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ABSTRACT
Higerd, G. A., Doctor of Education in Sports Management at the United States
Sports Academy: presented December 2020. Title: Assessing the potential transgender
impact on girl champions in American high school track and field. Chair: Dr. Brandon
Spradley.
The intersection of the transgender movement and sport has caught the attention
of average Americans as well as sporting bodies and regulators. The rise in the numbers,
as well as the acceptance of transgender individuals, have accelerated the need to create
modern transgender sport policies. The goal of this research was to assist those seeking to
make informed, evidence-based transgender policy decisions. Accordingly, the purpose of
the study was to:
1. Investigate the underlying basis for post-pubertal sex segregation in sport.
2. Assess the effect of event distance on the performance differences between the sexes.
3. Assess the probability of a girls’ champion being biologically male (46, XY).
The research included a three-question quantitative design investigating the scope
and scale of sex differences in high-school track and field, and the implications of sex
differences on the probability of transgender disruption of the female classification. The
study focused on biologically driven performance differences and the prevalence of
potential female champions (PFCs) (males better than the best female) that may be male
to female (MTF) transgender athletes.
The study investigated roughly one million American high school track and field
performances (N = 920,115) available through the track and field database Athletic.net.
In the sample, 400,929 were female (46, XX) and 519,186 male (46, XY), which
included five states (CA, FL, MN, NY, WA), over three years (2017 – 2019), in eight
events; high jump, long jump, 100M, 200M, 400M, 800M, 1600M, and 3200M.
x

The research first addressed the question: Is there a statistically significant
relationship in the performances of female and male high school track and field athletes?
Second, is there a statistically significant relationship between event distance and the
percentage of males that are superior performers to the best female? Third and finally, is
there a statistically significant probability of one or more 46, XY MTF transgender
individuals being a girls’ champion in an event?
A z-test was used on data from each event to analyze the relationship between sex
and performance. Correlation and regression assessments analyzed the relationship of
event distance and sex, as represented by the percentage of PFCs. A Monte Carlo random
number generation simulation, consisting of 1,110,000 trials through 111 simulations,
compared transgender population estimates and known PFCs in the selected events to
project the theoretical MTF transgender density at the top of the female field.
Results for the first question indicate in each of the eight events the null is
rejected in favor of the alternative hypothesis: There is a statistically significant positive
relationship between performance and being 46, XY (p < .001), with mean differences in
performance by sex ranging from 14% at the low end in the 100M, to 24% at the high
end in the long jump, and the mean difference of all the events is 18% in favor of males.
Additional evaluation of the performance distributions reveals the average male
performance is better than 94%-98% of female performances (top 2%-6% of the female
field). The average female performance is worse than 93%-97% of male performances
(bottom 3%-7% of the male field). Approximately one-third or more (32%-43%) of male
performances fit within the top 1% of female performances.
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Overall the participation was 44% female and 56% male, but the participation gap
varied from 14% to 50% in favor of boys’ dependent on the event, with a strong
correlation (r = .93, p < .001) between participation percentage and distance, showing
girls have higher participation rates in comparison to boys in events that are more
dependent on power and speed, and less participation in a percentage comparison in
events that rely on endurance.
The findings for the second question reveal a moderately positive relationship
when comparing percent PFC and distance (r = .31, p < .001). However, post hoc
analysis of performance alone suggests that there is not a statistically significant
relationship between distance and mean difference in performance (r = -.19, p = .652).
The smallest gap in performance, and average percentage of male PFCs, occurred in the
100M, with larger gaps occurring at 400M and beyond.
The results for the third question indicate that if transgender population density
estimates were true and representative of high school track and field athletes, and if being
transgender was independent, uniformly distributed attribute among the 46, XY sample,
there is a simulated 81%-98% probability of transgender dominance occurring in the
female track and field events. Additionally, in the simulation trials where there was at
least one transgender PFC, there was an average of two to three MTF individuals. Thus,
in the majority of cases, the entire podium (top performers in the state) would be MTF
transgender athletes.
The data provides sufficient and strong evidence to support post-pubertal sex
segregation in sport. It presents insufficient evidence that policies should be tailored by
event distance. Finally, since female sport is an invaluable asset and societal good, the

xii

findings provide critical data for policymakers to make informed, evidence-based
decisions that protect and promote competitive female sport.

xiii

CHAPTER I

INTRODUCTION
Female sports have developed into a vibrant and empowering outlet for millions
of girls, and the rise in opportunities given to girls in America has become a point of
national pride. Recently, however, the intersection of the transgender movement and
female athletics has spawned controversy. The conflict between the transgender
movement and competitive female sport has become a topic on the minds of sporting
bodies big and small.
Presently, transgender sport policy is gaining national attention. Lawsuits and
countersuits are working their way through the courts; championships are being won and
lost by transgender individuals (Randnofsky, 2020). Some states are restricting their laws,
whereas others are liberalizing to become more transgender-inclusive (Tamerler, 2020).
Weighing in on the issue have been diverse voices such as presidential candidates,
prominent feminists, Lesbian Gay Bisexual Transgender Questioning Intersex Asexual
(LGBTQIA+) leaders, evangelical pastors, news outlets, and sports governing bodies
such as the International Olympic Committee (IOC), the National Collegiate Athletic
Association (NCAA), and the National Federation of State High School Associations
(NFHS) (Raff, 2020).
The massive attention on transgender policies in sport is warranted. Transgender
sports policy, at least in theory, has the potential to fundamentally transform female
athletics. Academics and cultural observers suggest that beyond just disrupting the status
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quo, that the transgender moment could, and some contend, “should,” eliminate the
binary of male and female sports (Knox et al., 2019).
A thorough investigation is warranted into the performance aspects of transgender
athletes competing in the female classification. Although the body of evidence
documenting sex differences in the human species is vast, the research applying
differences to sport performance in light of the transgender movement is scant.
Throughout the mass of controversy, the call for more research has come from all sides.
This topic is evolving at a rapid pace, often with policy outpacing the body of evidence
(Coleman, 2017). Credible research is needed that will provide an evidence-based
framework for transgender sport policy—one where the interests of all parties are
evaluated in light of the data. This study is a quantitative evaluation of an estimated one
million high school track and field performances to probe questions related to
biologically driven performance differences and potential consequences of particular
transgender sport policies.
Statement of the Problem
Sports governing bodies exist to foster competition and establish rules of the
contest (Keating, 1973). Competition is possible only if there is at least the appearance of
universal rules applied fairly, theoretically allowing all participants an “opportunity” to
prevail and achieve meaningful competition. Without consistently applied rules of the
game, the resulting institutionalized unfairness becomes an assault on the heart of sport.
The main issue at hand is whether transgender inclusion in female athletics constitutes an
incursion on fair competition.
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Segregation by Sex
Who gets to play is a fundamental question sporting organizations must answer.
Youth sports often restrict participation based on criteria such as age or size. Golf
restricts participation based on earning one’s player card, combat sports and weightlifting
restrict participation based on body weight, and most restrict participation based on sex.
Of the myriad of restrictions, the one that has arisen as controversial, and only as of late,
is sex. The rise of the transgender movement has the sports world, and certainly sporting
organizations, on edge.
Separating the sexes for purposes of sport has a long history. Sex segregated sport
via institutionalized policy, or by natural kinds, or a combination of both, is pervasive.
This binary stretches throughout virtually every sporting endeavor, in every culture on
planet earth, with few exceptions (Harper, 2019). Perhaps it is because of the width and
depth of this categorical distinction that the transgender movement in sport is seen as a
topic of monumental consequence.
From ancient times, the dichotomy of male and female has been ever-present, if
not ever important. Sex distinctions go back to the B.C.E. era and can be seen, to one
extent or another, in every culture that has ever existed (Costa & Guthrie, 1994). Since
the rise of sport in the modern world, highlighted by the reintroduction of the Olympic
Games in 1896, male and female divisions in sport have been on the global stage (“The
women of Sparta,” 2012). Unlike the vast global variance in the interaction between the
sexes seen on an interpersonal and societal basis, sports participation has been
surprisingly uniform in its application of sex distinctions. If anything, the differences in
sex are highlighted and magnified in sports.
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The separation of participants by sex, for purposes of sport competition, was
never controversial in toto. To be sure, there were, and are, controversies over the status
of the separate sex-based category (Jones et al., 2017). For example, valid claims of
females being separate and not equal exist, but few voices have been decrying the very
existence of separate sex-based categories.
Sex has been shown to be such a highly correlated variable to sport performance
that virtually all meaningful competition, everywhere on the globe, has divided
participants on sex (International Olympic Committee, 2017). Assuming that the
existence of a binary male and female sports is a settled issue, and it is but for the most
committed deconstructionists such at Buzuvis (2016) who view “the separation of men’s
and women’s sport itself contributes to the stereotype of female athletic inferiority” (p.
48); the present controversy resides “upon which basis” organizations separate
participants into the two categories of male and female. Sporting bodies seek to align
natural kinds or “like-with-like” to the best of their reason and ability when assigning
categories of competition, and thus they face the question: What should be done, and how
to accommodate transgender individuals who do not identify with the biological sex that
they were embodied with?
The Need for Research
Significant social and societal level structural changes to sports are being
contemplated and undertaken to accommodate transgender athletes. Sports governing
bodies are considering and making policies to address the new and rising occurrence of
transgender athletes in sport, with dramatic discrepancies between institutions. Some
American states have adopted firm interscholastic stances that reserve participation on
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the basis of biological sex, while others with equal conviction and fervor, are basing
participation on gender identity (Raff, 2020).
As the transgender movement is gaining wider acceptance in society, its collision
with the male and female athletic binary is escalating tensions. Passionate advocates are
lined up on all sides of the issue. It seems the one thing all can agree on is that there is a
lack of research on the topic (Anderson, 2018; Jones et al., 2017). Investigations into the
underlying performance differences in the sexes and the implications for transgender
sport policies are desperately needed. This dissertation addresses this research gap.
The study investigates the underlying basis for post-pubertal sex segregation in
sport, the effect of event distance on the performance differences between the sexes, and
assesses the probability of a girls’ champion being biologically 46,XY. This research
provides unique and original findings for a particular population that has not been fully
studied. The resultant data from the hypotheses testing, points to the extent and degree of
the impact of transgender participation on female sport. It can inform governing bodies
who are considering policies that may reshape the sporting world. The study addresses
whether transgender athletes will rise to dominate female athletics, or if their inclusion is
immaterial to the competitive framework of girls’ sports.
Research Questions and Hypotheses
The study is paramountly concerned with biologically driven performance
differences and the prevalence of potential female champions (PFCs) that may be male to
female (MTF) transgender athletes. A PFC is an athlete competing in the male sport
classification whose performance is better than the top female in the event in the state.
For example, if the 20 fastest coed runners in an event were evaluated and the fourth
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fastest athlete is a 46,XX (female) runner, the three 46,XY (male) runners in front of the
46,XX athlete are PFCs.
The primary aim of the study is to investigate the statistical probability of one or
more athletes being both an MTF transgender person and a PFC, in eight selected high
school track and field events, among representative states. The findings are likely to carry
implications for sports policy development and legislative efforts.
Research Questions
1. Is there a statistically significant relationship in the performances of 46,XX (female)
and 46,XY (male) high school track and field athletes, in selected events?
2. Is there a statistically significant relationship between event distance and percentage
of potential female champions?
3. What is the probability of one or more 46,XY potential female champions also being
an MTF transgender individual? P(n[PFC and MTF] > 1).
Hypotheses
Question 1 Hypothesis
H10: There is not a statistically significant relationship in the performance of the 46,XY
and 46,XX high school track and field athletes.
H1a: There is a statistically significant positive relationship between performance and
being 46,XY.
Question 2 Hypothesis
H20: There is not a statistically significant relationship between the percentage of PFCs
and event distance.
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H2a: There is a statistically significant relationship between the percentage of PFCs and
the event distance.
Question 1 utilizes a z-test, with the z-score as the test statistic and a significance
α of .05. This question will help in assessing whether it can be established in the events
selected at the high school level that there is, or is not, a statistically significant difference
in performance between male and female persons. The results will show if the
performance distributions are normally distributed or skewed right or left, along with the
kurtosis for the two sex classes. It will show the standard deviation within female and
male performances and the possible difference between groups. These results assist in
confirming the existence of a statistically significant relationship and bimodal distribution
of sex and performance among the sample.
Question 2 assesses the correlation between event distance and percent PFC with
the test statistic being Pearson’s coefficient r and significance established at r =.5 to 1.0,
or r =.-0.5 to -1.0. The test is non-directional in case there are surprising results that go
against the theory of endurance leveling the playing field. The charts will show how
many 46,XY in each event are PFCs. It will be of interest to know if this PFC percentage
size similar across events.
Question 2 will help in assessing whether shorter events, relying more
predominantly on maximal strength and power (adenosine triphosphate phosphocreatine
[ATP-PC] bioenergetic pathway), have a larger percentage of PFCs than events that rely
on more anaerobic endurance or aerobic capabilities. This question will help illuminate if
there are certain sporting events that are less impacted by a 46,XX and 46,XY difference.
The implications could point to a graded response to transgender inclusion based on
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event distance, rather than blanket application statewide, similar to the International
Association of Athletics Federations (IAAF) (2019) policy governing testosterone
concentrations more vigorously at certain event lengths.
Question 3 will consist of a Monte Carlo simulation asking what is the probability
of one or more 46,XY PFCs in a state, in an event, also being an MTF transgender
individual. The researcher conducted 10,000 random number simulations per event, per
state (111 total) to assess the probability that 46,XY athletes could be the state female
champions in the events selected in a given year: P(n[PFC and MTF] > 1).
Presumably, Americans may differ significantly on what they deem an acceptable
probability on the question of transgender champions. However, this study’s strength will
not be in its satisfaction or non-satisfaction of an arbitrary significance of statistical
probability; its strength and value to the scientific community will be in its illumination
of the probability by using such a vast dataset. A statistically high probability has
implications for restricting participation in the female category to 46,XX persons only;
ensuring females win and are able to take part in meaningful competition. An
insignificant statistical result could be instructive in that it would support keeping and
expanding more transgender-inclusive policies that have unrestricted access to the female
classification.
Definitions of Terms
Writing for Accuracy and Clarity in a Changing Field
In light of the transgender movement, extensive elaboration on definitional terms
is needed. Rapid cultural changes have progressed at an exponential pace. The shift in
culture has accompanied a linguistic revolution. Linguistics intersecting with the
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transgender movement is so much at the forefront of the cultural conversation that
Merriam-Webster declared the singular “they” as its 2019 word of the year (Word of the
year 2019, n.d.). The acronym device LGBTQIA+ continues to grow increasingly long.
In light of the rapid changes, further explanation is needed in the researcher’s attempt to
be both non-antagonistic and accurate.
One could be excused if they are struggling to keep up with the latest LGBTQIA+
vernacular. For example, if one were to embrace the full logic and language of the
transgender movement, the following are true as of 2020: NCAA policy allows for a
women’s soccer team to be made up of one hundred percent persons labeled men
(NCAA, 2011); an athlete that can be simultaneously labeled a man, and yet the women’s
national champion; the women’s Division III hammer throw record holder is identified as
a man (Harper, 2019). To many, a rising number of women need to be screened for
testicular cancer, and an increasing amount of men have birthed a child (Hattenstone,
2019). To any other generation in human history, the reader likely would have significant
difficulty comprehending preceding sentences such as these. Some such as Anderson
(2018) reject this progression from historical norms.
Given the current environment, the researcher must make some linguistic
decisions for the sake of scientific accuracy and clarity; for the sake of effective
communication and understanding. Navigating the progressive and sometimes
contradictory taxonomy and definitions is not an easy task. In exploring this topic, the
researcher will attempt to definitively and effectively identify persons while trying to
reasonably avoid controversy and scorn from either side of the transgender movement.
Operational Definitions
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46,XY– A human being with the genetic karyotype of 46 paired chromosomes with XY
distinctions. Normal function characterized by testicular gonads, if not removed, that
contribute to male development, especially in puberty—historically known as a boy, man,
and male.
46,XX– A human being with the genetic karyotype of 46 paired chromosomes with XX
distinctions. Normal function characterized by ovaries that contribute to female
development, especially in puberty—historically known as a girl, woman, and female.
Cross Sex Hormone Therapy (CSHT) – hormonal interventions that are intended to
inhibit the natural hormonal production and response of an individual, and artificially
replicate, to some extent, the hormonal status of the opposite/desired sex.
Disorders of sexual development (DSD) – A variety of chromosomal and developmental
conditions that affect the normal sexual and/or hormonal expression and development.
Often referred to as “differences” of sexual development to avoid inferring the potentially
negative connotation that the individual is disordered.
Female champion – The top official 46,XX performance in a given event, in a given
state, in a given year. This performance need not have been accomplished in the finals of
the state championship, hence they may not be officially recognized in the record books
as state champion.
Female to male (FTM) – A 46,XX individual who has a transgender man/boy gender
identity. Understanding that the term could more accurately be “woman to man” rather
than “female to male” for coherence; but due to the acceptance in the literature, the
researcher will sacrifice accuracy and coherence for familiarity.

11
Gender – “The behavioral, cultural, or psychological traits typically associated with one
sex…the external expression of sexual status as male or female” (Merriam-Webster,
n.d.). “The attitudes, feelings, and behaviors that a given culture associates with a
person’s biological sex” (APA, 2019, p. 138).
Gender identity – The subjective identification of one’s gender.
Intersex – A catchall term typically associated with disorders of sexual development
(DSD). Sometimes presents in an individual possessing an external phenotype that is
incongruous to their hormonal production. A prominent population that is usually
conflated into the transgender discussion of sport, especially given prominent decisions
by the Court of Arbitration for Sport (CAS) and the International Olympic Committee
(IOC). Most notably different than a transgender person in that they are typically raised
as a gender from birth that may be in opposition to their hormonal function, rather than
the typical self-identification of transgender individuals.
Male to female (MTF) – A 46,XY individual who has a transgender woman/girl gender
identity.
Misgender – Using vocabulary, especially pronouns, to describe someone that does not
reflect the gender identity of the individual. Misgendering is technically about gender, but
like most things in the transgender movement, in practice, it conflates sex and gender.
For example, it would typically be frowned upon to say someone is a female man or a
male woman, even if the statement was definitionally true.
Normal – Conforming to the standard or common type; usual; free from disease or
malformation, or from experimental therapy or manipulation.
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Non-binary – A variety of terms to identify an individual whose gender identity
fluctuates between male and female, both, or neither. A spectrum of gender identities that
are outside the gender binary and not exclusively male or female (e.g., Genderfluid,
Bigender, Agender, Pangender, Third Gender, Genderqueer, Two-Spirit).
Potential female champion (PFC) – A 46,XY athlete who had a performance in a given
event, in a given state, in a given year, that was greater than the female (girls’
classification) champion.
Sex – The status of being biologically male or female; normally expressed with congruent
genitalia, hormone, and reproductive capacity.
Transgender – An individual who ascribes to a gender identity that is counter to their
biological sex.
+ – A symbol to indicate an ever-expansive list of gender, sexuality, lifestyles, and
identities.
Conflating Gender and Sex
The researcher will seek to avoid conflating “gender” and “sex.” Most definition
sections in the field of gender and sexuality begin by declaring that gender is the sense
that one has of being a man or woman, and that sex is a status assigned at birth, annotated
as male or female, and that the two are not exclusive. Paradoxically, it is exceedingly
common in academia, especially in the hard sciences, to conflate the two throughout the
literature. When data describes “men” on average being taller, “women” going through
menopause, “boys” beginning puberty typically after “girls,” researchers are conflating
gender and sex (Round et al., 1999). Frequently, articles that begin with defining gender
as a social construct, go on to violate that definition and conflate sex in gender in their
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work. As gender typically is defined as a social construct or internal identification of
being male or female, if the standard definitions hold, it implies that there could be male
women and female men.
Notably, the American Psychological Association (2020) definitionally separates
sex and gender, but it then seems to endorse conflating the terms. E.g., “use specific
nouns to identify people or groups of people…use ‘male’ and ‘female’ as adjectives,” but
“in general, avoid using ‘males’ and ‘females’ as nouns; instead use ‘men’ and ‘women’”
(p. 139).
Difficulty with Non-binary and Gender-fluidity
Gender-fluidity is the notion that gender is a spectrum rather than fixed positions,
and that individuals reside anywhere along the spectrum from fully man/masculine to
fully woman/feminine or anywhere in between, and with no fixed position. In effect, the
individual alone is the only one competent to know where they are on the spectrum at any
one time. Someone could be far along the man/male spectrum at one moment, walk into
another room, and be fully woman/female. If this logic is embraced, it is problematic to
even use the terms cisgender, transgender, etc., as they only apply definitively to the past,
rather than the present or the future.
The rise of transgender and non-binary identification poses questions as to when it
is ever appropriate to assume one’s gender. Headlines such as “police looking for man,”
or “women’s body found” are presumptuous, as gender requires direct interrogation of
the individual. The man who won the race last weekend could be the woman who won
the race today. Adding to the difficulty is the fact that bodily appearance is not a relevant
factor in gender. According to this worldview, a woman may be a lumberjack with a
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flowing beard, and the Victoria’s Secret model may be a man; accordingly, following this
logic, activists claim, “the best and only fair way to determine if someone is male or
female is to ask them” (Buzuvis, 2016, p. 47). Philosophically and taken to its logical
conclusion, the non-binary worldview disarms from ever making pronouncements on
man or women, unless it was about oneself (personal pronoun) or if it had been
immediately preceded by a first-hand proclamation of the identity by another. Even this
would run the risk of misgendering someone who changed identities since the last known
proclamation.
Difficulties with Chronological Reflections of Gender
The researcher, when using pronouns, will refer to a person in the pronoun of the
time period of reference, rather than retroactive application. For example, the researcher
will not suggest “she,” Caitlyn Jenner, was the world’s greatest athlete in 1976, setting a
world record in the decathlon. Because by linguistic extension, if Jenner were a woman in
the year 1976, Jenner would be, athletically speaking, the greatest women’s athlete in
world history (Litsky, 1976).
Difficulty with Personal Pronouns
Personal pronouns such as they, ze, zir, xe, hir, per, ve, ey, hen, etc., have recently
found their way into academic literature. The APA Publication Manual (2020) states,
“use ‘they’ as a generic third-person singular pronoun to refer to a person whose gender
is unknown” (p. 120). (Yet the APA has a separate standard for animals, one in which sex
determines pronoun usage). To avoid misgendering someone, a very real threat in the era
of gender fluidity, as shown above, the researcher seeks to avoid using personal pronouns
altogether where possible. When gender, sex, and pronouns are used, it will be used to
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refer to the classical historical understanding of gender and sex as interchangeable or in
terms that the sports organizations themselves use, such as “girls” and “boys” for
American high school track and field. All other uses of he or she, man or woman, boy or
girl, male or female, are good-faith assumptions of the researcher and not intended to
offend or misgender.
Delimitations on Taxonomy
Since gender for many has become an objectively meaningless and biologically
undefinable reality in many circles, the researcher will attempt to abide by sex, biological
sex, or physiology, for the identification of subjects to the greatest extent possible. The
researcher will use the standard of forensic anthropologists, that is, experts who are called
upon to make post-mortem determinations of sex. These experienced experts can quickly
and routinely assess sex by examining anthropometric traits alone (Langley & Dudzik,
2016). In such an evaluation, the gender identity of the individual under examination is
inconsequential to the determination of male or female. However, although it would be
scientifically accurate to make distinctions between gender and sex, in practice, it has the
potential to agitate animosity. Therefore, in light of the controversy and with accuracy in
mind, for the most part, the researcher will use 46,XY and 46,XX, where historically one
would place male/man/boy and female/woman/girl.
Scope of the Study
The study examines an estimated one million American high school track and
field athlete performances (N = 920,115). Slightly more performances from the 46,XY
category are observed (n = 519,186 vs. 400,929), similar to the greater male participation
observed nationwide as shown in available participation data (National Federation of
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State High School Associations, 2019). The performances are assessed from five states,
using eight events, over a three-year period (2017, 2018, and 2019).
Data was extracted from official results tracked through a paid subscription to
athletic.net®. Official results posted from athletic.net require that they are uploaded from
the meet host, and must report all places, all events, all participants, and all marks of that
meet. Results were filtered by fully automatic time (FAT) only, over the course of the
three outdoor seasons, 2017, 2018, and 2019, in the following eight high school track and
field events: high jump; long jump; 100 meters; 200 meters; 400 meters; 800 meters;
1600 meters; 3200 meters. The subjects originate from five states representative of five
regions of the United States: Northwest; West; Midwest; Northeast; Southeast. The states
selected are: California; Florida; Minnesota; New York; Washington.
Each state selected has both a high number of participants and are “fully
inclusive” (i.e., not requiring any hormonal or biological interventions for 46,XY persons
to compete in the female classification). The states selected have a high number of track
and field participants (among the largest in their region).
Delimitations
The researcher made multiple delimitations as to the level, event type, state, and
other pertinent characteristics of the population under consideration.
Level Selection
The researcher chose subjects in American high schools, with the rationale that
high school sports are integral to the fabric of American life. It is at the high school level
that serves a point of contention for policymakers throughout the nation. Many watch the
Olympic/elite level of sport and appreciate the controversies with transgender, intersex,
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and doping athletes. However, whereas the elite level is followed in a voyeuristic manner,
high school sports occur in the local neighborhood. High school sports are the
competition ground for the masses and have implications for millions of young people
and their families; therefore, an important population to study.
Event Selection
Measurements of validity and reliability are critical to the scientific method. This
is why the researcher chose track and field events. Their standardization in
measurements, timing, and results are well suited to post-hoc data analysis. The
researcher selected the eight events because they progress from high-force, short-work
durations, in a linear direction toward lower-force and longer-work durations of
performance. It has been demonstrated that certain events have a lower divergence of
performance in the sexes, and the IOC has adopted hormone rules that are restrictive for
certain events and not for others (IAAF, 2019). The researcher wanted to know whether
such policies would be supported by the data at the high school level.
The researcher chose the specific events because of their status as “meter” and
“seconds” sports. As such, they are subject to a direct comparison between the sexes.
Sports such as basketball, soccer, and wrestling are examples of sports where sex
certainly contributes to performance, yet the nature of those sports limits direct scientific
comparison between the sexes. Some meter sports such as shot put, javelin, and discus
would be exceptionally valid to determine upper body differences in the sexes, but the
throwing instrument weight difference makes direct comparisons difficult. Other sports
such as weightlifting and powerlifting are similarly difficult to compare because of their
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differential weight classes. A comparison of these events requires advanced weight
classification modeling that is beyond the scope of this study.
State Selection
The researcher is deciding to investigate states that are important to the discussion
of transgender sport policy. The selected states contain a valid population of tens, and
even hundreds of thousands, of participants in both female and male categories. The
researcher chose to select states that currently had very progressive transgender policies
that have little or no transgender restrictions.
Regional differences may influence sports participation. The Williams study
reflects a state and regional difference in terms of transgender identification (Herman et
al., 2017). Therefore, trying to capture regional performance differences is important, as
it will strengthen the study and hold national implications for the findings. Not all states
have the same impact. Some are more significant than others to the national climate. The
researcher selected the states in their respective regions that arguably have the greatest
impact on high school athletics. The states selected are regional heavyweights.
Year Selection
Another decision the researcher is making is to investigate three years. Outliers,
by definition, can confound the data analysis. The researcher chose multiple years to
strengthen the study’s findings. By taking the mean of three years, there is less of a risk
of an outlier affecting the data set. If one of the states studied happened to have an
exceptionally dominant 46,XX performer, it is unlikely that the athlete’s dominance
would persist over the course of three years; the inclusion of that time dilutes her outlier
performances.
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Additional Delimitations
Accessing valid data is critical to any research project, and this is no exception.
The researcher chose the data resource company athletic.net for the data because of its
status as a trusted authority, has national standards for data reporting, and processes for
minimizing and correcting data errors. This source has the additional benefit as an easily
accessible data source and shall allow for future researchers seeking to replicate or
expand upon the study’s findings.
The researcher chose Question 1, in regards to a significant difference between
46,XY and 46,XX persons athletically related physiological attributes, because it will
establish if there is a scientifically verifiable difference between 46,XY and 46,XX
persons. The existing evidence would suggest that there will be a difference, but this
study will be enlightening by showing the extent of the difference in this particular
population.
FTM transgender athletes are not the focal population in this study. Without
hormonal intervention, there is limited controversy or disruption of sporting
competitiveness of boys’ athletics. FTM transgender persons on CSHT who are
experiencing and anabolic steroid performance boost are still deemed as not acquiring a
benefit that would make their participation as unfair (NCAA, 2011). In other words, the
fastest 46,XX runners could be utilizing CSHT to acquire an anabolic steroid effect, yet
they would still not be deemed as possessing an unfair advantage over 46,XY athletes.
The research avoids a particular focus on persons with disorders of sexual
development. Recent high-profile cases at the elite level have involved DSD persons,
rather than transgender athletes. However, the rules emplaced to address DSD persons
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with hormonal restrictions are applied uniformly and, therefore, relevant to both
populations. The question of DSD athlete participation is important and relevant, yet
more nuanced and complex, as there are dozens of DSDs that manifest, some affecting
XX and other XY persons. Some XY persons could have ambiguous genitalia or female
phenotype so that, by no decision of their own, are raised female. The fairness of these
persons should be considered elsewhere as a recent women’s world championship 800
meters podium consisted of three athletes with DSDs (Harper, 2019).
Finally, the researcher will choose to largely avoid the question of hormonal
interventions to blunt 46,XY advantage. Elite and collegiate competition requires
hormonal interventions for a period of time in order for a 46,XY person could join the
female classification. Other researchers are studying if these are valid criteria to protect
fairness in female sports (Coleman, 2017). This study is not focused on whether hormone
rules appropriately eliminate the advantage that 46,XY persons, who have gone through
male puberty, possess.
Use of the Monte Carlo Simulation
The selection of the Monte Carlo simulation was deemed a good fit for estimating
the probability of the hypothetical population of MTF PFCs.
The Monte Carlo method is defined as representing the solution of a problem as a
parameter of a hypothetical population, and using a random sequence of numbers
to construct a sample of the population, from which statistical estimates of the
parameter can be obtained. (Lund, 1981, p. 1)
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Limitations
There are several limitations of this study. One limitation is that it is dependent on
the Herman et al. (2017) Williams Institute at the University of California at Los Angeles
report on transgender population numbers being accurate (or understated). If the true
transgender population is less than estimated by the Williams Institute, then the
probability of transgender champions in the findings would be reduced. Similarly, if
transgender numbers prognosticated in the Williams report are unrepresentative of the
transgender athlete populations, the strength of the findings will be diminished.
Another limitation of the study is that it fails to consider the male upper body
performance advantage. Most team sports, which includes that vast majority of high
school athletes, are dependent to some degree on the contribution of the upper body. This
study’s exclusive reliance on lower body dominant events likely will mitigate the
difference in 46,XX and 46,XY performance, since the gap in upper body performance in
the sexes is greater than the gap in lower body performances (Sandbakk et al., 2018).
A potential limitation is that some girl champions may, unbeknownst to the
researcher, be a 46,XY MTF transgender person or have a DSD that confers a material
athletic advantage. This limitation is mitigated by no known public controversy in the
events in each of the states regarding DSD or transgender persons, and the three-year
scope has a buffering effect on such occurrences.
Assumptions
The researcher assumes several things about the data. The first is that the official
data inputted into the data site are accurate and correct and that the results were from
track meets that adhered to all applicable rules, regulations, and measurement protocols.
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The researcher assumes a number of notions about the transgender population.
First, the research assumes that the number of transgender athletes statistically mirrors
the number of similarly aged transgender young adults in the given state. Second, the
researcher assumes that the transgender population distribution between accomplished
athletes, represented as PFCs, and poorly performing athletes are the same. The
researcher also assumes that being a PFC is independent of being MTF. Finally, the
researcher assumes that being transgender has some sense of permanency, and hence the
athlete would not be a transgender athlete one day and a non-transgender participant the
next. This assumption, by nature, fails to account for gender diverse persons (i.e., nonbinary, two-spirit, gender non-conforming, questioning, etc.).
Significance of the Study
At a critical time where local, state, and national governing bodies are considering
transgender policies and the cultural conversation over the issue is high and contentious,
the need for objective data on the subject is great. Even as emotional and philosophical
argumentation play a role in policymaking, the establishment of facts through rigorous
scientific inquiry is critical to informed, evidence-based decisions. This study will be
significant in that it seeks to answer if and to what extent 46,XY persons differ from
46,XX persons at the high-school level, in lower body dominant track and field events.
There has not been a study of similar scope and scale regarding the transgender
movement that has such a direct relationship to American high-school athletics.
This study is significant to the world of sports management if it both does, or does
not, affirm the alternate hypotheses. Findings that produce a failure to reject the null, are
just as important as findings of statistical significance. Significant findings would have

23
critical implications for protecting the girls’ sporting classification for the sake of
competitive fairness and meaningful competition. Conversely, if the alternative
hypotheses are not supported by the evidence, sports governing bodies would not be able
to use performance as the sole rationality for limiting the girls’ category to 46,XX
persons only.

CHAPTER II

REVIEW OF LITERATURE
Virtually all competitive sport is segregated based on sex. This literature review
will explore the body of evidence and arguments for having such a system. The
transgender movement presents a challenge to the sports organizations and legislators
who oversee the rules, regulations, and laws that keep the sexes in a segregated posture.
It is critical to evaluate the claims of those in the exercise physiology field as to
the nature and scope of sex differences. The central justification for segregation is to
provide an equal opportunity to those in the female classification to experience
meaningful competition and opportunities for success. The review will evaluate
anatomical and physiological evidence of sex differences that are pertinent to athletic
performance.
Since the equality statute Title IX has been so monumental in the American sports
world, it is important to review its origin and effect. The review traces the origin of the
law through the subsequent interpretations and to the current status of Title IX.
A work on transgender policy, would not be complete without reviewing the
transgender movement in general and its relation to sport in particular. This review
includes the philosophical positions of the various parties and questions of fairness and
inclusion. These aspects will affect how policy will shape the future of sport.
The review is arranged in five parts. Part I will review the literature regarding
innate differences in biology and sex differentiation. It begins with human development
and the emerging osteological, body mass, cardiorespiratory, metabolic, and nervous
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system differences following the onset of puberty; and documents strength, power and
athletic performance differences along with the role of testosterone. Part II will review
the equality statute of Title IX and its relation to American sport, including a review of
the law’s origins, regulations, and subsequent interpretations. Part III will review the
transgender movement in America, to include several philosophical views on gender and
sex. The section looks at key historical developments in the movement, along with the
recent assessments of the status of the transgender population in America. Part IV will
review issues related to policy-making regarding the transgender movement. It reviews
the various arguments for and against transgender inclusion in the female classification,
along with the varying approaches to policy development, and it will look at current
policies and recent developments that will influence future policymakers. Finally, Part V
will briefly review the Monte Carlo simulation as a method for determining probabilities.
Part I: Innate Differences in Biology and Sex Differentiation
Advances in the fields of genetics, endocrinology, urology, epidemiology,
taxonomy, physiology, and others, have produced an unprecedented body of evidence
regarding sex and sex differentiation. A thorough discussion of transgender athlete policy
must include the observation of biology and physiology.
Early Human Development
As Carlson (2018) notes, upon the conjoining of the sperm from the male and the
egg from the female, new life has been created. Every new human life is a genetically
unique being with differences in the sexes appearing at the earliest stage of human
development. The human being, at this point, has a DNA genetic composition that is
unique amongst the billions of other humans that are living and have ever lived. Normal
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chromosomal destiny at this point is either 46, XX or 46, XY. In atypical cases, genetic
mutations influence the normal expression of this dichotomous destiny, but these are rare
(Kousta et al., 2010).
The human body consists of cells with the nucleus in the center of each cell.
Within cells are the chromosomes that serve as structures for human genes. These genes
determine human traits. For example, over 3,000 genes affect how skeletal muscle is
expressed (Haizlip et al., 2015). Furthermore, differences between male and female
humans are driven by gene expression. Carlson (2018) explains that the typical number of
chromosomes in each cell of the body is 23 pairs for a total of 46 chromosomes; half
inherited from the father and half from the mother. Chromosome pairs are numbered
from 1 to 22, and dependent on its structure, the 23rd pair is labeled X or Y. These are
also known as the sex chromosomes, because of their determination of male or female.
Males have one X and one Y chromosome, whereas females have two X chromosomes.
A full image of all 46 paired chromosomes is known as a karyotype. Normal karyotype
for a female is 46, XX, and for a male is 46, XY.
Disorders of Sex Development
Variations of the 46, XY and 46, XX binary appear through gene mutation. These
are natural, extremely rare, conditions of sexual development, labeled disorders of sex
development (DSD), that add a layer of complexity to the male and female binary. DSDs
are now understood to indicate a condition of disharmony between chromosomal,
gonadal, and anatomical sex (Wisniewski & Mazur, 2009). Recently revised
nomenclature reflect a better understanding of genetic advances and reverse gender-based
diagnostic labels. Since 2006, and driven in part by the Lawson Wilkins Pediatric
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Endocrine Society and the European Society for Pediatric Endocrinology, the term
intersex has become DSD; hermaphrodite has become ovotesticular DSD; XX Male is
now 46, XX testicular DSD; female psudohermaphrodite is now 46, XX DSD (Kousta et
al., 2010).
Many DSDs have negative effects on health and athletic performance potential.
Klinefelter’s syndrome involves two X and one Y chromosome. Turner’s syndrome
involves one X, and Mosaicism is a mixture of cells with XX/XY or X/XY
chromosomes. These DSDs of a chromosomal nature, for the most part, are not seen as
producing a sports performance advantage. Conversely, androgen excess DSDs, or
ovotesticular DSDs, can result in external female genital phenotype, but male virilization,
a response to endogenous testosterone; a likely athletic advantage over normal females
(Tucker & Collins, 2010).
46, XY DSDs are rare conditions where genetic abnormalities affects testosterone
and dihydrotestosterone (DHT) or tissue and cellular responses to androgens. The two
most notable conditions are 5-alpha reductase deficiency, type 2 (5ARD2) and androgen
insensitivity syndrome (AIS) (Wisniewski & Mazur, 2009; Clark et al., 2019). Often
these DSDs result in ambiguous genitalia and misidentification at birth. 5ARD2, for
example, occurs when a 46, XY individual fails to develop initial male characteristics
such as a penis, but does develop male analogous musculature because of normal male
levels of testosterone.
Abnormal conditions that can occur in both 46, XX and 46, XY persons. The
conditions polycystic ovary syndrome (PCOS) and congenital adrenal hyperplasia (CAH)
occur in 46, XX persons with the most common CAH being 21-hydroxylase deficiency
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(21OHD) (Clark et al., 2019). CAH involves the adrenal glands producing excessive
amounts of testosterone in females. These persons are genetically female and lack male
sex organs but develop secondary male sex characteristics, which may help performance
(Tucker & Collins, 2010). Bermon et al. (2014) found the incidence of elite female
competitors with a DSD were 7.1 in 1,000 versus 1 in 20,000 in the general public; a 140
times difference/overrepresentation, suggesting some DSDs have an ergogenic effect that
may impact the competitive landscape of female athletics.
Prepubescent Sex Differences
Athletic performance of males and females begins to diverge in childhood and
eventually reaches a vast bimodal divergence through puberty. The general consensus is
that there is no prepubescent performance advantage for either sex (Dore et al., 2005;
Round et al., 1999; Sandbakk et al., 2018). However, there are some reported
prepubescent differences.
Dore et al., (2005) report observing coordination superiority in cycling efficiency
as early as age 10; before the onset of testosterone. Temfemo et al. (2009), who found
that boys had significantly less body fat than girls prior to puberty. In evaluating
swimming performance, Senefeld et al., (2019) found in their sample, prior to age 10, the
top five 46, XX children were faster (3%), than 46, XY children. The top five 46, XX
children demonstrated faster swimming velocities, and the 10th-50th place 46, XX
children demonstrated similar swimming velocities as 46,XY youth until around age 10.
After age 10, however, 46, XY children demonstrated increasingly faster swimming
velocities than 46, XX children.
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In investigating world records from age 5 to 19 in boys and girls, Handelsman et
al. (2017) report 46, XY children were found to have a relatively small 3% prepubescent
advantage; despite having the same testosterone counts. Between 11 and 13-years old, 46,
XY children began experiencing an influx of circulating testosterone, correlating to a
widening performance gap. The onset of sex differences in swimming events was at 11.4
years old and reached mid-puberty, the time when half the ultimate difference had
occurred, at 12.8 years old. In running, the start of difference occurred at 12.4 years old
and reached midway at 13.9 years. The authors also report that the shorter the event, the
greater and earlier the divergence. This phenomenon seems to affirm the fact that 46, XY
persons, with the assistance of testosterone, develop more Type II fibers that are
invaluable in short, powerful events.
A classic longitudinal study from Round et al. (1999) shows linear increases that
were similar in both sexes up till puberty, at which time the 46, XY children increase in
strength quickly outpaces their 46, XX counterparts. Their study had virtually zero
overlap in the biceps strength scores; the weakest 46, XY child in the sample at 16, was
stronger than the strongest 46, XX child at that age. This finding is similar to those of
Sandbakk et al. (2018), when evaluating world-record performances in children.
Researchers of the timing of the gender divergence attribute it to the rise in
testosterone with the onset of male puberty (Clark et al., 2019; Handelsman, 2017;
Handelsman et al., 2018; Sandbakk et al., 2018). Round et al. (1999) summarizes the
prepubescent performance development and difference; “for the girls, development of
strength is proportional to the general increase in height and weight, while for the boys
there is an additional factor that can be fully explained by the term testosterone” (p 56).
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Anthropometric Differences Following the Onset of Puberty
The onset of puberty, with testosterone acting as a stimulator, human secondary
sex characteristics pertinent to athletic performance diverge between 46, XY and 46, XX
persons significantly. This section will explore the underlying sex differences in factors
such as osteological, mass and body composition, muscle type and size, and metabolic
function and capacity.
Sex-specific changes are induced by circulating levels of hormones, including;
testosterone, estrogen, progesterone, luteinizing hormone, follicle-stimulating hormone,
and growth hormone (Sandbakk et al., 2018). Through the process of puberty, 46, XY
individuals on average possess larger size, lower body fat, increased aerobic and
anaerobic metabolism, more hemoglobin, more blood, larger hearts that produce higher
stroke volume, greater cardiac output and VO₂max, and superior neuromuscular
adaptation (Dore et al., 2005).
Osteological Differences
There is a difference in skeletal system structure of 46, XY and 46, XX persons
that manifest in puberty. 46, XY individuals have a distinctively greater bone size and
density than do 46, XX persons of the same age. Sex differences in bone are absent prior
to puberty, but following the onset of puberty diverge markedly (Almeida et al., 2017;
Dore et al., 2005; Handelsman et al., 2018; Jones et al., 2016; Staron et al., 2000).
Temfemo et al. (2009) and Dore et al. (2005) report significant gender differences in
height from 14 years old on in favor of 46, XY adolescents.
Handelsman et al. (2018) report 46, XY persons have stronger, longer, and denser
bones. 46, XX individuals have an earlier onset of puberty, triggering a growth spurt and
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an earlier growth plate fusion than 46, XY persons, contributing to a smaller stature. As a
consequence, on average, 46, XY persons are 7% to 8% taller, and 46,XX humerus crosssectional areas are 65% to 75% and femur 85% of those of 46,XY persons. Bone size and
mass present a performance advantage when longer and stronger bones contribute to
superior fulcrum force and power. In addition to presenting a force advantage in
explosive, power dominant activities such as jumping, sprinting, throwing, and striking;
stronger bones help in injury susceptibility in lower force activities, with 46, XX athletes
having more serious and frequent stress fractures (Handelsman et al., 2018; Moreira &
Bilezikian, 2017).
Certain sex-differentiated bone structures affect kinematic abilities. The pelvic Qangle is the vector that represents the direction of force placed on the patellar tendon with
the quadriceps muscles. 46, XX individuals have a greater Q-angle stemming from a
widening of the 46, XX pelvis in puberty. This wider angle negatively affects athletic
performance as it reduces the force of knee extension. Therefore, 46, XY and 46, XX
individuals with identical musculature and height will not be able to generate the same
performance results in this kinematic function (Fischer & Mitteroecker, 2017).
Additionally, 46, XX and 46, XY persons have different elbow carrying angles, a product
of the ulna and humerus not being in a straight line, contributing to yet another kinematic
advantage for 46, XY persons (Handelsman et al., 2018).
Body Mass Differences
Reporting on anthropomorphic characteristics shows that 46, XY persons are
heavier, have more fat-free mass (FFM), and less body fat (14.8% vs. 23.3%) when
compared to females (Jones et al., 2016). 46, XX muscle mass is generally 25% to 40%
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less than 46, XY individuals, and 46, XY persons have relatively more muscle mass
located in the upper body (Sandbakk et al., 2018). Janssen et al. (2000) reported that the
skeletal-muscle mass of 46, XY persons is 36% greater than 46, XX persons with 40%
and 33% differences in the upper and lower body, respectively. Temfemo et al. (2009)
report no sex difference was found for lean body mass from 11 and 12 years, but from
13-16 years, there was a higher value in 46, XY children (43.6kg versus 40.0kg or 9% at
age 13; 51.2kg versus 44.1kg or 15% at age 16).
Muscle Type and Size
Haizlip et al. (2015) report key differences between 46, XY and 46, XX muscle
are driven by gene expression. Muscles are distinguished by fiber type. Fibers are
generally divided into two types; Type I, (slow-twitch), and Type II (fast-twitch). Type II
contributes to superior explosive power and speed, whereas Type I contribute to greater
endurance capabilities and are slower to fatigue, smaller, and less strong.
Welle et al. (2008), Staron et al. (2000), and Haizlip et al. (2015) report 46, XX
persons have a greater ratio of Type I muscle fiber mass to Type II. 46, XY persons have
a higher rate of protein synthesis per muscle fiber leading to greater protein mass per
fiber. 46, XY individuals had greater lean muscle mass, less body fat, and a larger crosssectional area of every fiber type. The 46, XY’s distribution of fiber type showed far
more of the powerful fast-twitch Type II fibers and a higher percentage of these fibers.
They further conclude, even for the slow-twitch Type I fibers, the 46, XY person’s crosssectional areas of each fiber were bigger than 46,XX persons, and therefore, more
effective for work output. In agreement with these findings, Haizlip et al. (2015) showed
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46, XY Type I fibers were 19% bigger and Type IIA and Type IIX fibers were 59% and
66% bigger than their 46, XX counterparts.
Cardiorespiratory System Differences
Blood and Hemoglobin. Blood accomplishes the two critical functions of
transporting oxygen from the lungs to the tissues of the body and removing carbon
dioxide from the tissues. 46, XY persons have more blood volume on average than 46,
XX individuals (Lundgren et al., 2015). Hemoglobin, carried by red blood cells, is an
iron-protein molecule responsible for oxygen transport (Haff & Triplett, 2015).
Circulating hemoglobin levels are, on average, are 12% higher in 46, XY than 46, XX
persons (Murphy, 2014). Handelsman et al. (2018) estimate that this advantage will
produce an average maximal oxygen transfer of ~10% greater in 46, XY persons, directly
impacting athletic performance: “To put this into context, any drug that achieved such
increases in hemoglobin would be prohibited in sports for blood doping” (p. 817).
Sandbakk et al. (2018) report that while most of the sex differences in cardiac and
blood parameters are equalized when normalized for body size, the concentration of
hemoglobin in remains markedly lower in 46, XX individuals than in 46, XY persons
(12–16 versus 14–18 g/100 mL).
Heart, Stroke Volume, and Cardiac Output. On average 46, XY persons have
greater heart size and left ventricular mass critical to blood volume circulation than 46,
XX persons; contributing to greater cardiac-output and higher VO2max (Foryst-Ludwig
& Kintscher, 2013). Cardiac-output being a product of stroke rate and stroke volume.
Lundgren et al. (2015) indicate no sex difference in maximal heart rate (stroke rate);
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therefore, the cardiac-output discrepancies are explained by greater stroke volume of
larger 46, XY hearts.
Lung Capacity. 46, XY persons have, on average, superior pulmonary function to
46,XX persons. Sex difference in pulmonary function is largely explained due to 46, XY
persons on average being bigger and taller, which is a strong predictor of lung capacity
and function (Handelsman et al., 2018). Townsend et al. (2012) report the difference in
lungs appears early during adolescence; where 46, XY individuals generate higher
respiratory pressures than 46, XX persons at all lung volumes, and even 1-year old to 10year old 46,XY persons have higher peak expiratory flow (maximum speed of expiration)
than 46,XX persons, and higher airway conductance (amount of air reaching the alveoli
per unit of time per unit of pressure).
VO₂ max. VO₂max (maximal oxygen uptake) is considered the most valid
measurement of aerobic endurance. In the general population, VO₂max differs between
46, XX and 46, XY persons by ∼50% in absolute terms (L/min) and by 20% to 30%
when normalized to body mass (mL · min–1 · kg–1) (Pate & Kriska, 1984). In trained
athletes, a 15% to 20% difference in this value relative to body mass among equally
talented and well-trained 46, XY and 46, XX athletes appear. The highest body-massnormalized VO₂max values reported (among cross country skiers) are ∼90 and ∼75 mL
·min–1 · kg–1 for 46, XY and 46, XX persons, respectively (Sandbakk et al., 2016). For
46, XY distance runners and cyclists, values in the range of 70 to 85 mL ·min–1 · kg–1
are frequently seen, in 46, XY persons and 46, XX values ∼10% to 15% lower are
typically reported (Joyner & Coyle, 2008; Sandbakk, 2018).
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Nervous System Differences
There appear to be early neural advantages of 46, XY persons. Dore et al. (2005)
report optimal velocity in cycling efficiency favoring 46, XY over 46, XX persons, seen
as early as age 10. Sandbakk et al. (2018) report a sex difference in children running
events; there was a pre-pubertal difference of 3%, suggesting additional factors apart
from testosterone contribute to a 46, XY athletic advantage.
Haizlip et al. (2015) reported that muscle contractility, that is, the speed of muscle
contractions, was significantly higher in maximal rate of force generation in 46, XY
versus 46, XX persons. Jones et al. (2016) found that men produced a significantly higher
average power per kg of fat-free mass (FFM). Meaning, FFM by itself fails to explain all
the sex differences in power. The study found that when normalized to FFM, power was
higher across all lifts in 46, XY persons.
Central nervous system differences in the sexes are not yet fully explained, but
researchers such as Levine et al. (2016) report significant differences in spatial thinking
and spatial skills favoring 46, XY individuals, researchers are exploring the underlying
mechanism of such a difference.
Psychological Differences
There appear to be sex-related psychological differences that affect athlete
performance. 46, XX runners have been shown to pace themselves more evenly than 46,
XY persons (Sandbakk et al., 2018). Speechley et al. (1996) found that 46, XX persons
could sustain higher speeds during the second half of a race, when comparing 46, XY
runners of equal levels of running performance. Trubee et al. (2014) report as race
temperatures increase, differences in pacing widens with 46, XX runners being more
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conservative under such conditions. Sandbakk et al. (2018) further reports, sex difference
in pacing appears to involve psychological factors such as decision making and level of
competitiveness. Oglas and Masters (2003) also found that 46, XY distance runners are
more competitive than their 46, XX peers. This finding was in agreement with Deaner et
al. (2015) who found in addition to a competitive difference, 46, XY runners take more
risks.
Genetics Versus Training
Performance-related genes have been extensively studied, attempting to quantify
contributions to performance and the performance gap between nature (intrinsic) and
nurture (extrinsic) factors. Rankinen et al. (2010) found the most significant known
genetic traits that contribute to elite performance are sex, height, skeletal muscle, and
VO2max. Researchers Tucker and Carlson (2012) determined sex was the number one
genetic contributor to elite performance, “is a key predictor of absolute levels of
performance, and is the most fundamental biological characteristic where genes influence
performance” (p. 557).
The 30-year review from the HERITAGE (health, risk factors, exercise training,
genetics) study by MacArthur and North (2005) suggest that extrinsic factors such as
training and nutrition are indispensable to success, but insufficient to account for elite
performance. Genetic heritability (including sex) contributed from 20% to 70% of the
conditions linked to elite performance.
Strength and Power Development Differences
It is well established that 46, XY persons on average have significantly greater
strength and power in comparison to their 46, XX counterparts (Handlesman, 2017;
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Handelsman et al., 2018; Sandbakk et al., 2018). 46, XY and 46, XX persons develop
strength in adolescence noticeably different. Temfemo et al. (2009) suggest a rise in
testosterone levels in 46, XY persons induces a selective hypertrophy of Type II muscle
fibers. Jones et al. (2016), controlling for lean muscle mass, found males had greater
strength (1.3 times) in the deadlift and more power per kg of FFM. In agreement, PerezGomez et al. (2008) report males have greater absolute and relative muscle mass,
strength, power, and greater peak acceleration. Even after normalization for fat mass,
controlling for FFM, the differences in strength and power remain.
In trained individuals in the deadlift exercise, findings from Jones et al. (2016)
showed that 46, XY lifters produced higher average and peak power across all tests, in
absolute terms. Their numbers were roughly twice what the 46, XX persons were (197.8+
46.3 vs. 100.0 + 18.4). Likewise, 46, XY lifters produced more than twice the power of
46, XX counterparts (698 + 36 Watts vs 336 + 36 Watts). The study’s main conclusion
was that 46, XY persons produce greater peak and average power that is driven by
superior muscle mass and the strength that it produces. Agreeing with these findings,
Thomas et al. (2007) found significantly greater power outputs in 46, XY persons
performing both upper and lower body exercises across a variety of loads.
Temfemo et al. (2009) studied over 500 boys and girls aged 11 to 16 years and
found that for all jumping/power events, the measures of 46, XY children were
significantly higher. Significant differences are observed from age 14 on that the
researchers attribute to the increase in leg length and leg muscle volume. Similarly, Dore
et al. (2005) found for girls, power increased from age 10 through 16-18 years old and
then plateaued, and there was a significant sex-related difference in power from 13 years
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onward in power. The authors attribute the difference to muscle dimensions, muscle fiber
type, anaerobic metabolism, and neuromuscular adaptation.
Testosterone Differences
Testosterone is a powerful anabolic androgen. Sex difference in athletic
performance coincides with rising testosterone concentrations in male puberty, resulting
in 46, XY persons having 15- to 20-times greater circulating testosterone than 46, XX
persons. This wide, bimodal testosterone difference and the clear dose-response
relationships between testosterone and mass, strength, hemoglobin etc., largely account
for the sex differences in athletic performance (Handelsman et al., 2018).
Round et al. (1999) conclude that for females, quadriceps strength increases in
proportion to their general increase in height and weight, whereas the 46, XY’s stark
gains are due to the rapid rise in the testosterone concentrations. Clark et al. (2019) report
healthy/normal male and female testosterone levels are dimorphic/distinct with zero
overlap. The normal range for 46, XY individuals was 8.8 to 30.9 nmol/L, versus 0.4 to
2.0 nmol/L in females, meaning the low end of the 46, XY range, was four or five times
as great as the 46, XX range. Persons with DSDs, such as 46, XY DSD have a
median/mean range of 13.4 to 31.2 nmol/L, those with AIS have 11.9 to 55.7 nmol/L, and
testosterone in 46, XX females with PCOS is 0.34-5.5 nmol/L; higher than normal 46,
XX persons, but less than normal 46, XY levels.
Testosterone’s Correlation with Performance
Recent developments in doping testing at the elite levels has led to the creation of
a longitudinal individualized biomarker profile called the Athlete Biological Passport
(ABP). In addition to anti-doping evaluation, the ABP provides one of the best study
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samples of elite athletes for scientific purposes. Bermon et al. (2014) used the ABP blood
samples from the 2011 World Championships to study serum testosterone levels in elite
female athletes. They found that power athletes (throwers, sprinters, and jumpers)
showed a significantly higher testosterone concentration than long-distance athletes. They
established that the upper end of the normal range (99th percentile) for females was 3.09
nmol/L, significantly lower than the previously arbitrarily established 10 nmol/L allowed
by the International Association of Athletics Federations (IAAF) (now known as World
Athletics). Based in part on this data, World Athletics lowered the threshold to 5 nmol/L
in 2019 (Harper, 2019).
A timely and consequential study by Bermon and Garnier (2017) was used to
uphold the World Athletics policy on hyperandrogenism before the Court of Arbitration
for Sports (CAS). Their study sample of over 2,100 female athletes at the 2011 and 2013
track and field IAAF World Championships showed a significant correlation with
testosterone and performance in multiple female events. Their conclusions show a
significant advantage to having higher testosterone in the 400m, 400m hurdles, 800m,
hammer, and pole vault. Further research is needed to replicate the findings on a
longitudinal basis, particularly because it fails to explain why certain events would not be
included, such as power-dominant events, like the shot put, or the 200m and 100m
sprints.
Additionally, Bermon and Garnier (2017) report androgen concentrations did
affect performance in females, but not in males. Male sprinters showed higher
testosterone concentrations than the other male athletes. Interestingly and
counterintuitively, throwers showed lower testosterone than other male athletes. Within
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males, testosterone concentrations failed to have a statistically significant impact on
performance on the whole.
Following an extensive systematic review, researchers Handelsman et al. (2018)
report the appropriateness of lowering of the IAAF testosterone threshold to 5nmol/L.
The nonoverlapping, bimodal testosterone distribution and its dose-response relationship
to muscle mass, strength, and athletic performance suggest that circulating testosterone is
a valid and appropriate eligibility criterion for female sports participation. They argue the
limit at 5 nmol/L is high enough that it gives allowance to 46, XX persons with PCOH to
compete without suppressing their testosterone. However, given that the incidence of
PCOH in elite female athletes is greater than 100 times higher than the general
population, further monitoring and study are needed.
Bermon et al. (2014) report 46, XX athletes using oral contraceptives (OC) had
significantly lower androgen numbers, confirming the proposed usage of OC to bring
testosterone numbers down to the normal female range. An elite athlete sample reports
14.5% of 46, XX persons using OC compared to a much higher number of around 47% in
the general population, suggests that female athletes seek to keep maximum androgen
concentrations.
Testosterone Supplementation Via CSHT
Cross-sex hormone therapy (CSHT) involves the introduction of exogenous
hormones such as testosterone into the body. Haizlip et al. (2015) report testosterone
supplementation causes increases in muscle mass, fiber cross-sectional area, increased
strength, and decreased body fat in human subjects. Handelsman et al. (2018) report
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exogenous testosterone replicates the effects of endogenous testosterone on every
reproductive and nonreproductive organ or tissue, with the sole exception of the testis.
Establishing a dose-response relationship with testosterone and performance is
important and critical if testosterone concentration is to be the criterion for exclusion in
transgender sport policy. A review by Velho et al. (2017) found that the non-athlete FTM
transgender patients increased body mass index (BMI) by 1.3% to 11.4%, FFM by 8.5%
to 12.3%, hemoglobin by 4.5% to 12.5%, and hematocrit by 4.4% to 17.6% with CSHT.
However, they report anabolic steroids, such as the commonly used testosterone
undecanoate, do not come without risks; adverse effects such as hypertension,
erythrocytosis, joint and muscle pain, and hair loss occur in 50% of patients.
In a large population review, Klaver et al. (2017) documented CSHT in both FTM
and MTF persons and compared body weight, body fat percentage, and lean body mass.
Their findings show an increase in body weight for both MTF and FTM persons
undergoing treatment: 1.8kg and 1.7kg, respectively. The non-athlete MTF persons had
an increase in body fat 3.5kg or 25%, whereas the FTM individuals lost body fat of 2.6kg
or 10.5%. FFM decreased by 2.4kg in MTF persons and increased 3.9kg in FTM persons.
When comparing FFM, following 12 months of MTF CSHT (primarily cyproterone
acetate) and FTM CSHT, there was still zero overlap in lean body mass. In other words, a
hypothetical male taking testosterone blockers will still on average, have an advantage in
lean muscle over 46, XX persons; even 46, XX persons that have been taking anabolic
steroids for a year. The findings indicate that FTM athletes are likely no risk to the
competitive makeup of the male category of sport; even while taking anabolic steroids.
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Joanna Harper (2015), a transgender athlete and researcher who has been an
expert witness in front of the CAS on behalf of limiting access to the female category,
believes that CSHT for one year is sufficient to limit the 46, XY performance advantage
to an acceptable level of competitiveness in sport. In support of this hypothesis is
Harper’s (2015) study that included a very small sample (N=8) of fellow MTF
recreational runners who self-reported their recollection of times pre- and post-treatment
in recreational running races. Results showed a similar age group comparison posttreatment, now in the female category. The findings have yet to be supported by
corroborating controlled, longitudinal trials.
Gooren and Bunck (2004) findings confirm significantly higher muscle area in 46,
XY individuals than in 46, XX individuals prior to CSHT, even though some overlap in
the distributions do occur. They report that even after one year of hormone treatment, a
46, XY MTF person still had significantly more muscle area than an untreated 46, XX
individual, and although androgen suppression in MTFs increases the muscular overlap
with 46, XX persons, the difference remains significantly greater following three years of
CSHT. The treated MTF muscle area was 271cm2 versus a 46, XX area of 238.8cm2,
which amounts to substantial potential performance advantage.
In Wiik et al. (2020) in one of the few longitudinal assessments of CSHT on
transgender persons found that following 12 months of CSHT, MTF individuals
maintained their strength levels, and only decreased their muscle volume by 5% and CSA
by 4%. This study had a N = 12 of untrained MTF individuals.
Advantage Independent of Testosterone. Klaver et al. (2017) suggest FFM still
remains vastly greater than 46, XX persons following CSHT. Temfemo et al. (2009)
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found power differences in 46, XY and 46, XX persons were due to the superior in leg
length and leg muscle volume of males; and Jones et al. (2016) showed that 46, XY
persons produced significantly greater averages of power per kg of lean muscle mass (10
watts/ kg of FFM compared to 7 watts/kg of FFM for 46,XX); and Perez-Gomez et al.
(2008) in agreement report males have greater absolute and relative muscle mass,
strength, power, and greater peak acceleration; even after controlling for fat-free mass,
the differences in strength and power remain. MTF athletes will, on average, have a
significant advantage in power and strength; regardless of treatment. Thus, the question
remains whether or not an MTF transgender person could fairly compete with a 46, XX
person in athletic competition.
The evidence suggests that post-pubertal MTF transgender persons do not
sacrifice their athletic advantage simply by lowering their testosterone concentrations.
Unexplained benefits of male virilization need to be further researched, but what is
known builds a strong case that there is advantage independent of testosterone once an
individual has gone through 46, XY puberty.
Post-Pubescent Athletic Performance Differences
Physiological differences in the sexes matter in so much as they contribute to
athletic performance differences in the competitive framework of sport. The following is
a summary of the differences in performance terms.
Following the unfolding of Title IX, there were, and are, those who view sex
differences as a result of disparate treatment and sex stereotypes, and would eventually be
eradicated (Jones et al., 2017). This view theorized that, like the classroom, eventually
sports could also be gender-blind (Coleman et al., 2020).
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In an investigation into performance gaps and their historical context, MillardStafford et al. (2018) investigated performance differences in individual sports since
1972, when the Title IX legislation transformed female participation rates. Data from
U.S. Olympic trials from 1968 to 2016 show an initial narrowing of performance in both
swimming and running. However, following the steep curve of the 1970s, the
performance gaps have effectively stabilized from the 1980s on. From 1972 to 1980, the
male/female performance gap closed by 2% in swimming and 5% in running, but failed
to close from that point onward to 2016. Currently, they report performance gaps of 13%
existing in running and 8% in swimming. The steady plateau in the performance gaps
over the most recent 40-years suggests a stable model for evaluating sex differences in
sport.
Kinematic factors and event distance are contributing factors to the performance
difference in 46, XY versus 46, XX athletics. Sandbakk et al. (2018) in a comprehensive
review of world record performances, report a gap of 8% to 12% with significant
variation due to kinematic factors and event distance.
Handelsman (2017) reports that towards the end of adolescence, males have a
quite massive 10% advantage in running and 19.3% in jumping. Sandbakk et al. (2018)
report sprint events that last 10-60 seconds have been stable since 2005 with a difference
of approximately 10-12%. Senefeld et al., (2019) report the sex difference in performance
at age 18 was larger for swimming sprint events (9.6%; 50-200m) than endurance events
(7.1%; 400-1500m), but others such as Sandbakk et al. (2018) and Millard-Stafford et al.
(2018) report the smallest performance gap in running occurs in the shortest distance, the
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100m sprint. Similar to this trend in running, Sandbakk et al. (2018) report speed-skating
and short track cycling sex differences increase with distance.
Upper body dominant events of kayaking and canoeing and double-poling crosscountry skiing report the greatest performance gaps of up to 23% (Handelsman, 2017;
Sandbakk et al., 2018). At short distances, these events show the biggest gaps of any
sports, suggesting that the more reliant the event is on upper body power, the greater the
gap. Hegge et al. (2015) report after normalization of power differences for lean upperbody mass during poling by cross-country skiers, performance gaps up to 30% remained.
The narrowest gaps in sex performance, in some cases less than 5%, are in ultraendurance swimming (Handelsman, 2017; Sandbakk et al., 2018). Sandbakk et al. (2018)
and Millard-Stafford et al. (2018) find that the largest performance gap between the sexes
in swimming occurs in the shortest distance, the 50m sprint.
The 9% to 13% sex difference in track and field running events, may not seem
like a vast difference to some, but as Tucker and Collins (2010) note, the female world
record holder in the 400m would not place in the top 400 male performances in that event
in any given year. As an additional illustration, the female world record holder in the
100-meter sprint (10.49 seconds) would not even make the 93-man qualifying field
(10.39 cutoff) in America’s 2019 NCAA Division I outdoor track and field
championships (NCAA Division I Outdoor qualifying, n.d.).
To put the performance gaps into context amongst the competitive spaces, the
winning margin (the difference in performance by which a competitor misses a gold
medal, any medal, or making the final), in elite track or swimming events during the last
three Olympics is less than 1% in both male and female events (Handelsman et al., 2018).
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Summary of Sex Differences
To summarize the points in Part I, 46, XX and 46, XY persons are different from
the moment of conception. This difference manifests in two distinct versions of the same
species. The versions are so different in terms of athletic performance, that 46, XX
persons would have virtually no chance to compete, much less win, against a field of
competitive 46, XY athletes. Most of the difference occurs in conjunction with male
puberty and the production of testosterone. The effects of 46, XY maturation during these
years results in being taller, bigger, stronger, faster, amongst other anthropomorphic,
metabolic, and physiological advantages. Once the gains are made through puberty, many
advantages such as denser and larger bones, larger heart and lungs, and greater numbers
of Type II muscle fibers, they are a permanent fixture of the person. Even vastly more
lean muscle mass, which can be reduced (but not reversed) through CSHT, will still be
far more than 46, XX persons, on average. Transgender persons who developed into
mature 46, XY persons, and later seek to participate with 46, XX athletes are, on average,
at a scientifically verifiable advantage.
Part II: Title IX and American Sport
Historical Review of Title IX
In the last 40 years, female involvement has been the area with perhaps the most
profound and visible impact in American sports. Title IX is the most significant piece of
legislation regarding American sports (Anderson et al., 2006). It is credited for changing
the landscape of female opportunities in athletics. The central theme of equality in The
Declaration of Independence instigated the revolution that formed our nation, and Title
IX was written and adopted in keeping with that ideal of equality (McAffee, 2001).
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The figures show more than 3,000,000 girls now participate in high school
athletics, and over 250,000 college women play sports. In 1972 there were only roughly
300,000 high school girl athletes and less than 32,000 college women athletes (National
Federation of State High School Associations, 2019). Girls today have many
opportunities to compete in a vast array of sports at the high school and collegiate level;
before 1972 that was not the case. From 1981 to 1999 alone, the total number of women’s
intercollegiate sports teams increased from 5,695 to 9,479 (Kennedy, 2010).
Origins of Title IX
Title IX was brought about in the aftermath of the 1960s and early 1970s social
and moral revolutions that were taking place. Along with social changes, came an
awareness of female disparities in educational settings and a recognition that inequities in
the education system were detrimental to females in education. Title IX was an attempt to
end discrimination based on sex in education and ensure that the government promoted
the Constitution’s ethic of equality to all persons.
In 1972, President Richard Nixon signed into law a series of amendments to the
United States Code, and in doing so filled a gap that was left by Title VII of the 1964
Civil Rights Act (Coleman et al., 2020). In 37 words, Title IX of the Education
Amendments, Section 901 (1972) states: “No 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.” Because federal funds are linked to student aid programs, federal grants, and
the like, nearly every educational institution would be subject to its demands. In effect,
this was a mandate placed on the entire nation.
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The language of Title IX in its 37 words is and was non-controversial. Title IX
was passed with unanimous congressional approval. It is simple and lacks language
typically viewed as contentious or divisive. However, those 37 words seem to be about
the only thing lawmakers have been able to agree on (Kennedy, 2010). The simplicity
was a unifying aspect but perhaps one of its enduring weaknesses. In the midst of rising
confusion in the wake of its passing, Congress tried to act, but as more specificity
emerged, it could not reach political consensus to pass any significant clarifying
legislation. What was intended to be simple, has been complex and controversial. In turn,
the courts, institutions, and individuals have struggled to accomplish the ideals set out by
Title IX. The goal of equal opportunities, when placed into the real world of budgets,
personnel, equipment, admissions, etc. quickly was shown to be lacking in details and
guidance (Anderson et al., 2006).
Given the lack of guidance, Title IX has been strongly shaped by the executive
branch. When the 1975 regulations, intended to clarify issues, came to a vote, Congress
failed to act, leading to a precedent of Title IX regulation and policy via executive action
(Leahy, 1997). Since the 1972 vote, there have been hundreds of pages of regulations,
multiple clarifications, interpretations, and even commissions by administration officials
who have effectively cultivated the 37 words into an expansive labyrinth of guidance
encompassing athletics, sexual misconduct, staffing, and more (Anderson & Cheslock,
2004).
Subsequent Interpretations and Regulations for Compliance
Under the Title IX umbrella are a litany of items including education, athletics,
sexual orientation, gender identity, and sexual misconduct; items that have been deemed
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law, yet do not carry the weight of the legislative process. The original language of the
statute made no mention of athletics or sexual assault, arguably the two most current
citations of the law. It seems clear from the floor and chamber discussions that these
issues were not on the minds of the original signators, and only mentioned twice in
passing by Indiana Senator Birch Bayh; once regarding privacy and athletic facilities in
1972, and once noting that Title IX will not require gender-blended football teams
(Cozzillio et al., 2007).
The 1975 regulations were the first time that athletics were mentioned explicitly.
Part 106 of the OCR regulations stated that a recipient of federal funds shall provide
“equal athletic opportunities for both sexes” (OCR, 1975, para. 106.41). The regulation
gave a number of factors to help determine compliance. In a first, it asked whether the
availability of sports and levels of completion effectively accommodate the interests and
abilities of members of both sexes (Leahy, 1997). This interests and abilities factor was
ambiguous in its application, which led to confusion and lawsuits in the years
immediately following the guidance. In the three years alone following 1975, there were
over 100 reported claims of discrimination delivered to the HEW (Hatlevig, 2005).
Needing to clarify guidance for institutions and with a Congress unwilling to take
action, the administration looked to the newly created Office of Civil Rights (OCR) for
answers. In response, the OCR published its December 11, 1979, guidance that became
known as the Intercollegiate Athletics Policy Interpretation (OCR, 1979). This
interpretation attempted to resolve many of the questions and uncertainty faced by
schools. The policy was intended to be a manual by which Title IX in intercollegiate
athletics could be more objectively measured for compliance. The three areas of
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emphasis that the policy covered were; (a) scholarship opportunities in college athletics;
(b) benefits and opportunity equality; and (c) fulfillment of interests and abilities of
students. Midway down the 10,000-word policy was the heart of the guidance to address
interest and abilities. What was described was a three-pronged criterion that eventually
would become known as the three-part test. The three-part test involved the following:
1. Whether intercollegiate level participation opportunities for male and
female students are provided in numbers substantially proportionate to
their respective enrollments; or
2. Where the members of one sex have been and are underrepresented
among intercollegiate athletes, whether the institution can show a history
and continuing practice of program expansion which is demonstrably
responsive to the developing interest and abilities of the members of that
sex; or
3. Where the members of one sex are underrepresented among
intercollegiate athletes, and the institution cannot show a continuing
practice of program expansion such as that cited above, whether it can be
demonstrated that the interests and abilities of the members of that sex
have been fully and effectively accommodated by the present program.
(OCR, 1979, p. 12)
The three-part test has become the most prominent enforcement mechanism and
guidance for the equality of the sexes in athletics. Part one of the test, known as the
substantial proportionality part, motivates most institutional attempts at compliance. The
second and third part are used to prove compliance should the first be insufficient. Part
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one is known to be the preferred option due to its “safe harbor” provision. Due to the
subjective nature of part two and part three, there is an incentive to satisfy part one
outright (Hatlevig, 2005). This predominant view, has had an unintended negative effect
on non-revenue mens’ sports by transforming the anti-discrimination statute into “an
affirmative action law that mandates gender quotas” (Ganzi, 2004, p. 543).
Given ongoing confusion, especially concerning satisfaction of part two and three
of the three-part test, further guidance continued to shape the application of the law. The
OCR published further guidance in 1990 to attempt to address some of the issues in what
it titled, The Title IX Athletics Investigator’s Manual (Bonnette & Daniel, 1990). The
manual was another way to trying to clarify compliance in an age of compliance by the
devastating contraction of male non-revenue sports (Hatlevig, 2005; Ganzi, 2004;
Anderson & Cheslock, 2004; Anderson et al., 2006). The manual seemed to try to stop
the losses in male athletics by disapproving of quotas, but it paradoxically offered mirror
percentages of male and female students as the ideal (Bonnette & Daniel, 1990). Many
were left uncertain and unsatisfied with the ambiguous subjective nature of the policy
that remained.
With continued uncertainty over the years, the OCR published further guidance in
1996 titled, Clarification of intercollegiate athletics policy guidance: The three-part test
(1996). This policy guidance sought to eliminate quotas in the application of the threepart test. It specified that eliminating mens’ teams were not advised and provided some
choices for the schools in compliance. At this stage, the imbalance of women and mens’
non-revenue teams had swung dramatically in favor of women over men (NCAA, 2013).
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The new century brought with continued uncertainty about the subjective nature
of the three-pronged test, prompting the publishing of Further clarification of
intercollegiate athletics policy guidance regarding the Title IX compliance (2003). This
guidance was prompted by a bipartisan 2002 Congressional commission that was formed
to identify Title IX problems and find solutions. Despite the exhaustive work of the
commission, which produced a number of constructive reforms, the findings were
rejected before they were even officially presented. In an election year, the Secretary of
Education preempted the report saying that he would reject any finding not unanimously
supported. Therefore, what was produced was continued commitment to the three-part
test and the subjectivity of the second two parts (Anderson & Cheslock, 2006).
Since Title IX is more a functionary of executive action rather than signed
legislation, it is highly dependent on the political climate at the time. The Bush
administration issued guidance in 2005 that emphasized the use of part-three. It did so in
support of interests who were concerned about the status of male non-revenue sports. In a
more counter move, the Obama administration reversed and rescinded the part three
guidance in 2010 in favor of part one (Kimmel, 2015).
Perhaps in the most consequential move for the transgender movement, President
Obama’s Department of Education issued transformative Title IX guidance known as a
Dear Colleague letter. The guidance, for the first time in this presidential context,
established that the government should interpret “sex discrimination” to include claims
based on gender identity. However, the landmark change was short-lived, as President
Trump in 2017, withdrew and rescinded the Dear Colleague guidance (American Bar
Association, 2018).
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The Sports Exception to Title IX
Even though Title IX is structurally a non-discrimination rule that is neutral, the
regulatory structure has presented sex-affirmative exceptions. The Supreme Court
currently “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”
(Coleman et al., 2020, p. 79). In short, segregation by sex is currently admissible, even
though it, by nature, discriminates. In the following Part V, the researcher will review
why recent developments in the courts place this understanding in question.
Part III: Transgender Developments in America
Transgender Basics and Population Estimates
Although there have been gender-diverse persons throughout history, dating back
even to ancient times, as documented by Harper (2019), the transgender movement
reached a tipping point of visibility and cultural acceptance only very recently. Evidence
of mainstream adoption of transgender logic change can be seen throughout society. At
its most basic level:
transgender is an umbrella term that incorporates differences in gender identity
wherein one’s assigned biological sex doesn’t match their felt identity. This
umbrella term includes persons who do not feel they fit into a dichotomous sex
structure through which they are identified as male or female. Individuals in this
category may feel as if they are in the wrong gender, but this perception may or
may not correlate with a desire for surgical or hormonal reassignment. (Meier &
Labuski, 2013)
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In the most widely cited attempt to quantify the population of transgender
persons, The Williams Institute at UCLA’s School of Law estimates that 1.4 million
transgender persons live in the United States (0.58% of the population) (Flores et al.,
2016). This estimate is twice the amount that Gates (2011) reported. This number is
expected to double again by 2030 because of the dramatic rise in persons identifying as
transgender. Young Americans are increasingly comfortable being transgender, and “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” (Coleman et al., 2020, p. 115).
Findings from Flores et al. (2016) and Herman et al. (2017) show that younger
age groups are more likely to identify as transgender. Wilson and Kastanis (2015) report
an estimated 1.3% to 3.2% of youth are transgender. Herman et al. (2017) reports 0.7% of
13 to 17-year olds are transgender. Johns et al. (2019 reports 1.8% high school students
identify as transgender when sampling 10 states and 9 large urban areas. The researcher
will use the Herman et al. (2017) numbers when investigating research question three of
this dissertation. For the states considered in the study the population the estimates are:
California, 0.85%; Florida, 0.78%; Minnesota, 0.85%; New York, 0.79%; Washington,
0.70% (pp. 4-5).
Competing Gender Worldviews
There is an ontological/metaphysical debate as to what it means to be a gendered
human being. Generally, there are two different worldviews on the subject. The first is an
ontological, objective view of being, and the second is an autonomous, subjective
worldview.
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The Binary/Objective View
The binary/objective view generally holds that gender is an objective assignment
that it is inseparable and complementarian with sex. Those that hold to this view, see sex
as integral to whether one is a man or woman. A prominent proponent of this view is one
of the greatest tennis stars of all time, Martina Navratilova. As a gay rights activist,
Navratilova has been a recipient of the National Equality Award from the Human Rights
Campaign. Navratilova ignited controversy with a 2019 op-ed in The Sunday Times of
London, among which was said:
a man can decide to be female, take hormones if required by whatever sporting
organization is concerned, win everything in sight and perhaps earn a small
fortune, and then reverse his decision and go back to making babies if he so
desires. It’s insane and it’s cheating. (Navratilova, 2019, p. 23)
Famed author of the Harry Potter series, J.K. Rowling likewise drew controversy
by supporting the objective philosophical belief, among which has said, “If sex isn’t real,
there’s no same-sex attraction. If sex isn’t real, the lived reality of women globally is
erased” (Miller & Yasharoff, 2020, para. 3). In an extensive essay, Rowling (2020)
writes, “[Woman] is not a costume. ‘Woman’ is not an idea in a man’s head. ‘Woman’ is
not a pink brain, a liking for [high heels] or any of the other sexist ideas now somehow
touted as progressive” (para. 29).
Rawling and Navratilova have been labeled Trans-Exclusionary Radical
Feminists (TERFs), a term embraced by some, but interpreted as derogatory or a slur by
others such as Rowling (Miller & Yasharoff, 2020).
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The objective view has brought together some unusual coalitions of otherwise
ideological enemies. Self-described “radical feminists,” such as Fair Play for Women in
the United Kingdom, and The Women’s Liberation Front in the U.S., who among other
things, seek to “dismantle the gender-caste system” have been partnering with
conservatives, including Christian pro-family organizations such as the Family Policy
Alliance, to promote the objective view in policy (Woman’s Liberation Front, n.d.;
Schmidt, 2020).
The Autonomous/Subjective View
The second view is that gender is a subjective state of mind or “selfidentification.” This autonomous view suggests that what matters is the subjective
internal conviction. An individual’s subjective convictions should be seen as objective
facts. Harry Potter actor Daniel Radcliffe rebuked Potter creator Rowling following this
line of thinking when he stated emphatically, “trans women, are women” (Miller &
Yasharoff, 2020, “Who has come out against Rowling” section).
According to this subjective worldview, it is objectional to question the status of
anyone’s beliefs on the issue of their gender. Cases are frequently cited of persons not
being affirmed for who they “are” which to them is fully male or fully female. Any
obstructions from allowing them to live as fully one or the other are seen as unlawfully
discriminatory, unjust, and hurtful. This could include persons being forced to play on the
“wrong” sex’s team (James et al., 2016).
According to the National Center for Transgender Equality, sex and gender
cannot and should not be differentiated in society. They call for full affirmation of one’s
gender, as well as the conflation of sex. A transgender man is a full man, and a
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transgender woman is a full woman according to their worldview. This belief is already
displayed in pronoun usage in media and academia (American Psychological
Association, 2015). It is now taboo, and in some cases, illegal, to point to biological sex
when describing or interacting with certain persons (Herman et al., 2017).
A less common, yet increasingly vocal group of advocates would like the male
and female binary to be erased altogether. Adherents such as Burdge (2007) seek to
fundamentally alter the way society is ordered and views gender:
Gender is a ubiquitous social construct that wields power over every
individual in our society. The traditional dichotomous gender paradigm is
oppressive, especially for transgendered people whose sense of themselves
as gendered people is incongruent with the gender they were assigned at
birth…we must target society’s traditional gender dichotomy for change.
(p. 243)
Key Transgender Developments in American Culture
Cultural developments in the transgender movement have progressed rapidly in
recent times. The following is a review of some of the cultural developments in American
culture: in 1952 Christine Jorgensen became the first American to have sex reassignment
surgery; clashes between police and transgender persons happened in California in 1959
and 1966; in 1967, The Transsexual Phenomenon was published by Harry Benjamin
M.D.; in June of 1969 the Stonewall Riots in New York are largely considered to spark
the LGBTQIA+ revolution; in 1987, the Diagnostic and Statistical Manual (DSM) of
mental disorders designated transgender persons with gender identity disorder; in 2013,
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the DSM replaced gender identity disorder with gender dysphoria (The Associated Press,
2017).
Anderson (2020) further documents how in 2014, Lavern Cox became the first
transgender person to be featured on the cover of Time Magazine in a year hailed as the
“transgender tipping point” (para. 1). Similar front-page attention was given to; the
Vanity Fair’s Caitlin Jenner cover (July 2015), National Geographic cover of a 9-year
transgender girl (Dec 2016), Vogue’s (Feb 2017) cover and GQ’s (April 2017) cover
story, and 2016 full-length article in Time of Evan Hempel, described “the man who gave
birth.”
Other cultural signals that momentum unquestionably is on the side of the
transgender movement, are developments such as: Nearly every state having mechanisms
for changing one’s gender on state identification (Transgender Law Center, n.d.); and the
Common Application and the Universal College Application, which are used by more
than 600 colleges and universities, now allowing students to self-identify their gender
when applying to college (Prinster, n.d.).
Key Transgender Developments in Sports
The sporting context has the greatest implications for gender identity because of
the segregated space and performance gaps. Some of the developments in the sports have
been: In 1977 Renee Richards became the first MTF transgender person to be eligible to
play professionally as a woman; November 2010, Kye Allums, George Washington
University basketball player competes on a women’s team as a FTM transgender
individual; in 2012, Gabrielle Ludwig made news as a 50-year-old 6-foot 8 inch, MTF
star of a women’s junior college basketball team in California (Harper, 2019).
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In 2012, Fighter Fallon Fox exploded on the mixed martial arts (MMA) scene
with several dominating performances, including Fox’s last fight, where Fox gave
Tamikka Brents a concussion, orbital bone fracture, and seven staples to the head in the
first round. When asked about the experience, Brents replied:
I can only say, I’ve never felt so overpowered ever in my life and I am an
abnormally strong female in my own right. Her grip was different; I could usually
move around in the clinch against other females but couldn’t move at all in Fox’s
clinch. (Murphy, 2014, para. 5)
Following that performance, UFC superstar and champion fighter Ronda Rousey
commented publicly that she refused to fight Fox. Fox has yet to fight again (Harper,
2019).
Perhaps the central moment in transgender sport, and perhaps of the entire
transgender movement, came in June 2015 when former Olympic track and field
champion and current celebrity, Bruce Jenner, declared to the world through the
magazine Vanity Fair, that Jenner now identified as a woman. Multiple accolades and
awards followed, culminating in receiving the Arthur Ashe Courage Award at the ESPY
Awards in July 2015. According to Brockes (2017), time, in regards to the transgender
movement, may now be appropriately labeled “pre-Caitlin” and “post-Caitlin.”
In the post-Caitlin era, one of the highest visibility transgender issues in sport
does not deal with competition, but rather fan usage of private places such as restrooms
and locker rooms in government-owned buildings. In North Carolina, House Bill 2 (HB2)
or the “bathroom bill” as it became known, prompted the NCAA and others to bring all
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of their political and financial clout to bear on the state, eventually extracting a
compromise bill (Tracy, 2017).
More significant questions involve performance-related transgender issues. In
2017, controversy ensued when Texas FTM wrestler Mack Beggs won the girls wrestling
title in undefeated fashion after being allowed to take testosterone for a “valid medical
purpose,” yet not allowed to compete with boys. This situation created an unsatisfactory
result for all sides of the issue (Barnes, 2019).
Internationally, in March 2017, 39-year-old Laurel Hubbard won a female
competition in weightlifting in dominating fashion, at an age that is abnormally high to
be in prime condition beat the entire, much younger field. Hubbard beat the second-place
competitor by massive 19 kilos in a sport frequently differentiated by 1 or 2-kilo
differences. Leading one opponent of Hubbard’s competitors to opine, “It’s difficult
when you believe that you’re not the same. If its not even, why are we doing the sport?”
(Payne, 2017, para. 3). Hubbard is perhaps the most competitive MTF transgender
individual in position to qualify for the rescheduled 2021 Olympic games. Hubbard’s
inclusion would be a first.
In collegiate competition, in June 2019, CeCe Telfer won the NCAA Division II
national championship in the 400-meter hurdles, becoming the first MTF transgender
champion at that level. Telfer’s title came after competing as an unaccomplished male
athlete in 2016 and 2017 known as Craig Telfer (ranked 6th on team, 433rd in DII, 1,744th
in the NCAA in the 400m hurdles), and sitting out 2018 while undergoing the NCAA
required 12 months of suppressed testosterone. Telfer had a personal record (PR) of
57.01 as a male sophomore and a 56.50 as a senior in the female category of the indoor
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season 400m; and a 24.03 as a male and a 24.33 in the female category in the indoor
200m (CeCe Telfer, n.d.; Craig Telfer, n.d.).
In 2019 June Eastwood became the first consequential MTF transgender athlete at
the NCAA Division I level. In October 2019, Eastwood was honored by The Big Sky
Conference as its “Women’s Cross Country Athlete of the Week” following Eastwood’s
second-place finish out of a field of 204 46, XX runners (Morton, 2019). Eastwood
previously competed as a male for three years at the University of Montana (2015-2017)
as Jonathan Eastwood, before taking the required 12 months of testosterone suppression
in 2018. Eastwood had 6,000m marks of 19:03.9 as a male sophomore in 2016, 20:04.0
as a male junior in 2017, and 20:18.7 in the female classification in 2019. As a male in
2017, Eastwood ranked 4th on the team, 31st in the Big Sky Conference, 648th in
Division I, and 835th in the NCAA. In the female classification in 2019, Eastwood
ranked 1st on the team, 3rd in the Big Sky Conference, 120th in Division I, and 126th in
the NCAA (Jonathan Eastwood, n.d.; June Eastwood, n.d.).
Finally, in the most consequential MTF transgender case at the high school level;
in the state of Connecticut, over the three-year period (2016-2019), two MTF athletes
combined to win fifteen individual state championships in the girls’ division. This case
has served as the basis for a federal Title IX complaint, on behalf of 46, XX competitors,
that the United States Department of Education’s Office of Civil Rights is currently
investigating (Coleman et al., 2020).
The MTF athletes who were dominant Connecticut State Champions, would not
have been successful, had they competed in the boys’ division. Andraya Yearwood, one
of the MTF Connecticut athletes, has continuously competed in the female classification.
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Yearwood’s 55m PR of 7.02 ranks 1st in the state and 11th nationally as a girl (Andraya
Yearwood, n.d.). If Yearwood were in the boys’ category, Yearwood would rank 207th in
the state and 3,870th nationally (High school - men’s 55-meter dash rankings, n.d.).
Connecticut does not have a hormonal or surgical requirement for transitioning.
Therefore, there is no sit-out time similar to the NCAA. One can theoretically compete as
a male one week and as a female the next. Terry Miller, the other of the MTF transgender
athletes, competed as a male in the 2017 outdoor and 2018 indoor seasons and then midyear transitioned to compete in the female category for the 2018 outdoor, then 2019
indoor and outdoor seasons. Miller got faster in the female classification. In the indoor
55m as a male, Miller had a PR of 7.27 in 2018 (ranked 337th in the state), and in the
female classification had a PR of 6.91 in 2019 (and was a state champion), with 21 of 23
sprints that year being faster than the male PR. In the indoor 300m as a male, Miller had a
PR of 41.94, versus 38.90 in 2019, with 8 of 9 races being faster than the male PR. In the
outdoor 100m as a male, Miller had a PR of 12.02, versus 11.72 PR in the female
classification. In the outdoor 200m as a male, Miller had PR of 25.12 versus 24.17 in the
female classification (Terry Miller: Bulkeley HS Track and field bio n.d.; Terry Miller:
Bloomfield HS Track and field bio, n.d.).
Key Transgender Developments in Law
The legal status of transgender persons in America continues to evolve. The key
developments include: in 1975, Minneapolis became the first city and in 1993 Minnesota
the first state to pass a law prohibiting transgender discrimination; in 2005, California
became the first state to mandate transgender health care; in 2010 the first transgender
judge, Phyllis Frye was placed into office; in 2011, the Office of Personnel Management
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issued a memo on federal agencies and support for transgender employees; in 2012, the
Equal Employment Opportunity Commission ruled that Title VII of the 1964 Civil Rights
Act applied to transgender employees; in 2014, the Department of Justice assumed the
position that Title VII of the Civil Rights Act of 1964 applied to gender identity; on
January 20, 2015, President Obama mentions transgender in the state of the union speech;
and perhaps one of the most significant legal signals was the 2016 Dear Colleague letter
that put institutions on notice that they may be in violation of the law if they do not have
in place policies and practices to fully affirm a person’s gender identity (Taylor et al.,
2018). At the national level, the Trump Administration has withdrawn the Obama
Guidance of 2016, and the OCR is investigating a complaint alleging that the Connecticut
policy allowing unconditional inclusion of MTF athletes in competition violates Title IX
(Eaton-Robb, 2019).
Recently there have been 20 bills filed, in 17 states, seeking to regulate
transgender participation in athletics, with only one becoming law (Barnes, 2020). In
April, 2020, Idaho’s governor Brad Little signed into law HB 500 which limits the female
classification of sport to 46, XX persons. This action, considered to be the most
restrictive in the country, has triggered negative responses from a wide range of
organizations and individuals who want less restrictions on the female classification
(Ennis, 2020).
In March, 2020 Arizona’s House of Representatives passed a restrictive bill
limiting the female classification to 46, XX persons, it states:
Athletic teams or sports designated for females, women or girls may not be open
to students of the male sex. If disputed, a student may establish the student’s sex
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by presenting a signed physician’s statement that indicates the student’s sex based
on:
1. internal and external reproductive anatomy, 2. the student’s normal
endogenously produced levels of testosterone, 3. an analysis of the student’s
genetic makeup. (HB 2706, 2020, p. 1)
In 2019, The 116th Congress passed H.R. 5 “The Equality Act” (2019), which
redefines “sex” in federal civil rights law to include “gender identity.” The legislation
would make it unlawful to discriminate against individuals based on their gender identity,
and practically speaking, it would prevent distinguishing between people on the basis of
sex, such as male and female-only sports. With Republican control of the Senate and
White House, The Equality Act is unlikely to pass, but the 2019 vote in the House of
Representative is an important social signal and massive implication if elections swing
power to favor the Democrat party (The Equality Act, H.R. 5, 116th Cong., 2019).
On June 15, 2020, the Supreme Court, in the landmark ruling Bostock v. Clayton
County, Georgia (2020), declared discrimination against transgender persons was
discrimination on the basis of sex and thus violated Title VII. Title VII states it is,
“unlawful . . . for an employer to fail or refuse to hire or to discharge any individual, or
otherwise to discriminate against any individual . . . because of such individual’s race,
color, religion, sex, or national origin” (42 U. S. C. §2000e–2[a]). In making this ruling,
the court defined transgender discrimination as sex discrimination. In Bostock, the court
definitively ruled that sex in the classical sense has been replaced by, or at least must
include, gender identity. The looming question is whether these findings will next be
applied to Title IX in the context of education-based sport (Coleman et al., 2020). Many
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experts and observers note, including the dissenting opinion by Justice Alito, that this
new analysis of Title VII may apply to Title IX, and in doing so, fundamentally transform
sports in America (Barnes, 2020).
Emerging Conflict Regarding Transgender Policies
Fully affirming state laws that privilege gender identity over biological sex, could
be subject to a federal challenge in court. Jurist Ray Hacke (2018) notes that the legal
status of transgender policy could fall under the Equal Protection Clause (EPC), Title IX,
and state female equality statutes. Hacke argues that the EPC should apply because
physiological differences between males and females place females at a competitive
disadvantage, and it creates a potential safety risk. Additionally, he argues, Title IX can
be invoked to privilege 46, XX athletes, because of the plain reading of the text, and state
of mind and intent of the signatories. This assertion is also the position of the Trump
Administration’s Justice Department. In a Statement of Interest brief, the Attorney
General of the United States, William Barr, said:
Allowing biological males to compete in all-female sports deprives women of the
opportunity to participate fully and fairly in sports and is fundamentally unfair to
female athletes. Sports are an important part of education and character
development and provide an arena where individual discipline can result in
achievement and recognition. The purpose of all-female athletics is to ensure that
women have an equal opportunity to participate, compete and excel in this
important part of life. Title IX has been a major step forward in the long fight to
achieve this equality. As reflected in Title IX, the basis for single-sex athletics, is
rooted in the reality of biological differences between the sexes. Clearly then,
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eligibility to participate on a single-sex team must be based on objective
biological fact. Girls should not be forced, through the dismantling of Title IX, to
be sidelined in their own sports. (U.S. Department of Justice, 2020, para. 2)
Part IV: Aspects of Transgender Sport Policy
Fairness
Thoughtful consideration of transgender sport policy requires reflection on the
philosophical nature of fairness. Considerations of fairness must distinguish how fairness
affects one segment of the population versus another. Often, what is fair for one is not for
the other. Sometimes an intersection of fairness between the two can be established, but
often achieving fairness for both groups is illusory. MTF transgender individuals may
have an unfair advantage if allowed to compete with 46, XX females, especially if
without restrictions. However, it can also be viewed as unfair to discriminate against
transgender athletes solely based on their sex (Chen, 2018).
Many such as Handelsman et al. (2018) have discussed that achieving fairness is
unworkable due to it being a subjective concept, changing over time as societal views
change. What once was considered unfair, like getting paid to play, or having organized
training, could evolve over time. The desire for distributive justice and a fondness for
anti-discrimination and human rights legislation is present on both sides of the issue.
The Mission of Sports Institutions: Competition Versus Inclusion
The two prominent positions that are in intellectual and philosophical opposition
in developing transgender policy, and can be broadly summarized as being competitionfocused versus inclusion-focused. For the transgender advocate, what matters most is an
MTF athlete’s liberty to self-identify, and in doing such, be treated equally as female in
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all of society. On the other side, of highest value is the ability of 46, XX persons to
participate in fair and meaningful competition.
Arguments for a Competition Focus
While proponents of both views esteem the virtue building nature of sport on the
individual, the reasons that sporting organizations exist is to regulate and be
discriminatory as to the rules and participants and to ensure that there is a realistic
possibility of competing for the wins. If regulating fairness in the pursuit of winning is
not central to their mission, there is no need for such sporting bodies (Vamplew, 2007).
The idea of “natural kinds” is a philosophical view that living beings can be
rationally sorted based on their form, function, appearance, and ability to reproduce with
another member of the same kind (Bird, 2010; Chen, 2018; Dupré, 1981). Because of the
vast differences between 46, XY and 46, XX persons, as noted in Part I, applying the
concept of “natural kinds” to sports is a logical progression.
Sex-segregated opportunities for participation in competitive athletes promote
values of fitness and athleticism for lifelong health benefits for 46, XX individuals.
Competitive sport, regardless of the level, imparts socially valuable traits, including
teamwork, sportsmanship, and leadership, as well as success-critical traits like goal
setting, time management, perseverance, discipline, and grit (Coleman et al., 2020).
Equality for females is a widely accepted and embraced philosophy in society.
This commitment to female equality extends to sport. Sports are good for girls. “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”
(Kotschwar, 2014, p. 1). Additionally, although participation contributes to equality,
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competitive equity and in victories matter, as well as scholarships, accolades, finals, and
podiums (Coleman, 2017).
Because of their different secondary sex characteristics, 46, XX persons, in
general, have different physical capacities and experiences than 46, XY persons,
regardless of how they identify. Thus, segregation on the basis of sex or at a minimum,
sex traits, is necessary to promote female equality. If there were not a female
classification, competitive sport would be exclusively 46, XY:
…..even at their absolute best (female Olympic Champions), the women would
lose to literally thousands of boys and men, including to thousands who would be
considered second tier in the men’s category. And because it only takes three
male-bodied athletes to preclude the best females from the medal stand, and eight
to exclude them from the track, it doesn’t matter if only a handful turn out to be
gender nonconforming. (Coleman, 2019, p. 4)
Thus, “if we want females to win some competitions, we need to separate them”
(Coleman et al., 2020, p. 99).
Arguments for an Inclusion Focus
The World Anti-doping Agency (2015) argues that sport is a critical social
structure in which character is built and people thrive. The inclusion focus argument
suggests that policies should be fully affirming, to include as many people, especially
young people, to help them thrive. The National Transgender Discrimination Survey
(NTDS) documented the negative health effects caused by stigma and gender identity
regulations, including reporting 41% of respondents said to have attempted suicide in
their lifetime (Wilson & Kastanis, 2015). Given this alarming statistic, full inclusion and
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affirmation is seen by many as the way forward towards improving these results.
Proponents of this view believe because competitions become a conduit for physical
activity, teamwork, life lessons, etc., “inclusion, equal opportunity, and acceptance
should be the goals when establishing such standards” (Zeigler & Huntley, 2013).
Historian Vamplew (2007) notes, “there is nothing in the nature of sport itself
which determines who can and cannot play. In the purest form of sport only selfexclusion should apply” (p. 851). Knox et al. (2019) and Jones et al. (2017) advocate that
there is a fundamental right for everyone to be recognized in the gender in which they
identify; including sports. Dr. Karissa Niehoff, the executive director of the National
Federation of State High School Associations, summarizes the position in:
[This] is not about the winning and losing. It’s about the successful development
of these kids, . . .And if we don’t treat them [transgender student-athletes]
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. (Albl, 2019,
para. 8).
The position for inclusion can be summarized as; valuing equal protection for all
of its citizens, especially for the most vulnerable, and because of the positive benefits of
sports in the educational setting, society should afford those values to the transgender
youth, regardless of competitive factors.
Frequent Transgender Activists’ Arguments and Opponent Responses
Transgender activists do not typically embrace a position that acknowledges
transgender participation negatively affecting the competitive female classification
framework. Most often, it is argued by these proponents that inclusion is paramount, but
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also that MTF inclusion is not as disruptive as opponents claim. The two most frequently
used arguments from a transgender activist are an appeal to the absence of evidence on
transgender individuals and the myth of the level playing field.
The absence of evidence argument suggests that no direct or consistent evidence
exists that shows MTF athletes have an athletic advantage over 46, XX persons (Jones et
al., 2017). Such activists would point to the lack of controlled longitudinal studies with
transgender MTF athlete subjects. Certain activists such as Buzuvis (2016) are even in
denial of an objective male advantage, and that policies are based on “biased assumption
of [female] athletic inferiority” (p. 35). Making their point, Jones et al. (2017) suggests
“there is no direct or consistent research suggesting transgender female individuals have
an athletic advantage at any stage of their transition and, therefore, competitive sport
policies that place restrictions on transgender people need to be considered and
potentially revised” (p. 701).
Opponents, however, would note; the absence of evidence is not evidence of
absence. This “appeal to ignorance” or argumentum ad ignorantiam is logical fallacy first
attributed to philosopher John Lock (1690) as cited in Walton (1999). The tactic involves
a reversal of the burden of proof: “if proposition A is not known (proved) to be true
(false), therefore A is false (true)” (p. 368). Opponents would concede that there is little
athlete performance data on athletes transitioning; however, this absence can be
explained because randomized placebo-controlled studies would be unethical in most
cases (Bermon et al., 2014). For example, data extracted from doping programs in female
athletics in the former German Democratic Republic are helpful to determine the effect of
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testosterone on FTM persons, but replicating the results is impracticable (Franke &
Berendonk, 1997).
The myth of the level playing field argument proposed by proponents such as
Buzuvis (2016) and Jones et al. (2017), posits that there are always going to be unfair
advantages, and thus, it is a “myth” that there is ever fairness in sport. For example,
longer limbs of Michael Phelps, Lebron James, and Usain Bolt, and the lower center of
gravity of Simone Biles put them at an advantage. Geography, socioeconomic status,
training facilities, equipment, support systems, nutrition, etc., will always favor some
over others; therefore, biological sex is simply another variable of potential inequality
amongst many. This argument is most frequently refuted by opponents by the extensive
evidence reviewed in Part I. Coleman, as cited in Coleman et al. (2020), presents the
central opponent response to the “myth” claim, “[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” (p. 98).
Transgender Sports Policies
How to effectively police restrictions on the female classification presents a
number of difficulties. Americans are decidedly private. Policing restrictions inevitably
intrudes into that private space, and using the least-invasive evidence-based methods are
the challenge of organizations with such policies. Nevertheless, the necessity of
maintaining fair play in female events will remain as long as separate female
competitions exist (Handelsman et al., 2018).
Many past policies have struggled with how to enforce their protections on the
female classification. Controversy over sex verification, in particular, has existed for over
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75 years (Tucker & Collins, 2010; Vamplew, 2007). Simpson et al. (2000) report a
troubling history of sex verification, including “nude parades” of the 1960s, that were
invasive, embarrassing, inaccurate with ambiguous genitalia, and ultimately unable to
account for certain disorders of sex development (DSD). Barr body tests were later
implemented to test for the presence of two X chromosomes; a positive test would equal
a certificate of femininity. The world record holder in the women’s 100m was
disqualified using this test in 1965. They further report that false-negatives and falsepositives were a common problem with the Barr body test, with androgen insensitivity
syndrome (AIS) being one the most common DSD that was misread by the test.
The IAAF banned compulsory gender testing in 1992 and emplaced a suspicionbased protocol. The Barr body test was replaced by identifying the polymerase chain
reaction for the Y-linked SRY gene in 1992. At the 1996 Atlanta Olympics, 8 of over
3,000 samples tested positive, but all were ruled to have naturally occurring AIS and
allowed to compete. The International Olympic Committee (IOC) formally abolished
compulsory testing in 1999 (Tucker & Collins, 2010).
A concern for forced medical treatment in order to be “fully affirmed” seems well
found. Medical freedom of choice is a longstanding American value and has been
honored by the courts (Monahan et al., 1995). Forced medical treatment is rare in
America and generally unlawful. Longstanding American legal precedent and practice
establishes the right for persons to reject invasive medical procedures. Many transgender
persons are uncomfortable with any sort of medical treatment. The surging numbers of
young transgender people is taking place at a time where many young people even view
eating food with hormones as unthinkable (Brewer, 2008). Jones et al. (2017) and other
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activists believe CSHT and surgical interventions should not be a requirement at any
sporting level. With this mindset, transgender persons may or may not want any cosmetic
or hormonal treatment and are likely to have a legal case to challenge an American policy
stipulating invasive medical treatment as a pre-condition for participation.
Finding Middle Ground
Middle ground between competition and inclusion is going to be a significant
challenge. Harper (2019) and others are actively researching at Loughborough University
in the U.K. to present evidence-based policies that are both fair to 46, XX athletes, and
inclusive to MTF transgender persons. Ziegler and Huntley (2013) and Chen (2018)
believe that policies should first value inclusion and opportunity to participate for all,
while balancing fairness of competition for all. Yet to be determined is how valuing
inclusion and opportunity, and competitive fairness, is to be accomplished through policy
creation. It has yet to be shown how one can have a commitment to full affirmation,
medical freedom, and fair and meaningful female sports; simultaneously.
International Transgender Policies
International transgender policies have undergone recent changes. The Athlete
Biological Passport (ABP) has developed into an alternate means of sex testing at the
international level. A longitudinal profile of ABP for elite athletes can hopefully detect
abnormalities (cheating) better than drug tests, but it can also be used to determine serum
androgen levels of MTF athletes or hyperandrogenism (DSDs) in elite female
populations.
The international cutoff for testosterone formerly was 10nmol/L, chosen
arbitrarily by the IAAF (now World Athletics) in the absence of normative androgen
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statistics in elite female athletes. Recent findings of normative elite female ranges, show
the 99th percentile for testosterone is 3.08 nmol/L, prompting the recent tightening of the
female threshold from 10 nmol/L to 5 nmol/L in 2019 (Bermon et al., 2014; Clark et al.,
2019).
The World Athletics eligibility regulations for transgender athletes (2019) reads
as follows:
1. [MTF athletes] must provide a written and signed declaration, in a form
satisfactory to the Medical Manager, that [they] gender identity is female.
2. [MTF athletes] must demonstrate to the satisfaction of the Expert Panel (on the
balance of probabilities), in accordance with clause 4, that the concentration of
testosterone in [they] serum has been less than 5 nmol/L continuously for a period
of at least 12 months.
3. [MTF athletes] must keep her serum testosterone concentration below 5 nmol/L
for so long as [they] wishes to maintain [their] eligibility to compete in the female
category of competition. (p. 5)
There is no longer a requirement to have a legal recognition of the athlete’s
gender identity or any surgical anatomical changes at the international level.
In July 2020, World Rugby announced that it may be the first international sports
federation to prevent MTF athletes from competing in their sport, citing safety due to
injury risk and performance differential remaining, even after testosterone suppression
(Orchard, 2020). World Rugby report at least a 20% to 30% greater risk of injury to a 46,
XX player when tackled by a 46,XY person who has gone through puberty (Ingle, 2020).
World Rugby is scheduled to vote on the restrictive policy in November 2020.
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Intercollegiate Transgender Policies
In America, collegiate sport is primarily overseen by the NCAA. The latest policy
guidance regarding transgender athletes at the collegiate level comes from the dated
handbook titled, NCAA Inclusion of Transgender Student-Athletes (2011) that requires:
A trans female (MTF) student-athlete being treated with testosterone
suppression medication for Gender Identity Disorder or gender dysphoria
and/or Transsexualism, for the purposes of NCAA competition may
continue to compete on a men’s team but may not compete on a women’s
team without changing it to a mixed team status until completing one
calendar year of testosterone suppression treatment. (p. 13)
The NCAA policy establishes medical privacy as a guiding principle, and yet
mandates medical treatment to fully affirm MTF persons (p. 14). The policy cites
“damage” caused by forcing someone to participate on a team other than their gender
identity, and then subjects MTF individuals to that very outcome unless they are willing
to undergo invasive medical treatment (Lenzi, 2017).
Interscholastic Transgender Policies
According to Lenzi (2017), high school educational institutions promote
competitions for young people and identify and celebrate the champions. At the high
school level of competition, there is no national sporting authority, and thus, each state
independently sets its transgender athlete policies. Presently, 17 states allow transgender
students to compete exclusively on the basis of gender identity, regardless of treatment or
legal status. Ten states allow competition based on birth certificate, and 16 states operate
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on a case-by-case basis, using a review process, or requiring MTF individuals to
complete CSHT. Six states have no policy at all (Barnes, 2020; Eaton-Robb, 2019).
The five states included in this dissertation’s study are California, Florida,
Minnesota, New York and Washington: All are considered as part of the 17 that are fully
affirming; that is, competition classification based exclusively on gender identity.
Part VI: History, Theory, and Use of Monte Carlo Simulations
The researcher feels it necessary to briefly discuss the Monte Carlo method due to
the methodology of question three of this study. The Monte Carlo method is a means of
approximately solving problems by simulating the problem by using random numbers.
Lund (1981) defines it as “representing the solution of a problem as a parameter of a
hypothetical population and using random sequence of numbers to construct a sample
population, from which statistical estimates of the parameter can be obtained” (p. 4). As
such, it has been widely utilized and valid means of probabilistic inference.
The Monte Carlo method utilizes repeated random sampling to obtain numerical
results. It is one of the main applications of computerized random number generators.
The Monte Carlo method goes back to the B.C.E. ancient world; it rose in use in the 18th
and 19th centuries and reached wide use in America starting in the 1950s (Lund, 1981).
Today, the Monte Carlo simulation is used in a wide range of fields, from nuclear physics
to finance to sports.
Monte Carlo simulations rely on the law of large numbers and uniform random
number distributions (Lund, 1981). The law of large numbers states that as sample sizes
(simulation numbers) grow, its mean gets closer to the average of the whole population
(Hsu & Robbins, 1947).
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Some of the notable uses of Monte Carlo simulations in the sports world are:
Freeze (1974) determining the effect of batting order on wins in baseball; Baumer (2009)
estimating the magnitude of the effect of baserunning skills upon a team’s run-scoring
ability; Silva et al. (2002) developed a final classification ranking model in soccer; and
Newton and Aslam (2006) using a Monte Carlo simulation to predict the probability of
winning in tennis. Given the long history, wide use, and validity of the Monte Carlo
method, its use in this study seems justified.
Summary of the Literature
In summary, human beings have a chromosomal destiny of 46, XX or 46, XY that
fundamentally affects their physical development. Variations occur on rare occasions,
and these are known as DSDs. Prepubescent differences are marginal, if existing at all.
With the onset of puberty, corresponding to a rise in endogenous testosterone in 46, XY
persons, a large divergence in the human species takes place.
46, XY persons are 7% to 8% taller than 46, XX. In addition to longer bones, 46,
XX individuals have only 65% to 75% of the cross-sectional area of the humerus and
85% of the 46, XY femur, leading to higher injury risk, lower force generation capability,
and reduced kinetic mass for 46, XX persons. 46, XY people have roughly 36% greater
body mass, and a difference of 40% in the upper body alone. 46, XY persons have a
greater ratio of fast-twitch Type II muscle fibers in relation to slow-twitch Type I ones.
Additionally, the fiber cross-sectional area of both fiber types is significantly larger than
46, XX counterparts: Type I are roughly 19% bigger and Type II 60% larger in 46, XY
persons.
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Due to their bigger size, 46, XY people have a larger blood volume, and critically,
around 12% greater hemoglobin, bringing more oxygen to tissues. The 46, XY heart size,
stroke volume, and cardiac output are all larger. These factors, as well as bigger lungs,
lead to up to a 20% to 30% greater VO₂max for 46, XY persons. Nervous system
differences translate to superior speed and maximal rate of force development for 46, XY
persons. Changes are even seen in the brain, with 46, XY and 46, XX persons approach
pacing, competition, and risk-taking different, with 46, XX persons doing better at
pacing, but 46, XY persons taking more risk and being more competitive. The evidence
suggests that the cause of sex differences occurs via male puberty, with testosterone
being the key difference. 46, XY persons frequently have 15 to 20 times the testosterone
concentrations found in 46, XX persons.
The physiological differences translate to between an estimated 5% and 30%
performance difference in sports, depending on the event. 46, XX persons have roughly
50% of the upper body strength and 60% to 70% lower body strength of 46, XY
counterparts. Power differences in 46, XY individuals are frequently reported to be twice
that of 46, XX persons. Gaps in performance are the smallest in endurance swimming and
largest in events dependent on the upper body, such as cross country skiing and rowing.
In track and field, there is a difference of around 9% for the short sprint distances of
100m, and an estimated 19% gap in jump performance.
Part II reviewed how Title IX is a critical piece of equality legislation that has
assisted millions of girls to participate and thrive in sports. Its legislative history has not
been without issues, but the overall good that it brings to girls is unquestioned. Part III
reviewed the rise of the transgender movement and its subsequent impact on the culture;
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awareness and the embrace of the transgender movement is widespread. Part IV reviewed
practical and philosophical considerations in making transgender policy. Competing
interests are facing off in ideological warfare on the subject. Supreme Court and
Congressional signals point to the potential for a decisive nationwide legal decision on
the topic, but until then, athletic organizations and state governments are trying to
balance the concerns of competitive fairness for girls’ sport, and inclusion of MTF
transgender persons.

CHAPTER III

METHODOLOGY
Statement of the Problem
Biological differences in 46, XY and 46, XX persons affect the structure and
function of the human body (Carlson, 2018). This function and structure translate to
differences in sports performance (Handelsman, 2017). However, despite the differences,
many state high school governing bodies favor gender identity as the determining factor
for separation into boys’ and girls’ categories (Tamerler, 2020). In light of the growing
transgender movement, further research is needed regarding biological performance
considerations for sports competition. The main issue at hand is whether transgender
inclusion in female athletics constitutes an incursion on fair competition.
Is it reasonable to allow high school participants to self-select if they are eligible
to participate in the protected girls’ classification? This question is important and
culturally relevant. To inform an evidence-based answer, it is reasonable and prudent to
produce research on the nature of sex differences in high school athletes, as well as the
possibility for disruption of the girls’ classification. The research to date on the subject is
scant.
Purpose of the Study
The purpose of the study was to evaluate the potential existence, nature, and
extent of an advantage for 46, XY persons competing in the girls’ category as MTF
transgender track and field athletes, and it investigates the probability of MTF
transgender persons outperforming the top state 46, XX competitors. The study seeks to
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estimate the probability that an MTF athlete could be better than the best 46, XX, in
states with self-identification and no hormone intervention requirements, and estimates of
transgender teens are true and representative of 46, XY high school athletes. In short, if
all transgender youth came “out of the closet,” how would the best 46, XX persons do?
Nature of the Study
The study is concerned with the differences in athletic performance of the sexes,
performance differences as it relates to sex and event distance, and the prevalence of
athletes who are PFCs that may be transgender.
In sport, those that are the best (champions) are prominent. In general, society is
not concerned about the doping habits of the persons in last place, but great efforts are
taken, and governing bodies go to extremes to ensure the performers at the top, the
champions, are rightly established. Cheating, blood doping, lying about age, and the like,
create controversy with strong feelings of disdain that a champion, attained such status
unjustly (World Anti-Doping Agency, 2015). Because of the unavoidable attention to the
champions, and potential for transgender athletes to upset the competitive balance of
girls’ sport, this is a needed research project.
Descriptive statistics describe the nature, scale, and scope of the differences in 46,
XY and 46, XX performance. Measures of central tendency were assessed. Histograms
visually describe the presence or lack of a bimodal distribution, along with the shape and
spread of the distributions. Z-tests for differences were done. Correlations for sex and
performance were tested. Correlations between the percentage of PFCs and type of event
were conducted. Best fit lines via linear regression assess the effect that endurance would
have on the difference in sex performance. Finally, a Monte Carlo simulation involving
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random number generation provides repeated sampling to obtain the statistical probability
of transgender disruption of the girls sporting classification.
Selection of Subjects
The study’s subjects were an approximately one million American high school
track and field performances (N = 920,115). The subjects came from eight events, in five
states, over three years, in both sexes (46, XX n = 400,929, 46XY n = 519,186). Official
results data proceeds from the following events: high jump; long jump; 100m; 200m;
400m; 800m; 1600m; and 3200m. A representative state comes from five regions of the
United States: Northwest, West, Midwest, Northeast, and Southeast. Utilizing purposeful
sampling, the states selected were California, Florida, Minnesota, New York, and
Washington. The years under consideration are 2017, 2018, and 2019.
Three years are selected to increase statistical power and control for outlier
performances. The five states are representative of the region from which they are
selected. A criterion for state selection was the state policy regarding transgender athletes
being “fully inclusive,” (e.g., not requiring any hormonal or biological interventions for
46, XY persons to compete in the girls classification). An additional criterion required
states in each region to have a high number of participants. The eight events were
selected for reliability, validity, and comparison purposes. Both the boys and girls in the
events compete by the same rules, distance, and equipment, leading to “apples to apples”
comparison. The study uses the outdoor season because of its broader participation.
Instrumentation
Data was collected from official results available through the now ubiquitous
track and field result database athletic.net®. The stat tracking site athletic.net® 2020, a
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subsidiary of Deker Net LLC., is the premier source of publicly available track and field
data in the United States. Official results posted from athletic.net® have operational
controls that require that they are uploaded from the meet host, and must report all places,
all events, all participants, all marks of that meet. Its wide use and accepted validity make
it an ideal medium for research.
Parameters of “official” and “fully automatic time” (FAT) were used. FAT
mandates that the clock is automatically started by the starting device (gun), and the
finish is automatically recorded or analyzed via a photo finish.
Statistical analysis was done through the data analysis add-in tool pack of
Microsoft® Excel 2016 MSO (16.0.12624.20422). The data was extracted into Excel,
.csv format through the use of ParseHub® version 54.0.1 data conversion and parsing
software. The applications used in the data analysis application were “correlation,”
“descriptive statistics,” “z-test: two-sample for means,” “regression,” and “random
number generation.”
Procedures
The flow of the procedures was extraction, trimming, formatting and cleaning,
combining and sorting, describing and charting, running, analyzing, and finally reporting
the data.
Extraction
Following committee and IRB approval for the study, the researcher established
an account with athletic.net and ParseHub. A new project was created in ParseHub by
which marks (times and distances) are extracted, page-by-page in a copy and paste
method. Data filters were; “high school level,” “outdoor” season, “FAT,” “official,”
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“English” standards (except for the jumps, as they were measured utilizing the “metric”
system).
The collection began with California, high jump, boys, 2017; progressed through
2019; then girls 2017, 2018, 2019. The collection then replicated the process through the
events from high jump, long jump, 100m, 200m, 400m, 800m, 1600m, 3200m. Each year
in each event was saved as its own .csv file, later to be copied into a spreadsheet with all
states and years included.
The collection extracted only times (distances for jumps) posted and no other
personally identifiable information. Therefore, the anonymity of the human subjects was
maintained and the utmost regard for the ethical treatment of human subjects in line with
IRB guidance.
Trimming
Each year’s dataset was scrubbed for defects in the count of participants to ensure
page completeness. Data from 2017 Minnesota in the events of long jump, 100M, and
200M were partially available and therefore rejected from the study for both sexes. The
data excludes wind adjustment figures due to the season best reporting in the list. If the
filtering box was checked for wind adjustments, many participants would be completely
eliminated from the study, despite having competed many wind legal results in the year.
The data scrub was done utilizing the “text to columns” tab under data, then
“delimited” function in Excel. Next, the researcher removed the right tail 0.5% bottom
outliers in each year/event. This data trimming was done to increase the
representativeness of the data. The 0.5% is sufficient to account for outlier occurrences,
i.e., subjects that received times that are atypical of the generalized data because of such
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things as falls, injuries, or disability. This decision increase histogram representativeness
due to the x-axis scale and the right-tailed nature of continuous data.
To make the 0.5% systematic data trim, the researcher identified the original
count in the data, multiplied the count number by .995 in Excel using the formula
function, and rounded to the nearest integer. Once identified, the bottom 0.5% of
numbers were deleted from the dataset.
Formatting and Cleaning
The researcher next formatted the data for sorting and direct comparison. The data
cleaning converted all times that are “mm:ss.00” to the seconds and hundredths “sss.00”
format. This formatting is essential for processing descriptive statistics, sorting, and
visualization in Excel. Because Excel stores time as date-time, a fraction of a 24-hour
period, all “mm:ss.00” times must be multiplied by 86400 in order to be converted to
seconds.
To complete this task, the researcher placed 86400 into a blank cell, then copied
86400, highlight the times to convert, right-clicked “paste special,” “multiply,” and
clicked enter. After complete, the researcher checked that formatting is numbered to two
decimal places and sorted best to worst to verify. As a final step, there was an additional
visual review for anomalies and ensure times and distances were posted in the proper
format.
Combining and Sorting
The researcher created a spreadsheet per event that has all years included, with
years still in separate columns. This information was used to build the percent PFC chart
on which questions 2 and 3 depend. Next, the researcher created a spreadsheet that
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combines all years into one column per sex. This spreadsheet creation was done by
copying each year for each sex into one column, then using the sort function for the
column from best performance to worst. This spreadsheet was the source data for
question 1.
Question 1
Once the data was collected, formatted, and sorted into the appropriate
spreadsheets, the researcher moved on to the questions. Question 1 asks if there a
statistically significant, bimodal distribution in the performances of 46, XX and 46, XY
persons. The researcher took the three years combined, separated by sex, created
histograms, and ran descriptive statistics on each. The researcher created bins; whose size
well reflects the distribution curve of the two sexes. Next, a histogram per sex was run in
Excel. Then distributions of the sexes in frequency bins were placed side by side to create
a cluster columns (histogram) chart showing both distributions on one axis. There were
eight charts developed for the eight events.
The researcher then ran descriptive statistics on the separate performances
distinguished by sex. This process was done through the “data” tab and “data analysis”
add-in tool pack in Excel. Following the descriptive statistics, the researcher ran a z-test:
two sample for means.
Following the z-test, the researcher run a correlation between sex and time. This
analysis was done by creating an additional column on the summary spreadsheets for
each event. To do this code, “2” for 46, XY and “1” for 46, XX, then combine into a
single column and sort from best to worst. In the data analysis tool pack run correlation
on “time” (“distance” for jumps) and “sex.”
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Question 2
Question 2 asks if there is a statistically significant relationship between event
distance and PFC size. The Pearson product-moment correlation was used to determine
the strength and direction of a linear relationship between the two continuous variables.
To do this analysis, the researcher created a spreadsheet combining all years into one tab
per event, keeping years in separate columns. Then, the number of PFC for each year
were identified by dividing PFC n by total 46, XY to get the percentage that is PFC
(percent PFC). Following this step, total 46XY was multiplied by the Williams Institute
transgender percentage for each state’s 13 to 17-year-olds, to get the expected number of
MTF transgender athletes in each year. The numbers were rounded to the nearest integer.
Once a table of distance and percent PFC is developed, the researcher ran a
correlation with “event distance” and “percent PFC” in the data analysis application.
Regression analysis produced the associated p value. Next, a scatterplot with “percent
PFC” on the y-axis and “event distance” on the x-axis was created. The researcher
converted the high jump and long jump from nominal levels of measurement to ratio
levels of measurement in order to unify the distance measurements. To accomplish this
analysis, the high jump, for presentation and analysis purposes, was estimated to be a 15meter event and the long jump to be a 30-meter event. These distances are deemed an
approximation of the critical physiological work output time that is the determinant of
success in the events.
Following the percent PFC scatterplot, the researcher used the simple linear
regression function in the Excel chart. This function was accomplished by right-clicking

88
the chart, clicking the plus button, clicking the trendline selection, selecting more options,
checking the box for “display equation on chart” and “display r squared on chart.”
Question 3
For Question 3, the researcher ran 111 random number Monte Carlo simulations
of 10,000 trials each. A fresh Excel tab displayed the data from one year. In each
simulation, “n MTF Trans” signifies the number of random numbers to draw in the trial
and is a product of percent transgender estimate and n 46, XY. The number ranges from
which to draw the random numbers will be between “1” and the total n 46, XY for that
event and year.
The assumption is that being MTF is independent, uniformly distributed random
variables. Using the “data analysis” application and the “random number generation”
function, the number of variables were filled to equal 10,000 to trigger 10,000 trials per
simulation. The number of random numbers to be filled equaled “n MTF Trans.” The
uniform distribution between “1” and the total 46, XY count was selected and the
researcher clicked “enter” to run the trials.
Next, the researcher counted the number of simulated MTF female champions in
each of the 10,000 trials. Using the “=COUNTIF” formula function, the column to be
counted was selected, then a comma placed, followed by a less than or equal (<=) sign
and the PFC number for that trial. The autofill pasted the “=COUNTIF” function to the
right across all 10,000 trials by using the copy function, highlighting the entire row of the
10,000 trials, and paste.
The number of trials that have > 1 MTF female champion were then counted. The
researcher did this count by using the “=COUNTIF” function, highlighting the row to be
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counted and use a comma and then “>=1”. The total MTF female champion number was
then be converted into a percentage. Finally, the researcher ran a post-hoc analysis of the
descriptive statistics of the MTF female champion row.
Design and Preparation for Data Analysis
The research included a three-question quantitative design investigating the scope
and scale of sex differences in high-school track and field and the implications of sex
differences on the probability of transgender disruption of the female classification.
Descriptive statistics, z-test, correlation, regression, and a Monte Carlo simulation were
utilized. Inferential statistics were used to test the hypothesis of whether PFCs have a
statistically significant probability of being transgender.
Question 1
Question 1 had variables sex and performance time (distance for jumping events).
Sex is the independent variable, nominal level of measurement (dichotomous), and
possible outcomes are 46, XY or 46, XX. Performance time (distance jumped) is the
dependent variable, ratio level of measurement (continuous) with possible outcomes in
the sss.00 format (0.00m for jumps).
Is there a statistically significant relationship in the performances of 46, XX and 46, XY
high school track and field athletes, in selected events?
H10: There is not a statistically significant relationship in the performance of the 46, XY
and 46, XX high school track and field athletes.
H1a: There is a statistically significant positive relationship between performance and
being 46, XY.
Test used: z-test. Test Statistic: z-score. Significance: α = .05.
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Question 1 allowed the researcher to create histograms, run descriptive statistics,
conduct a z-test and correlation analysis. Histograms were created for the distributions of
performances based on sex. Along the x-axis is time for the running events and distance
for the jumping events. The y-axis displays the frequency of performances for the 46, XY
and 46, XX samples. Separate histograms were created for each event and sex. A
combination overlay histogram with both sexes on the same chart shows a visual
representation of the two samples.
Descriptive statistics were run on both 46, XY and 46, XX samples
independently. The statistics considered were mean, mode, standard deviation, variance,
kurtosis, range, and count. The most important descriptive statistics to the researcher are
mean, standard deviation, and kurtosis.
A z-test for the relationship between 46, XY and 46, XX population was done.
This result tests if a difference in the performance of sexes is likely due to chance alone.
The test statistic is the z-score with a significance α = .05.
Finally, a test of correlation between sex and performance was done with the
Pearson correlation coefficient r being the test statistic. The researcher reports on the
strength and direction of the relationship for all eight events. Question 1 was expected to
confirm existing literature on the existence of a performance difference in the sexes, but
it makes new discoveries as to the extent of the difference in track and field high school
athletes.
Question 2
Question 2 has the variables event distance in meters and percent PFC. Event
distance is the independent variable, ratio level of measurement, and possible outcomes
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are 15m; 30m ; 100m ; 200m ; 400m ; 800m ; 1600m ; 3200m. Percent PFC is the
dependent variable, ratio level of measurement (continuous) with possible outcomes in
the 0.00% format.
Question 2 asks, Is there a statistically significant relationship between event type
and percentage of potential female champions? I.e., do shorter events relying on maximal
strength and power (short-time/bioenergetic pathway) have a larger amount of PFCs than
events that rely on more aerobic/endurance capabilities?
H20: There is not a statistically significant relationship between the percentage of PFCs
and the event distance.
H2a: There is a statistically significant relationship between the percentage of PFCs and
the event distance.
Test: linear regression. Test Statistic: Pearson’s coefficient r. Non-directional.
Significance: α = .05
Using the data analysis Excel application, simple linear regression tests for
significance. The linear equation y = mx + b was produced. A scatterplot was created
with distance on the x-axis and percent PFC on the y-axis. A best-fit line accompanies the
chart with the equation, and r squared visible on the chart. The summary output for the
regression includes the correlation coefficient, Pearson’s r, the correlation of
determination, R2, and p-value for significance.
Question 3
Question 3 has variables PFC, MTF, and (PFC and MTF). PFC and MTF are the
independent variables, PFC is ordinal level of measurement, with integers the possible
outcomes. MTF is ratio level of measurement with whole numbers (non-negative
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integers) being possible outcomes. (PFC and MTF) is the dependent variable, ratio level
of measurement (count) with whole numbers (non-negative integers) being possible
outcomes.
Question 3 asks, what is the probability of one or more 46, XY potential female
champions also being an MTF transgender individual? P(n[PFC and MTF] > 1).
This question was explored via a Monte Carlo simulation. There were 111 simulations
(eight events, three years, five states) in which each simulation involved 10,000 trials of
random number generation based on the assumed rate of transgender athletes in each
event, each year. Each trial used the transgender population estimates from the Williams
Institute to suggest how many of the 46, XY participants are theoretically transgender.
The estimated percentage of transgender persons age 13 to 17 in the given states are:
California, 0.85%; Florida, 0.78%; Minnesota, 0.85%; New York, 0.79%; Washington
0.70% (Herman et al., 2017).
Each simulation began with taking the data generated in spreadsheets that have
the total 46, XY number for an event, and the n PFC in the event. Using these numbers,
the researcher multiplied the Williams’ estimate by the total n 46, XY event sample to get
the estimated n MTF transgender total for the event. This total n MTF number was
rounded to the nearest integer and dictated the number of random numbers to be selected
in the 10,000 trials.
In each trial, random numbers, based on n MTF, were generated from “1” to the
total 46, XY for the event; assuming a uniform random distribution. Any number
randomly generated from “1” to n PFC, simulates a PFC being an MTF transgender
athlete, and thus would generate evidence towards rejecting the null. Any trial that failed
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to have a random number from “1” to n PFC, simulates no PFCs being MTF transgender
athletes, and thus would generate evidence towards failing to reject the null.
To run the simulation, in the “data analysis” application in Excel, the researcher
clicked “random number generation”; filled in the number of variables, “10,000”; filled
in the number of random numbers, n MTF; selected “uniform” distribution; populated the
draw range between “1” and total 46, XY. Next, using the “=COUNTIF” function,
populated a row below each trial that counts the occurrence of “1” to n PFC being
selected in each of the 10,000 trials (e.g., =COUNTIF(A3:A39, “<=354”). Then, using
the "=COUNTIF" function, counted the number of trials that have one or more MTF
PFCs (e.g., =COUNTIF(A40:NTR40, ">=1"). Finally, the researcher turned that number
into a percentage based on 10,000 trials to get the probability of one or more 46, XY
athletes being both a PFC and an MTF transgender person.
Post-hoc descriptive statistics of the n (PFC and MTF) could shed further light on
the scale of potential PFC and MTF individuals. For example, if a track and field event
had a mean of three or greater, with relatively small standard deviation, it could suggest
the likelihood that all three spots on the podium in girls’ events could be theoretically
filled by 46, XY persons. Alternatively, if the mean is lower than one it could suggest
that the probability of 46, XY MTF dominance of the girl category is unlikely, thus
lending support to policies contingent on gender identity, rather than sex.

CHAPTER IV

RESULTS
Statement of the Problem
Biological differences in 46, XY and 46, XX persons affect the structure and
function of the human body (Carlson, 2018). This function and structure translate to
differences in sports performance (Handelsman, 2017). However, despite the differences,
many state high school governing bodies favor gender identity as the determining factor
for separation into boys’ and girls’ categories (Tamerler, 2020). In light of the growing
transgender movement, further research is needed regarding biological performance
considerations for sports competition. The main issue at hand is whether transgender
inclusion in female athletics constitutes an incursion on fair competition.
Is it reasonable to allow high school participants to self-select if they are eligible
to participate in the protected girls’ classification? This question is important and
culturally relevant. To inform an evidence-based answer, it is reasonable and prudent to
produce research on the nature of sex differences in high school athletes, as well as the
possibility for disruption of the girls’ classification.
The research included a three-question quantitative design, N = 920,115, of which
n = 400,929 were female (46, XX) and n = 519,186 male (46, XY) among 5 states (CA,
FL, MN, NY, WA) over 3 years (2017 – 2019). The researcher excluded 1 year from the
analysis in the Minnesota 2017 long jump, 100 meter, and 200 meter events because of
incomplete dataset in the 46, XY sample (only top 599, 399, and 899 available
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respectively). The researcher excluded data from New York 1600 meter and 3200 meter
events because of marginal participation by females in those events (n = 75 - 264).
Purpose of Study
1. Investigate the underlying basis for post-pubertal sex segregation in sport.
2. Assess the effect of event distance on the performance differences between the sexes.
3. Assess the probability of a girls’ champion being biologically male (46, XY).
Research Question 1
Is there a statistically significant relationship in the performances of 46, XX
(female) and 46, XY (male) high school track and field athletes, in selected events?
•

H10: There is not a statistically significant relationship in the performance of the 46,
XY and 46, XX high school track and field athletes.

•

H1a: There is a statistically significant positive relationship between performance and
being 46, XY.
A z-test: two sample for means between male and female performance was done

to test if a difference in the performance of sexes is likely due to chance alone and a test
of correlation between sex and performance was be done with the Pearson correlation
coefficient r being the test statistic.
High Jump Results
In the comparison of 46, XX (n = 23,390) and 46, XY (n = 26,843) high jump
distances, there was a statistically significant relationship between sex and jump distance
(z = -221.3 ; p < .001). The means for 46, XX and 46, XY were 1.35 m (SD = 0.124) and
1.62 m (SD = 0.148) respectively. Findings reveal a strong positive correlation between
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sex (46, XY) and distance jumped (r = .698). The mean advantage in favor of male
performances was 18.18% (see Table 4.1).
Table 4.1
High Jump Comparison of Distance (Meters) and Sex
46, XX

46, XY

n

23,390

26,843

M
SD

1.35
0.124

1.62
0.148

Mdiff
Z

18.18%
-221.3

Variance
Kurtosis

0.015
-0.124

0.022
-0.077

p
r

< .001
0.698

Note. Mdiff = mean difference in the samples.
As shown in Figure 4.1, the distributions of the high jump performances are of
similar shape (kurtosis 46, XY= -0.124, 46, XX =-0.077) and slightly skewed left
(negative).
Figure 4.1
High Jump Performance Distribution by Sex
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Note. Mean difference = 18.18%. Mode 46, XX = 1.32 46, XY = 1.52; Range 46, XX =
.94, 46, XY = 1.09.
Long Jump Results
In the comparison of 46, XX (n = 45,705) and 46, XY (n = 54,506) long jump
distances, there was a statistically significant relationship between sex and jump distance
(z = -266.61 ; p < .001). The means for 46, XX and 46, XY were 4.08 m (SD = 0.607)
and 5.20 m (SD = 0.730) respectively. Findings reveal a strong positive correlation
between sex (46, XY) and distance jumped (r = .638). The mean advantage in favor of
male performances was 24.14% (see Table 4.2).
Table 4.2
Long Jump Comparison of Distance (Meters) and Sex

n
M
SD
Variance
Kurtosis

46, XX

46, XY

45,705
4.08
0.607
0.369
-0.076

54,506
5.20
0.730
0.533
0.198

Mdiff
Z
p
r

24.14%
-266.61
< .001
0.638

Note. Mdiff = mean difference in the samples.
As shown in Figure 4.2, the distributions of the long jump performances are of
similar shape (kurtosis 46, XX = -0.076, 46, XY = 0.198) and normally distributed.
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Figure 4.2
Long Jump Performance Distribution by Sex
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Note. Mean difference = 24.14%. Mode 46, XX = 3.96 46, XY = 5.18; Range 46, XX =
4.72, 46, XY = 5.29.
100 Meter Results
In the comparison of 46, XX (n = 79,663) and 46, XY (n = 94,447) 100M run
times, there was a statistically significant relationship between sex and time (z = 342; p <
.001). The means for 46, XX and 46, XY were 14.76 seconds (SD = 1.286) and 12.78
seconds (SD = 1.098) respectively. Findings reveal a strong negative correlation between
sex (46, XY) and time (r = -0.639). The mean advantage in favor of male performances
was 14.38% (see Table 4.3)
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Table 4.3
100 Meter Comparison of Time (Seconds) and Sex
46, XX

46, XY

n
M

79,663
14.76

94,447
12.78

Mdiff

14.38%

SD
Variance

1.286
1.653

1.098
1.205

Z
p

342
< .001

Kurtosis

0.509

2.629

r

-0.639

Note. Mdiff = mean difference in the samples.
As shown in Figure 4.3, the distributions of the 100M performances are of
different shape (kurtosis 46, XX = 0.509, 46, XY = 2.629) and slightly skewed right
(positive).
Figure 4.3
100 Meter Performance Distribution by Sex
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Note. Mean difference = 14.38%. Mode 46, XX = 14.50 46, XY = 12.43; Range 46, XX
= 9.14, 46, XY = 8.57.
200 Meter Results
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In the comparison of 46, XX (n = 75,192) and 46, XY (n = 88,045) 200M run
times, there was a statistically significant relationship between sex and time (z = 356.2; p
< .001). The means for 46, XX and 46, XY were 30.75 seconds (SD = 2.856) and 26.15
seconds (SD = 2.269) respectively. Findings reveal a strong negative correlation between
sex (46, XY) and time (r = -0.668). The mean advantage in favor of male performances
was 16.17% (see Table 4.4).
Table 4.4
200 Meter Comparison of Time (Seconds) and Sex

n
M
SD
Variance
Kurtosis

46, XX

46, XY

75,192
30.75
2.856
8.159
0.45

88,045
26.15
2.268
5.151
1.488

Mdiff
Z
p
r

16.17%
356.2
< .001
-0.638

Note. Mdiff = mean difference in the samples.
As shown in Figure 4.4, the distributions of the 200M performances are of
different shape (kurtosis 46, XX= 0.45, 46, XY = 1.488) and slightly skewed right
(positive).
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Figure 4.4
200 Meter Performance Distribution by Sex

Note. Mean difference = 16.17%. Mode 46, XX = 29.57, 46, XY = 25.10; Range 46, XX
= 20.81, 46, XY = 17.83.
400 Meter Results
In the comparison of 46, XX (n = 52,050) and 46, XY (n = 69,517) 400M run
times, there was a statistically significant relationship between sex and time (z = 293.5; p
< .001). The means for 46, XX and 46, XY were 70.77 seconds (SD = 7.41) and 59.31
seconds (SD = 5.713) respectively. Findings reveal a strong negative correlation between
sex (46, XY) and time (r = -0.658). The mean advantage in favor of male performances
was 17.62% (see Table 4.5).
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Table 4.5
400 Meter Comparison of Time (Seconds) and Sex
46, XX

46, XY

n
M

52,050
70.77

69,517
59.31

Mdiff

17.62%

SD
Variance

7.41
54.91

5.713
32.64

Z
p

293.5
< .001

Kurtosis

0.696

1.498

r

-0.658

Note. Mdiff = mean difference in the samples.
As shown in Figure 4.5, the distributions of the 400M performances are of
different shape (kurtosis 46, XX = 0.696, 46, XY = 1.498) and slightly skewed right
(positive).
Figure 4.5
400 Meter Performance Distribution by Sex

Note. Mean difference = 17.62%. Mode 46, XX = 70 46, XY = 57.54; Range 46, XX =
50.68, 46, XY = 47.56.
800 Meter Results
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In the comparison of 46, XX (n = 56,670) and 46, XY (n = 76,599) 800M run
times, there was a statistically significant relationship between sex and time (z = 288; p <
.001). The means for 46, XX and 46, XY were 172.03 seconds (SD = 7.41) and 143.67
seconds (SD = 5.713) respectively. Findings reveal a strong negative correlation between
sex (46, XY) and time (r = -0.632). The mean advantage in favor of male performances
was 17.96% (see Table 6).
Table 4.6
800 Meter Comparison of Time (Seconds) and Sex

n
M
SD
Variance
Kurtosis

46, XX

46, XY

56,670
172.03
19.32
373.33
0.352

76,599
143.67
15.42
237.82
0.608

Mdiff
Z
p
r

17.96%
288
< .001
-0.632

Note. Mdiff = mean difference in the samples.
As shown in Figure 6, the distributions of the 800M performances are of different
shape (kurtosis 46, XX= 0.352, 46, XY = 0.608) and slightly skewed right (positive).
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Figure 4.6
800 Meter Performance Distribution by Sex
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Note. Mean difference = 17.96%. Mode 46, XX = 161.8 46, XY = 134; Range 46, XX =
144.22, 46, XY = 110.37.
1600 Meter Results
In the comparison of 46, XX (n = 43,914) and 46, XY (n = 68,787) 1600M run
times, there was a statistically significant relationship between sex and time (z = 257.7; p
< .001). The means for 46, XX and 46, XY were 382.99 seconds (SD = 43.47) and
320.35 seconds (SD = 33.24) respectively. Findings reveal a strong negative correlation
between sex (46, XY) and time (r = -0.631). The mean advantage in favor of male
performances was 17.81% (see Table 4.7).
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Table 4.7
1600 Meter Comparison of Time (Seconds) and Sex

n
M
SD
Variance
Kurtosis

46, XX

46, XY

43,914
382.99

68,787
320.35

43.47
33.24
1,889.49 1,104.83
0.487

0.544

Mdiff

17.81%

Z
p

257.7
< .001

r

-0.631

Note. Mdiff = mean difference in the samples.
As shown in Figure 7, the distributions of the 1600M performances are of similar
shape (kurtosis 46, XX= 0.487, 46, XY = 0.544) and skewed right (positive).
Figure 4.7
1600 Meter Performance Distribution by Sex

Note. Mean difference = 17.81%. Mode 46, XX = 354.72, 46, XY = 287.79; Range 46,
XX = 284.01, 46, XY = 225.38.
3200 Meter Results
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In the comparison of 46, XX (n = 24,345) and 46, XY (n = 40,442) 3200M run
times, there was a statistically significant relationship between sex and time (z = 183.7; p
< .001). The means for 46, XX and 46, XY were 818.81 seconds (SD = 92.06) and
691.73 seconds (SD = 72.59) respectively. Findings reveal a strong negative correlation
between sex (46, XY) and time (r = -0.608). The mean advantage in favor of male
performances was 16.83% (see Table 4.8).
Table 4.8
3200 Meter Comparison of Time (Seconds) and Sex
46, XX
n
M
SD
Variance
Kurtosis

46, XY

24,345
40,442
818.81
691.73
92.06
72.59
8,475.55 5,268.60
0.351
0.492

Mdiff
Z
p
r

16.83%
183.7
< .001
-0.608

Note. Mdiff = mean difference in the samples.
As shown in Figure 4.8, the distributions of the 3200M performances are of
similar shape (kurtosis 46, XX= 0.351, 46, XY = 0.492) and skewed right (positive).
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Figure 4.8
3200 Meter Performance Distribution by Sex
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Note. Mean difference = 16.83%. Mode 46, XX = 805 46, XY = 662.17; Range 46, XX =
586.06, 46, XY = 500.99.
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Table 4.9 displays the summary statistics for question 1.
Table 4.9
Summary Differences Comparing Sex and Performance in High School Track and Field Events
n

M

SD

46, XX

46, XY

46, XX

46, XY

Mdiff

High
Jump

23,390

26,843

1.35

1.62

18.2%

0.12

Long*
Jump

45,705

54,506

4.08

5.20

24.1%

100M*

79,663

94,447

14.76

12.78

75,192

88,045

30.75

52,050

69,517

70.77

56,670

200M*
400M
800M
1600M**
3200M**

Total

Variance

Kurtosis

46, XX

46, XY

46, XX

46, XY

Z-score

p

r

0.15

0.02

0.02

-0.12

-0.08

-221.3

< .001

0.70

0.61

0.73

0.37

0.53

-0.08

0.20

-266.6

< .001

0.64

14.4%

1.29

1.10

1.65

1.20

0.51

2.63

342.0

< .001

-0.64

26.15

16.2%

2.86

2.27

8.16

5.15

0.45

1.49

356.2

< .001

-0.67

59.31

17.6%

7.41

5.71

54.91

32.64

0.70

1.50

293.5

< .001

-0.66

76,599

172.03 143.67

18.0%

19.32

15.42

373.33

237.82

0.35

0.61

288.0

< .001

-0.63

43,914

68,787

382.99 320.35

17.8%

43.47

33.24

1889.49

1104.83

0.49

0.54

257.7

< .001

-0.63

24,345

40,442

818.81 691.73

16.8%

92.06

72.59

8475.55

5268.60

0.35

0.49

183.7

< .001

-0.61

400,929 519,186

46, XX 46, XY

17.9%

Note. N = 920,115. States = CA, FL, MN, NY, WA. 2017, 2018, 2019 outdoor seasons. *Excludes 2017 MN. **Excludes NY.
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Post hoc analysis of Mdiff and distance reveal non-statistically significant
relationship (p = .652) between mean percentage difference and event distance, r = - .19,
R2 = .036, F(1, 6) = 0.225.
Post hoc analysis of participation differences by sex and event distance reveal a
statistically significant (p < .001) strong correlation between sex participation percentage
difference and event distance r = .93, R2 = .87, F(1, 6) = 38.58 (see Table 4.10 and Figure
4.9).
Table 4.10
Difference in Participation by Sex
n 46, XX

n 46, XY

% Difference by Sex

High Jump

23,390

26,843

13.7%

Long Jump*

45,705

54,506

17.6%

100M*

79,663

94,447

17.0%

200M*

75,192

88,045

15.7%

400M

52,050

69,517

28.7%

800M

56,670

76,599

29.9%

1600M**

43,914

68,787

44.1%

3200M**

24,345

40,442

49.7%

Total

400,929

519,186

25.7%

Note. N = 920,115. 44% Female and 56% Male. States = CA, FL, MN, NY, WA.
2017, 2018, 2019 outdoor seasons. *Excludes 2017 MN. **Excludes NY.
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Figure 4.9
Difference in Participation Between Boys and Girls and Event Distance
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Note. N = 920,115. 400,929 female, 519,186 male. High jump = 15M and long jump =
30M for regression and correlation. r = .93, R2 = .87, F(1, 6) = 38.58, p <.001.
Mean Fit Comparisons of Male and Female Performances
As shown in Figure 4.10, the mean of the male performances fit within the top
2.1%-5.8% of the 46, XX distribution.
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Figure 4.10
Mean Male Performance Fit Among the Female Field
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Note. The average male performance is better than 94.2%-97.9% of female performances.
High Jump M(46, XY = 1.62), mean placement = 491 of 23,390. Long Jump M(46, XY =
5.20), mean placement 1,457 of 45,705. 100 meters M(46, XY = 12.78), mean placement
= 3,046 of 79,663. 200 meters M(46, XY = 26.15), mean placement = 2,330 of 75,192.
400 meters M(46, XY = 59.31), mean placement = 1,515 of 52,050. 800 meters M(46,
XY = 143.67), mean placement = 2,527 of 56,670. 1600 meters M(46, XY = 320.35),
mean placement = 2,061 of 43,914. 3200 meters M(46, XY = 691.73), mean placement =
1,412 of 24,345.
As shown in Figure 4.11, the mean of the female performances fit within the
bottom 3.0%-7.1% of the 46, XY distribution.
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Figure 4.11
Mean Female Performance Fit Among the Male Field
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Note. The average female performance is worse than 92.9%-97% of male performances.
High Jump M(46, XX = 1.35), mean placement = bottom 799 of 26,843. Long Jump
M(46, XX = 4.08), mean placement = bottom 3,854 of 54,506. 100 meters M(46, XX =
14.76), mean placement = bottom 4,875 of 94,447. 200 meters M(46, XX = 30.75), mean
placement = bottom 3,539 of 88,045. 400 meters M(46, XX = 70.77), mean placement =
bottom 3,001 of 69,517. 800 meters M(46, XX = 172.03), mean placement = bottom
3,795 of 76,599. 1600 meters M(46, XX = 382.99), mean placement = bottom 3,268 of
68,787. 3200 meters M(46, XX = 818.81), mean placement = bottom 2,374 of 40,442.
As shown in Figure 4.12, the number of 46, XY performances that would fit in the
top 1% of the female field are between 32-43%.
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Figure 4.12
Percentage of Male Performances That Fit in the Top 1% of the Female Field
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Note. 32%-43% of male performances fit within the top 1% of female performances.
High Jump 46, XX top 1% mark = 1.65, top 46, XX 1% mark among 46, XY field =
10,811 of 26,843. Long Jump 46, XX top 1% mark = 5.49, top 46, XX 1% mark among
46, XY field = 19,379 of 54,506. 100 meters 46, XX top 1% mark = 12.30, top 46, XX
1% mark among 46, XY field = 34,266 of 94,447. 200 meters 46, XX top 1% mark =
25.25, top 46, XX 1% mark among 46, XY field = 33,720 of 88,045. 400 meters 46, XX
top 1% mark = 57.53, top 46, XX 1% mark among 46, XY field = 29,776 of 69,517. 800
meters 46, XX top 1% mark = 136.91, top 46, XX 1% mark among 46, XY field =
28,227 of 76,599. 1600 meters 46, XX top 1% mark = 304.73, top 46, XX 1% mark
among 46, XY field = 25,191 of 68,787. 3200 meters 46, XX top 1% mark = 651.52, top
46, XX 1% mark among 46, XY field = 12,917 of 40,442.
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Research Question 2
Is there a statistically significant relationship between event distance and the
percentage of potential female champions (PFCs)?
• H20: There is not a statistically significant relationship between the percentage of
PFCs and the event distance.
• H2a: There is a statistically significant relationship between the percentage of PFCs
and the event distance.
The researcher converted the high jump and long jump from nominal levels of
measurement to ratio levels of measurement in order to unify the distance measurements.
To accomplish this analysis, the high jump, for presentation and analysis purposes, was
estimated to be a 15-meter event and the long jump to be a 30-meter event.
The Pearson product-moment correlation was used to determine the strength and
direction of a linear relationship between the two continuous variables. Regression was
used to assess the relationship between distance and percentage of PFCs in an event. The
Pearson correlation resulted in r = .31 suggesting a moderately-sized positive correlation
between distance and percent PFC (see Figure 4.13). The results of the regression
suggested that distance explained 10% of the variance, R2 = .10, F(1, 109) = 11.46, p <
.001.
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Figure 4.13
Scatterplot of Percentage of 46, XY PFCs Per Event Distance
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Note. PFC = potential female champion. Results from 3 years, 5 states, and 8 events (n =
111). States = CA, FL, MN, NY, WA. 2017, 2018, 2019 outdoor seasons. One year
removed in Long Jump, 100M, and 200M for incomplete dataset in Minnesota for 2017.
Three years removed in 1600M and 3200M for lack of 46, XX participation in the events
in New York. High Jump coded as a 15-meter distance and long jump coded as a 30meter distance. r = .31, p < .001.
As shown in Figure 4.14, the average percent PFC totals varied from 8.23%16.24%, with the smallest occurring in the sprint events and the largest in the 400M.
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Figure 4.14
Percentage of Male Performances Better than the Best Female
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Note. HJ = high jump, LJ = long jump. PFC = potential female champion.
Research Question 3
What is the probability of one or more 46, XY potential female champions also
being an MTF transgender individual? P(n[PFC and MTF] > 1).
The researcher conducted 111 simulations in which each simulation consisted of
10,000 trials of random number generation based on the assumed rate of transgender
athletes in each event, each year. The assumption is that being MTF is an independent,
uniformly distributed random variable. Each trial used the transgender population
estimates from the Williams Institute at UCLA to suggest how many of the 46, XY
participants are theoretically transgender. The estimated percentage of transgender
persons age 13 to 17 in the given states are: California, 0.85%; Florida, 0.78%;
Minnesota, 0.85%; New York, 0.79%; Washington 0.70% (Herman et al., 2017). The
results of the simulations are displayed in Table 4.11.
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Table 4.11
Monte Carlo Simulation Results Inferring the Probability of a 46,XY Female Champion
HJ

LJ

100M

200M

400M

800M

Simulations

15

14

14

14

15

15

12

12

111

P(n[PFC
and MTF]
≥ 1)

0.808

0.844

0.939

0.927

0.970

0.940

0.981

0.917

0.916

1.78

2.38

3.92

4.44

5.06

5.57

6.24

3.48

4.11

1.40

2.00

3.57

4.00

4.53

5.33

5.92

3.17

3.74

1.21

1.41

1.82

1.88

2.00

2.03

2.17

1.63

1.77

7.40

9.43

12.29

12.71

13.87

14.53

14.92

10.67

11.98

Mean n
(PFC and
MTF) ≥ 1
Ave. Mode
n (PFC
and MTF)
≥1
Ave. SD
Ave. Range

1600M 3200M

Σ / x̄

Note. Total simulations = 111, trials n = 1,110,000. One year removed in Long Jump,
100M, and 200M for an incomplete dataset in Minnesota for 2017. Three years removed
in 1600M and 3200M for lack of female participation in the events in New York. The
estimated percentage of transgender persons age 13 to 17 in the given states are:
California, 0.85%; Florida, 0.78%; Minnesota, 0.85%; New York, 0.79%; Washington
0.70% (Herman et al., 2017).
If the assumptions are met, the results indicate a high probability that the female
champion will be a 46,XY MTF athlete. Following 111 simulations of 1,110,000 trials,
the P(n[PFC and MTF] > 1) is between 81%-98% in the selected American high school
track and field events (see Figure 4.15).

118
Figure 4.15
Probability of One or More 46,XY Potential Female Champions Being MTF Transgender
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Note. Post hoc regression analysis of the results result in a non-significant relationship
between P(n[PFC and MTF] > 1) and distance (p = .44). R2 = .10, F(1, 6) = .68, r = .32.
In the simulation when P(n[PFC and MTF] > 1), the average size of the (PFC and
MTF) group in each event varied on average between 2 and 6 individuals (1.8-6.2). The
size of the n(PFC and MTF) > 1 simulated in each is intended to show the depth of the
(PFC and MTF) group in each event (see Figure 4.16).
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Figure 4.16
Average Size of Simulated MTF Transgender Athletes atop the Female Standings
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Note. Total simulations = 111, trials n = 1,110,000. Mean Size of n(PFC and MTF) > 1
when P(n[PFC and MTF] > 1). Post hoc regression analysis of the results reveal a nonsignificant relationship between mean size of n(PFC and MTF) > 1 when P(n[PFC and
MTF] > 1) and distance (p = .56). R2 = .06, F(1, 6) = .38, r = .24.
Question 3 Results Summary
The Monte Carlo simulations n = 111, P(n[PFC and MTF] > 1) is between 81%98% in the selected American high school track and field events selected, assumptions
being met. When a simulated trial resulted in P(n[PFC and MTF] > 1) the average n(PFC
and MTF) > 1 was between 2 and 6 MTF athletes (1.8-6.2). The range for n(PFC and
MTF) > 1 was between 7.4-14.9 MTF individuals. The average mode for n(PFC and
MTF) > 1 was between 1.4 and 5.9 MTF individuals.

CHAPTER V

CONCLUSION, DISCUSSION, AND RECOMMENDATIONS
Statement of the Problem
Biological differences in 46, XY and 46, XX persons affect the structure and
function of the human body (Carlson, 2018). This function and structure translate to
differences in sports performance (Handelsman, 2017). However, despite the differences,
many state high school governing bodies favor gender identity as the determining factor
for separation into boys’ and girls’ categories (Tamerler, 2020). In light of the growing
transgender movement, further research is needed regarding biological performance
considerations for sports competition. The main issue at hand is whether transgender
inclusion in female athletics constitutes an incursion on fair competition.
Is it reasonable to allow high school participants to self-select if they are eligible
to participate in the protected girls’ classification? This question is important and
culturally relevant. To inform an evidence-based answer, it is reasonable and prudent to
produce research on the nature of sex differences in high school athletes, as well as the
possibility for disruption of the girls’ classification.
Conclusions
As shown in Table 5.1, research questions 1 and 2 resulted in rejecting the null,
and research question 3 resulted in a high probability of a MTF transgender individual
being the female champion in each event (n[PFC and MTF] > 1).

120

121
Table 5.1
Summary Research Question Results
Research Questions

Results

Question 1: Is there a statistically significant relationship in the
performances of 46, XX (female) and 46, XY (male) high
school track and field athletes, in selected events?

Reject the null in
each event (p < .001)

Question 2: Is there a statistically significant relationship
between event distance and percentage of potential female
champions (PFCs)?

Reject the null
(moderately positive)
r = .31

Question 3: What is the probability of one or more 46, XY
potential female champions also being an MTF transgender
individual? P(n[PFC and MTF] > 1).

P = 81%-98% event
dependent

Note. N = 920,115. 46, XX n = 400,929. 46, XY n = 519,186. PFC = An 46, XY
performance that is better than the best 46, XX per state, per year.
Research Question 1
Is there a statistically significant relationship in the performances of 46, XX
(female) and 46, XY (male) high school track and field athletes, in selected events?
•

H10: There is not a statistically significant relationship in the performance of the 46,
XY and 46, XX high school track and field athletes.

•

H1a: There is a statistically significant positive relationship between performance and
being 46, XY.
In each of the eight events the null is rejected in favor of the alternative

hypothesis: There is a statistically significant positive relationship between performance
and being 46, XY.
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The mean difference between sex and distance in the high jump was statistically
significant (p < .001), with an advantage in favor of males’ performances being 18.2%.
The mean difference between sex and distance in the long jump was statistically
significant (p < .001), with an advantage in favor of 46, XY performances being 24.1%.
The mean difference between sex and time in the 100M was statistically significant (p <
.001), with an advantage in favor of male performances being 14.4%. The mean
difference between sex and time in the 200M was statistically significant (p < .001), with
an advantage in favor of male performances being 16.2%. The mean difference between
sex and time in the 400M was statistically significant (p < .001), with an advantage in
favor of male performances being 17.6%. The mean difference between sex and time in
the 800M was statistically significant (p < .001), with an advantage in favor of male
performances being 18%. The mean difference between sex and time in the 1600M was
statistically significant (p < .001), with an advantage in favor of male performances being
17.8%. The mean difference between sex and time in the 3200M was statistically
significant (p < .001), with an advantage in favor of male performances being 16.8%.
Correlation between mean percentage difference and distance were non-significant (p <
.652, r = -.19).
The mean male performance is better than 94%-98% of female performances (top
2%-6%). The mean female performance is worse than 93%-97% of male performances
(bottom 3%-7%). Finally, approximately one-third or more (32%-43%) of male
performances fit within the top 1% of female performances.
Research Question 2
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Is there a statistically significant relationship between event distance and the
percentage of potential female champions (PFCs)?
• H20: There is not a statistically significant relationship between the percentage of
PFCs and the event distance.
• H2a: There is a statistically significant relationship between the percentage of PFCs
and the event distance.
The null is rejected in favor of the alternative hypothesis: There is a statistically
significant relationship between the percentage of PFCs and the event distance (p <
.001), as r =.31 indicates a moderate positive correlation between the two variables.
Research Question 3
What is the probability of one or more 46, XY potential female champions also
being an MTF transgender individual? P(n[PFC and MTF] > 1).
If the assumptions are met, the results indicate a high probability that the female
champion will be a 46, XY MTF athlete. The P(n[PFC and MTF] > 1) is between 81%98% in the selected American high school track and field events. High jump = 80.8%.
Long jump = 84.4%. 100M = 93.9%. 200M = 92.7%. 400M = 97%. 800M = 94%.
1600M =98.1%. 3200M = 91.7%.
Discussion
The first purpose of this study was to investigate the underlying basis for postpubertal sex segregation in sport. If there were not categories based on sex, the top half of
performances would be overwhelmingly male, and the top hundreds, and even thousands
of positions in some events, would be exclusively males. A female would never get
remotely close to winning at the state level without sex segregation.
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The data provides sufficient and strong evidence to support post-pubertal sex
segregation. Evidence in support of this point is the statistically significant difference in
favor of males on the average of 17.9% across the events investigated. The gap between
the sexes is large and persistent across all events (14.4%-24.1%). The average male
performance fits at the very top of the female field (top 2.1%-5.8%), and the average
female performance fits at the very bottom of the male field (bottom 3.0%-7.1%). A
massive number of males (32%-43%) are able to perform within the top 1% of female
performances. Put another way, a female that was better than 99% of girls would only be
better than 57%-68% of boys. The best of the best females under a non-segregated format
would be slightly better than average, and the average female would place at the very
bottom of the field. Such an outcome would likely be discouraging and suppress sports
participation by females.
In participation, boys showed higher participation in every event in every state.
Overall the participation was 44% female and 56% male, but the participation gap varied
from 14% to 50%. The exceptionally strong correlation (r = .93, p < .001) between
participation percentage and distance is extremely interesting to the researcher because of
its contrarian nature. Girls are participating at rates that more closely mirrors the male
population in the shortest events. As the distance increases, so does the participation rate
discrepancy. Girls have higher participation rates in comparison to boys in events that are
more dependent on power and speed, and less participation in events that rely on
endurance.
In terms of performance, boys have a slightly higher standard deviation in the
jumps, but a smaller standard deviation in the runs. Boys have a smaller variance in every
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event except for high jump. Boys have a greater kurtosis in all events. This distribution
suggests that the boys’ field is more centrally located. The girls have a greater spread and
thus greater diversity in performance in comparison to the boys. If competitiveness is
described as times that are closer to each other, boys are more competitive. If diversity is
described as having a greater variety of performance, girls are more diverse.
The second purpose of this study was to assess the effect of event distance on
performance differences between the sexes. The findings suggest a moderately positive
relationship when comparing percent PFC and distance (r = .31, p < .001), but post hoc
analysis of performance alone suggests that there is not a statistically significant
relationship between distance and mean performance difference. Due to the mixed
findings, it seems imprudent to make policies that are event dependent. For illustration,
the greatest mean difference was seen in the long jump (24.1%), the 400M had the
highest number of PFCs (16.2%), and the 1600M had the highest probability of a
simulated PFC being a MTF transgender athlete (98.1%). It is not reasonable to have
certain rules for certain events and not for others, as seen at the international (World
Athletics) level.
It was interesting that the findings confirm a counterintuitive smaller performance
gap in the 100M despite the large male advantage in maximal power, ability to generate a
greater stride rate, and naturally possessing a greater stride length on average. These
findings agree with those by Millard-Stafford et al. (2018) in their investigation of world
record performances in that there seems to be a smaller sprint advantage and a larger
endurance advantage for males.
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These findings have consequential implications for team and contact sports. If the
gaps between female and male performance are as large and significant as indicated by
this studies data in non-contact, lower body dominant events, surely they are more
significant and impactful in contact and upper body contribution sports, since the lower
bodies of males versus females are more similar than the upper bodies of males versus
females. The performance difference between the sexes in other sports is likely
considerably higher than in this study.
The third purpose of the study was to assess the probability of a girls’ champion
being biologically male (46, XY). It is probable that the girls’ champion in each state and
in each event would be male. If the assumptions about transgender persons were true,
there is an overwhelming probability (81%-98%) that a MTF transgender athlete would
be at the top of the female ranking list in each state, each year. In the simulation trials
where there was at least 1 transgender PFC, there was an average of 2-6 MTF
individuals. Thus, in the majority of cases, the entire podium (top of the state) would be
MTF.
Presently, transgender dominance of female sport is not occurring on anything
resembling a large scale. However, the goal of many, including transgender activists and
allies, is to have full acceptance and full integration of transgender persons at every level,
in every institution. The data suggest, that full acceptance and full integration, without
restrictions, would lead to transgender dominance of the female category of high school
track and field and would likely apply to other sports as well.
It is apparent that currently transgender participation in athletics does not mirror
the approximated 0.7%-0.85% rate that the Williams Institute projects. Nevertheless, if
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transgender athlete participation were at that rate, and if being transgender did not affect
performance, the probability found identified in the Monte Carlo Simulation could
become reality.
Why is there presently not widespread transgender dominance? Perhaps the
estimates of transgender youth are wildly overstated. Perhaps the distribution of MTF and
FTM persons not equal; the Williams report does not distinguish between the two.
Perhaps MTF persons are less interested in sports, or maybe they are interested, but some
other barrier, whether physical, logistical, psychological, or sociological exists to
suppress participation as suggested by Jones et al. (2017) and Herrick and Duncan
(2018). Perhaps being MTF somehow inhibits performance independent of any medical
intervention? Answers to these questions are unknown.
Recommendations for Further Study
There are multiple areas of further study and questions that should be addressed
related to this study. Future research should investigate participation rates: Why do girls
participate less in track and field than boys in general, and some events in particular?
Why are girls participating less in endurance events in comparison to boys than in power
and speed events? A multi-variate analysis of participation percentage differences,
performance, and event distance would be valuable. Are there certain factors that drive
participation or are effective at expanding participation rates?
Future studies should investigate performance differences further: Why is the
girls’ field more diverse and the boys more competitive? Are poor performing males
quitting, whereas poor performing girls are sticking it out? Are the girls more mentally
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resilient when facing the prospect of being at the bottom? Does the motivation to perform
well drive participation rates?
Further research should explore the relationship of performance and event type:
What is the physiological basis for the smaller performance difference in power and
speed-dependent sprints and greatest in the endurance-dependent distance races? Why
does a much bigger difference in Type II muscle fibers, power, and maximal strength
physiology, and a narrower gap in Type I fibers, and endurance capabilities, produce the
inverse results in terms of performance and event distance?
Future research needs to explore direct evidence applied to team and contact
sports. Because this study only dealt with non-contact, individualistic, lower body
dominant events, and the vast majority of high school sports participation is in contact,
team and upper body inclusive sports, a detailed assessment of the difference in
additional areas of key performance indicators is needed. Such analysis would include
each aspect of human performance to include; strength, power, speed, agility, anaerobic
endurance, and aerobic endurance. Some interesting sex difference events to study would
be; bench press for upper body maximal strength, back squat for lower body maximal
strength, shot put for upper and lower body power, 55M for speed, three-cone and proshuttle for agility, and half marathon for aerobic endurance.
Further study of the transgender population is needed. The ongoing efforts to
document and assess the transgender population in American teenagers and those efforts
should continue. Further studies could illuminate if the Williams numbers are accurate.
Some other questions are: Should they differentiate between MTF and FTM percentages?
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Why are transgender sports participation unremarkable and unrepresentative of the
estimates, even in affirming and supportive communities?
Research should continue on how medical interventions influence performance.
To what exact extent does cross sex hormone therapy (CSHT) level the playing field?
Beyond the physiology, are requirements to have medical intervention, even ethical or
legal? Do treatment first policies incentivize life-altering treatment that may otherwise
not be desired, but for the ability to play sports? Investigating if MTF individuals forfeit a
46, XY athletic advantage would best be done by pursuing direct evidence. Such an
analysis could involve conducting a pre-treatment physiological performance assessment
on a substantial sample of trained MTF athletes; the participants should be followed in a
longitudinal assessment tracking treatment while maintaining a supervised strength and
conditioning program with follow-up post-transition performance tests.
Competitive sport is an interwoven, important, cultural force, and female sport is
an invaluable asset and societal good. Sound research is needed to provide the data
necessary for policymakers to make informed, evidence-based decisions that protect and
promote competitive female sport.
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