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INTEREST OF AMICI CURIAE1 
  

Since the founding of this nation, equality has 
been a constant struggle for various people groups. 
When the struggle has reached this Court, this Court 
has consistently been willing to consider how to 
uphold equal protection, equality of opportunity, and 
equal rights for all persons in these United States. 

 
In the emergency application sought by West 

Virginia, the need to protect the equality of women is 
at issue. Sports is the new playing field, but the 
ultimate victory sought is for equality. Amici are 67 
female athletes, coaches, teammates, parents, and 
relatives of these athletes2. These athletes come from 
many levels of playing – from elementary school to 
collegiate; from professional to Olympic. No matter 
their level of accomplishment, their years in their 
chosen sport, or their age – some minors and some 
adults – all have been forced to compete against 
males or to suffer the psychological impact of 
helplessly watching the forced competition of men 
against women. Each of the amici who have signed on 
to this brief have a unique story to tell that all weave 

 
1 This amicus brief is filed in connection with an application 
under Rule 22. Under the time-sensitive provisions laid out in 
Rule 37.4, electronic transmission of the brief has been provided 
to both parties in accordance with Rule 29.3. In accordance with 
Rule 37.6, counsel affirms that no counsel for any party 
authored this brief in whole or in part and that no person or 
entity other than amici or their counsel made a monetary 
contribution intended to fund the preparation and submission of 
this brief. 
 
2 Athletes, coaches, and family members are identified in the 
Appendix. 
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 2 

a common thread essential to this Court’s 
consideration of West Virginia’s application. 

 
Among the 67 athletes, coaches, and family 

members are: (i) Martina Navratilova, 59x Grand 
Slam Champion; (ii) Jennifer Sees, former NCAA 
track and field athlete, high school track coach, and 
parent of an NCAA soccer player; (iii) Summer 
Sanders, Olympic Gold Medalist; (iv) Courtney 
DeSoto, mother of a high school female athlete; (v) Jill 
Sterkel, an Olympic swimmer, former world record 
holder, and former University of Texas head swim 
coach; (vi) Pam Etem, an Olympian in rowing; (vii) 
Madisan Debos, current NCAA track athlete; (viii) 
Laura Wilkinson, an Olympian and World Champion 
in diving and parent to a daughter; (ix) Donna de 
Varona, an Olympic Gold Medalist and world record 
holder; and (x) Evie Edwards, a cyclist and the 
mother of an elementary-age female cyclist. 

 
Amici demonstrate, through painfully lived 

experiences, that West Virginia’s situation is not 
unique. Female athletes across the country, at all 
levels of sports, stand on the precipice of permanently 
losing their access to equal opportunity and safety in 
sports. Based on their biological sex, they are at risk 
of being pushed aside in law and in life in a 
permanently damaging and irreversible way.   
 

By bringing their names, their voices, and their 
personal stories to this Court’s attention, amici hope 
to highlight the plea of women and girls across the 
nation: that this Court affirm their continued right to 
equal opportunity and to set in granite that females 
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may not be put at a clear and targeted disadvantage 
based on their biological sex. 
    

SUMMARY OF ARGUMENT 
  

Amici offer an argument that uniquely 
supplements West Virginia’s bold defense of females’ 
equal rights. By vacating the injunction against West 
Virginia’s law, this Court can reaffirm that women 
should not lose their equal opportunity to compete in 
sports on a level playing field. By affirming West 
Virginia’s right to stand with women and girls, this 
Court can ensure that females’ basic right to be 
treated equally is still the legal norm in the United 
States. In order for women and girls to be able to talk 
frankly about their biology and the impact of their sex 
in sport and in life, the words “female,” “girl,” and 
“woman” are an essential recognition of scientific 
reality throughout this brief. Accurate language that 
clearly describes the biological existence of female 
humans must have priority over language of 
preferred personal identification. This is the only way 
to protect the rights, equality, and safety of female 
athletes. 

 
A growing number of women and girls have been 

facing the humiliating and damaging experience of 
being forced to compete against males who identify as 
transgender in the women’s sports category. 
Lawmakers in West Virginia passed a law to put a 
stop to this abusive and discriminatory practice, but 
this law has been enjoined. Amici ask this Court to 
allow for the protection of women and girls while the 
lower courts work through further arguments. One 
male competing against women and girls negatively 
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affects every girl he competes with as well as every 
girl who loses a playing opportunity and every girl 
who must witness a female athlete being asked to 
step aside for the feelings of a male despite the 
knowledge that it is unfair to ask her to do so. 

 
Amici’s experiences as athletes, coaches, parents, 

and relatives of female athletes prove that females 
are uniquely and adversely affected when they are 
forced to compete against males in sports. Their 
personal stories demonstrate that females and males 
cannot experience or compete in physical sports in the 
same way; that the psychological, tangible, and long-
term harm suffered by females forced to compete 
against males is irreversible; and that females across 
the nation at all levels of sports are suffering real 
harm that threatens their right to basic equality, 
safety, and equal opportunity under the law. 
  

ARGUMENT 
  
I.  Females are uniquely and adversely 

affected when they are forced to compete 
against males in sports.  

 
 It is hard to express the pain, humiliation, 

frustration, and shame women experience when they 
are forced to compete against males in sport. It is 
public shaming and suffering, an exclusion from 
women’s own category. The message to women and 
girls, 50% of our population, is shared by the parents, 
teammates, and spectators who watch it unfold. The 
shame does not disappear after competition is over. It 
stays forever as a memory of sanctioned public 
ridicule and a reminder of how women should expect 
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to be treated and set aside for the needs and desires 
of males. 

 
At every age and every level, a female athlete 

deserves to know she is worthy of respect and fair 
competition against other females. She should not 
have to reach elite status to finally be deemed good 
enough to play without facing sex discrimination. 
College women’s teams do not play against college 
men’s teams; the high school girls’ basketball team 
does not play against the boys’ basketball team. The 
individual men’s and women’s state champion in 
tennis do not play against each other to determine 
who is the actual champion. The women’s Olympic 
sprint champion does not race the men’s champion.  

 
This kind of competition is not allowed because we 

understand the result would almost always serve to 
humiliate women. It is not real or fair competition. 
We know the outcome because the numbers, science, 
and physical realities predict it with concrete 
assurance. A far less talented and skilled male will 
soundly beat a female. With this knowledge, we know 
the contests would merely be a predetermined public 
display of the physical differences between males and 
females. Such competition robs women and girls of a 
place to be held up in equal value to boys and men. In 
fact, it solidifies and reinforces that they are not 
worthy of equal opportunity and recognition.  

 
Each stage of a girl’s sports development path 

provides the opportunity to play – from granting her 
the last spot on the team to the first-place podium. 
These experiences – which start at a young age – 
create inspiration, self-belief, resilience, and 
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confidence – things every girl should be able to seek 
fairly and with equal opportunity to her male 
counterparts. We know the names of women like 
Martina Navratilova because these pathways and 
opportunities have been protected for females from a 
young age to the most competitive levels. 
  

A. Females and males cannot experience or 
compete in physical sports in the same 
way. 

 
There is enormous emotional trauma that 

accompanies women and girls when they are subject 
to competing against males in their sports 
opportunities. This trauma is grounded in real 
science and an understanding of our physical world 
as women; it is not a figment of our imagination. As 
athletes, coaches, and spectators of sport, we know 
there is a clear and obvious physical difference 
between boys and girls. We know the physical 
development of boys – beginning in utero – results in 
a performance difference between boys and girls. We 
see this play out in sports and physical activity at 
every age and every level.  

 
Physical fitness tests and records for youth sports 

showcase a measurable performance disparity 
between males and females at every age. The genetic 
gene expressions that differ between males and 
females number over 6,000 and are not limited to: 
height, body mass, skeletal structure, strength, 
muscle quality, center of gravity, limb length ratios, 
cardiovascular performance, and, of course, 
reproductive influence. The effects of any amount of 
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male puberty and androgenization make those early 
performance differences explode even further.  

 
As athletes, coaches, and parents of female 

athletes, we know this because we live it. We see and 
understand that the average age at which male 
athletes will beat the world records of women is 14-
15 years of age. The use, weight, and design of sports 
equipment such as bikes, balls, bats, javelins, discs, 
and suits, as well as playing fields and net heights 
reflect the biological differences between boys and 
men and girls and women and are designed to 
optimize the competition. At every level, we are 
aware that less skilled, less determined males beat 
higher level female athletes because of innate 
physical difference in the sexes. Physical and 
developmental differences should not mean that girls 
and women are less worthy of participating, 
competing, and winning in sport. Females are half of 
the world’s population and deserve equal 
opportunities as much as males. 
 

B. The psychological, tangible, and long-
term harm suffered by females forced to 
compete against males is irreversible. 

  
When women and girls are asked to compete 

against male athletes, they are asked to ignore 
biological reality, the reality that defines female 
physical bodies. They are asked to pretend there is 
no hardship or difference in competing against male 
development that began in utero and resulted in 
differences in muscle structure, bone structure, 
response and reaction times, bone density, and 
finally, reproductive influences, such as monthly 
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cycles and possible pregnancy. They are asked to 
ignore almost all their lived experiences. This 
expected disconnection from reality has a very real 
psychological impact. It tells female athletes, their 
coaches, and their family members that female 
bodies don’t matter enough to be recognized. This 
message is received when girls and women are told 
that rules in their sports don’t need to be fair and 
that female bodies don’t have equal representation 
on a playing field. Women’s and girls’ positions can 
be taken by a male if he requests to play with 
females, despite his physical advantages. Women 
and girls must stand by as boys and men now have a 
claim to female spaces, in addition to their own full 
male teams.  

 
The girl who loses her place or her chance to 

compete must watch a male take a place that was 
set aside for her. She not only has to deal with a 
loss; but she must also deal with the psychological 
trauma that comes from knowing that the loss was 
not just, fair, or equal; it was an ‘extra’ spot given to 
a male – one she had no equal opportunity to 
compete for. The girls around her must watch a 
male supplant a place that was once set aside for 
women. This is mental torture for them. Women and 
girls know this means their fair treatment and their 
equal opportunity are no longer recognized as 
important. They are not protected or safe in their 
own sports. The girls competing receive the message 
that their competition is not important enough to 
demand integrity and fairness, while they witness 
firsthand that the males’ competition and demands 
are always enough. The damage this causes is 
irreversible. 
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As athletes, coaches, and parents of female 

athletes, we are left with questions. How are we not 
seen working and training and striving – only to be 
beaten by a male who has less objective talent and 
skill but is able to rely on innate male advantage? 
How have we come to a place where we no longer 
have fair and equal opportunities in sports and 
where females are excluded from our own podiums, 
our own teams, and our own championships because 
we are expected to affirm males who wish to have 
our place? How are we expected to compare 
ourselves to males who everyone knows are 
physically stronger and biologically different? Why 
are women not allowed to have a female champion 
when there is already a male champion – whose 
place we could never take? Why does a male get to 
take a female’s place on a team or in a race because 
it will help him feel better? If the measurement is 
feelings, why do our feelings not count? Will this 
Court agree that females no longer have the right to 
equal opportunities in real competitions? Females 
are suffering irreversible psychological damage that 
compounds every day this unequal treatment 
continues.  
 

C. Females are suffering real harm that 
threatens their right to basic equality 
and equal opportunity. 

 
Women and girls had begun to believe that the 

measured and known performance gap between 
males and females did not have to be viewed as a 
stamp of male superiority, but rather as the 
understood physiological and biological divergence 
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between equally respected members of society. The 
sex of female bodies, organized around and along 
divergent developmental paths, affects every cell and 
system, from reproduction and muscular 
development to skeletal and cardiovascular systems. 
Females had come to appreciate that these innate 
differences did not strip them of an expected place of 
equality and fair treatment. Sport and physical 
competition is the one public place where males and 
females have been guaranteed the right to celebrate 
their entirely independent and incomparable 
physical limits under laws like Title IX. Now, these 
same rules are being interpreted to remove women’s 
access to equal protection and equal opportunities. 

 
Women’s sports were created and set aside to be a 

place where 50% of the population could finally be 
included and seen as worthy of the title, “champion”; 
where they could be held up as valuable members of 
schools, teams, and society. 

 
Now, the nation is being told that fair sports for 

women and girls was a lie. As athletes, coaches, and 
parents of female athletes, we know that asking 
women to compare their bodies to male bodies is not 
a just request. The athletes know the competition is 
unfair. The coaches, officials, and sports scientists 
know the competition is unfair. The parents and 
spectators know the competition is unfair. And we all 
know exactly why. We even know that many of the 
male athletes taking our positions and titles were not 
exceptional male athletes in comparison to other 
males; they now serve as a reminder that a physically 
unexceptional male is entitled to showcase physical 
prowess against women and demand women 
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relinquish their opportunity to compete, their place 
in the event, their hard-earned title, and even their 
records. The girls and women must comply; the 
officials must congratulate; the parents must cheer; 
and the records must be etched for all to appreciate 
the reinforced reality that males are entitled to 
replace and show dominance over females in what 
was once an equal society. 

 
These policies and actions are violating the spirit 

of the formation of women’s sports and laws like Title 
IX. People in positions of power are looking for the 
right words to justify this deprivation of equal 
opportunity. As women, we can only think that it is 
because we are “just women;” and that even our 
biological reality is a debatable concept. 

 
The realization that the laws and rights written to 

protect women are being used against females and 
the knowledge that people in power cannot or will not 
see – even in a publicly visible contest – that females 
are not being treated with the same respect and honor 
as men is a message that cuts deep into the psyche of 
women. The women that have experienced this feel 
the weight of unequal treatment, the stripping of 
rights, the loss of rewards, and the erasure of fair and 
equal representation. Women feel the weight of the 
message that female physical bodies are only good 
enough if they are able to compete with a physical 
development of biology that does not match their own. 
Women see and hear the rule makers and lawmakers 
argue the purpose of women’s sports and, indeed, that 
the purpose of female athletes is to make a male 
athlete feel welcome and honored above the female 
athletes. Girls and women hear the message that it is 
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a female’s job to consider our kindness above our 
demands for fair and equal treatment. Female 
athletes are told that “there are only a few” male 
athletes who want to compete against women, and so 
females must step aside and make room for them. The 
awards and record boards, originally meant to help 
girls and women share new possibilities for those of 
us born female, are rewritten with male names. 
Female existence and accomplishment in sports is 
being erased, name by name. When women compete 
in races against males and compete on teams with 
males, females know they are supporting the premise 
of male dominance; they are supporting the idea that 
females can only respond with meek compliance when 
treated as less than men; women and girls are forced 
to support the erasure of something females were 
proud of and once esteemed for.  

 
As athletes, coaches, and parents of female 

athletes, what is our choice? To cede to participate? 
To give up entirely? Do we not then also give away 
our rights and our dignity? There is no solution for 
women and girls without the protection of laws that 
recognize equal opportunity for females. 

 
The forced competition against males is 

humiliating. It cannot be fair or equal and yet, girls 
and women must either walk away from sports 
opportunities or accept the humiliation. 
Frustratingly, the rules and laws written for the 
expressed purpose of equality have not been enough; 
states now need to write new laws on top of the old 
ones to prevent the redefinition of the physical reality 
of being female. 
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A question being asked is if there is a way to make 
competition fair for women while still including some 
of the males who wish to participate with women. 
This is also an insulting proposition. Competition is 
how human beings find their physical limits. It is an 
invitation to bring one’s absolute personal best and 
match it with the personal best of others in a fair and 
clean contest. Bringing a body forward to compete 
that is intentionally and artificially hindered is not in 
the spirit of that ethos. The question the lawmakers 
and governing bodies of sport are asking as they try 
to make guidelines to include males is just how much 
rules must impair male performance and 
development to be equated to that of women. This 
argument – this experiment – is not empowering for 
women; it is damaging to an entire generation of 
females. It is deeply misogynistic and demeaning. 
Girls and women are not encumbered male bodies. 
Girls and women are uniquely and innately female, 
and females should not have to fight for 
representation and see only biology that does not 
compare to their own rewarded 

 
As athletes, coaches, and parents of female 

athletes, we are hurt and shamed that people in 
power do not find female athletes important enough 
to speak up for. We are left to cry and sink into 
depression on our own as we embrace our new 
understanding of girls’ and women’s place in the 
world. We are left with the shame of not being able to 
compete physically with a male who wants our place, 
the shame that laws have not been enough, the 
shame of losing while others cheered in a competition 
with no integrity, the shame of seeing males so easily 
take over that which was established for us, the 
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shame of having to speak out for something so plainly 
obvious, and the shame of having been silent, even if 
just for a moment, while we suffered or watched other 
women suffer. Not one more girl should go through 
this. Not one more parent should have to watch their 
daughter sidelined for a male who is deemed more 
important than her fair and equal chance. 

 
The rules and record boards have not been fixed. 

We are not just haunted by our memories and 
experiences. We are forced to reckon with a public 
record that condones and historically celebrates our 
abuse and marginalization. This cannot be the legacy 
we leave for women and girls; for millions of human 
beings who are born female. 

 
1. Reka Gyorgy, 2016 Hungarian 

Olympian, 2x ACC Champion from 
Virginia Tech 

 
I was a senior competing in my last swim meet at 

the NCAA Women’s Swimming & Diving 
Championships on March 17th, 2022. I swam the 500 
freestyle in preliminaries where I got 17th, which 
means I did not make it back to the finals and was 
first alternate. I watched Lia Thomas [a biological 
male] from the pool deck win a women’s national title 
in a finals that I deserved to be in because the rules 
in place did not support biological women. I couldn't 
help but cry and feel frustrated, angry, and sad. It 
hurt me, my team, and other women in the pool. A 
year later, there is still no response to my letter to the 
NCAA. This is an ongoing, painful reminder of how 
little all the women at that swim meet matter to the 
people running our schools and sports competitions. 
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Photo 1: The podium at the 2022 NCAA Women's 
Swimming and Diving Championships where a male 
took the place of Reka Gyorgy. 

2. Macy Petty, current NCAA volleyball 
player 

 
While in high school, I competed in club volleyball 

tournaments across the country with hopes of being 
recruited to a college volleyball team. At one of these 
tournaments, with several college recruiters 
watching, I had to play against a boy in a girls' 
volleyball tournament. While trying to evaluate our 
skills, the recruiters instead watched this athlete 
repeatedly slam the ball in our faces. Because the 
girls' volleyball net heights are different from boys’, 
this athlete was competing on a net 7.5 inches shorter 
than he should have as a male. As an athlete, this was 
humiliating; as a woman, I was horrified to see a boy 
so easily steal the right to play in brackets that were 
designed specifically to make volleyball safe and 
competitive for female bodies. I thought this was a 
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mistake everyone could see, and it would never 
happen again. 
 

3. Riley Gaines, 12x All-American, SEC 
Record Holder 

 
I have been a devout swimmer from the age of 

seven. It's hard to explain the amount of time, hard 
work, and sacrifice I have made in an effort to be 
successful at my sport. Every opportunity and every 
small victory along the way made the next step 
possible. 

 
Last year, a 6'4" male (Lia Thomas) and I raced at 

the National Championships, which ultimately 
resulted in a tie. Upon tying, I was told Thomas (the 
male athlete) would get the trophy instead of myself 
as it was necessary for photo purposes. Everything I 
worked my entire life for was reduced to a photo-op to 
validate a male's feelings and identity of himself. All 
the women in the race faced unfair competition and 
the silencing of our voices through intimidation, 
emotional blackmail and gas-lighting by these large 
organizations and institutions.  

 
I still struggle with knowing the people who were 

supposed to shield us from harm and make sure our 
sport is ethical were the same people who were silent 
and allowed us to be discriminated against. This goes 
against everything federal civil rights laws and Title 
IX were intended to protect. Women's sports were 
created to recognize and celebrate the unique 
physical accomplishments of female athletes. I feel 
neither recognized nor celebrated. I feel betrayed, 
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belittled, and traumatized. Please don't make any 
other women go through this. 

 

 
Photo 2: Riley Gaines is forced to share the podium 
with a male. 

4. Catrina Allen, World Champion in Disc 
Golf 

 
I have been playing sports since I was five, and 

although I’ve lost many times over the course of my 
career, I’ve never felt as defeated as the day I had to 
compete against a male opponent in the disc golf 
female professional division. As tears ran down my 
face, during an elite series tournament, I realized 
that even though I have a strict practice regiment, 
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workout plan and am known as a fighter, there is no 
outworking the physical advantages that a male has. 
I have since faced four different males in the female 
category in 26 different tournaments. The worst part 
is if the women speak out and share their feelings of 
defeat and frustration, they fear loss of sponsorships 
and the very public wrath of those defending the male 
athletes. The women feel helpless, scared, voiceless 
and isolated.   

 

 
Photo 3: A male becomes the women's champion in 
disc golf in competition against Catrina Allen and 
other females. 
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5. Hannah Arensman, professional 
women's cycling, Cyclocross National 
Champion 

 
I was born into a family of athletes. Encouraged 

by my parents and siblings, I competed in sports from 
a young age, and I followed in my sister’s footsteps, 
climbing the ranks to become an elite cyclocross 
racer. Over the past few years, I have had to race 
directly with male cyclists in women’s events. As this 
has become more of a reality, it has become 
increasingly discouraging to train as hard as I do only 
to have to lose to a man with the unfair advantage of 
an androgenized body that intrinsically gives him an 
obvious advantage over me, no matter how hard I 
train.  

 
I have decided to end my cycling career. At my last 

race at the recent UCI Cyclocross National 
Championships in the elite women’s category in 
December 2022, I came in 4th place, flanked on either 
side by male riders awarded 3rd and 5th places. My 
sister and family sobbed as they watched a man finish 
in front of me, having witnessed several physical 
interactions with him throughout the race.  

 
Additionally, it is difficult for me to think about 

the very real possibility I was overlooked for an 
international selection on the US team at Cyclocross 
Worlds in February 2023 because of a male 
competitor.  

 
Moving forward, I feel for young girls learning to 

compete and who are growing up in a day when they 
no longer have a fair chance at being the new record 
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holders and champions in cycling because men want 
to compete in our division. I have felt deeply angered, 
disappointed, overlooked, and humiliated that the 
rule makers of women’s sports do not feel it is 
necessary to protect women’s sports to ensure fair 
competition for women anymore. 

 

 
Photo 4: Hannah Arensmen misses the podium while 
a male takes her place. 

6. Courtney DeSoto, parent of current 
high school track athlete 

 
I am the parent of a minor daughter who runs 

varsity track in a public school in California. A male 
freshman joined the women's team this year and is 
running varsity track and winning every race while 
the girls watch in bewilderment. This same 
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individual is using the girl's locker room to change 
and shower. The girls are so uncomfortable that some 
are not using the locker room themselves anymore. 
The head coach is about to quit over the injustice of it 
all. Complaints and concerns for the girls are made to 
school and district administration, but no one is 
willing to say anything because our state laws and 
legislators will not protect our daughters.  I have a 
younger daughter who is also interested in sports, but 
I am concerned for the future of all our girls. 
  

CONCLUSION 
  

Every day that girls’ and women’s equal 
opportunity in sports is denied, is a day that females 
suffer irreversible harm and psychological trauma. 
By vacating the injunction against West Virginia’s 
law, this Court can reaffirm that females have not 
lost their equal opportunity to compete in sports on 
a level playing field. By affirming West Virginia’s 
right to stand with girls and women, this Court can 
ensure that the basic right to be treated equally as a 
person born female is still the legal norm in the 
United States.  

 
Respectfully submitted, 
 
KRISTINE L. BROWN 
    Counsel of Record 
8700 E. Jefferson Ave. #370953 
Denver, CO 80237 
(720) 285-9552 
kristiburtonbrown@gmail.com 

 
March 9, 2023 
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APPENDIX 
 

LIST OF 67 AMICI CURIAE FEMALE 
ATHLETES, COACHES, SPORTS OFFICIALS, 

AND FEMALE ATHLETES’ FAMILY 
MEMBERS, MANY OF WHOM HAVE BEEN 

FORCED TO COMPETE AGAINST 
BIOLOGICAL MALES AND ALL OF WHOM 
HAVE SUFFERED THE PSYCHOLOGICAL 

DAMAGE FROM WITNESSING FORCED AND 
UNEQUAL MALE DOMINANCE OVER 

FEMALES IN SPORTS1 
 

Brianna Alexander* 
Cyclist 
 
Catrina Allen* 
World Champion –
professional disc golf 
 
Hannah Arensman* 
Professional cyclist 
 
 
 

 
1 Amici submit this brief solely in their capacities as private 
citizens. To the extent an Amicus’s employer, institution, or 
association is named, it is solely for descriptive purposes and 
does not constitute endorsement by the employer, institution, 
or association of the brief or any portion of its content. 
 
* An asterisk by a name indicates that the athlete has 
personally faced a male in sports competition or the parent has 
a daughter who has personally faced this. 

Sarah Powers 
Barnhard 
Professional volleyball 
player, current coach 
 
Lauren Bondly 
Masters National 
Champion – Triathlon  
 
Carol Brown 
Olympian – rowing 
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Abigail Buckley* 
Mother of two female 
athletes who have been 
forced to compete 
against males 
 
Mariah Burton 
Nelson 
Former professional 
women’s basketball 
player 
 
Monika Burzynska* 
Current NCAA 
swimmer 
 
Kathy Smith 
Connor* 
Former NCAA athlete 
and mother of 
daughter who 
competed in the 2022 
NCAA Swim 
Championship  
 
Madisan Debos* 
Current NCAA track 
athlete 
 
Courtney DeSoto* 
Mother of a female 
high school track 
athlete 
 
 

Donna de Varona 
Olympic Gold 
Medalist, World 
Record holder 
 
Evie Edwards* 
Cyclist, mother of 
elementary age female 
cyclist 
 
Stephanie Elkins 
Olympian – swimming 
 
Pat Etem 
Olympian – rowing 
 
Dianna Fussner* 
Pro Masters disc golf 
 
Riley Gaines* 
All-American 
swimming, tied Lia 
Thomas in the 200 free 
at the NCAA Swim 
Championships 
 
Shawna Glazier* 
Cyclist, Triathlete 
 
Annie Grevers 
U.S. National Team – 
swimming  
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Reka Gyorgy* 
Olympian – 
swimming, missed 
finals by one placement 
at NCAA Swim 
Championships in the 
500 free where Lia 
Thomas won first place 
 
Rena Hedeman* 
Mother of female 
rowing athlete 
 
Nancy Hogshead-
Makar 
Olympic Gold Medalist 
 
Sarah Hokom* 
World Champion – 
professional disc golf 
 
Lacey John 
Olympic Silver 
Medalist, NCAA 
Woman of the Year 
 
Kim Jones* 
All American – tennis, 
mother of a female 
swimmer 
 
 
 
 
 

Raime Jones* 
Current NCAA athlete 
– swimming, lost a 
finals spot in Ivy 
League 
Championships to Lia 
Thomas 
 
Margot 
Kackzorowski* 
Current NCAA 
swimmer 
 
Ronda Key* 
Disc golf athlete 
 
Samantha 
Keddington* 
Former professional 
disc golf athlete, 
missed payout 
qualification by one 
placement won by a 
male, current coach 
 
Danielle Keen* 
Professional disc golf,  
 
Marshi Kokmeyer 
NCAA Champion – 
swimming  
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Jess Kruchoski* 
Fiancé of female 
athlete who competed 
against a male 
 
Holly LaVasser* 
Cyclist 
 
Donna Lopiano 
6x National 
Champion, Former AD 
University of Texas 
 
Valerie McClain 
Olympian – rowing  
 
Riona C. McCormick 
Current rowing athlete 
 
Cynthia 
Monteleone* 
Masters track athlete, 
mother of female track 
athlete, both of whom 
competed against male 
athletes 
 
Martina Navratilova 
59x Grand Slam 
Tennis Champion 
 
Sarita Nori* 
Mother of female 
rowing athlete  
 

Mary O’Connor 
Olympian – rowing 
 
Keri Olson 
NCAA Champion – 
tennis, mother of 
female athlete  
 
Jan Palchikoff 
Olympian – rowing  
 
Macy Petty* 
Current NCAA athlete 
– volleyball  
 
Mary T. Plant 
Olympian – swimming  
 
Lori Post* 
Mother of NCAA 
female swimmer who 
competed against Lia 
Thomas 
 
Genoa Rossi 
Current NCAA water 
polo athlete, U.S. Jr. 
National Team 
 
Jennifer Sees 
NCAA pole vaulter, 
current high school 
track coach, mother of 
NCAA soccer player 
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Jennifer Sey 
U.S. National 
Champion – 
gymnastics  
 
Jeri Shanteau 
National Champion, 
U.S. National Team 
member – swimming  
 
Sandy Shasby* 
Family member of a 
female athlete 
 
DeNee Shepherd* 
Disc golf athlete 
 
Taylor Silverman* 
Skateboard athlete 
 
Anne Simpson 
Rowing athlete 
 
Summer Sanders 
Olympic Gold Medalist 
 
Lori Stenstrom 
National Champion, 
former American 
Record holder, mother 
of female athletes 
 
 
 
 

Jill Sterkel 
Olympian – 
swimming, former 
University of Texas 
head swim coach 
 
Tracy Sundlan 
5x Olympic coach, 
manager, and 
administrator – track 
and field 
 
Maya Tait* 
NCAA rowing athlete 
 
Leanne Venema* 
Mother of female 
NCAA swimmer 
 
Eric Venema* 
Father of female NCAA 
swimmer 
 
Michelle Venema* 
Aunt of female NCAA 
swimmer 
 
Sue Walsh 
Olympian – 
swimming, coach, 
sports official 
 
Claudia Westholder 
Female athlete, mother 
of female athlete 

Case 4:23-cv-00185-JGZ   Document 92-15   Filed 06/29/23   Page 31 of 32



 vii 

 
Max Wettstein 
Father of U.S. Olympic 
skateboard team 
member 
 
Val Whiting 
National Champion, 
WNBA 
 
Laura Wilkinson 
Olympian and World 
Champion – diving, 
mother of female 
athlete 
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ABSTRACT
Objectives To provide sex- and age-specific normative
values for health-related fitness of 9–17-year-old
Australians.
Methods A systematic literature search was undertaken
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 s amples of apparently 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 tabulated
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 during 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
screening and surveillance systems.

BACKGROUND
Physical fitness is considered to be an important
marker of current and future health in children and
adults.1 In children, cardiovascular fitness is a
weak-to-strong predictor of total and abdominal
adiposity, cardiovascular disease risk factors, cancer
and mental health.1 2 Certain muscular fitness com-
ponents (eg, strength and endurance) are moderate
predictors of cardiovascular disease risk factors,
skeletal health and mental health.1 Meaningful rela-
tionships have also been reported between running
speed (another muscular fitness component) and
skeletal health.3 In adults, cardiovascular fitness is a
strong and independent predictor of all-cause
mortality and cardiovascular disease mortality and
morbidity,4 stroke,5 cancer, mental health,6

health-related quality of life7 and many other cardi-
ometabolic risk factors and comorbidities.8 9

Moreover, physical fitness tracks moderately well
from childhood through to adulthood.10–13 This

evidence highlights the need to include
health-related fitness testing (ie, the testing of
fitness components such as cardiovascular and mus-
cular 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 fitness

require sophisticated laboratory equipment and a
high level of tester expertise, they unfortunately are
not suitable for mass testing. On the other hand,
properly conducted field tests offer simple, feasible,
and practical alternatives, which typically demon-
strate good reliability and validity.2 14–17 In
Australia, unlike in Europe and North America
where standardised test batteries such as the
Eurofit18 or FITNESSGRAM19 are widely adminis-
tered, a number of different field-based fitness tests
and testing protocols have been used over time. For
example, the most popular field test of cardiovascu-
lar 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.20 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 diffi-
cult 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 1985,21 and
with convincing evidence of recent temporal
changes in several components of fitness,22–24 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 considered
important for sporting success.

METHODS
Data sources
A systematic review of the peer-reviewed scientific
literature was undertaken to locate studies report-
ing descriptive summary data on Australian chil-
dren tested for health-related fitness using field
tests. Candidate studies were searched for in
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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: ((((((((((((((((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 eligi-
bility. A number of Australian researchers were contacted

through email 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 measured using field-
based fitness tests for which explicit testing protocols were avail-
able. Studies were excluded if they reported descriptive data
that were published in another identified study. The reference

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

Study Year
Age
(years) N

Raw
data

Sampling
method

Sample
base Protocol

Push-
ups

Sit-
ups

Standing
broad
jump

Basketball
throw

50 m
sprint

Sit-
and-
reach

Hand-
grip

1.6
km
run

20 m
shuttle
run

ACHPER50 1994 9–18 39–104 yes School-based;
stratified,
proportional

State
(VIC)

ACHPER50 • • • • •

Barnett et al51 2007 15–17 21–69 no School-based;
stratified,
random

State
(NSW)

ACHPER50 •

Birchall52 1990 5–12 6–184 yes School-based;
convenience

State
(VIC)

Pyke21 • • • • • •

Booth et al53 1997 9, 11,
13,15

399–634 no School-based;
stratified,
proportional

State
(NSW)

ACHPER50 • • •

Booth et al54 2004 9–15 357–466 no School-based;
stratified,
proportional

State
(NSW)

ACHPER50 •

Burke et al55 2004 10–13 38–117 yes School-based;
stratified,
proportional

Capital
city
(WA)

ACHPER50 •

Cooley and
McNaughton56

1998 11–16 339–636 no School-based;
stratified,
proportional

State
(TAS)

ACHPER50 •

Dollman
et al57

1997 10–12 118–450 yes School-based;
stratified,
proportional

State
(SA)

Pyke21 • • •

Dollman pers.
comm.

2002 11–12 19–154 yes School-based;
stratified,
random

State
(SA)

Pyke21 • •

Dollman, pers.
comm.

2002 8–12 8–389 yes School-based;
stratified,
proportional

State
(SA)

ACHPER50 • •

Pyke21

Hands58 2000 6–12 14–37 yes School-based;
stratified,
random

Capital
city
(WA)

ACHPER50 • • • • • • •

Pyke21

McIntyre,
pers. comm.

2009 10–11 23–44 yes School-based;
stratified,
random

Capital
city
(WA)

ACHPER50 •

McNaughton
et al59

1995 7–10 30–83 no School-based;
stratified,
random

State
(TAS)

Pyke21 • •

Pyke21 1985 7–15 405–497 yes School-based;
stratified,
proportional

National Pyke21 • • • • • • •

Vandongen
et al60

1990 11 485–486 no School-based;
stratified,
random

Capital
city
(WA)

ACHPER50 • •

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
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lists of all included studies were examined and cross-referenced
to identify additional studies. Attempts were made to contact
the corresponding 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 commonly used
fitness tests that were collected using protocols that were origin-
ally described in national or state-based fitness 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 sep-
arate studies. Data for each fitness test were expressed in a
common metric, and protocol differences were corrected where

possible (eg, 20 m shuttle run data were expressed as the
number of completed stages using the correction procedures
described by Tomkinson et al).25 However, if protocol correc-
tion 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 calculated
using a dataset comprising raw data and pseudo data that were
generated using the method described by Tomkinson.24

Normative centile values were generated using LMSChartmaker
Light (v2.3, The Institute of Child Health, London) software,

Figure 1 Flowchart outlining the identification of the included studies.
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which analyses data using the LMS method.26 The LMS method
fits smooth centile curves to reference data by summarising the
changing distribution of three sex- and age-specific curves repre-
senting the skewness (L: expressed as a Box-Cox power), the
median (M) and the coefficient of variation (S). Using penalised
likelihood, the curves can be fitted as cubic splines using non-
linear regression, and the extent of smoothing required can be

expressed in terms of smoothing parameters or equivalent
degrees of freedom.27

For each fitness test, differences in means between: (a) age-
matched Australian boys and girls (eg, 10-year-old boys vs
10-year-old girls); (b) sex-matched Australian children of differ-
ent ages (eg, 10-year-old boys vs 11-year-old boys); and (c) sex-
and age-matched Australian and international children18 28–30

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 (year) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 L M S

Boys
9 750 684 618 578 547 522 499 476 452 423 401 −1.042 521.963 0.183
10 732 666 602 564 535 511 489 469 447 420 400 −1.284 511.053 0.175
11 710 646 585 549 523 500 480 461 441 416 397 −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 −1.987 445.569 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
11 801 741 680 641 611 586 562 539 514 483 460 −0.929 585.820 0.165
12 784 726 666 629 600 575 552 529 505 474 452 −0.921 574.682 0.164
13 771 716 658 621 593 569 546 524 500 469 447 −0.852 568.706 0.163
14 763 711 655 620 592 567 545 523 498 468 445 −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 −0.428 572.723 0.160
17 753 708 658 625 598 575 552 529 504 471 446 −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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 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
11 1 2 3 3 4 4 5 5 6 7 8 0.520 4.131 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 11 0.926 6.527 0.380
16 3 4 5 6 7 7 8 8 9 10 11 1.031 7.159 0.343
17 4 5 6 6 7 8 8 9 10 11 11 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
11 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 completed stage
and as mass-specific peak oxygen uptake estimates (see Tomkinson et al25 for details on how to correct 20 m shuttle run performances to different metrics).
L, skew; M, median; P, percentile; S, coefficient of variation.
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were expressed as standardised effect sizes.31 Positive effect 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 of 0.2, 0.5 and 0.8 were used as thresh-
olds for small, moderate and large.31

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 search-
ing. Corresponding authors of all the studies were 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 compo-
nents and nine fitness tests: cardiovascular endurance (20 m
shuttle run, 1.6 km run), muscular strength (hand-grip), muscu-
lar endurance (push-ups and sit-ups), muscular power (standing
broad jump and basketball throw), muscular speed (50 m sprint)
and flexibility (sit-and-reach). Raw data were available for 74%
of all data points.

Normative fitness data for 9–17-year-old Australians are pre-
sented as tabulated percentiles from 5 to 95 (P5, P10, P20, P30,
P40, P50, P60, P70, P80, P90, P95) in tables 2–10. The sex- and age-

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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 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
11 10.4 10.0 9.6 9.3 9.1 8.9 8.7 8.5 8.3 8.1 7.9 −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 7.9 7.7 −2.446 8.673 0.081
13 9.8 9.4 9.0 8.8 8.6 8.4 8.2 8.1 7.9 7.7 7.5 −2.489 8.377 0.079
14 9.4 9.0 8.7 8.4 8.2 8.1 7.9 7.8 7.6 7.4 7.2 −2.701 8.063 0.076
15 9.0 8.6 8.3 8.1 7.9 7.7 7.6 7.5 7.3 7.1 7.0 −3.021 7.738 0.073

Girls
9 11.7 11.3 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 11.1 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
11 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 7.9 −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 7.8 −1.991 8.787 0.078
14 10.0 9.7 9.3 9.1 8.9 8.7 8.5 8.4 8.2 7.9 7.8 −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 7.9 7.7 −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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 L M S

Boys
9 2.3 2.5 2.7 2.9 3.1 3.3 3.4 3.6 3.8 4.1 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
11 2.8 3.1 3.4 3.6 3.8 4.0 4.2 4.4 4.7 5.0 5.3 0.733 4.026 0.188
12 3.1 3.4 3.8 4.0 4.3 4.5 4.7 4.9 5.2 5.6 5.9 0.792 4.471 0.188
13 3.5 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 4.7 5.0 5.3 5.5 5.8 6.1 6.4 6.9 7.2 0.898 5.522 0.186
15 4.2 4.6 5.0 5.4 5.7 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 7.2 7.7 8.2 0.964 6.254 0.185
17 4.5 4.9 5.5 5.8 6.2 6.5 6.8 7.1 7.5 8.0 8.5 0.966 6.467 0.187

Girls
9 2.1 2.3 2.5 2.7 2.9 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 3.5 3.7 3.8 4.1 4.3 1.024 3.336 0.181
11 2.6 2.8 3.1 3.3 3.5 3.6 3.8 4.0 4.2 4.5 4.7 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 4.7 5.0 5.2 5.6 5.9 0.394 4.557 0.162
17 3.6 3.8 4.1 4.3 4.5 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.
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specific LMS values for all fitness tests are also shown. The LMS
values depict the nature of the age-related distributions for boys
and girls and can be used to calculate z-scores and hence percent-
ile values by looking up a z-table, using the following formula:

z ¼
x
M

� �L � 1

L� S

where z is z score, x is performance, L is sex- and age-specific
L-value, M is the sex- and age-specific M-value and S is the sex-
and age-specific S-value.

Figures 2 and 3 show the smoothed centile curves (P10, P50, P90).
Figure 4 shows the sex-related differences in mean fitness.

Boys consistently scored higher than girls on health-related
fitness tests, except on the sit-and-reach test, with the magnitude
of the differences typically increasing with age and often

accelerating 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 cardiovascu-
lar 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 were gener-
ally 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).

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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 L M S

Boys
9 105 113 121 127 133 138 142 147 153 161 168 1.244 137.506 0.138
10 109 117 126 133 138 143 148 154 160 168 174 1.490 143.430 0.138
11 112 121 131 138 144 149 154 160 166 174 181 1.654 149.322 0.138
12 117 126 137 144 150 156 161 167 173 182 189 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
10 100 108 117 123 128 133 138 143 149 158 165 1.152 133.177 0.147
11 106 114 123 129 135 140 145 151 157 166 173 1.197 140.142 0.145
12 111 118 128 135 140 145 151 156 163 171 179 1.211 145.432 0.142
13 115 123 132 139 145 150 155 161 167 176 183 1.183 150.080 0.138
14 119 127 136 143 148 154 159 164 171 180 187 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 (year) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 L M S

Boys
9 4 6 8 9 11 12 14 15 17 20 22 0.846 12.310 0.452
10 4 6 8 10 11 13 14 16 18 21 23 0.894 12.943 0.447
11 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 11 13 14 16 17 19 22 24 1.020 14.255 0.399
14 6 8 11 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 11 13 16 18 0.652 8.655 0.583
11 2 3 4 6 7 8 9 11 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 11 15 18 0.390 6.384 0.765
15 1 2 3 4 5 6 7 9 11 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.
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DISCUSSION
This study provides the most up-to-date sex- and age-specific
normative centile values for 9–17-year-old Australians across a
range of health-related fitness tests, which can be used as bench-
mark values for health and fitness screening and surveillance of
children. These data complement a growing literature reporting
growth percentiles across a range of different health measures,
such as body mass index,32 waist girth33 and blood pressure,28

and a range of other health-related fitness measures.29 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
et al,34 Krahenbuhl et al35 and Rowland36; for muscular fitness,
refer to Blimkie and Sale,37 Froberg and Lammert38 and De Ste
Croix39). Although the underlying causes of sex- and age-related
differences are clear for some fitness test performances, such as
those for muscular strength, power and speed, which are largely
explained by physical differences (eg, differences in muscle mass

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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 L M S

Boys
9 3 5 8 11 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
11 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 41 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
11 8 11 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 32.123 0.534
13 10 15 21 26 30 34 39 44 50 59 60 0.705 34.408 0.504
14 11 15 22 27 31 35 40 45 50 59 60 0.741 35.334 0.482
15 11 16 22 27 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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 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 22.1 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
11 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 24.5 25.8 27.2 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 27.1 30.3 32.6 34.6 36.5 38.4 40.5 43.0 46.5 49.5 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 14.1 15.2 16.2 17.1 18.0 19.0 20.1 21.8 23.1 0.842 17.072 0.210
11 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 31.1 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.
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or height), they are less clear for others, such as for cardiovascu-
lar endurance, which may be explained by physiological differ-
ences (eg, differences in mechanical efficiency and/or fractional
utilisation).15 36 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,20 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 referenced
in table 1 and described in Appendix 1. Figure 6 also shows typ-
ically small differences in health-related fitness between
Australian and international children. Furthermore, the sex- and
age-related differences in fitness of Australian children are strik-
ingly similar to those observed in international 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 fitness of international
children.

Fitness thresholds for cardiometabolic risk
Fitness is widely recognised as a powerful marker of current and
future cardiovascular, skeletal and mental health. Unfortunately,
there are no universally accepted recommendations for
health-related levels of fitness. In recent years however, sex- and
age-specific threshold values for cardiovascular fitness (operatio-
nalised 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.41–44 To estimate the prevalence of
Australian children with ‘healthy’ cardiovascular fitness (ie,
those above the thresholds), ‘international’ sex- and age-specific
thresholds for 9–17-year-old children were estimated by deter-
mining best-fitting polynomial regression model (quadratic or
cubic) relating age (predictor variable) to previously reported
threshold values (response variable) in Adegboye et al,41 Lobelo
et al,42 Ruiz et al43 and Welk et al.44 Separate models were gen-
erated for boys and girls. Peak oxygen uptake values in
Australian children were estimated using 1.6 km run and 20 m
shuttle run data and the Cureton et al45 and Léger et al46

regression equations, respectively.
Using these thresholds, about 71% of Australian boys

(median ±95% CI: 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,20 22 23 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)29 and US (71% of boys and 69% of girls)42

children. 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.47

Ultimately, it is important to remember that the normative
data presented in this study show how well Australian children
perform on health-related fitness tests relative to their sex- and
age-matched peers. For example, using a percentile classifica-
tion, 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’ fitness; and those

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) P5 P10 P20 P30 P40 P50 P60 P70 P80 P90 P95 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 22.1 23.7 25.5 28.0 30.1 1.190 20.537 0.294
11 9.6 12.1 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 27.1 29.5 32.9 35.7 1.017 23.112 0.332
16 11.1 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 11.7 14.8 18.5 21.2 23.5 25.7 27.9 30.2 33.0 36.8 40.0 0.953 25.686 0.335
girls
9 13.0 15.8 18.9 21.1 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 27.7 29.7 32.4 34.6 1.259 24.402 0.265
11 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 24.1 25.8 27.5 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 27.7 29.5 31.4 33.6 36.5 38.9 1.250 27.740 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 23.7 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 27.9 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 27.4 29.1 30.7 32.5 34.4 37.1 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.
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above the 80th percentile as having ‘very high’ fitness. These
data are not criterion-referenced in that they do not indicate
whether children with ‘very low’ or ‘low’ (or any other classifi-
cation for that matter) have ‘unhealthy’ cardiovascular fitness or
increased cardiometabolic risk. Despite the fact that previous

Australian evidence has linked low childhood cardiovascular
fitness with increased cardiometabolic risk in adulthood,48

future Australian studies are required to examine 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 up-to-date
normative dataset for nine widely administered health-related
fitness tests, using cumulated data from 85347 Australian chil-
dren aged 9–17 years collected between 1985 and 2009. This

Figure 2 Smoothed centile curves (P10, P50 and P90) 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).

Figure 3 Smoothed centile curves (P10, P50 and P90) 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.
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study used a strict set of inclusion and exclusion 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 a novel pseudo-data method
to allow both descriptive and raw data to be merged before
using the LMS method to create sex- and age-specific smoothed
percentiles. It also quantified sex- and age-related differences as

standardised effects sizes, allowing for comparison between
sexes, among different ages, and with sex, age and test-matched
international children.

However, this study is not without limitations. Only one of
the 15 included studies was based on a nationally representative
sample, which obviously raises the issue of representativeness.
Most of the included studies used similar sampling frames

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 (I) 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.

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 (I) 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.
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(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 unrepresentative of the
population, but it should not have affected the sex- and
age-related differences. Fitness data were also collected at differ-
ent times during the 1985–2009 period, and given convincing
evidence of recent temporal declines in some (but not all) com-
ponents of Australian children’s fitness,23 49 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 sug-
gests that these normative data would probably 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 underlying construct
fitness. For example, validity data for field tests of cardiovascu-
lar 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, phys-
ical, biomechanical, psychosocial and environmental factors also
play a part.15 In addition, although criterion-related validity has
not been established for all of the included tests, face validity is
generally accepted.17 Most of the included tests are also consid-
ered to demonstrate good reliability, 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.14

Conclusion
Physical fitness is considered to be an excellent marker of
current 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 spe-
cific fitness characteristics that may be considered important for
sporting success, in the hope of recruiting the high achievers
into elite sporting development programs.
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