saver sit-and-reach).

Older children performed better than younger children in all
tests, except < Psg in back-saver sit-and-reach (in both sexes) and
< Pyg in 20mSRT (VO max in both sexes).

Finally, for all fitness tests, the range of fitness levels between P3
and Py is wider for a given age than the range of fitness levels
across age groups and between sexes.

DISCUSSION

The main findings of this study are (1) boys performed better than
girls in speed, lower- and upper-limb strength and CRF; (2) girls
performed better in balance and flexibility; (3) overall, older
children performed better than younger children; and (4) the
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Figure 4.
children.

range of fitness levels between P; and Py is wider for a given age
than the range of fitness levels across age groups and
between sexes.

The majority of the fitness tests used in the IDEFICS study was
selected based on the scientific evidence that showed associa-
tions with different health outcomes.?® These tests have also been
shown to be valid, reliable and feasible for health-monitoring
purposes at the population level.'® Fitness has been identified as a
predictor of morbidity and mortality for all causes°>3 In this
regard, various studies have shown that low fitness in children and
adolescents is associated with adiposity,”**> cardiovascular risk
factors*®*” and skeletal®® and mental health.*®

In 2009, Ruiz et al.® systematically reviewed whether fitness in
childhood was a predictor of cardiovascular disease risk factors,
events and syndromes, quality of life and low back pain later in
life. The authors found moderate evidence for the association
between changes in CRF and cardiovascular risk factors, and
between CRF and the risk of developing metabolic syndrome and
arterial stiffness. In addition, CRF has also been widely studied in
relation to metabolic risk and adiposity.3%*73% Interestingly,
handgrip strength in Swedish male adolescents (aged 16-19
years) has been identified as a risk factor for the major causes of
death in adulthood (<55 years).® Moreover, results from the
Amsterdam Growth and Health Study, following adolescents aged
13 years until the age of 27 years, showed that the longitudinal

International Journal of Obesity (2014) S57 - S66

Age (y)

Percentile curves of the 20-m shuttle run test (20mSRT) estimates the CRF (aerobic capacity) at median age in normal-weight

improvements in VO,,,.x Were related to a healthy cardiovascular
risk profile.*'

To the best of our knowledge, our study is the first in providing
cutoff values of sex- and age-specific fitness for pre-pubertal
European children. These values may be useful in identifying
children being at higher risk for developing unfavourable health
outcomes owing to their low fitness level. Previously, Casajus
et al.*? published physical fitness levels in children from Aragon
(Spain) aged 7-12 years. Our results are roughly comparable to
these with respect to flexibility (they used sit-and-reach), muscular
strength (handgrip strength and standing long jump) and CRF
(20mSRT, VO, max) only for those children aged 7-9 years. Similar
values were observed in both studies for these fitness tests in boys
and girls. For example, Psq of sit-and-reach was 17.3cm vs 19.4cm
for Spanish and European boys, respectively, and 19.3cm vs
21.9cm for Spanish and European girls, respectively. Psq of
handgrip as average of the right and left side was 12.7kg vs
11.8 kg for Spanish and European boys, respectively, and 11.6 kg
vs 10.8 kg for Spanish and European girls, respectively. Ps of
standing long jump was 117.2cm vs 120.5 cm for Spanish and
European boys, respectively, and 104.5 cm vs 110.7 cm for Spanish
and European girls, respectively. Finally, Pso of 20mSRT was 48.1
mlkg ™' min~" vs 47.3mlkg ™" min~" for Spanish and European
boys, respectively, and 46.7 mlkg ™' min~" vs 46.2mlkg™ " min~'
for Spanish and European girls, respectively.
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Castro-Pinero et al.** published percentile values for muscular

strength (standing long jump)*® and CRF (20mSRT, stages) in
children and adolescents from Cadiz (Spain) aged 6-17 years. Our
results are also comparable to those from Castro-Pinero et al.*>**
for those children aged 6-9 years. For example, Psq of standing
long jump was 111.6cm vs 120.5 cm for Spanish and European
boys, respectively, and 114.8cm vs 110.7 cm for Spanish and
European girls, respectively. In addition, Pso of 20mSRT (stage) was
2.7 vs 2.0 for Spanish and European boys, respectively, and 1.9 vs
2.0 for Spanish and European girls, respectively.

In adolescent populations, Ortega et al** first published
European fitness reference values for 12.5-17.5-year-old youths
from 10 cities (HELENA study); reporting sex- and age-specific
physical fitness levels. In this line, Haugen et al.* recently reported
normative fitness data for Norwegian 13-15-year-old adolescents.
A systematic review'® identified Australian studies reporting
normative fitness data for children and adolescents aged 9-17
years. In addition, Tremblay et al.'* reported normative data for
aerobic fitness, flexibility and muscular strength for Canadian
6-19-year-old youths; however, only the 50th percentile was
reported. The present results are comparable to those obtained by
Tremblay et al.'* for flexibility (sit-and-reach) and muscular fitness
(handgrip strength) in Canadian children (for the age range 6-10
years). For these fitness dimensions, European children performed
worse than the Canadian ones. For example, in the study of
Tremblay et al,'* the performance in sit-and-reach at Ps, of
6-10-year-old children was 25cm and 30cm in boys and girls,
respectively. In the present study, the performance in back-saver
sit-and-reach at Psq of 6-9-year-old children was 19.4 cm and
21.9 cm for boys and girls, respectively. In addition, in the study of
Tremblay et al.,'* the performance in handgrip strength at Psq was
25kg and 22 kg in boys and girls, respectively, calculated as the
sum of the best right- and left-hand attempt. In our study, the
performance in handgrip test at Psq of 6-9-year-old children was
23.2 kg and 21 kg for boys and girls, respectively. The differences
observed in flexibility might be explained by slightly different
methodologies. Tremblay et al."* measured flexibility by using sit-
and-reach and using the best performance of two attempts. In our
study, the back-saver sit-and-reach values were calculated as the
average of the left and right sides.

There is scarcity of data on reference standards of fitness for
children. Hence, the presented European data are relevant in various
respects. A fitness level below Ps may be considered as potentially
pathologic since, for example, low scores on CRF and handgrip tests
are associated with cardiovascular risk. Therefore, it may be
recommended to monitor children with a fitness level below this
percentile for cardiovascular risk markers.*’*® For a practical use of
these data, schools, sport clubs and so on may consider to take into
account a Likert type scale to classify children’s performance X, as
follows: very poor (X< Piq); poor (Pio<X < Pys); medium (Pys<
X < Py5); good (P75 <X < Pgo); and very good (X > Pos).

Some limitations should be considered when interpreting the
findings in this study. As already mentioned before, the study was
not planned to be representative with respect to the broad range
of variables that we investigated, but given the population-based
approach our study sample should be considered as an
unselected population. As the children were free to opt out of
examination modules, the analysis groups and the sample sizes of
children participating in the various components of the test
battery to assess physical fitness varied from test to test. However,
comparing the respective analysis groups with the overall sample
of 6-10.9-year-old children, no major differences were detected
with respect to mean age, sex distribution and prevalence of
overweight and obesity. It would have been interesting to
investigate whether the reliability of the fitness tests differs in
apparently pre-pubertal children and adolescents. However, this
was not feasible within our IDEFICS sample but may be
investigated in later follow-ups of the cohort. The main strengths
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of this study are the large and heterogeneous sample of European
children, the standardised use of well-known and validated
health-related fitness tests and a strong statistical method to
obtain normative values of fitness tests.

In summary, our results provide sex- and age-specific physical
fitness reference standards in European children. These data in
children aged 6.0-9.9 years complement the study published by
Ortega et al.** in adolescents aged 12.5-17.5 years. Unfortunately,
there is a gap between 9.9 and 12.4 years without updated fitness
reference data at the European level, which has to be filled. In the
meanwhile, country-specific data such as those commented above
should be used in children of this age.
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The mental health establishment is failing trans kids

Gender-exploratory therapy is a key step. Why aren’t therapists providing it?
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CORRECTION

A previous version of this essay said that a quarter of study subjects who reversed their gender
transitions did not report this change to their doctors. In fact, three-quarters did not share the
information.

t 13, Patricia told her parents she was a transgender boy. She had never experienced any gender dysphoria —
A distress at a disconnect between gender identity and the sex assigned at birth — she said. But a year earlier,

she’d been sexually assaulted by an older girl. Soon after this trauma, she met another older girl who used
they/them pronouns and introduced her to drugs, violent pornography and the notion of dissociation from her body.
Her lingering psychic wounds, coinciding with a raft of new and unsettling ideas, plunged her into depression and
anxiety. Patricia’s parents took her to a therapist so she could talk through her shifting identity and acute mood

swings.

The job of a mental health provider here should have been clear: Perform an assessment, ask how long she’d
experienced dysphoria and investigate how mental health issues and any other changes in her life might be
contributing to it. Instead, on first meeting, the therapist simply affirmed her new identity, a step that can lead to
hormonal and eventually surgical treatments. Was Patricia ready for these next steps — or, her parents wondered, was
this a normal bout of teenage confusion stemming from a recent trauma? The therapist instructed them to “support”
their child’s trans self-diagnosis and to socially transition her. If they didn’t, Patricia might end her own life: 41 percent
of unsupported children commit suicide, they were told. Would Patricia’s parents rather have a dead child or a trans

one?

They sought another therapist, one who was more curious and less certain, one who listened closely. After a year of
exploring who she was, Patricia no longer felt she was a boy. She decided to stop binding her breasts and wearing boys’
clothes.

We are both psychologists who have dedicated our careers to serving transgender patients with ethical, evidence-based
treatment. But we see a surge of gender dysphoria cases like Patricia’s — cases that are handled poorly. One of us was
the founding psychologist in 2007 of the first pediatric gender clinic in the United States; the other is a transgender
woman. We've held recent leadership positions in the World Professional Association for Transgender Health
(WPATH), which writes the standards of care for transgender people worldwide. Together, across decades of doing this
work, we’ve helped hundreds of people transition their genders. This is an era of ugly moral panic about bathrooms,
woke indoctrination and identity politics in general. In response, we enthusiastically support the appropriate gender-

affirming medical care for trans youth, and we are disgusted by the legislation trying to ban it.

But the number of adolescents requesting medical care is skyrocketing: Now 1.8 percent of people under 18 identify as
transgender, double the figure from five years earlier, according to the Trevor Project. A flood of referrals to mental
health providers and gender medical clinics, combined with a political climate that sees the treatment of each
individual patient as a litmus test of social tolerance, is spurring many providers into sloppy, dangerous care. Often
from a place of genuine concern, they are hastily dispensing medicine or recommending medical doctors prescribe it —
without following the strict guidelines that govern this treatment. Canada, too, is following our lead: A study of 10

pediatric gender clinics there found that half do not require psychological assessment before initiating puberty

blockers or hormones. Daubert Response App. 0233
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starting medical interventions. The process, done conscientiously, can take a few months (when a young person’s
gender has been persistent and there are no simultaneous mental health issues) or up to several years in complicated
cases. But few are trained to do it properly, and some clinicians don’t even believe in it, contending without evidence
that treating dysphoria medically will resolve other mental health issues. Providers and their behavior haven’t been
closely studied, but we find evidence every single day, from our peers across the country and concerned parents who
reach out, that the field has moved from a more nuanced, individualized and developmentally appropriate assessment
process to one where every problem looks like a medical one that can be solved quickly with medication or, ultimately,
surgery. As a result, we may be harming some of the young people we strive to support — people who may not be

prepared for the gender transitions they are being rushed into.

merican opinions about transgender youth have shifted dramatically in the past 15 years. The pendulum has

swung from a vile fear and skepticism around ever treating adolescents medically to what must be described,

in some quarters, as an overcorrection. Now the treatment pushed by activists, recommended by some
providers and taught in many training workshops is to affirm without question. “We don’t actually have data on
whether psychological assessments lower regret rates,” Johanna Olson-Kennedy, a pediatrician at Children’s Hospital
in Los Angeles who is skeptical of therapy requirements and gives hormones to children as young as 12 (despite a lack
of science supporting this practice, as well), told the Atlantic. “I don’t send someone to a therapist when I’'m going to
start them on insulin.” This perspective writes off questions about behavioral and mental health, seeing them as a

delaying tactic or a dodge, a way of depriving desperate people of the urgent care they clearly need.

But comprehensive assessment and gender-exploratory therapy is the most critical part of the transition process. It
helps a young person peel back the layers of their developing adolescent identity and examine the factors that
contribute to their dysphoria. In this stage, patients reflect on the duration of the dysphoria they feel; the continuum of
gender; the intersection with sexual orientation; what medical interventions might realistically entail; social media,
Internet and peer influences; how other factors (e.g., autism, trauma, eating disorders/body image concerns, self-
esteem, depression, anxiety) may help drive dysphoria, rather than assuming that they are always a result of
dysphoria; family dynamics and social/peer relationships; and school/academic challenges. The messages that teens

get from TikTok and other sources may not be very productive for understanding this constellation of issues.

There are several reasons the process can move too quickly and hurtle toward medical treatment. For one, the stigma
around mental health in general, along with the trauma caused to transgender adults by the health-care field in the
past (yes, including conversion therapy), has made our peers extremely skeptical of becoming “gatekeepers” — experts
who deny the needed help because they supposedly know best. Slowing down the process and encouraging deeper,
thoughtful exploration is considered, many tell us, unnecessary and unaffirming. Providers may also be afraid of being
cast as transphobic bigots by their local colleagues and referral sources if they engage in gender exploring therapy with
patients, as some have equated this with conversion therapy. We’ve personally experienced this backlash at
professional conferences.

All this means only that the purpose of assessment is improperly understood. The approach WPATH recommends is
collaborative and aims to provide a developmentally appropriate process that involves the parents and takes the
complexities of adolescence into consideration. (The constituency of agitated parents who feel excluded is also growing
rapidly. These are not conservative evangelicals who don’t believe trans people exist or deserve treatment. They're
usually progressive, educated, loving people who all say, If our kid is really trans, we’ll fully support them. We just
want to be as sure as possible, and we can't find a provider who will actually engage in gender exploring therapy.
Instead, doctors and psychologists and social workers are ready to start hormones after one short visit.)
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overwhelmed. Most have a single social worker who completes a brief “intake,” relying instead on other mental health
clinicians in the community to assess patients and offer their conclusions. Frequently, those community clinicians, just
like the parents, assume that a more comprehensive assessment will occur in the gender specialty clinic. But in our
experience, and based on what our colleagues share, this is rarely the case. Most clinics appear to assume that a
referral means a mental health provider in the community has diagnosed gender dysphoria and thereby given the

green light for medical intervention.

When working in gender clinics, we’ve also both received letters from therapists who had “assessed” patients they were
referring to us. An astonishing number of these were nothing but a paragraph that stated the youth identified as trans,
had dysphoria and wanted hormones, so that course was recommended. There are nearly 200,000 members of the
American Psychological Association and the American Psychiatric Association. Add to that the clinical social workers,
marriage counselors and family therapists. The overwhelming majority of those well-intentioned professionals receive
limited or no training in the assessment of gender-diverse youth. (We receive requests frequently from people eager for
more comprehensive, nuanced trainings, which we both deliver.) In simple terms, the demand for competent care has

outstripped the supply of competent providers.

In professional circles, we hear from pediatric endocrinologists and others who prescribe hormones for trans youth.
Many openly discuss how they use the adult informed-consent model of care with their teen patients, which almost
always means no mental health involvement and sometimes no parent input, either. “If you are trans, I believe you,”
says A.J. Eckert, the medical director of Anchor Health Initiative in Connecticut. Eckert is wary of psychologists who
follow the guidelines by completing a comprehensive assessment before recommending medical intervention for
youths. “Gender-affirming medicine,” Eckert holds, means that “you are best equipped to make decisions about your
own body,” full stop. These providers do not always realize they’ve confessed to ignoring the standards of care.
(Contacted by The Post for comment on this essay, Eckert said that “no medical or surgical interventions are provided
to anyone who has not started puberty” but added that, as Anchor Health sees it, “Therapy is not a requirement in this

approach because being trans is not a pathology.”)

Some providers may move quickly because they believe that an adolescent's clarity around their gender identity is no
different than that of transgender adults, whose care is now typically based on simple informed consent. Some assume
that a person with gender dysphoria who declares they are transgender is transgender and needs medical interventions
immediately. Yet we know this is not always true. In a recent study of 100 detransitioners, for instance, 38 percent
reported that they believed their original dysphoria had been caused by “something specific, such as trauma, abuse, or
a mental health condition.” Fifty-five percent said they “did not receive an adequate evaluation from a doctor or mental

health professional before starting transition.”

A handful of studies supposedly showing the suicide risk of gender minority youth who are not supported are also not
entirely conclusive. The term “support,” for instance, is defined differently across studies, and it is never defined as
“starting medical interventions.” Supporting trans youth may include using the correct name/pronouns or allowing the
young person to present in a way that aligns with their affirmed gender (e.g., clothing, hairstyle). These studies also
show correlations between teen-transition hurdles and suicidality, but not causal relationships. Suicide is a horrifying
outcome for too many gender-diverse youth, but its specter should not be used to push forward unrelated medical

treatment without professional care or attention for each patient.

Daubert Response App. 0235


https://www.youtube.com/watch?v=uwBdkln-ciw
https://anchorhealthinitiative.org/
https://pubmed.ncbi.nlm.nih.gov/34665380/
https://link.springer.com/article/10.1007/s10508-012-0013-9
https://www.sciencedirect.com/science/article/abs/pii/S1054139X18300855
https://www.sciencedirect.com/science/article/abs/pii/S0749379711009172
https://journals.sagepub.com/doi/abs/10.1177/0886260520915554
https://link.springer.com/article/10.1007/s10508-020-01844-2

Longer&@se18ndivindDdbfieI0e B Bffctter ilaerfiahdolzrole agm B Din840-Rage) biftifédmé4
psychological health, particularly with the newer subset of adolescents presenting with no childhood dysphoria and
significant mental health concerns. Research is needed to help determine whether quick medical treatment or a more
cautious approach is best in these cases. Based on our experience with patients, we suspect that there will be variability
based on age, when gender identity questions first emerged and other factors — which is why an individualized
approach with careful assessment is so critical.

rans youth, more than most patients in the health-care system, require an interdisciplinary approach: Their
T doctors rely on mental health colleagues for direction, and it is crucial that those therapists take the reins.

Without proper assessment, many youths are being rushed toward the medical model, and we don’t know if
they will be liberated or restrained by it. National figures do not yet exist, but the rising number of detransitioners that
clinicians report seeing (they are forming support groups online) indicates that this approach can backfire. This is not
the most common outcome of a transition process, but it is hardly unheard of, either. These are typically youth who
experienced gender dysphoria and other complex mental health issues, rushed to medicalize their bodies and regretted
it later. Only a quarter of them told their doctors they had reversed their transitions, making this population especially

hard to track.

Many trans activists want to silence detransitioners or deny their existence, because those cases do add fuel to the
conservative agenda that is pushing to deny medical treatment to all transgender young people. (Those conservative
views are unacceptable, and medically unsound.) Instead, we should be learning from them and returning to the
empirically supported careful assessment model recommended by WPATH. And none of this means that we shouldn’t
be listening to the views of gender-diverse teens; it only means that we should listen in the fullest and most probing

way possible.

The pressure by activist medical and mental health providers, along with some national LGBT organizations to silence
the voices of detransitioners and sabotage the discussion around what is occurring in the field is unconscionable. Not
only is it harmful to detransitioned young people — to be made to feel as if their lived experiences are not valid, the
very idea that the gender-transition treatment is meant to remedy — but it will undoubtedly raise questions regarding
the objectivity of our field and our commitment to help trans people. The fact that some people detransition does not

mean that transgender people should not receive the services they need.

The energy currently spent fighting this political battle would be much better directed toward improving care for all

gender-diverse young people. They deserve nothing less.
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ORIGINAL ARTICLE

Maximum oxygen uptake and obijectively measured
physical activity in Danish children 6-7 years of age: the
Copenhagen school child intervention study

S Eiberg, H Hasselstrom, V Gronfeldt, K Froberg, J Svensson, L B Andersen

Br J Sports Med 2005;39:725-730. doi: 10.1136/bjsm.2004.015230

Objectives: To provide normative data on maximum oxygen uptake (Voomax) and physical activity in
children 6-7 years of age and analyse the association between these variables.

Methods: Vomax was measured in 366 boys (mean (SD) 6.8 (0.4) years of age) and 332 girls (6.7 (0.4)
years of age) from preschool classes in two suburban communities in Copenhagen, during a progressive
treadmill exercise. Habitual physical activity was measured with accelerometers.

Results: Boys had higher Voomax both in absolute values (1.19 (0.18) v 1.06 (0.16) litres/min (+11%),
p<0.001) and relative to body weight (48.5 (6.0) v 44.8 (5.6) ml/kg/min (+8%); p<<0.001) than girls.
The difference in Voomax between boys and girls decreased to +2% when expressed relative to lean body
mass (LBM). Absolute Vo,max was related to LBM, body mass, and stature (all p<<0.001). Boys were more
physically active than girls (mean counts +9.4%, p<0.001), and even when boys and girls with the same
Vo,MAX were compared, boys were more active. The difference in physical activity between the sexes was
higher when sustained activity of higher intensity was compared.

Conclusions: VoomaX is higher in boys than girls (+11%), even when related to body mass (+8%) and LBM
(+2%). Most of the difference in Vo,max relative to body mass was explained by the larger percentage
body fat in girls. When boys and girls with the same Vo,max were compared, boys engaged in more
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declined, but few data are available.'! Even though

children do not suffer from lifestyle diseases, it is
recommended that they stay physically active and fit, because
a high physical activity (PA) level may prevent future illness.”
A high level of physical fitness has been associated with a
decreased risk of cardiovascular disease (CVD) in the adult
population.” Even in children, risk factors for CVD have
been identified, and physical fitness also seems to have
an effect on the level of risk factors in children.” Even
though children do not suffer from CVD, it is recommended
that children are physically active and fit, as this may
help to prevent the disease in the future. Therefore it is
important to assess physical fitness at an early age.
Maximum oxygen uptake (Vo,max) is probably the best
index of physical fitness and has been studied intensively in
adults.® However, measurements of Vo,max in 6-7 year old
children are sparse, and representative data do not exist.*"
Even in older children and adolescents, very few population
based studies exist.'*'* " The reasons for this include
difficulties in testing young children. Ethical considerations,
safety factors, and equipment made for adults render testing
with young children more challenging. Another health
related measure of children is their level of PA, as PA has a
positive effect on metabolism." Most studies have assessed
PA by self report, but accelerometers provide a robust
measure of habitual PA."” No population study has analysed
the association between Vo,max and PA assessed by
accelerometry.

Vo,max is consistently higher in boys than in girls even
before puberty.' This has been attributed to a different body
composition and a larger stroke volume of the heart in boys.
However, even though boys have been shown to be more
active than girls, the difference is too small to explain the
difference in Vo,max.® '7 '

The fitness level in children in the western world has

minutes of exercise of at least moderate infensity.

The aim of this study was to provide population data on
Vo,max and PA measured using accelerometry in 6-7 year old
children from Copenhagen, and also explore potential sex
differences and analyse the association between PA and
Vo,max. We hypothesised that boys have higher Vo,max than
girls, and that this difference may be the result of differences
in their levels of fat and PA.

METHODS
Children from 46 preschool classes (6-7 years of age) in 18
schools in two suburban communities in the Copenhagen
area were invited to participate in the Copenhagen school
child intervention study. In 2000 the community of Ballerup
(10 schools, 27 classes) increased the number of PE lessons
from two to four a week for the first three years of school. The
community of Taarnby (eight schools, 19 classes) was chosen
as a control as it resembles Ballerup in sociodemographics. A
total of 706 children (69% of those eligible) volunteered for
the study, and written informed consent was obtained from
the parents/guardians. Of these 706 children, 415 from
Ballerup and 291 from Taarnby participated. The ethics
committee of Copenhagen county approved the study. The
tests were performed from December 2001 until May 2002 at
the 18 different schools involved. The exercise test was
performed using permanently installed equipment in a
camper trailer. All other physiological tests were performed
in a gym or a classroom. All tests were performed before noon
(0800-1200).

PA was generally measured one week after the other tests.
At schools with more than 50 participating pupils, two
weeks of PA measurements were necessary. The 31% not

Abbreviations: BMI, body mass index; CVD, cardiovascular disease;
LBM, lean body mass; PA, physical activity; SFS, sum of four skinfolds;
VOMAX, maximum oxygen uptake
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participating were analysed about one year later. The first
systematic medical examination of children in Denmark
takes place one and a half years after they start school, so we
were unable to gather data from non-participants in their
first year. There were no significant differences between
groups with respect to age, height, weight, and body mass
index (BMI) for either sex. The analysis included 612
participants and 277 non-participants.

Height was measured by a Harpenden stadiometer to the
nearest 1 mm. Body weight was measured to the nearest
0.1 kg using a SECA electronic scale. Bicipital, tricipital,
subscapular, and suprailiac skinfolds were measured with a
Harpenden skinfold caliper according to criteria presented by
De Lorenzo et al.” The dominant side of the body was
determined by asking the child to take a pen and write his/
her name. The data shown in this study represent the mean
of three measurements taken on the non-dominant side of
the body. The sum of four skinfolds (SFS) was used as an
indicator of body fatness. Fat mass, fat percentage, and lean
body mass (LBM) were derived as:

Fat mass (kg) =0.38 x body weight + (0.30 X triceps) +
(0.87 x G) — 9.42
where for boys G = 1 and for girls G = 2.*°

Habitual PA was measured by the MTI 7164 activity
monitor (Manufactory Technology Inc, Fort Walton Beach,
Florida, USA). The monitor has been validated in several
studies and has shown both high mechanical reproducibil-
ity"” and good validity with respect to free living conditions in
children.”’ The monitor samples acceleration at 10 Hz and
integrates counts over a time period (epoch) defined by the
user. In children, PA is characterised by short bursts of
activity. Therefore we chose an epoch of 10 seconds. The
choice of epoch limited the registration to three full days and
19 hours. To allow familiarisation, the children had the MTI
monitor put on one day before recording. It was secured
directly to the skin at the lower back using an elastic belt. The
children were instructed to wear the monitor continuously
except during water based activity or when sleeping. To
distinguish true zeros that arise as a result of below threshold
activity from zeros recorded when the MTI monitor was not
worn, the data were cleaned as follows: all MTI files were
screened for sustained periods of zero activity. Periods of
10 minutes or more with zero counts were interpreted as
“MTI not worn” and removed from the file. In spite of
instructions, some children slept with the monitor on and
therefore had activity recorded even late at night. Therefore
we chose to control for nocturnal activity (2230 to 0600).
Given these criteria, the data were included if the child had
accumulated more than eight hours of activity a day for at
least three days. In the end, 466 children had four valid days
and 96 children had three valid days, of whom 82 had two
week days and one weekend day and 14 had one week day
and two weekend days. Fifty eight children had less than
three valid days. A mean count was calculated for each child.
Furthermore, the number of minutes in periods longer than
five or 10 minutes of sustained activity above 2000 counts/
min, which is about three METS, was calculated.

Measurement of Vo,MAX
Vo, was determined with an AMIS 2001 Cardiopulmonary
Function Test System (Innovision, DK 5260 Odense,
Denmark). This system has been validated against the
Douglas bag system.”” We used a Hans Rudolph mouth piece
with a volume of 15 ml especially designed for children.
Heart rate was measured continuously every fifth second
(Polar Sport Tester, Kempele, Finland).

We conducted a pilot study to establish a protocol that
enabled most of the children to reach exhaustion. We chose a
continuous walking and running protocol on a treadmill. The

www.bjsportmed.com

velocity on the treadmill was initially set to 4 km/h without
inclination and kept there for the first three minutes to allow
familiarisation. At three minutes, the velocity was increased
to 8 km/h, and at five minutes the inclination was raised to
3%. At seven, nine, and 11 minutes, the inclination was
increased to 6%, 9%, and 11% respectively. If the child could
endure more, the velocity was increased to 9 km/h after
13 minutes and then 10 km/h at 15 minutes. No child
completed the last work load.

The children were instructed to run until exhaustion. One
subjective and three objective criteria were used to determine
if the test was maximal. Every child had to meet the
subjective criterion and at least one of the three objective
criteria. Criteria were chosen according to Rowland’s
recommendations.” The physiological criteria were: heart
rate >200 beats/min; respiratory exchange ratio =0.99; a
defined plateau of Vo, (an increase less than 2.1 ml/kg/min).
Subjective criteria were signs of intense effort such as
unsteady running pattern, sweating, facial flushing, and
clear unwillingness to continue running in spite of repeated
strong verbal encouragement.

Twenty 6-7 year old children outside the sample were
invited to do a test-retest on the peak Vo, test. Written
informed consent was obtained from the parents/guardians.
The children were retested either five or seven days after the
first test. Four children did not meet the criteria on one or
both occasions, and their results were not used in the later
analysis, leaving 16 children with two valid tests. A Bland-
Altman plot showed no systematic difference between the
first and second test, suggesting no learning effect from the
first to the second test. The plot also showed that the size of
the difference was not dependent on the absolute level of
Vo,max. The typical error of measurement on the difference
between Vo,max between tests was 0.02 litre/kg.

Statistical analysis
The data were stored and analysed using SPSS 11.5.0. Data
that were not normally distributed were log transformed, and
the mean of transformed values was back transformed to
obtain the geometric mean as suggested by Altman.* Vo,mAx
relative to body mass was split into deciles by sex to compare
differences over the whole distribution, and Vo,max (ml/kg/
min) was calculated for each of the deciles. For a comparison
of differences between sexes, we adjusted for body size by
two methods of allometric scaling. Data from this study were
used to find the scaling factors. In the analyses, the scaling
exponent b was identified in the allometric equation Y = a;+
a,X®, where Y is the physiological variable (Vo,max) and X is
the anthropometric scaling variable (weight or LBM). To
obtain b, both the Y and X were log transformed, and least
squares regression identified the b in the equation In(Y) =
In(ay) + bIn(X).

Differences between sexes were tested using Student’s ¢
test. The relation between Vo,max and PA was assessed by
linear regression. A significance level of p<<0.05 was chosen.

RESULTS

Table 1 shows the total number of boys and girls that entered
the study, the number of valid tests, the number of children
that stopped before exhaustion, the number of children not
fulfilling the criteria, and children who refused to do the
treadmill test. A valid Vo,MAX measurement was not assessed
in 114 children, because 37 failed to comply with the
approval criteria and 57 did not want to wear the Vo,
equipment or did not wear the equipment satisfactorily. Ten
children were unwilling to perform the test, and 10 children
were absent on all the test days. The final number of accepted
tests was 592. Analysis of children with non-valid tests was
performed for each sex separately. Time to exhaustion, heart
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Table 1 Age, height, body weight, and maximal exercise data for groups with different test status for the maximal exercise test
Boys Girls
Not willing to Not willing to
Valid Non-valid No Vo, datat be tested Valid Non-valid No Vo, datat be tested
Number 309 20 28 7 283 17 29 3
Age (years) 6.8 (0.4) 6.7 (0.3) 6.7 (0.4) 6.9 (0.4) 6.7 (0.4) 6.6 (0.3) 6.6 (0.4) 6.4 (0.4)
Stature (m) 1.24 (0.05) 1.23(0.05  1.23(0.04) 1.23 (0.05) 1.22(0.05 1.20(0.04)* 1.23(0.04) 1.21(0.01)
Mass (kg)t 24.6 (3.7) 24.4 (3.3) 24.7 (3.2) 24.3 (4.6) 23.9 (3.2) 22.6 (3.2) 25.0 (4.5) 22.8 (1.3)
s el (st i) 196 (9) 174 (8) * 193 (9) 199 (9) 179 (6) * 196 (11)
Test time (min:s) 8:06 (1:55)  5:53 (1:16)* 7:39(1:39) 7:28 (1:36)  4:50 (0:55)*  6:46 (1:33)*
VoMAx (litres/min) 1.19(0.18)  0.99 (0.24)* 1.06 (0.16)  0.76 (0.16)*
Values are mean (SD).
*Significant difference between valid fest groups and other groups: p<0.05.
tChildren performing a maximal test with no recording of Vo,.
$Mass was not a Gaussian distribution. Therefore data were log transformed and a mean was calculated and then back transformed to a geometric mean.

rate, and Vo,max were lower for the 20 boys and 17 girls that
did not meet the criteria (p<<0.001). The girls that did not
comply with the criteria were 2.6 cm shorter than girls who
did comply (p<<0.05). Twenty eight boys and 29 girls had a
recorded time to exhaustion, but had no valid Vo, measure-
ments. The girls without a valid Vo, recording ran 42 seconds
less (p<<0.05) than girls with a valid test. Differences between
all other age, anthropometric, and Vo, test data were non-
significant. Only data for the 592 children with a valid test
were included in the following analysis. Of the 592 children
that met the subjective criteria, 210 met the levelling off
criterion (35%), 283 (47%) met the pulse criterion, and 507
(86%) met the respiratory exchange ratio criterion.

Table 2 shows descriptive data for age, anthropometry, and
PA. Except for BMI, differences were found between boys
and girls for all variables. The girls had larger SFS (15%,
p<0.001) and fat percentage (23%, p<<0.001). The boys were
older (2%, p<0.001), heavier (3%, p<0.05), taller (1%,
p<<0.001), had a greater LBM (8%, p<<0.001), a higher level
of PA (mean counts/min 8%, p<<0.001), and more minutes in
periods of five or 10 minutes of sustained activity at a level of
2000 counts/min or greater (60% and 103% respectively,
p<0.001). It should be noted that all boys had five minute
periods of sustained activity, whereas three girls did not have
any. Further, 38 boys and 83 girls did not have any 10 minute
periods of sustained activity.

The absolute differences in the treadmill data between boys
and girls were moderate (table 3). The girls had higher
maximum heart rate (2%, p<0.001) and respiratory
exchange ratio (5%, p<0.001), and the boys had higher
absolute Vo,max (11%, p<<0.001), Vo,max relative to body
mass (8%, p<0.001), and Vo,max relative to LBM (2%,
p<<0.05). Vo,max remained different (9%, p<<0.001) after

allometric scaling using (body mass)®”*? as scaling, but did

not differ when LBM''%® was used as the scaling factor.

Deciles in Vo,max (ml/kg/min) by sex were constructed
and then Vo,max was compared between boys and girls for
each decile (fig 1). This was done to see if the difference
between the sexes appeared over the whole distribution or if
only the lower or upper part of the distribution differed. The
whole distribution was shifted to the right in boys compared
with girls. Differences were found between all groups within
sexes using Bonferroni post hoc analysis of variance
(p<0.001).

Relation between PA and fitness

A scatterplot of Vo,max relative to body weight and the PA
variables showed a linear relation. A linear regression was
performed with mean count of PA, the number of minutes
above 2000 counts/min in five minute periods, and sex as
independent variables, and Vo,max relative to body weight as
a dependent variable.

The following equations where G = 1 for boys and G = 2
for girls were used:

Model (1) Vo,max (l/kg/min) =
PAmean count (p<0001)

Model (2) Voomax (I/kg/min) = 49.6 — 3.1 x G + 0.02 X

PAin 5 min periods (P<0001)
Partial correlations for model (1) were —0.38 and 0.12 for sex
and PApcan count respectively. Partial correlations for model
(2) were —0.25 and 0.24 for sex and PAj, smin periods
respectively.

To explore the relation Vo,max versus PA and fatness
further, all subjects were ranked into six fitness groups by
Vo,max (independent of sex) and the mean sums of PA level
(PAin 5 min perioas) and SFS were calculated for each sex

49.9 -3.8 x G+ 0.02 x

Table 2 Anthropometric and physical activity data in 6-7 year old children by sex
Boys Girls
No Mean No Mean p Value
Age (years) 309 6.8 (0.4) 283 6.7 (0.4) <0.05
Mass (kg) 309 24.4(19.81034.9) 283 23.7(18.4 10 32.0) <0.001
Stature (m) 309 1.24 (0.05) 283 1.22(0.05) <0.001
BMI (kg/m?) 309 159(13.5t020.2) 283 15.9(13.2t020.5) NS
SFS (mm) 307 23.3(15.3t051.2) 281 27.5(17.6 to 54.4) <0.001
Fat percentage 307 16.5(5.2) 281 21.4(5.0) <0.001
LBM (kg) 307 20.4(1.8) 281 187 (1.9) <0.001
PA (mean counts/min) 291 743 (452 to 1308) 269 679 (397 to 1062) <0.001
PA (minutes in 5 min bouts) 291 122 (17 to 334) 269 76 (0 to 194) <0.001
PA (minutes in 10 min bouts) 291 53 (0to 194) 269 26 (0to 94) <0.001
Values in parentheses are SD or 95% confidence inferval. Mass, BMI, SFS, and PA were not normallly distributed.
Therefore data were log transformed and a mean was calculated and then back transformed to a geometric mean
as described in the fext. For these variables a 95% confidence interval is given.
BMI, Body mass index; SFS, sum of four skinfolds; LBM, lean body mass; PA, physical activity.
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Table 3 Maximal exercise data on 67 year old children by sex

Boys (n=309) Girls (n=283) p Value
Heart rate (beats/min) 196 (9) 199 (9) <0.001
RER 1.05 (0.11) 110 (0.11) <0.001
Voomax (litres/min) 1.19(0.18) 1.06 (0.16) <0.001
Vo,MAX relative to body mass (ml/kg/min) 48.5 (6.0) 44.8 (5.6) <0.001
Voomax relative to LBM (ml/kg/min) 58.2 (6.8) 57.0 (6.5) <0.05
VoMAX relative to body mass (m|/|(g°'7]/min] 121.7 (14.5) 111.2 (12.9) <0.001
Vo,Max relative to LBM (m|/|<g1’]°5/min) 42.4 (4.9) 41.9 (4.8) NS

Values are mean (SD).
RER, Respiratory exchange ratio.

within each fitness group. When PA was compared between
boys and girls with the same level of fitness, boys were more
active than girls except for the least fit decile (fig 2). In a
linear regression, the association between sex and PA level
was highly significant (» = 0.20, p<0.001) even after
adjustment for fitness (r = 0.26, p<0.001).

When fatness was compared between boys and girls with
the same level of fitness, girls had a larger SFS than boys
except for the least fit decile (fig 3). In a linear regression, the
association between sex and SFS was borderline significant
(r = 0.09, p = 0.05) after adjustment for fitness (r = 0.27,
p<0.001). After adjustment for both fitness and PA, there
was no difference between sexes with respect to SFS.

There were only two girls in the most fit group, and no
standard error was plotted for this group in fig 3. The
opposite analysis was also performed—that is, mean Vo,max
was calculated for boys and girls with the same activity level
and the same SFS respectively. The boys had a 3-5 ml/kg/min
higher fitness level in each category of activity (p<<0.001) and
a 1-6 ml/kg/min higher fitness in each category of SFS
(p<0.01).

DISCUSSION

The main findings in this study are that, in a large sample of
young children, boys had a higher Vo,max and PA level than
girls. Most of the difference in fitness between the sexes
could be accounted for partly by body composition and partly
by PA. As no differences in haemoglobin or sex hormones
have been reported in this age group," it is likely that the
difference in Vo,max relative to body weight is due to body
composition and PA. However, when children with the same
Vo,max were compared, boys were still more active, and in
boys and girls with the same PA level, boys were fitter.
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Deciles of fitness (ml/kg/min)
Figure 1 Subjects were ranked into 10 centiles of Vo,MAX by sex. The

mean Vo,max was calculated for boys and girls separately in each
centile. Standard errors are so small that they are not visible.
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Only a few studies in the literature report measured values
of Vo,max for children less than 8 years of age and only for a
small number of children.® ***” Mean values of 39-53 ml/kg/
min have been reported. Differences in Vo,max between
studies seem to be due, at least partly, to differences in
protocol. The lowest mean value reported (39 ml/kg/min)
came from a field test.”” The highest mean values found were
53 and 52 ml/kg/min for 5-7 year old boys and girls
respectively.” The highest values were calculated from the
original data of Astrand.® Testing was carried out on a
treadmill with a continuous running protocol in a laboratory
setting, and subjects were highly selected. Compared with
earlier studies,® ** in which a difference in Vo,MAx relative to
body weight of less than 2% between the sexes in prepubertal
children was reported, our data show a considerable
difference (8%). Rowland” suggested that at least some of
the sex difference in children comes from the difference in fat
percentage. In our study, the difference was 23%. As the boys
were 3% heavier than the girls, this indicates that at least part
of the sex difference in Vo,max is related to difference in body
composition. The much smaller 2% difference we found in
Vo,max relative to LBM between boys and girls supports this.
Further, when allometric scaling was performed with LBM as
scaling factor, the difference was only 1% and statistically
insignificant. This implies that the sex difference in Vo,max is
due mainly to a difference in body composition.

Vinet ef al*® and Rowland ef al* came to different
conclusions. Vinet ef a/ found no difference in stroke volume
and Vo,max after allometric scaling and stated that body
composition alone (and not cardiac functional capacity)
could account for the sex difference. Rowland et al found a
difference between sexes even after allometric scaling and

250 —
A Girls
= Boys 2

.£ 200

£

>

<

=)

8 150

o

S

S

5%

A 100

8

2

5 50 71

6
oLl | | | | J
<37.5 40 45 50 55 >57.5

Fitness (ml/kg/min)

Figure 2 All subjects together were ranked info six groups of Vo max
re?arive to body weight. Physical activity level was plotted with SE for
boys and girls with tﬁe same fitness level. Numbers of girls and boys are
shown for each group.
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Figure 3  All subjects together were ranked into six groups of Voomax
re?c:tive to body weight. Sum of four skinfolds was plotted with SE for
boys and girls with the same fitness level. Numbers of girls and boys are
shown for each group.

stated that both body composition and cardiac functional
capacity accounted for the difference between boys and girls.
Further, Rowland ef a/ found that anthropometric and aerobic
physiological factors cannot entirely explain the magnitude
of the sex differences.

Physical activity

We found a large sex difference (60%) in PA with regard to
sustained activity, and sustained periods of PA explained 9%
of the variance in Vo,max relative to body weight. It was
tempting to claim that habitual PA may be part of the
explanation for the difference in Vo,maAx between boys and
girls. This is also the case, but even within the same stratum
of Vo,max the boys had a higher PA level, so differences in PA
seem only partly to explain the differences in Vo,max.
Sundberg® compared Vo,max (ml/kg/min) in sighted chil-
dren and blind children, who are not able to participate in
vigorous play, and found 22% and 26% higher values in
sighted boys and girls respectively compared with blind
children. From Sundberg’s data, it could be expected that
much of the difference between fitness levels in prepubertal
children can be explained by differences in PA. It is therefore
surprising in the present study that boys were more active
than girls even within the same stratum of fitness. It is
perhaps less surprising that boys have smaller SFS compared
with girls in the same stratum of fitness. These two
observations support the view of Rowland et al* that the
higher level of fitness in boys is due to both the higher level
of PA and the lower level of fatness.

Representativity

The number of children in this study is relatively high and
represents 69% of all children in preschool in two suburban
communities of Copenhagen. There were no significant
differences between participants and non-participants in
age, height, weight, and BMI in the study, so it seems safe to
conclude that the participant cohort is representative of the
two communities. Further, we have compared our sample
with a sample from nationwide Danish studies with
measurements of height and weight in children.”' ** The
differences between these two studies and our study with
regard to mean height and BMI are less than 1%. It seems
reasonable to conclude that with regard to height and BMI
our cohort is representative of Danish children aged 6-7
years. The strengths of this study are that a large number of

What is already known on this topic

No study has assessed population data in 6-7 year old
children on aerobic fitness and physical activity using direct
measurement of VooMAX and ogiective measurement of
physical activity.

What this study adds

® Even in 6-7 year old children, boys had 8% higher
fitness levels than girls, and the difference in fitness
may mainly be explained by differences in physical
activity level and body composition

® Moderate intensity ph{sical activity may not influence
physical fitness but still change body composition

subjects were examined using objective and direct measure-
ments and that the sample was representative.

The number of rejected tests in this study is relatively high.
Even though there were no differences in age and size
between subjects with valid tests and rejected tests, the
tendency was that younger and smaller children chose not to
run or stopped prematurely. We also chose to reject the data
for 57 children who actually ran a subjectively approved test,
but did not have a Vo,max recording. In the end, 84% of the
participating children completed a valid test, and we consider
this satisfactory, especially as some authors have claimed that
the reliability or validity of testing Vo,max in children aged
less than 8 years is questionable.” * Our own validation of
the protocol showed good reliability, and it seems reasonable
to conduct reliable physiological testing on 6-7 year old
children with satisfying results. It should be noted that care
must be taken to carefully examine every child’s measure-
ments to ensure that the appropriate criteria have been met,
and to discard non-valid tests. In conclusion, the absolute
levels of Vo,max relative to body weight were 48.5 ml/kg/min
and 44.8 ml/kg/min in girls, Vo,max is larger in boys than
girls (+11%), also when related to body mass (+8%) and to
LBM (+2%). Most of the difference in Vo,max relative to body
mass was due to the greater percentage body fat in girls and
lower level of PA. When boys and girls with the same Vo,max
were compared, boys engaged in more minutes of at least
moderately intense activity and had a smaller SFS.
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Persistent Postconcussion
Symptoms After Injury

Linda Ewing-Cobbs, PhD,20 Charles S. Cox Jr, MD,¢ Amy E. Clark, MS,d
Richard Holubkov, PhD,d Heather T. Keenan, MDCM, PhDd

oBJECTIVES: We examined whether preinjury, demographic, and family factors influenced
vulnerability to postconcussion symptoms (PCSs) persisting the year after mild traumatic
brain injury (mTBI).

meTHoDS: Children with mTBI (n = 119), complicated mild traumatic brain injury (cmTBI)

(n = 110), or orthopedic injury (OI) (n = 118), recruited from emergency departments, were
enrolled in a prospective, longitudinal cohort study. Caregivers completed retrospective
surveys to characterize preinjury demographic, child, and family characteristics. PCSs were
assessed using a validated rating scale. With multivariable general linear models adjusted
for preinjury symptoms, we examined predictors of PCSs 3, 6, and 12 months after injury
in children ages 4 to 8,9 to 12, and 13 to 15 years at injury. With logistic regression, we
examined predictors of chronic PCSs 1 year after traumatic brain injury.

RESULTS: Postinjury somatic, emotional, cognitive, and fatigue PCSs were similar in the mTBI
and cmTBI groups and significantly elevated compared with the OI group. PCS trajectories
varied with age and sex. Adolescents had elevated PCSs that improved; young children had
lower initial symptoms and less change. Despite similar preinjury PCSs, girls had elevated
symptoms across all time points compared with boys. PCS vulnerability factors included
female sex, adolescence, preinjury mood problems, lower income, and family discord. Social
capital was a protective factor. PCSs persisted in 25% to 31% of the traumatic brain injury
group and 18% of the OI group at 1 year postinjury. The odds of chronic PCSs were almost
twice as high in girls as in boys and were >4 times higher in young children with cmTBI
than in those with mTBI.

CONCLUSIONS: A significant minority of children with mTBI and OI have PCSs that persisted 1
year after injury.

20

WHAT’S KNOWN ON THIS SUBJECT: After mild traumatic
brain injury (mTBI), ~15% to 30% of children have
postconcussion symptoms (PCSs) for several months.
There is little consensus regarding which injury-
related, child demographic, preinjury, and family
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Postconcussion symptoms (PCSs)
are cognitive, physical, and affective
symptoms, such as difficulty
concentrating, headache, and
irritability, that occur in ~30%
children with mild traumatic brain
injury (mTBI) seen in the emergency
department (ED). Although PCSs
resolve in many children with mTBI
within 1 week to 1 month,2
symptoms persist for >1 month in
11% to 30% and negatively impact
functioning at home and school.2->
PCSs or “concussionlike symptoms”
are relatively nonspecific and are
endorsed after traumatic brain injury
(TBI), to a lesser extent by children
experiencing bodily injuries,>¢-8 and
by some children without injuries.?
Even in children whose PCSs
resolve, persistent reductions

in health-related quality of life,
particularly in physical or academic
areas, are documented in children
who are managed up to 1 year after
injury.10.11

The literature is inconsistent
regarding injury and noninjury
factors that may place children

at high risk for prolonged PCSs.
Greater injury severity and positive
computed tomography (CT) scan
findings are often used to predict
acute PCSs; however, preinjury
characteristics of the child and
family, including increasing age,
female sex, poorer preinjury child
adjustment, and family dysfunction,
may be used to predict more chronic
P(CSs.2%12-15 Persistent PCSs have

a major impact on both health care
and school systems. With 1 million
to 2 million US children sustaining
a concussion from just sport and
recreation participation annually,'®
it is essential to identify injury and
noninjury factors that either promote
or hinder recovery from mTBI.

To address gaps in the literature, we
examined parent ratings of PCSs in
a prospective, longitudinal cohort
study of recovery from pediatric
mTBI relative to an orthopedic
injury (OI) comparison group. We

hypothesized that elevated parent
ratings of PCSs during the first year
after a mTBI would be associated
with vulnerability factors of greater
injury severity (including loss of
consciousness and the presence

of neuroimaging abnormalities),
demographic variables (including
older age and female sex), preinjury
child factors (including learning and
psychological health difficulties),
and family circumstances
(including poverty and poorer
family functioning). Social capital,
or a family’s connectedness to the
community, was expected to buffer
the effects of injury on PCSs.

METHODS

Participants were children ages 4 to
15 years who sustained a mTBI or
OI and were recruited from the ED
at 2 level 1 pediatric trauma centers
(Children’s Memorial Hermann
Hospital and the University of Texas
Health Science Center at Houston
[Houston, TX] and Primary Children’s
Hospital [Salt Lake City, UT]) as
part of a larger cohort study from
January 2013 through September
2015. Recruitment was sequential
and stratified by age at injury (4-5,
6-11, and 12-15 years), type of
injury, and TBI severity. Children
with severe psychiatric disorders or
developmental delay were excluded
because of difficulty assessing

the impact of injury on outcomes.
Institutional review board approval
was received from each institution.
Parents provided consent. Children
>8 years of age provided assent.

Definitions

TBI severity was based on the

lowest ED Glasgow Coma Scale

(GCS) score.l” mTBI was defined

on the basis of the World Health
Organization!8 and Centers for
Disease Control and Prevention!®
criteria of a GCS score of 13 to 15 on
presentation for health care with 1 or
more of the following: confusion or

disorientation, loss of consciousness
for <30 minutes, posttraumatic
amnesia for <24 hours, the presence
or absence of a skull fracture, and/

or other transient neurologic
abnormalities. Complicated mild
traumatic brain injury (cmTBI) met
the above criteria but included an
intracranial contusion or hemorrhage
diagnosed by using a CT scan.20 CT
imaging in the ED was performed for
clinical indication only. Those in an
OI comparison group sustained an
extremity fracture but no head injury.
The Abbreviated Injury Scale?! score
and Injury Severity Score were
assigned by trauma registrars.

Procedure

Parents or legal guardians completed
a survey as soon as possible after
injury to characterize preinjury
family structure, sociodemographic,
and child characteristics. Follow-up
surveys were scheduled for 3, 6,

and 12 months after injury. English-
speaking families completed surveys
either online or by telephone
interview; Spanish-speaking families
completed telephone interviews with
bilingual study coordinators.

Child and Family Measures
Child Behavior Checklist

We used the attention-deficit/
hyperactivity disorder (ADHD),
affective disorder, and anxiety
disorder scales yielding t scores
normed for age and sex; higher
scores indicate more problems.?2
The Child Behavior Checklist (CBCL)
has excellent test-retest reliability
(r=0.7-0.8) and internal consistency
(t=0.90-0.94) at 1 year.

Postconcussion Symptom
Inventory—Parent

The Postconcussion Symptom
Inventory—Parent (PCSI-P) scale is
a validated parent-report measure
used to provide a total score and
physical, cognitive, emotional,

and fatigue subscores.?3 It has 20
developmentally appropriate items
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that are used to discriminate children
who are concussed from those who
are uninjured ages 5 to 15 years; we
extended the age range to include
4-year-olds for consistency with
other survey measures. A global
question asked to what degree the
child acted differently than before
the injury. The PCSI-P total score
has favorable internal consistency
(o« =0.94). Higher scores indicate
more symptoms.

The presence or absence of PCSs
was dichotomized on the basis of
the International Classification of
Diseases, 10th Revision (ICD-10)
criterion of at least 1 symptom being
present (or, for follow-up, increasing
relative to preinjury) in at least 3

of the following areas: cognitive,
emotional, somatic, and sleep and/or
fatigue.

Family Environment Covariates

Preinjury family function was
assessed by using the McMaster
Family Assessment Device (FAD)-
General Functioning Scale.?* The FAD
has 12 items scored 1 to 4; higher
scores represent worse functioning.
The Social Capital Index is used to
measure perceptions of personal,
family, neighborhood, and spiritual
community support; higher total
scores indicate greater support.?®
Families self-reported race, ethnicity,
and income by family size; we
calculated income relative to the
poverty level using federal norms.

Statistical Approach

All children with outcomes
available at preinjury and at least 1
follow-up time point were included
in the analysis. Generalized linear
mixed models, in which maximum
likelihood estimation is used to
incorporate all available outcome
data, were fit with an unstructured
covariance matrix and empirical
estimates of the SE for model
parameters for PCSI-P total scores
and subscores by using SAS PROC
MIXED (SAS Institute, Inc, Cary,

PEDIATRICS Volume 142, number 5, November 2018

Consented
n =648

/—I—I

Age 48 months—15 years
n =414 (64%)

Age 0-47 months
n =234 (36%)

Completed preinjury
assessment
n =383 (93%)

Completed 3-, 6-, or 12- Cohort for
month assessment analyses
n =347 (91%)
[ |I !
mTBlI cmTBlI Ol
n =119 (34%) n =110 (32%) n =118 (34%)

FIGURE 1
Flow diagram of cohort recruitment.

NC). Potentially clinically important
covariates were selected a priori,
including the 3-way and 2-way
interactions between injury group,
time, and age (4-8,9-12, and

13-15 years). Additional candidate
covariates, including enrollment site,
injury factors (previous concussion
and loss of consciousness), child
characteristics (sex; race and/

or ethnicity; preinjury learning,
behavioral, or developmental

delay; and preinjury CBCL scores),
and parent and/or family factors
(respondent education, poverty level,
preferred language, FAD score, social
capital) were initially screened in a
model controlled for preinjury PCSI-P
score, injury group, time, and injury
group by time interaction. To develop
the final reported longitudinal
models, a full model that included all
candidate covariates with P <.20 in
initial screening, and these 4 factors,
was iteratively reduced by removing
variables (excluding preinjury PCSI-P
score and main effects of injury

and time) with P > .1. To identify
predictors of chronic PCSs (yes or no)
at the 1-year follow-up, multivariable
logistic regression models were
constructed by using an analogous

approach. In all analyses, we used a
significance level of .05.

RESULTS

Study Population

Of the 414 children who consented
to participate, 383 (93%) completed
the initial survey in which we
assessed retrospective ratings

of preinjury PCSs and child and
family functioning. The final cohort
contained 347 (91%) children
completing at least 1 postinjury
assessment: 119 children with mTBI,
110 with cmTBI, and 118 with OI
(Fig 1). In Supplemental Table 5, we
compare key variables for children
who did and did not have complete
data; retention was lower in Hispanic
children from the Houston site. Most
families (76%) completed surveys
online and had an English language
preference (90%). The injury groups
did not differ significantly on age,
sex, race, or parental employment;
however, parent income and
education were lower in the mTBI
group. Preinjury child psychological
health and PCS estimates did not
differ significantly across groups
(Tables 1 and 2) or by sex.
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TABLE 1 Child, Family, and Injury Characteristics by Injury Group

mTBI (N=119) cmTBI (N=110) 0l (N=118) pa
Child and family characteristics

Enroliment site Texas (versus Utah), n (%) 50 (42) 44 (40) 52 (44) .82
Prefer to complete surveys online, n (%) 82 (69) 93 (85) 90 (76) 02
Preferred language Spanish (versus English), n (%) 14 (12) 4 (4) 15 (13) .04
Age at injury, y, mean (SD) 10.3 (3.7) 10.5 (3.9) 9.7 (3.7) 16
Child sex female, n (%) 44 (37) 33 (30) 44 (37) 43
Child race, n (%) 14

American Indian or Alaskan native 2(2) 0(0) 0 (0)

Asian American 1(1) 5 (5) 2(2)

African American 11(9) 4 (4) 6 (5)

Native Hawaiian or other Pacific Islander 1(1) 0(0) 0 (0)

White 90 (76) 93 (85) 95 (82)

Multiracial 13 (11) 7(6) 13 (11)
Child ethnicity Hispanic or Latino, n (%) 31 (26) 17 (16) 33 (28) .06
Married parents, n (%) 85 (73) 90 (83) 83 (72) i
Either caregiver currently employed, n (%) 112 (94) 105 (95) 106 (90) 21
Respondent education, n (%) .001

Less than high school 18 (15) 7(6) 16 (14)

High school 29 (24) 16 (15) 14 (12)

Vocational and/or some college 36 (30) 59 (54) 42 (36)

Bachelor’s degree or more 36 (30) 28 (25) 46 (39)
Income at or below poverty level, n (%) 37 (34) 11.(11) 21 (19) <.001
Insurance type, n (%) 29

None 9(8) 10 (9) 5 (4)

Medicaid and/or CHIP 43 (36) 31(28) 33 (28)

Commercial, private, and/or military 67 (56) 68 (62) 80 (68)
Previous concussion with ED or doctor visit, n (%) 10 (8) 8 (7) 5 (4) 41
Developmental, learning, or behavioral problem, n (%) 17 (14) 13 (12) 9(8) 26
CBCL affective t score, mean (SD) 55.3 (7.5) 54.4 (6.6) 54.2 (6.0) .38
CBCL anxiety t score, mean (SD) 53.5 (6.2) 53.8 (6.6) 53.7 (5.4) 95
CBCL ADHD t score, mean (SD) 55.0 (7.2) 53.5 (5.7) 53.8 (6.0) 16
FAD general functioning scale, mean (SD) 1.5 (0.5) 1.5 (0.4) 1.5 (0.5) 66
Social Capital Index, mean (SD) 3.5 (1.1) 3.6 (1.0 3.7 (1.0 44

Injury characteristics

Injury mechanism, n (%) <.001

Pedestrian or bicycle 21 (18) 15 (14) 4(3)

Motorized vehicle 30 (25) 24 (22) 11(9)

Fall 44 (37) 54 (49) 83 (70)

Struck by or against 12 (10) 10 (9) 6 (5)

Organized sport 10 (8) 4 (4) 12 (10)

Other 2(2) 3 (3) 2(2)
Loss of consciousness (yes), n (%) 45 (38) 49 (45) 0 (0) <.001
ED GCS (lowest postresuscitation), median (Q1, Q3) 15 (15, 19) 15 (14, 15) — .09
Maximum AIS excluding head, median (Q1, Q3) 1(0,2) 1(0,1) 2(2,2) <.001
18S score, median (Q1, Q3) 5(1,10) 10 (9, 16) 4 (4, 5) <.001
Head imaging in ED (CT), n (%) 104 (87) 110 (100) — <.001
Injuries seen on brain imaging, n (%)

Skull fracture 27 (23) 74 (67) — <.001

Cortical contusion 0(0) 32 (29) — —

Hemorrhage 0(0) 97 (88) — —
Admission type, n (%) <.001

ED and/or observation only 53 (45) 5 (5) 78 (66)

Hospital but not PICU 50 (42) 51 (46) 39 (33)

PICU 16 (13) 54 (49) 1(1)
Hospital LOS, d, median (Q1, Q3) 2(1,4) 2(2,3) 2(1,3) .80

AIS, Abbreviated Injury Scale; CHIP, Children’s Health Insurance Program; ISS, Injury Severity Score; Q1, first quartile; Q3, third quartile; —, not applicable.
a Pvalues reflect tests of association with injury group, specifically the x2 test for categorical variables, analysis of variance for continuous variables summarized by using the mean, and
the Kruskal-Wallis test for continuous variables summarized by using the median.
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TABLE 2 Unadjusted PGSI-P Outcomes and /CD-10 Goncussion Criteria

Injury Group PCSI Cluster and Total Scores PCSI Global ICD-10
Outcome
Somatic Emotional Cognitive Fatigue Total Act Differently Concussion Criteria?
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) n (%) n (%)
mTBI
Preinjury 2.1(4.6) 1.6 (3.4) 2.0 (4.6) 0.5(1.4) 6.1 (12.1) — 26 (22)
Month 3 3.7 (6.1) 3.1(4.6) 29 (4.8) 1.6 (3.1) 11.3 (15.7) 54 (48) 35 (31)
Month 6 3.4 (5.6) 3.6 (4.6) 3.1(.2) 1.5 (2.9) 11.5 (16.0) 44 (40) 41 (37)
Month 12 3.2 (5.7) 2.5 (4.4) 2.5 (4.6) 1.0 (2.3) 9.3 (13.8) 40 (39) 25 (25)
cmTBlI
Preinjury 1.4 (3.5) 1.4 (3.0) 1.0 (2.9) 0.7(22) 4.4 (9.8) — 17 (15)
Month 3 4.0 (6.7) 3.4 (5.4) 27 (5.2 1.8 (3.2) 12.0 (18.2) 67 (64) 38 (37)
Month 6 29 (4.7) 40 (5.0 2.8 (4.5) 1.6 (2.8) 11.3 (15.2) 48 (47) 38 (37)
Month 12 2.5 (5.0) 29 (4.5 23 (4.1) 1.3 (3.1) 9.0 (14.7) 45 (46) 30 (31)
0l
Preinjury 1.8 (3.8) 1.3 (2.8) 1.1(3.4) 0.5 (1.7) 4.7 (9.8) — 20 (17)
Month 3 1.4 (3.5) 1.9 (3.1) 0.9 (2.1) 0.7 (1.8) 49 (8.2) 38 (36) 17 (16)
Month 6 1.6 (3.5) 2.0 (3.1) 1.4 (29) 0.7 (1.8) 5.7(9.2) 21 (19) 23 (21)
Month 12 1.3 (3.0) 1.3 (2.9) 08(2.2) 0.6 (1.4) 40 (7.4) 23 (21) 19 (18)

—, not applicable.

@ Preinjury: 1 symptom in at least 3 clusters; postinjury: >1 new or elevated postinjury symptom in at least 3 clusters.

Injury mechanism differed, with the
youngest age group sustaining the
mildest injuries, primarily from falls.
Loss of consciousness was reported
in 11% of younger and 33% to 41%
of older children.

Outcomes
Injury Group and Time Since Injury

Before injury, 18% of children had
symptoms that were consistent

with ICD-10 concussion diagnostic
criteria (Table 2). Figure 2 includes
the unadjusted PCSI-P group means
from preinjury through the 12-month
follow-up. Children were similar at
baseline except for slightly higher
cognitive scores seen in children
with mTBI. Children with TBI had
elevated scores at all follow-up time
points that did not return to baseline.
Table 3 includes multivariable model
results across the 3 time points that
were adjusted for preinjury PCSI-P
ratings. Children with cmTBI (6
points) and mTBI (3.5 points) had
higher adjusted scores compared
with those with OI on the total
postinjury PCSI-P and all subscales;
however, those with mTBI and
c¢cmTBI did not differ significantly
from each other.

PEDIATRICS Volume 142, number 5, November 2018

Time from injury was important.
Emotional and cognitive symptoms
increased from 3 to 6 months but
then fell at 12 months. Total, somatic,
and fatigue symptoms resolved
differently over time depending

on age; 4- to 8-year-olds had lower
scores at 3 months than older
children, which either did not change
or increased across follow-up (Fig
3). Older children had higher total
and somatic scores than the 4- to
8-year-old group at 3 months, but
their symptoms decreased over time.
Adolescents had the highest fatigue
symptoms, which had decreased by 1
year after injury.

Demographic, Child, and Family
Predictors of PCSs

Girls had higher unadjusted
postinjury symptoms than boys

in all areas of the PCSI-P despite
similar preinjury PCSs (Fig 4). In
the adjusted analysis, total scores
remained 3.4 points higher for girls
than for boys across the follow-up.

Preexisting affective problems, as
measured by using the CBCL, were
associated with elevated PCSs.
Preinjury CBCL affective, anxiety,
and ADHD scores were significantly
associated with postinjury PCSs

in univariable analyses. Only the
affective score remained significant
in multivariable analyses.

Family characteristics, including
lower income, were associated with
higher symptom burden; poorer
family functioning predicted greater
emotional and cognitive symptoms.
Hispanic ethnicity was protective
for emotional symptoms; Spanish
language preference was protective

for both total and somatic symptomes.

Higher social capital was associated
with lower symptom burden.

PCSs 12 Months After Injury

Despite significant improvement
in PCSI-P scores over time, the
PCSI-P global outcome question
revealed that 21%, 39%, and

46% of the OI, mTBI, and cmTBI
groups, respectively, continued to
act differently 1 year after injury
(Table 2). Most changes were mild
to moderate; however, 3%, 8%, and
10% of the groups, respectively,
showed significant to major
differences.

Chronic postinjury concussion
symptoms, defined as >1 symptom
increasing in at least 3 areas relative
to preinjury at 12 months postinjury,
were identified in 18%, 25%, and
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FIGURE 2

Unadjusted longitudinal PCSI-P total and subscore means (+1 SE) by injury group. Despite similar preinjury ratings, both the mTBI and cmTBI groups
showed increases in all PCSI-P scores at the 3-month time point relative to the 0l group that persisted across the follow-up. A, Somatic. B, Emotional. C,
Cognitive. D, Fatigue. E, PCSI total.
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31% of children with OI, mTBI, and
cmTBI, respectively (Table 2).In a
multivariable model adjusted for
preinjury PCSs, the odds of chronic

PCSs were higher for girls and

4- to 8-year-olds with cmTBI relative

children with poorer family function
and lower social capital. The odds

to both those with mTBI and OI but
not for older children with mTBI

of chronic PCSs were increased in

Downloaded from http://publications.aap.org/pediatrics/article-pdf/142/5/e20180939/1066868/peds_20180939.pdf by guest on 08 February 2022

or cmTBI relative to those with OI

(Table 4).

In the current study, we examined

injury characteristics as well

DISCUSSION

as demographic, preinjury, and
family predictors of persistent

PCSs during the first year after

TBI in a broadly generalizable
cohort of children. Key findings
include the striking persistence
of PCSs, particularly in girls; the
differences in PCS trajectories by

age; and the strong association of
preinjury PCS and psychological

heath symptoms with persistent

PCSs. Different characteristics of

PCSs and served as either protective
children with TBI as acting differently
than before the injury, and 25%

or vulnerability factors. One year
after injury, parents rated >40% of

the family environment influenced

to 31% had postinjury symptoms
meeting concussion diagnostic

findings in other longitudinal studies

criteria. Our results converge with
in which researchers recruited
children from EDs and reported
~20% to 30% of children with new

or reemerging symptoms persisting
at 3 or 12 months after injury.236

The high rate of chronic concussion
symptoms is of concern because

of the strong relation between
persisting PCSs and reduced health-
related quality of life.10-1226 PCSs
vary over time; physical effects occur
immediately after injury, cognitive
symptoms occur throughout, and
emotional symptoms develop later.2”

'$9409$ |S0d 1101 PASEaJOUI Y}IM PAIRIOOSSE ||B 8dam [eHdED [BIOOS UBMO| PUB
‘uoijouny Ajiwey Jadood ‘9wooul JAMO| ‘Swia|qodd aAI30a4e Aunfulaud uaydiH "a8engue| paddajedd e se ysiuedg yHm asoyl 4oy Jamo| sjulod 0y pue ‘98edaAe uo ‘sAoq ueyl S|JIg Joj Joydiy sulod ¢ adam $ad09s [B10] “(g 814) awil AQ padayip Adnful 1e
9ge J0 1990 8y “Aunful ue Jalye Jeak ay3 ul |0 UB Y3im 9soy3 yiim padedw oo (sjulod 0°g) |gLWO pue (sjulod g'¢) g1 Ylim aSoyl Joj ‘a8edaAe U0 UaYSIY SEM dWOOIN0 |9 |03 B3 :S9IBWIISD J084)0 [9POW BUW09INO [B10} 8Y3 JO Uolieauddaiul ajdwexd ,
(80" =d) Aejap |euawidolanap J0 ‘edolA_Yaq ‘Gululdea] JO SISOUZeIP SNoIAaud pue (60" =d) 8409S GHAY 1090 @Yl Papn|oul 0S| [9pOW 8UW09IN0 BAINUZ0D Y] 4
(890 F 8| — 93BWIISA 109449) sjuedioijed a3ym oluedsiH-uou Uey} 93eJaAe U0 8409S Jamo| e pey sjuediorlued oluedsiH ‘(100" = ¢) 9984 PAPN|OUI 0S| [9POW BUI0OINO [BUOIIOWD BY]
“9WO09IN0 Y} 40} [BPOW [BUY SY] Ul PAPN|OUl JOU d|qeIJeA ‘—

800 (99'0) 82'L— — — 200 (61°0) 95°0— 900° (02°0) ¥S0— ¥00° (22°0) 890— |eudeo [e190g
20 (0¢°1) 68°C — — 9v0° (2¥°0) 98°0 100> (v¥°0) 6G'1 — — uoijouny Ajiwey av4
¢00° (G2'0) 08°0— 100> (G0'0) 20— 10° (£0°0) 81'0— 40 (60°0) 20— ¢00° (60°0) 62°0— [8A3] A349A0d 03 BAIFR|SU BUIODU|
JUBWIUOJIAUD Al
100> (01°0) 82°0 100> (20°0) 600 90’ (¥0°0) 800 ¢00° (20°0) 010 ¢00 (¥0°0) 110 84008 swa|godd aA399}4e 1089
swa|gqodJd Sullsixaadd
200 (9¢°1) e0v— 90° (LT0) 160— — — — — ) (85°0) ¥¥'1— agengue| paddasadd ysiuedg
¥00° (BL1) ¢¥'¢ 800° (€2°0) 190 107 (22°0) ¥8°0 10’ (9¢°0) ¥6°0 900° @v0) LLL X9$ 9|ewoaS
40 g 8dndl4 ) g 8dngi4 — — — — 200 g 94ngl4 uoijoeJdaul swil Ag 93y
29 z 8dngl4 o0 z 8dngl4 — — — — e ¢ 84ndiy Aunfur 1e a8y
solydedgowaq
(12°0) 82°0— (¢C0) 6S0— owgl
(120) 20 (220) 50 owyg
100> 2 a4ngdi4 800" 2 a4ngi4 10 100> 0 2 94ndl4 (ow ¢ snsJaA) Aunful wody swi]
(@y'1) L6'G (LT0) G8'0 (62°0) L9'L (@¥0) 291 (15°0) 291 1g1Wd
(e0'1) 25¢ (02°0) 670 (12°0) 960 (¥2°0) 88°0 (1¥°0) ¢T'L 1gLw
100> 200 100> 100> 100° (10 snsuan) Audanas Aunful
awIl ‘A1danss Aunfu)
100> (80°0) §¥°0 40 (¥10) ¥2°0 100> (80°0) 1270 100> (£0°0) 0%°0 100> (21°0) 970 awo91no Jo guljed Aunfuladd
d (38) 1ue1oys809 d (3S) 1ue10ys809 d (3S) Jus10ya09 d (3S) us10y)e09 d (3S) 1ua1oys809
(GLS =N) ol€l0L (928 = N) ange4 (1€ =N) dNNUS0Y (212 =N) eleuonowy (GL¢ =N) dnewog

S9W09INQ d-ISDd 104 SHNSBY [9PON d|qelIBARINN € 3TaVL

Daubert Response App. 0249

PEDIATRICS Volume 142, number 5, November 2018



Case 2:21-cv-00316 Document 343-1 Filed 05/26/22 Page 250 of 940 PagelD #: 24788

Age Group

—— 4-8years

= == 9-12years — — 13-15years

4.0 4

3.5 1

30 ~o

25

Mean Score

2.0

Mean Score
[e-]
!
p—

3-month 6-month

Assessment

12-month 3-month

254

2.0

Mean Score

0.5+

0.0

3-month 6-month
Assessment

FIGURE 3

I
12-month

6-month 12-month
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Interactions between age and time for PCSI-P scores. Least squares means (+1 SE) for somatic, fatigue, and total scores, assuming average values of
preinjury scores and other covariates, are shown. Children 4 to 8 years old had the lowest scores at 3 months and less change over time; 9- to 15-year-
olds had higher initial total and somatic scores, and adolescents had the highest fatigue symptoms that decreased over time. A, Somatic. B, PCSI total.

G, Fatigue.

Persisting cognitive and emotional
PCSs likely contribute to reduced
school functioning!® and changes

in psychological health.28 Little is
known about how psychological
characteristics, such as negative
attributions, or physiologic changes
in stress response and neural
systems contribute to PCSs.29-32
Recently, structural imaging revealed
associations of brain network

abnormalities in children with
persistent PCSs after mTBI that
improved with aerobic training.2°
This reveals both neural changes
after injury and their potential
response to interventions.

The nonspecific nature of PCSs is
underscored by the substantial
rates of PCSs in children with no
brain injury. Before injury, 18% of
our sample met ICD-10 criteria for

a concussion diagnosis; 1 year after
injury, 18% of those in the OI group
had postinjury-onset PCSs. Yeates
et al® also found that children with
mTBI and OI had a comparable

rate of PCSs of moderate severity
across the first year after injury. It
is becoming increasingly clear that
there is a general effect of injury on
PCSs as well as on neurocognitive
outcomes in children with mTBI
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FIGURE 4
Influence of child sex on longitudinal PCSI-P scores (means + 1 SE). Girls had higher unadjusted postinjury total and subscale PCSI-P symptoms than boys
despite similar preinjury PCSs. A, Somatic. B, Emotional. C, Cognitive. D, Fatigue. E, PCSI total.
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TABLE 4 Logistic Regression Results for Chronic Postinjury Concussion Symptoms at 12 Months

After Injury (N = 300)

Adjusted 0dds Ratio (95% CI) P
Preinjury concussion? 1.92 (0.93-3.96) .08
Injury severity by age at injury, y 04

4-gb
mTBlI versus 0Ol
cmTBlI versus 0l
9-12
mTBlI versus 0Ol
cmTBlI versus 0l
13-15
mTBlI versus 0Ol
cmTBlI versus 0l
Female (versus male) sex
Family function (1-point increase)
Social capital (1-point increase)

1.57 (0.41-5.99)
7.01(2.10-23.4)

0.60 (0.17-2.04)
1.03 (0.31-3.40)

2.60 (0.69-9.83)
1.37 (0.33-5.66)

1.94 (1.05-3.59) .04
242 (1.23-4.74) 01
0.66 (0.50-0.88) 01

One or more symptoms increased relative to preinjury at the 12-mo follow-up in at least 3 of the following areas: cognitive,
emotional, somatic, and sleep and/or fatigue. Cl, confidence interval.
@ One or more symptoms at preinjury in at least 3 of the following areas: cognitive, emotional, somatic, and sleep and/

or fatigue.

b In children 4 to 8 y old, having a cmTBI was associated with increased odds of chronic concussion relative to mTBI (odds

ratio 4.47; 95% confidence interval 1.38—14.5).

and OL.33 The development of next-
generation PCS measures will help
better discriminate symptom profiles
in children with brain versus bodily
injuries.29-32.34

Girls were almost twice as likely

as boys to have persistent PCSs.
Despite similar preinjury PCSs and
psychological health symptoms, girls
developed more elevated postinjury
PCSs than boys in all areas that did
not resolve. Elevated PCSs have been
reported in girls recruited from both
ED and sport samples.3%1213,3536
However, the basis for sex
differences and their relation with
age at injury is unknown. In sport-
related concussion samples, girls
report more symptoms before and
after a concussive event and have

a slower recovery trajectory than

do boys.3> These samples contain
predominantly postpubertal girls,
which has raised the possibility that
altered hypothalamic-pituitary-
gonadal axis or other physiologic sex-
linked differences may contribute to
female vulnerability to PCSs.3537
Although this mechanism may help
in explaining symptom burden in
pubertal and postpubertal girls,
girls in our sample had elevated
PCSs irrespective of age. PCSs are

also related to psychological health
problems that may occur more
frequently in girls than in boys,
including anxiety and posttraumatic
stress symptoms.3839

Adolescents and young children

had different PCS patterns across
the first year after injury. Similar to
previous studies, adolescence was

a susceptibility factor for total
PCSs312144041 gnd somatic and
fatigue problems. This symptom
elevation may be due to higher injury
severity because more adolescents
had a loss of consciousness and
higher-velocity injuries. Although
adolescents had more PCSs, their
symptoms tended to improve over
time. Children in the 4- to 8-year-
old group tended to have a lower
symptom burden at 3 months, but
their symptoms did not improve over
time. The odds of chronic PCSs were
>4 times higher in children 4 to 8
years old with cmTBI than in those
with mTBI and were 7 times higher
than in the OI group.

Assessment of functioning before
injury is necessary to dissociate
postinjury from preexisting
symptoms.2?12 Preinjury PCS
predicted persistent postinjury
PCSs across time points. Similarly,

preinjury CBCL affective problem
scores predicted elevated postinjury
somatic, emotional, and fatigue PCSI
scores. The preinjury PCSI-P total
score was strongly related to each
CBCL score, indicating that these
measures share variance related to
preinjury adjustment. Although the
affective problems score had the
most consistent relation with PCSs,
a variety of preinjury psychological
health issues may influence
persistent PCSs.

Family factors exerted independent
effects on PCSs, with low income and
less adaptive family functioning being
associated with greater PCS burden.
Hispanic ethnicity and/or preference
for Spanish language usage were
protective factors for emotional,
somatic, and total symptoms.
Hispanic ethnicity has been
associated with health disparities*?
and lower receipt of outpatient
psychological health services after
pediatric TBL.#344 However, Hispanic
families may have cultural features,
such as extended family support, that
promote resilience.*> Greater social
capital was associated with lower
rates of somatic, emotional, and
cognitive PCSs. Families with greater
social networks and connection to
community resources may better
access to support services, buffer
health inequalities, and reduce the
risk of adverse outcomes after injury.

We identified several vulnerability
factors for prolonged PCSs that may
put children at risk for decreased
school participation. Consistent with
American Academy of Pediatrics
guidelines, children with PCSs should
be served under return to learning
initiatives in which the collaboration
of medical, family, and school

teams is emphasized.*® The goal is

to target symptoms and institute
accommodations to return the
children to full participation in school
and community activities without
significant symptom exacerbation.*”
Academic accommodations range
from informal academic adjustments
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to services mandated under

federal statutes, such as Section

504. Although evidence-based
information regarding interventions
is lacking, physical and psychological
health interventions ranging from
graduated exercise to medication
management of headache and mood,
cognitive behavioral therapy, and
family services that are effective

in other populations are likely
candidates.*849

LIMITATIONS AND STRENGTHS

Limitations of this study include that
data were collected via parent report,
which may be subject to bias5951 and
possible under- or overestimation

of PCSs relative to self-report. We

did not assess PCSs in the initial
weeks after injury and may have lost
information regarding characteristics
of children who recovered quickly.
We did not measure pubertal
development or litigation status. Our
sample was recruited from the ED,
and it may not be generalizable to the
larger group of children with mTBI
who seek community treatment.>2
Although 18% did not complete all

time points, multivariable model
results for PCSI-P total scores were
similar when they were rerun,
including only the cases with
complete data.

Our multicenter study had several
notable strengths, including a
prospective, longitudinal cohort
design with broad racial and ethnic
representation and an injury
comparison group. Careful evaluation
of preinjury psychological and
physical heath by using validated
measures allowed for the dissociation
of new postinjury symptoms from
preexisting symptoms as well as the
identification of the subgroups that
were at elevated risk for chronic PCSs.

CONCLUSIONS

Clinical management of children

with mTBI, as well as children with
bodily injuries, may be enhanced by
understanding which children are

at risk for persistent PCSs. Because
emotional and cognitive symptoms
may emerge over time, children with
symptoms persisting at 1 month after
injury should be managed clinically
to monitor symptom course and refer

for any needed physical, cognitive, or
psychological health interventions.
The consistent importance of family
functioning and social capital on PCS
resolution reveals that family support
services should be considered as an
adjunctive intervention.

ABBREVIATIONS

ADHD: attention-deficit/hyperac-
tivity disorder

CBCL: Child Behavior Checklist

cmTBI: complicated mild
traumatic brain injury

CT: computed tomography

ED: emergency department

FAD: McMaster Family

Assessment Device

GCS: Glasgow Coma Scale

ICD-10: International
Classification of Diseases,
10th Revision

mTBI: mild traumatic brain
injury

Ol: orthopedic injury

PCS: postconcussion symptom

PCSI-P: Postconcussion Symptom
Inventory—Parent

TBI: traumatic brain injury
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ABSTRACT

Gender detransition is an emerging yet poorly understood phenomenon in
our society. In the absence of research, clinicians and researchers have
applied the concept of detransition differently, leading to inconsistencies
in its use. The article suggests a typology of gender detransition based on
the cessation or the continuation of a transgender identity to address this
issue. Implications of this typology for healthcare providers are discussed,
emphasizing the increasing necessity of developing clinical guidelines for
detransitioners. Finally, the article reflects on the possibilities of preventing
detransition, which underlines the challenges that clinicians face when
treating individuals with gender dysphoria.

Introduction

Gender detransition, i.e., the process of reidentifying with one’s birth sex after having undergone a
gender transition, has captured the attention of the scientific community, the media, and the public
in the last few years. Despite not being a genuinely novel phenomenon from a historical perspec-
tive—psychiatrist Harry Benjamin described one such case in his 1966 book The Transsexual
Phenomenon—, research on detransition has been absent from the academic literature until recently.
As a consequence, our understanding of this issue is still limited and primarily based on anecdotal
evidence, which comes from a variety of sources such as personal testimonies shared on the internet
(e.g., Gonzalez, 2019; Palmer, 2020), parent reports (e.g., Barnes, 2020), informal surveys carried out
by detransitioners (Stella, 2016), media outlets (e.g., Dodsworth, 2020; Herzog, 2017), support groups
(e.g, Post-Trans, n.d; The Detransition Advocacy Network, n.d.), documentaries (e.g, BBC
Newsnight, 2019), case studies (e.g., Cain & Velasco, 2020; Expodsito-Campos, 2020; Levine, 2018b;
Pazos-Guerra et al.,, 2020; Turban & Keuroghlian, 2018), and the experiences of clinicians who work
with this cohort (e.g., Graham, 2017; Marchiano, 2020).

Gender detransition is as scientifically fascinating as socially controversial, for it poses signifi-
cant professional and bioethical challenges for those clinicians working in the field of gender dys-
phoria (henceforth “GD”). However, the scarcity of information, along with the lack of formal
recognition of detransitioners and their experiences—although this trend seems to be changing
(e.g., Butler & Hutchinson, 2020; Entwistle, 2020)—, has contributed to a state of things in which
we fall short of a shared and scientifically consolidated language to approach detransition. This
gap has favored the proliferation of inconsistent usages of the concept, thus adding to the confu-
sion and unclarity.
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The term “detransition” has been used to describe two types of situations. In the first, a person
stops identifying as transgender' after having socially, legally, or medically transitioned. This deci-
sion usually involves halting and reversing the transition process, for instance, by stopping taking
hormones and going back to the pre-transition name and pronouns. In the second, a person
stops transitioning due to health concerns, lack of societal/familial support, or dissatisfaction with
the results—among many other reasons—but does not cease to identify as transgender. That per-
son would not have decided to stop transitioning had the circumstances been different.

There is a fundamental distinction to make between the two scenarios just delineated. In the
first scenario, the person stops transitioning because he/she no longer identifies as transgender.
He/she may still experience some symptoms of GD (Lev, 2019), but concludes that being trans-
gender is not the reason underlying his/her distress and body discomfort. In this case, detransi-
tion is fundamentally driven by the cessation of a transgender identity, which renders the process
of transitioning not desirable or necessary anymore. In the second scenario, the person stops
transitioning for reasons beyond their control, but not because they do not identify as trans-
gender. In this case, detransition is motivated by external forces that make transitioning difficult,
risky, or a too-heavy load to bear. The critical factor that differentiates these two situations is the
cessation of a transgender identity through the reidentification with one’s birth sex.

If we abided by the definition of detransition given initially—i.e., reidentifying with one’s birth
sex after having transitioned—, the second scenario described above would not constitute a
“genuine” instance of detransition. Nevertheless, many clinicians have used—and use—the con-
cept as including examples of that sort. For instance, Turban and Keuroghlian (2018) describe
the case of “Lupita,” a transgender woman who stops and reverses her social and medical transi-
tion due to continuous harassment and institutional disregard but resumes the process after find-
ing herself in a more favorable and accepting environment. Pazos-Guerra et al. (2020), on their
part, report the case of a 16-year-old transgender man who stops his hormonal treatment with
testosterone after considering that it brings no more benefit to his identity. He expresses feeling
less gender dysphoric and comfortable with the experienced physical changes. At present, he
keeps identifying, living, and presenting to others as a man. In these cases, the decision to stop
medically transitioning is not driven by the cessation of a transgender identity, but by social dis-
crimination and satisfaction with the already achieved physical changes, respectively.

If not by the term “detransition,” how do we refer to these particular situations in which the rea-
son to stop transitioning does not relate to a reidentification with one’s birth sex? More importantly,
is it feasible to maintain such a concrete definition when the term is already being used—and will
most probably keep being used—with a different connotation? Instead of adopting a prescriptive
stance, these difficulties could be resolved by (1) Accepting a rather general definition of detransi-
tion, e.g., as the interruption or reversal of a gender transition process; and (2) Delineating a typology
of gender detransition based on the cessation or the continuation of a transgender identity, which is
the core or primary reason behind people’s desire to transition in the first place.

A typology of gender detransition

Typologies are useful because they allow clinicians to discriminate between situations that may
appear to be similar but, in reality, have entirely distinct causes, trajectories and, more importantly,
demand different therapeutic approaches. For example, in the past, researchers have widely used
typologies of GD based on the age of onset or the individual’s sexual orientation to describe, classify,
and understand people who receive the diagnosis (see Lawrence, 2010). By having a typology of
detransition, it would be possible to maintain a unified definition of detransition—thus overcoming
the disparities in its use—while also signifying the primary rationale underlying each particular case.
The typology proposed in this article distinguishes between two main types of detransitions: core—
or primary—and non-core—or secondary—detransitions.
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Core gender detransitions

In core or primary detransitions, the decision to detransition is primarily motivated by the cessa-
tion of a transgender identity. This category potentially includes anyone who identified as trans-
gender, socially or medically transitioned, and later returned to identifying with his/her birth sex.
The reasons behind core or primary detransitions are multifarious, and may comprise: realizing
that transitioning does not alleviate GD (Dodsworth, 2020; Herzog, 2017; Lev, 2019; Marchiano,
2020), finding alternative ways to cope with GD (Herzog, 2017; Stella, 2016), mental health con-
cerns (Post-Trans, n.d.; Stella, 2016), solving previous psychological/emotional problems that con-
tributed to GD (Butler & Hutchinson, 2020; Stella, 2016), the remission of GD itself over time
(Stella, 2016), understanding how past trauma, internalized sexism, and other psychological diffi-
culties influenced the experience of GD (Dodsworth, 2020; Gonzalez, 2019; Herzog, 2017;
McFadden, 2017; Post-Trans, n.d.; Stella, 2016; Yoo, 2018); the reconciliation with one’s sexuality
(Marchiano, 2020; GNC Centric, 2019; Pazos-Guerra et al., 2020; Post-Trans, n.d.); and a change
in individual, political, social, or religious views that leads the person to question his/her trans-
gender status (Dodsworth, 2020; Expdsito-Campos, 2020; Herzog, 2017; Kermode, 2019; Stella,
2016; Turban & Keuroghlian, 2018).

One particular subcase within core detransitions concerns people with autism spectrum disor-
ders (ASD). Anecdotal reports (e.g., Barnes & Cohen, 2019; Post-Trans, n.d.; Prestidge, n.d.) indi-
cate that the rate of detransitioned individuals who fall within the autistic spectrum is higher
than one would expect in the general population. In this regard, emerging evidence suggests a co-
occurrence of GD and ASD (de Vries, Noens, Cohen-Kettenis, van Berckelaer-Onnes, &
Doreleijers, 2010; Glidden, Bouman, Jones, & Arcelus, 2016; van der Miesen, Hurley, & de Vries,
2016), which may be related to an elevation in intense/obsessional interests around gender-related
themes (VanderLaan et al., 2014; Zucker et al., 2017). The high number of individuals with GD
who appear to fall in the autistic spectrum may explain why a significant number of core detran-
sitioners also present autistic traits.

One would expect the likelihood of future retransitioning—i.e., resuming or reinitiating one’s
gender transition—after a core detransition to be low. Nevertheless, given how fluid and change-
able some individuals’ identities are, this possibility should not be completely ruled out. In either
case, any hypothesis relative to the developmental trajectories of core detransitioners would need
to be verified by in-depth, preferably longitudinal research into their life experiences.

Non-core gender detransitions

In non-core or secondary detransitions, the decision to detransition is influenced by reasons other
than the cessation of a transgender identity. This category potentially includes anyone who stops
or reverses their gender transition but continues to identify as transgender. The reasons behind
non-core or secondary detransitions are also diverse and extend to: health concerns, including
medical complications and the appearance of undesired side-effects (Danker, Narayan, Bluebond-
Langner, Schechter, & Berli, 2018); disappointment or dissatisfaction with the results of med-
ical—hormonal or surgical—treatments (Cain & Velasco, 2020; Graham, 2017; Pinkston, 2017);
lack of societal support and lack of financial resources (e.g., Rei, 2018); pressure from family
members or spiritual counselors (James et al., 2016); social discrimination/harassment (e.g.,
Kanner, 2018; Rose, 2018; see James et al, 2016 ); having trouble getting a job (James et al.,
2016); feeling already comfortable with the acquired physical changes and thus not wanting to go
any further (Graham, 2017); and the desire to become a parent (e.g., Americo, 2018) or undertake
fertility preservation procedures (e.g., White, 2018). Non-core or secondary detransitions also
include those who stop medically transitioning due to a change in gender identity yet maintain a
transgender identity. Cain and Velasco (2020), for instance, report the case of “Gray,” a natal
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female with ASD who initially identifies as a transgender man and begins hormone replacement
therapy (HRT) with testosterone, but later decides to stop HRT and detransitions to a non-bin-
ary identity.

In many of the cases above, detransition has a temporary character (see, e.g., James et al.,
2016), and the likelihood of future retransitioning may be higher, given that the underlying iden-
titarian motivation to transition—be it socially or medically—remains.

Further clarifications

Some might have noticed that this typology does not include desisters, i.e., those who desist in
their gender dysphoric feelings—and, in some cases, also from a transgender identity—before
undergoing any kind of gender transition, be it social or medical. The reason behind this exclusion
is purely conceptual: it is essential to separate between desistance and detransition, which are two
closely related but qualitatively distinct phenomena. The difference between both concepts is two-
fold. First, desistance, as it has been described in the literature, involves the remission of GD
(e.g., Steensma, Biemond, de Boer, & Cohen-Kettenis, 2011), while detransition does not. Many
detransitioners experience symptoms of GD long after having detransitioned (Lev, 2019). Second,
desistance occurs without there being a gender transition process, while detransition occurs after
having socially, legally, or medically transitioned.

It is also important to note that this typology does not suggest two clear-cut categories, for a
secondary detransition can lead to a primary detransition—but not vice versa. In r/detrans
(https://www.reddit.com/r/detrans/), a subreddit for detransitioners to share their experiences
with more than 16.000 members, one can find several stories of people who call their transgender
status into question after stopping transitioning due to medical complications or feeling dissatis-
fied with their treatment results. Furthermore, some individuals initially detransition to a non-
binary identity to later end up reidentifying with their birth sex (e.g., tuffsofty, 2020). In some of
these cases, a non-binary identity may be functioning as a “transitional period” before taking the
definitive decision to stop identifying as transgender.

Admittedly, the relevance of the typology will depend on how well it encapsulates the experi-
ences of all those who detransition, something that demands much more investigation—both
quantitative and qualitative—into the phenomenon. However, based on our present knowledge,
understanding the differences between core and non-core detransitions, as well as the reasons
that might lead an individual to make such a decision, has particularly crucial implications for
clinicians working in the field of GD.

Implications for healthcare providers

Core or primary detransitions underline Zucker’s (2018) important—and often missed—remark
that “a transgender identity is not isomorphic with a diagnosis of gender dysphoria” (p. 232).
The former is the result of a subjective process of self-labeling and self-determination—that may
be shared by others, including friends, family members, and clinicians—; the latter must be based
on rigorous and comp