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ABSTRACT

In this study, we examined the association between girls’ participation in high school sports and the
physical activity, weight, body mass and body composition of adolescent females during the 1970s
when girls’ sports participation was dramatically increasing as a result of Title IX. We found that
increases in girls’ participation in high school sports, a proxy for expanded athletic opportunities for
adolescent females, were associated with an increase in physical activity and an improvement in
weight and body mass among girls. In contrast, adolescent boys experienced a decline in physical
activity and an increase in weight and body mass during the period when girls’ athletic opportunities
were expanding. Taken together, these results strongly suggest that Title IX and the increase in
athletic opportunities among adolescent females it engendered had a beneficial effect on the health
of adolescent girls.
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Introduction 

 The 1996 Surgeon General’s Report on Physical Activity and Health (USDHHS 1996) is an exhaustive 

review of the effects of physical activity on health.  It concludes that there is compelling evidence that people of 

all ages and of both genders benefit from physical activity, and it recommends 30 minutes of regular physical 

activity (e.g., brisk walking, social dancing, volleyball) on most days for both children and adults.  A more 

recent study from the Institute of Medicine (2002) goes even further, recommending an hour of physical activity 

per day. 

The Surgeon General’s study also reports the following: that most Americans are not regularly 

physically active; that 25% of American adults are not active at all; and that half of American youths between 

the ages of 12 and 21 are not vigorously active on a regular basis.  Notably, at all ages, women are less active 

than men.  The relatively high rate of physical inactivity among Americans is an important social problem.  

Indeed, physical activity is one of the major public health concerns listed in the Healthy People 2010 (USDHHS 

2000) report, which has an objective to increase physical activity, and which identifies women as a group of 

particular concern.  

To increase physical activity of children and adults, the 1996 Surgeon General’s report recommends the 

expansion of school-based interventions. 

“School-based interventions for youth are particularly promising, not only for their potential  
scope—almost all young people between the ages of 6 and 16 years attend school—but also for their 
potential impact. Nearly half of young people 12 to 21 years of age are not vigorously active;  
moreover, physical activity declines during adolescence.  Childhood and adolescence may thus be 
pivotal times for preventing sedentary behavior among adults by maintaining the habit of physical 
activity throughout the school years.” (USDHHS 1996, p. 12) 
 

A similar recommendation is made in a report by The President’s Council on Physical Fitness and Sports (1997) 

entitled, “Physical Activity & Sports in the Lives of Girls.”  

“Specific mechanisms which enhance girls’ opportunities to be physically active must be developed  
and supported.  Recreational, school-based physical education and sport programs are ideal ways to 
facilitate both health-related fitness and the acquisition of fundamental motor skills for a lifetime of 
activity.” (The President’s Council on Physical Fitness and Sports 1997, p. xv) 
 

Finally, from the Centers for Disease Control (CDC), we have the following: 

“Children and adolescents are more physically active than adults, but participation in physical activity 
declines in adolescence.  School and community programs have the potential to help children and 
adolescents establish lifelong, healthy physical activity patterns.” (CDC 1997, p. 2) 
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One of the most important justifications of these recommendations to increase youth physical activity 

through school-based programs is improved body composition (ratio of fat to lean mass) and reduced obesity.  

There is a widespread belief that school-based, physical activity programs will have a beneficial effect on child 

and adolescent obesity.  Moreover, note that all of the recommendations imply that youth programs will have 

lifetime effects, which is consistent with the evidence that childhood obesity is strongly associated with adult 

obesity (Serdula et al. 1993; Lake et al. 1997; McTigue et al. 2002; Whitaker et al. 1998).  So the potential 

benefits of greater youth physical activity are large.  Yet, there is little direct evidence to support the link 

between youth physical activity and obesity, or body composition (Cawley et al. 2005).  Intervention studies 

have demonstrated that physical activity and exercise can help control weight, but observational studies of the 

relationship between physical activity and child obesity have reported inconsistent findings (Stefanick 1993; 

Slattery et al.1992; USDHHS 1996; Kimm et al. 2005).   

Arguably the most important school-based intervention to increase physical activity was Title IX of the 

Education Amendments of 1972.  This landmark legislation led to a dramatic increase in girls’ sports 

participation after its passage in 1972.  Between the 1970-71 and 1977-78 academic years, the number of girls 

participating in high school sports increased over 600%, from 294,015 to 2,083,040 (National Federation of 

State High School Associations, 2001).  In the same period, the rate of girls’ participation in high school sports 

increased from approximately five percent to 26 percent (see Figure 1).  Title IX has also been credited with 

spurring girls’ participation in community sports programs.  In contrast, Title IX had almost no effect on boys.  

Between 1970-71 and 1977-78, the number of boys participating in high school sports increased approximately 

20% and their rate of participation in sports hardly changed (see Figure 1). 

 Title IX and the unprecedented increase in girls’ sports participation that resulted provides a unique 

opportunity to study the effect of school-based interventions targeted at increasing physical activity on 

adolescent female obesity.  The primary goal of the proposed research is to obtain estimates of the effect of the 

dramatic increase in girls’ participation in high school sports, as a result of Title IX legislation, on the physical 

activity, body mass and body composition of adolescent women.   The proposed research, because it will make 

use of a plausibly exogenous change in physical activity, will provide perhaps the most credible evidence to date 
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on the effect of physical activity on youth obesity.  Previous researchers have not exploited this dramatic change 

in girls’ sports participation caused by Title IX to investigate the consequences of such participation.  More 

importantly, the formulation of current policy and recommendations to expand school-based interventions to 

increase physical activity has not benefited from knowledge about the health consequences of Title IX—the 

largest expansion in school-based interventions in history.  While Title IX has left an indelible mark on our 

society, and its success in creating equal opportunities for women widely celebrated, its effect on physical 

activity and health remain unknown.  Here we begin to address this shortfall in knowledge. 

 

What is Title IX and Did it Affect Sports Particpation? 

“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.” (US Department of Education 2000) 
 

So begins Title IX of the Education Amendments of 1972 that took effect in June of 1972.  The 

language of Title IX is broad and covers all activities sponsored by educational institutions.  Programs and 

activities which receive funds from the Department of Education must operate in a nondiscriminatory manner. 

These programs and activities include: admissions, recruitment, financial aid, academic programs, student 

treatment and services, counseling and guidance, discipline, classroom assignment, grading, vocational 

education, recreation, physical education, athletics, housing and employment.  

 Title IX enforcement is the responsibility of the Office of Civil Rights of the Department of Education.  

Enforcement is governed by regulations issued by the Department of Health, Education, and Welfare 

(predecessor to the Department of Education), which became effective July 21, 1975.  The regulations 

established a three year transition period to give institutions time to comply with its equal athletic opportunity 

requirements.  That transition period expired on July 21, 1978.  Compliance with Title IX involved a self-

evaluation of current practices and remedial steps to eliminate the effects of any discrimination.  

Institutions could also take affirmative action to address limited participation by persons of a particular 

sex (Department of Education 1975). 
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While Title IX affected many programs and employment at educational institutions, arguably 

its greatest impact was on sports participation.  Between 1970-71 and 1977-78, the number of girls 

participating in high school sports increased over 600%, and the rate of girls’ participation in high school sports 

increased from five percent to 26 percent (Figure 1, National Federation of State High School Associations 

2002; Stevenson 2000; Gavora 2002).  However, girls’ sports participation was increasing prior to Title IX 

(Gavora 2002; Staffo 1980; Riley 1976) and the data on sports participation is relatively crude and subject to 

substantial error (see below).  Moreover, as described above, Title IX was implemented gradually with federal 

regulations not issued until 1975, compliance not required until 1978 and little enforcement teeth until 1980 

(Gavora 2002; Women’s Sports Foundation 2001).   

Nevertheless, given the large increase in girls’ sports participation that occurred subsequent to passage 

of Title IX and which more or less ended at the time of mandated compliance in 1978, it is difficult to argue that 

the law had no effect on girls’ sports participation, and evidence suggests that it had a substantial effect.  Again, 

Gavora (2002), a strong critic of Title IX, concludes that Title IX clearly intensified the upward trend in girls’ 

sports participation.  Data on girls’ sports participation prior to 1970 is sparse, but the information that does 

exist indicates a significant break in the trend line after passage of Title IX (Riley 1976; Staffo 1980).  Further, 

there is abundant evidence that school administrators responsible for sports were cognizant of the burden of 

Title IX and responded accordingly (Pottker and Fishel 1976; Riley 1976; Staffo 1980; American Friends 

Service Committee 1977).  In fact, the Department of Health Education and Welfare (HEW) worked with the 

American Association of School Administrators and sponsored many regional and area conferences on 

compliance with Title IX (Riley 1976; American Friends Service Committee 1977; Craig 1977).  And Gavora 

(2002) reports that the Department of Health, Education and Welfare (HEW) was “flooded” with complaints 

from school administrators struggling to comply with Title IX regulations issued in 1975.  

Did Title IX affect boys’ sports participation?  Clearly, recent court cases and media attention suggest 

that at the college level, male athletic opportunities may have been diminished by Title IX, although supporters 

of the law refute this claim and all of these court cases have been brought since 1988.  But evidence of similar 

problems at the elementary and secondary levels is virtually non-existent during the 1970s and 1980s.  And a 

review of the legal cases from the 1990s related to elementary and secondary schools that were listed on the 
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Gender Equity in Sports website (http://bailiwick.lib.uiowa.edu/ge/) found no cases at the elementary or 

secondary school level in which males complained about a loss of opportunities.  Finally, the aspect of Title IX 

that arguably had the greatest potential of adversely affecting boys was the 1979 Title IX Athletics Policy 

Interpretation rule issued by the Department of Education that specified that compliance with Title IX required 

that the proportion of girls among sports participants must be the same as the proportion of girls among the 

student body.  This rule may provide a strong incentive to reduce boys’ sports opportunities, but importantly, it 

was issued in the last year of our analysis.  Indeed, prior to 1980, compliance with Title IX was not vigorously 

enforced and the law itself explicitly forbade the use of quotas (Gavora 2002):   

“Nothing contained in . . . this section shall be interpreted to require any educational institution to grant 
preferential or disparate treatment to members of one sex on account of an imbalance which may exist  
with respect to the total number or percentage of persons of that sex participating in or receiving the  
benefits of any federally supported program or activity in comparison with the total number or  
percentage of persons of that sex in any community, state, section or other area.” (US Department of  
Education 2000) 
 
Data show that subsequent to Title IX, there was no decrease in boys’ sports participation.  Between 

1970-71 and 1977-78, the number of boys participating in high school sports increased approximately 20% and 

their rate of participation in sports decreased just two percentage points with most of this decrease occurring 

between 1977 and 1978, the year before compliance became mandatory and two years prior to the issuance of 

1979 Title IX Athletics Policy Interpretation rule issued by the Department of Education (Figure 1, National 

Federation of State High School Associations, 2001; Stevenson 2000).1  Evidence in Staffo (1980), who 

surveyed New York State high schools in the late 1970s is consistent with the aggregate data and supports the 

notion that Title IX did not adversely affect athletic opportunities for boys at the high school level.   

The decrease in boys’ (and girls’) sports participation observed in Figure 1 merits further discussion.  

We do not believe it represents an adverse effect of Title IX on boys.  First, the drop is in large part a result of 

implausibly large decreases in sports participation rates that is most likely a result of reporting error.  For 

example, Arkansas, Delaware, Wisconsin, North Dakota and Ohio reported decreases in boys’ sports 

participation of 25 percent or more.  And in all but one of these states, girls’ sports participation also falls 

significantly, by 12 or more percent.  Indeed, if we rank states by the percentage change in both boys’ and girls’ 

                                                 
1 The trend in boys’ sports participation may have been different if Title IX had not been implemented.  That is, we do not 
know the counterfactual—what boys’ participation would have been in the absence of Title IX.  
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sports participation between 1977 and 1978, the correlation coefficient is quite large—0.70, which suggests a 

reporting error more than an effect of Title IX.  If Title IX improved opportunities for girls at the expense of 

boys, the rank correlation would be negative or have a small positive value, not a large value like 0.70.  A 

regression of boys’ sports participation on girls’ sports participation yields a positive coefficient. 

To summarize, while it is true that athletic opportunities for women were expanding prior to Title IX, it 

appears that there was a significant (exogenous) increase in girls’ sports participation subsequent to passage of 

the law that continued until compliance with the law was mandated in 1978.  Indeed, both girls’ and boys’ sports 

participation remains relatively flat for the next ten years (Gavora 2002; National Federation of State High 

School Associations, 2001).  In addition, information available leads us to conclude that Title IX did not reduce 

athletic opportunities for boys during the period we study.  In fact, the literature during this period is quite 

consistent in stating that elementary and secondary schools had been too slow to provide opportunities for girls, 

and that Title IX enforcement had been too weak.  There is no mention of reduced opportunities for boys.  And 

what data is available does not suggest diminished opportunities for boys. 

 

Causal Pathways 

 The publicity surrounding the Surgeon General’s report on the health benefits of physical activity and 

the near universal acceptance of its findings suggest that youth sports participation and physical activity would 

yield large health benefits for adolescents.  Surprisingly, there is little evidence supporting this position.  Indeed, 

according to Rowland (1996), “… regular exercise and sports participation should not be expected to improve 

the well-being of the general population of children and adolescents (p. 154).”  Rowland (1996) notes that the 

primary mortality risks for children and adolescents are accidents, cancers, congenital abnormalities, and 

homicides—causes that can not be positively affected by physical activity.  Further, physical activity and sports 

participation are not likely to reduce the rate or severity of infectious disease.  One obvious adverse effect is 

greater risk of injury, which may be severe and long lasting.  “Children and adolescents with developing bodies 

are at special risk of permanent physical damage if injury occurs to the growth plates of long bones or to other 

bone or connective tissue structures.” (UDHHS 1996, p. 142)   
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 In spite of the limited scope for improvement, the Surgeon General’s report on Physical Activity and 

Health (USDHHS 1996) and the report of The President’s Council on Fitness and Sports (USDHHS 1997) 

identify some positive health benefits of youth physical activity.  One of the most important potential benefits is 

improved blood lipid profiles and lower blood pressure, two risk factors associated with coronary heart disease.  

Further, several studies have shown a correlation between physical activity in children and lower risks of 

coronary heart disease.  However, most of this evidence is from observational studies, and the significant 

association is eliminated when controls for weight are introduced, suggesting that most of the improvement in 

blood lipid profiles associated with physical activity is through weight control.   

There is considerable clinical evidence that exercise and physical activity favorably affect body 

composition, weight and fat distribution.  Intervention studies have demonstrated that physical activity and 

exercise can help control weight (Stefanick 1993; Slattery et al.1992).  In addition, sports participation has been 

shown to increase vegetable consumption in high school students (Pate et al. 2000).  However, observational 

studies of the relationship between physical activity and child obesity have reported inconsistent findings 

(USDHHS 1996; Kimm 2005).  In sum, despite the potential for harm, there is evidence that adolescent health, 

specifically weight and body composition, can be improved through greater physical activity. 

Title IX resulted in an expansion of school-based athletic opportunities for adolescent girls.  In addition, 

Title IX is credited with causing an expansion of community-based athletic opportunities for girls.  These 

increases in athletic opportunities make it more likely that girls will be physically active.  In economic terms, 

Title IX has lowered the price of sports participation.  Consequently, there should be an increase in adolescent 

girls’ physical activity and an improvement in their body composition (lower proportion fat).  Here we assess 

this hypothesis directly by examining the effect of increased girls’ participation in high school sports caused by 

Title IX on girls’ physical activity, weight, body mass and body composition.   

 

Research Design and Methods 

The statistical analyses used in this paper are based on multivariate regression models that relate girls’ 

physical activity, weight, body mass and body composition to girls’ participation in high school sports.  Girls’ 

high school sports participation is used as a proxy measure of changes in adolescent girls’ athletic opportunities 
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caused by Title IX.  We obtain estimates of the regression model in the context of a research design intended to 

identify the “causal” effect of Title IX and the increase in girls’ sports participation on adolescent health and 

health behaviors.  Specifically, we rely on two approaches: a comparison group approach and instrumental 

variables.  However, before describing these approaches, we discuss the assumption that Title IX is a good 

“natural experiment.” 

 

Is Title IX a Good Natural Experiment? 

Earlier in the paper we provided evidence of the effect of Title IX on girls’ sports participation and 

concluded that Title IX caused a significant increase in girls’ sports participation.  This is important because it 

established that part of the change in girls’ sports participation was policy driven and unrelated to changes in 

personal characteristics and changes in social norms.  In other words, part of the increase in girls’ sports 

participation over the period we analyze is exogenous; Title IX provides a source of exogenous variation in 

athletic opportunities that can be used to help identify the causal effect of youth physical activity on adolescent 

female weight.  Similarly, we provided evidence related to the effect of Title IX on boys’ sports participation 

and concluded that it did not affect this outcome.  This finding is important because one of the empirical 

strategies we employ is a comparison group approach that assumes that Title IX had no effect on boys.  The 

descriptive information presented above supports this assumption and bolsters the credibility of the comparison 

group approach. 

 

Comparison Group Approach 

 We obtain estimates of the effect of Title IX, as measured by changes in girls’ high school sports 

participation, on physical activity, weight, body mass, and body composition using multivariate regression 

methods.  The primary problem with this approach is to distinguish the effect girls’ sports participation from the 

effect of unmeasured factors that vary over time, for example changes in women’s attitudes about body image 

and physical activity.  One way to address this problem is to use a comparison group—similar persons who are 

unaffected by Title IX.  We use males as a comparison group for females because the enactment of Title IX had 

little effect on their participation in high school sports.   
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 To illustrate this approach, we begin with a simple model of adolescent female body mass index (BMI).  

The sample used to estimate the model consists of female adolescents ages 12 to 17.  The model is as follows: 

1980,...,1971
51,...,1
17,...,12

)1( 21

=
=
=
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ZSPBMI ijtjtjttjiijt εγγδβα

 

Equation (1) assumes that the body mass index of adolescent women in year t and in state j is a function of the 

level of girls’ high school sports participation (SP) in year t and in state j, and other factors (Z) that affect the 

body mass index of women in year t and in state j.  We omit individual subscripts and individual-level variables 

such as race and family income to conserve on notation, but these variables will be included.  Equation (1) also 

controls for age (i), state (j), and year (t) effects.  Since sports participation and physical activity may have 

cumulative effects on body mass and health, we also use the three year average (years t, t-1, and t-2) of girls’ 

sports participation.  

The problem with equation (1) is that information about Z—factors specific to a state and year other 

than girls’ sports participation—is not readily available.  For example, girls’ physical activity, eating and 

substance use (e.g., cigarettes) are influenced by attitudes and preferences that may vary by state and year and 

which are likely to influence sports participation and body mass index.  Similarly, community level factors that 

affect body mass index may vary by state and year and may be correlated with girls’ sports participation.  Thus, 

estimates of equation (1) may be biased by the omission of some Z.  In fact, we have only two Z—the 

proportion of females aged 20 to 24 enrolled in postsecondary education programs and state per-capita income. 

 One way to address the omitted variable problem is to use a comparison group.  To implement this 

procedure, a model similar to that specified by equation (1) is estimated using a sample of boys:   

ijtjtjttjiijt ZSPBMI εγγδβα ~~~~~~)2( 21 +++++=  

To obtain an estimate of the effect of sports participation on girls’ BMI, we subtract the estimate of the effect of 

girls’ sports participation ( 1
~γ ) obtained using the sample of boys from the estimate of the effect of girls’ sports 

participation ( 1γ ) obtained using the sample of girls.  Note that in the boys’ analysis, girls’ sports participation 

would still be used as the measure of sports participation.  The purpose of using boys as a comparison group is 
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to investigate whether omitted variables that affect body mass index are correlated with girls’ sports 

participation.  So it is girls’ sports participation that needs to be included in the boys’ analysis.  We expect 1
~γ  to 

be zero unless girls’ sports participation is correlated with omitted variables that affect body mass index.   

The identifying assumption of the comparison group approach is that the effects of unmeasured, state-

specific, time-varying factors that affect BMI are the same for boys and girls.  One way to assess the validity of 

this assumption is to investigate whether measured variables that differ by state and year have the same effect on 

boys and girls, and whether the effect of time dummy variables are the same.  Specifically, we can pool the 

samples of boys and girls and estimate the following: 

ijtjt
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Using equation (3), we can test the following restrictions to provide evidence related to the identifying 

assumption of the comparison group approach: 

22
~

~
)4(

γγ
δδ

=
= tt  

Rejecting the restrictions of equation (4), while not a definitive rejection of the comparison group approach, 

surely raises questions as to validity.  In fact, we cannot reject the restrictions given in equation (4).2   This 

provides some important evidence to support the validity of the comparison group approach. 

 

Instrumental Variables 

The second research design we use is instrumental variables (IV).  The IV procedure depends on the 

availability of a variable that is correlated with girls’ sports participation, but not correlated with female 

adolescent body mass index (physical activity) after controlling for the effect of girls’ sports participation and 

other observed determinants.   

 Stevenson (2000) uses an instrumental variables approach to estimate the effect of Title IX on female 

educational achievement and employment.  The key insight of Stevenson is that the regulatory burden of Title 

                                                 
2 The only restriction we rejected was 22

~γγ =  when the dependent variable was physical activity.  In all other cases we 
failed to reject the restriction in equation (4), although the imprecision of the estimates fails to reject some relatively large 
differences.. 
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IX differed by state, as boys’ sports participation differed significantly by state prior to Title IX (National 

Federation of State High School Associations, 2001).  If girls’ interest in sports in a state is proportional to boys’ 

interest in sports, then the change in female sports participation in response to Title IX is likely to be higher in 

states with high boys’ participation than in states with low boys’ participation.  Therefore, we can use the level 

of boys’ sports participation prior to implementation of Title IX as an indicator of the magnitude of the induced 

change brought about by Title IX.3   

The IV approach is based on the following regression model, which again is estimated on individual 

level data consisting of females between the ages of 12 and 17: 

jtj
M

ttjijt

ijtjtjttjiijt

uSPYRSSP
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In equation (6), the variable ( tYRS ) is the number of years since Title IX was implemented, and the variable 

( M
jSP )1971( ) is the boys’ sports participation rate in state j in 1971. 

 There are two critical aspects of the IV procedure.  The first is whether the instruments will be 

sufficiently correlated with girls’ sports participation?  The answer to this is a qualified yes.  The t-statistic (f-

statistic) associated with the coefficient on the instrument ( M
jt SPYRS )1971(* ) is 6.13 (37.6), which is a relatively 

strong partial correlation according to research assessing the adequacy of instruments (Bound, Jaeger and Baker 

1995).4  However, as we show below, IV estimates of the effect of girls’ sports participation are still too 

imprecise to be informative. 

The second criterion is whether the instrument can be excluded from equation (5).  Essentially this is a 

question of whether boys’ participation in 1971 in state j is correlated with unmeasured factors that determine 

female adolescent body mass and which vary by year (t) state (j), holding constant state and year effects.  

Consider cigarette smoking.  Changes in social norms and advertising by tobacco companies resulted in a 

significant increase in cigarette smoking among girls age 14 to 17 in the 1970s that may have affected weight 

and body composition.  Are the state-specific changes in smoking during this period (e.g., 1972 to 1980) likely 
                                                 
3 We also used the difference between boys’ and girls’ sports participation in 1971 as an instrument and obtained very 
similar results to those reported below. 
4 The reported test statistics were calculated using standard errors that allowed for non-independence (clustering) of 
observations within state-year. 
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to be correlated with boys’ sports participation in 1971?  Was the increase in girls’ cigarette smoking in North 

Dakota, Vermont, Minnesota, Oregon and Missouri, states with high boys’ sports participation, different from 

the increase in girls’ cigarette consumption in North Carolina, Rhode Island, Florida, Alabama and Utah, states 

with low boys’ sports participation?  We do not know the answer, but we see no obvious reason to think that 

there is a systematic correlation between boys’ sports participation in 1971 and changes in girls’ cigarette 

consumption, particularly holding constant state and year effects.  While we believe the exclusion restriction is 

reasonable (valid), the relatively imprecise IV estimates we obtain make it a moot issue.  Therefore, we do not 

discuss it further. 

 

Data 

The data for the empirical analyses comes primarily from the First and Second National Health and 

Nutritional Examination Surveys (NHANES I and II), which provide information on adolescent (age 12 to 17) 

physical activity and weight between the years 1971 and 1980, the period of most rapid growth in girls’ 

participation in high school sports.  We limit the sample to adolescents between the ages of 12 and 17 since data 

on physical activity is unavailable for younger children.  The age restriction results in a sample of approximately 

3,300 children.5 

One important advantage of the NHANES is that it includes objective measures of anthropometric 

indicators such as height and weight.  We use several different measures of weight and body composition: 

• weight (conditional on height); 

• body mass index = weight (kilograms) / height2 (meters); 

• indicators of BMI � 24, BMI � 26, and BMI � 28; 

• indicators of overweight (BMI � 85 percentile NHANES I) and obesity (BMI � 95 percentile 

NHANES I) based on BMI; 

• triceps skinfold in right arm (in mm); 

                                                 
5 The NHANES I and II have information on 4050 non-emancipated (not living alone) adolescents ages 12 to 17 at the time 
of interview.  Missing data on girls’ sports participation results in a loss of 774 observations.  
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• indicators of overweight (triceps skinfold � 85 percentile NHANES I) and obesity (triceps skinfold 

� 95 percentile NHANES I) based on triceps skinfold; 

• subscapula skinfold in chest (in mm); 

• and the sum of triceps and subscapula skinfolds. 

There is considerable debate over how best to measure body fat in adolescents, which is the key aspect of body 

composition that has been linked to greater morbidity and which is likely to be affected by greater physical 

activity (Goran 1998).  Here we use a variety of commonly used measures that are available in the NHANES.  

However, we note that none of the measures we use is ideal because none precisely measure the proportion of 

body fat, which is the measure that is most likely to be altered by increased exercise and physical activity.  For 

example, increased physical activity may actually increase body mass index. 

The only non-standard measures we use are the indicators of BMI that are greater than a specific 

threshold (e.g., 28).  One reason we use these is because the definitions of overweight and obese that depend on 

an adolescent’s position in the BMI distribution (e.g., BMI � 85 percentile) are based on data from NHANES I.  

Since we are using observations from NHANES I, this may introduce a mechanical bias in these relative 

measures of overweight and obesity.  Consider the following.  Assume that greater athletic opportunities 

affected body mass of girls in the latter part (e.g., 1974) of the NHANES I study period.  Thus, the definitions of 

overweight and obesity based on the NHANES I data will reflect the impact of Title IX.  To avoid this we use 

the absolute cutoffs of BMI.  The disadvantage of this approach is that boys and girls have different BMI 

distributions.  So the proportion of the sample above a specified threshold will be different for boys and girls.  

For example, nine percent of girls in our sample (NHANES I and II) have a BMI greater than 26, but only seven 

percent of boys have a similar BMI.  This may affect estimates obtained using the comparison group approach, 

since these estimates are based on the absolute difference between boys and girls.  A one percentage point 

increase in the proportion of boys over the BMI=26 threshold represents a 14 percent increase and indicates a 

greater degree of “obesity” than a similar increase in females, which represents a 11 percent increase.  

Fortunately, the differences in the distributions of BMI between girls and boys are not that large, and as we 

show below, the inferences drawn from estimates obtained using the comparison group approach do not depend 

on small relative changes, but rather on fundamentally different associations between boys and girls BMI and 
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girls’ sports participation. 

Recreational activity levels were obtained in NHANES I and II for persons ages 12 and over.  The 

question related to recreational activity is not ideal and refers to the amount of exercise obtained from any 

(recreational) activity such as sports, hiking and dancing.  Specifically, in NHANES I, the question was: 

"Do you get much exercise in things you do for recreation?" 

And in NHANES II: 

 “In things you do for recreation, e.g. sports, hiking, dancing and so forth, how much exercise do you 

 get?” 

For both surveys the responses were: 0 for little or no exercise, 1 for moderate exercise, and 2 for much 

exercise.  We collapse the two lowest categories (0 and 1) into one category (0) to create a dichotomous 

indicator of engaging in much exercise.  The change in the wording of the exercise question between the two 

NHANES surveys resulted in a significant decrease in the proportion of the sample that engaged in much 

exercise.  However, the change was apparent for both boys and girls and should be adequately controlled for 

through the inclusion of year dummy variables. 

The key demographic and socioeconomic variables in the NHANES surveys are age, race/ethnicity, 

gender, place of birth, years of school completed, family income, number of persons in the family, and number 

of children.  For the head of the household, there is information about gender (of head), age, and years of formal 

schooling completed.  We create gender-specific measures of the household head’s age and schooling and we 

allow family income to have different effects depending on gender of household head. 

Data on girls’ high school sports participation comes from the National Federation of State High School 

Associations (NFSHSA), which maintains data on participation in competitive high school sports by year, state, 

sport and gender.  The participation survey has been compiled every year since 1971 by the NFSHSA through 

cooperation with its member associations.  No information is available for 1972, 1974 and 1976.  For these 

years we use the average of the year prior and year following the missing information.  There are also some 

obvious reporting errors in the data, as described above.  While the data are crude, they serve the intended 

purpose, which is to proxy for the expanded athletic opportunities that occurred subsequent to Title IX.  To 

calculate the girls’ sports participation rate in each state and year, we divide the number of girls reported to have 
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participated in high school sports by the population of girls ages 14 to 17.  The population data come from the 

1970 and 1980 US Censuses.6   

We use two different measures of girls’ sports participation: the contemporaneous participation rate and 

the three-year average (years t, t-1, and t-2).  To calculate the average girls’ sports participation in the early 

years of the period, when data on girls sports participation was not available, we use two methods:  we assume 

either that girls’ sports participation prior to 1971 was the same as it was in 1971, or that girls’ sports 

participation prior to 1971 was zero.  Given that girls’ sports participation was quite low prior to 1971 (average 

rate of participation in 1971 was 4%), the two methods produce almost identical results (see appendix).  Because 

of confidentiality and disclosure rules, the NCHS does not provide state of current residence in the public use 

NHANES files.  Therefore, we use state of birth instead of state of residence to merge on information about 

girls’ sports participation.  Given the ages of the sample, 12 to 17, there is little difference between state of birth 

and state of residence.7   

We also augment the NHANES data with data on state per-capita income and women’s enrollment in 

postsecondary education in state j and year t.   Specifically, we construct a measure of female participation in 

postsecondary education by dividing the number of females enrolled (fall) in institutions of higher education by 

the number of females ages 20 to 24.  The data on postsecondary enrollment come from a survey by the 

National Center for Education Statistics entitled Higher Education General Information Survey, which is 

publicly available beginning in 1968.  These data are reported by state of enrollment and year and include 

information on both private and public universities.  Data on the population comes from 1970 and 1980 

Censuses. 

                                                 
6 Using 1% public-use samples (PUS) of Census 1970 and 5% public-use samples (PUMS) of Census 1980, we derive the 
number of boys and girls aged 14-17 for each state from 1971-1980.  The basic idea of our procedure is that, for example, 
the number of boys and girls aged 15-18 in Census 1980 is a good proxy for the number of boys and girls aged 14-17 in 
each state in 1979.  This ignores migration and death at young age. To correct the potential bias which may be induced by 
this assumption, we employ a similar procedure to obtain another proxy of same group of people, by calculating the number 
of boys and girls aged 5-8 in Census 1970. The more accurate estimate of the number of boys and girls aged 14-17 in each 
state is then equal to the weighted average of these two proxies, where the weight depends on the time difference between 
the year of each proxy and the year 1970. Using same reasoning process, we can also derive the number of boys and girls 
aged 14-17 for each state from 1971-1978. The above procedure is shown by the following equation: 

19801970 Pr*Pr*)1(/ Census
ij

Census
ijij oxyWoxyWGirlsBoys +−=

, where we get the estimates of boys and girls aged 14-17 of 
state i in year j (j=1971,…1979) and W=(j-1970)/10.  
7 In private correspondence, a researcher with access to the confidential data reported that 85% of adolescents ages 12 to 17 
in NHANES II lived in the same state they were born in. 
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Descriptive Analysis 

 Table 1 provides the weighted, sample proportions and means for boys and girls from NHANES I 

(1971-1975) and NHANES II (1976-1980).  The top half of Table 1 provides descriptive statistics for the 

dependent variables.  The figures show that boys are significantly more physically active than girls, and boys 

have significantly lower BMI and skinfold measurements than girls.  These facts are well-known (Must et al. 

1991).  The figures related to physical activity illustrate the effect of the questionnaire wording change between 

NHANES I and NHANES II.  The proportion of boys and girls that engage in much physical exercise decreased 

markedly (11 to 13 percentage points) between NHANES I and NHANES II.  However, there does not appear to 

be a relatively smaller decrease in physical activity among girls than boys, which would be expected given the 

expansion of athletic opportunities (i.e., girls high school sports participation) between the two periods.  In 

contrast, there was relative improvement in girls’ BMI, which remained basically unchanged between the two 

periods whereas the BMI of boys increased significantly.  Similarly, there was a relative improvement in the 

probability of being overweight.  But the probability of having a BMI greater than 26 or 28 increased for girls 

relative to boys, and similar relative increases for girls are observed for the absolute measures of Triceps and 

Subscapula skinfolds.   

 The bottom half of Table 1 provides the weighted, sample proportions and means for the control 

variables used in the analysis.  NHANES I and II provide information on relatively few socioeconomic and 

demographic characteristics, and we have selected most of those available.  The most important point to take 

away from these figures is that there are few differences between girls and boys, and the significant differences 

that are observed are relatively small and only marginally significant.  Girls have more education than boys, but 

this difference is only significant in NHANES I, and girls come from households with a slightly higher number 

of members, but again, this difference is only significant in NHANES I.  In NHANES II, girls are more likely to 

live in a female headed household than boys and in households headed by persons who are more educated.  As 

noted, none of these differences are quantitatively large and all are only marginally significant. 

In general, the simple descriptive evidence in Table 1 is not consistent with the hypothesis that Title IX 

expanded athletic opportunities resulting in greater physical activity and improved weight.  However, what is 
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ignored in Table 1 is that there are significant differences in the effect of Title IX, as it increased athletic 

opportunities much more in some states than others.  We address this shortcoming by examining changes in 

sample means and proportions between NHANES I (1971-75) and NHANES II (1976-80) by whether a state 

experienced a relatively large increase in girls’ sports participation.  Specifically, we divide states into tertiles 

depending on the change in girls’ sports participation between 1971-75 and 1976-80.8  Then we examine 

changes in physical activity, BMI and obesity between 1971-75 and 1976-80 for girls and boys.  We construct 

simple difference-in-difference estimates using boys as a comparison group for girls.  Results are presented in 

Table 2, which shows the results for states in the top and bottom tertiles.   

Estimates in Table 2 provide some support for the hypothesis that Title IX and girls’ sports participation 

increased physical activity and improved weight of adolescent girls.  In states with relatively large increases in 

girls’ sports participation (top tertile) between 1971-75 and 1976-80, girls’ physical activity increased and boys’ 

physical activity decreased.  The difference-in-differences estimate for states in the top tertile indicates that 

girls’ physical activity increased by 43 percentage points.  The equivalent estimate for states in bottom tertile is 

13 percentage points.  Similarly, BMI and the probability of being obese decreased for girls in states that 

experienced a large increase in girls’ sports participation whereas BMI and obesity remained relatively 

unchanged in states that experienced a relatively small increase in girls’ sports participation.  Difference-in-

differences estimates suggest a significant 2-unit decline in BMI for girls in states that had relatively large 

increases in girls’ sports participation.  Among states in the bottom tertile, difference-in-differences estimates 

are small and not statistically significant.  We now turn to the regression estimates, which refines the analysis in 

Table 2. 

 

Regression Results 

 Our goal is to obtain estimates of the effect of girls’ sports participation on the physical activity and 

weight of adolescent girls.  The girls’ sports participation rate is a proxy for expanded athletic opportunities 

caused by Title IX.   To obtain estimates that can plausibly be interpreted as causal, we use two approaches: a 

                                                 
8 Tertiles were derived using state-level data (not weighted).  The top tertile consists of the following states: 
CO,CT,ID,KS,ME,MA,MI,MO,MT,NH,OK,OR,SD,TX,WA, and WY.  The bottom tertile consists of the following states: 
AL,CA,FL,GA,IN,KY,LA,MN,MS,NV,NY,NC,ND,SC, UT and VA.  
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comparison group approach in which boys are used as the counterfactual outcome, and instrumental variables.  

Table 3 provides these estimates.  Estimates in Table 3 were obtained using a three-year average of girls’ sports 

participation with years prior to 1971 set equal to 1971.  Estimates using two different measures of girls’ sports 

participation are provided in the appendix, and results from these alternative measures are very similar to those 

reported. 

 The first column of Table 3, labeled Female, presents estimates of equation (1) obtained using a sample 

of adolescent girls.  These estimates basically measure the pre- and post-Title IX changes in physical activity, 

weight and body mass using girls’ sports participation as a gauge the policy impact of Title IX.  The estimate in 

the first row indicates that a 20 percentage point increase in girls’ sports participation, which is roughly the 

increase associated with Title IX, is associated with a 10.6 percentage point (17% of NHANES I mean) increase 

in the probability that an adolescent female will engage in recreation that includes “much” physical activity.  

Estimates in the remaining rows of column (1) indicate that the increase in girls’ sports participation associated 

with Title IX is associated with a decrease in BMI, weight, and measures of overweight and obesity.  However, 

most estimates are not statistically significant even though some are quite large in magnitude.  For example, a 20 

percentage point increase in girls’ sports participation is associated with a 2.4 percentage point (40% of 

NHANES I mean) decrease in the probability of being obese.  This is a relatively large effect, but the standard 

error of this estimate is also relatively large.  Changes in girls’ sports participation is significantly and negatively 

related to the probability of having a BMI greater than or equal to 26.  Overall, estimates in column (1) suggest 

that the increase in girls’ sports participation caused by Title IX was associated with an increase in physical 

activity and lower weight and BMI. 

Estimates in column (2) of Table 2 were obtained using a sample of adolescent boys.  The difference 

between these estimates and those for girls is striking.  Among boys, increases in girls’ sports participation are 

associated with a statistically significant decrease in physical activity and significant increases in weight, BMI, 

measures of overweight and obesity (based on BMI) and skinfold.  During the period when girls’ sports 

participation was increasing, and when girls were becoming more physically active with improved weight and 

body mass, boys were becoming less physically active and their weight and body mass were deteriorating.  A 20 

percentage point increase in girls’ sports participation, the general impact of Title IX, is associated with a 1.02 
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(five percent) increase in BMI, and an increase in the probability: 

• of having a BMI greater than or equal to 24 of 9.6 (74%) percentage points; 

• of having a BMI greater than or equal to 26 of 5.2 (74%) percentage points; 

• of having a BMI greater than or equal to 28 of 3.8 (95%) percentage points;  

• and of having a probability of being obese 4.2 (84%) percentage points; 

Again, while estimates are large so are standard errors, which reflects the relatively small sample sizes and the 

fact that girls’ sports participation does not vary by individuals, but rather by state and year and the calculation 

of standard errors that cluster on state.   

The fact that girls’ sports participation is significantly related to boys’ weight and body mass merits 

some further discussion.  These results indicate that there is an unobserved variable that is correlated with boys’ 

weight and body mass that is also correlated with girls’ sports participation.  The underlying assumption of the 

research design implies that this unobserved variable has the same effect on girls.  The troubling question is 

what this factor could be and why would it have a relatively large negative effect on girls’ and boys’ weight and 

body mass?  Ideally, we would have observed no correlation between girls’ sports participation and boys’ 

weight and body mass.  One potential answer is that boys were adversely affected by increases in girls’ sports 

participation (athletic opportunities), as suggested by critics of Title IX legislation.  If true, this possibility 

invalidates the comparison-group research design.  While we have provided some evidence that the comparison-

group approach is valid, this evidence was not definitive.  So we have to allow for this possibility, although we 

do not believe it the most likely explanation.  Other explanations of this finding are less obvious, particularly 

because of the correlation of this unobserved factor with girls’ sports participation.  For example, consider two 

of the commonly cited explanations of rising obesity: an increasingly sedentary life and decreasing food prices 

(Cutler, Glaeser and Shapiro 2003).  Changes in these factors during the 1970s may explain the increase in 

weight and body mass implied by the estimates in column (2), but why would changes in these factors be 

correlated with increases in girls’ sports participation?  While it is possible, we can bring no evidence to bear to 

establish its likelihood.  However, we did provide evidence that the comparison-group approach is valid, 

specifically the finding that unobserved trends in weight and body mass are the same for boys and girls and that 

the effect of increasing school enrollment on weight and body mass is the same for boys and girls.  These 
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findings imply that the effect of other unobserved factors would be the same for boys and girls, specifically 

those factors that are correlated with girls’ sports participation.  However, the validity of this statement cannot 

be definitively established and is an assumption of the research design. 

The third column of Table 3 presents difference-in-differences estimates, which were obtained using a 

sample of boys and girls.  Note that estimates in column (3) are not equal to the exact difference between 

estimates in columns (1) and (2) because for all outcomes except physical activity, we restrict the year effects 

and the effect of female enrollment in higher education to be the same for boys and girls.  In the case of physical 

activity, we allowed the effect of female enrollment in higher education to differ, but restricted year effects to be 

the same for boys and girls.  All of these restrictions are supported by statistical tests.  The validity of these 

restrictions is evidence that supports the assumptions of the comparison group approach. 

Estimates in column (3) suggest that Title IX and the increase in girls’ sports participation that it caused 

resulted in an increase in physical activity and an improvement in weight and body mass for adolescent females.  

A 20 percentage point increase in girls’ physical activity is associated with a 14.6 percentage point (24%) 

increase in the probability of engaging in “much” physical exercise during recreational activities.  The same 

increase in girls’ sports participation is associated with the following effects on weight and body mass: 

• a 0.79 unit (3.8%) decline in BMI; 

• a 5.0 percentage point (28%) decrease in the probability of being overweight; 

• a 4.2 percentage point (70%) decrease in the probability of being obese; 

• and a 2.4 percentage point (48%) decrease in the probability that Triceps skinfold is over 95 

percentile; 

The large confidence intervals of these estimates contain plausible results.  For example, the 95 percent 

confidence interval for the difference-in-differences estimate of the effect of girls’ sports participation on 

obesity is 0.05 to 0.37; so a 20 percentage point increase in girls’ sports participation reduces obesity anywhere 

from one percentage point (17%) to 7.4 percentage points (123%).  This is a large range and reflects the relative 

lack of precision of the estimate, but it also indicates that the confidence interval contains clearly plausible 

magnitudes of the estimate.  Moreover, the uniformity of the estimates with respect to the various measures of 

weight and body mass provide strong evidence consistent with a true effect. 
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The last column of Table 3 presents the instrumental variables (IV) estimates of the effect of girls’ 

sports participation.9  No IV estimate is statistically significant and the magnitudes of the standard errors are 

very large.  In general, the instrumental variables estimates are too imprecise to provide much information.  

While the first stage results suggest that the instrument, boys’ sports participation in 1971 was significantly 

correlated with girls’ sports participation (T-statistic of 6.1), this correlation was insufficient to produce precise 

estimates in the second stage given the sample size.   

 

Sensitivity Analyses 

 To this point in the analysis, estimates indicate that girls’ sports participation is associated with an 

increase in girls’ physical activity and improvement in weight and body mass.  To assess the robustness of these 

findings, we conducted three additional analyses.  First, we examined the association between girls’ sports 

participation and height.  Girls’ sports participation should not be associated with height, as there is no 

compelling biological mechanism to link changes in physical activity to changes in height.  Estimates from this 

analysis are presented in the top row of Table 4.  Girls’ sports participation is associated with a statistically 

insignificant increase in height for both boys and girls.  Estimates for both boys and girls are positive and the 

difference-in-differences estimate is virtually zero; a 20 percentage point increase in girls’ sports participation 

was associated with a 0.11 inch (zero) increase in girls’ height. 

Second, we examined the effect of girls’ high school sports participation on the weight, and body mass 

of children aged six to ten.  While Title IX may have resulted in an expansion of athletic opportunities for 

female children, and there may have been a spillover within families from adolescents to children, the impact of 

Title IX should be much smaller among female children than among female adolescents.  Estimates from this 

analysis are also presented in Table 4.  Among female children, girls’ participation in high school sports is 

associated with a decrease in weight, body mass and skinfold, but none of the estimates are statistically 

significant and standard errors are quite large.  Among male children, we find similar results.  Girls’ high school 

sports participation is associated with a decrease in BMI, weight and probability of being obese and estimates 

related to obesity and weight are statistically significant.  Standard errors are also quite large.  The similar trends 

                                                 
9 See Appendix Table 3 for a descriptive analysis of IV approach. 
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in weight and body mass among male and female children yields difference-in-differences estimates that are 

generally smaller than the estimates for both boys and girls and estimates that are not statistically significant.  

The lone exception pertains to the probability of being overweight; girls’ high school sports participation is 

associated with a large (70%) decrease in a female child’s probability of being overweight.   However, the 

opposite is true for the probability of being obese—girls’ high school sports participation is associated with an 

increase in a female child’s probability of being obese. 

Finally, we examined the effect of girls’ high school sports participation on the height, weight, and body 

mass of adults ages 24 to 34.  Persons in this age group should be unaffected by Title IX because it was beyond 

high school age throughout the period of study.  Estimates pertaining to the adult sample are with one exception 

not statistically significant.  More importantly, there is no evidence that girls’ sports participation in high school 

sports is associated with an increase in adult female physical activity or decrease in adult female weight and 

body mass.  Further, difference-in-difference estimates do not indicate a relative improvement in these outcomes 

vis-à-vis adult males.  In sum, estimates in Table 4 provide no evidence that the estimates in Table 3 are 

spurious. 

 

Conclusions 

 In this study, we examined the association between girls’ participation in high school sports and the 

physical activity and weight of adolescent females during the 1970s when girls’ sports participation was 

dramatically increasing as a result of Title IX.  We argued that girls’ participation in high school sports is a good 

measure of athletic opportunities for adolescent girls, and that the dramatic rise in participation during the 1970s 

reflects an expansion of such opportunities for adolescent girls that effectively lowered the price of physical 

activity.  As a result, we hypothesized that adolescent girls’ physical activity would increase and in turn, result 

in an improvement in adolescent girls’ weight and body mass. 

Our statistical results bear this out.  An increase in girls’ participation in high school sports was 

associated with an increase in physical activity and an improvement in weight and body mass among adolescent 

girls.  In contrast, boys experienced a decline in physical activity and an increase in weight and body mass 

during the period when girls’ athletic opportunities were expanding.  Taken together, these results strongly 
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suggest that Title IX and the rapid increase in athletic opportunities it engendered had a beneficial effect on the 

health of adolescent girls.  It resulted in greater physical activity and improved weight and body mass.  The 

magnitudes of the effects were non trivial.  The increase in girls’ sports participation during the 1970s was 

approximately 20 percentage points.  This change is associated with a 24% increase in physical activity, as 

measured by whether an adolescent engaged in “much” physical activity during recreation, and a four percent 

decline in BMI.  The increase in girls’ sports participation during the 1970s was associated with significantly 

larger improvements in the probability of being overweight and obese.   

In sum, Title IX and the expansion of school-based opportunities for physical activity among adolescent 

girls that it caused appears to have had a significant causal effect on adolescent girls’ physical activity and 

weight.  These results provide evidence to support current calls for an expansion of school-based physical 

activities programs.  Indeed, the magnitudes of the effects of expanded opportunity for physical activity among 

adolescent girls suggest that such programs will likely have a significant impact on obesity.  These findings also 

illustrate the potential harm of the recent declines in school-based opportunity for exercise, for example, the 

percentage of high school students enrolled in daily physical education classes declined from 41.6 percent in 

1991 to 28.4 percent in 2003 (Grunbaum et al., 2004). 

A few limitations of the study should be acknowledged.  First, we used girls’ participation in high 

school sports to measure the impact of Title IX.  Obviously, this is an indirect measure and as such may not 

accurately capture the impact of Title IX on adolescent girls’ athletic opportunities.  It would have been 

preferable to have more extensive measures of athletic opportunities including participation in community sports 

programs and intramural sports.  This may partly explain some of the large estimates of the effect of girls’ sports 

participation on some outcomes, as the scaling of the sports participation measure could affect the magnitude of 

the estimates.  Moreover, data on girls’ sports participation was noisy and was measured with a fair amount of 

error.  At a minimum this will result in estimates biased toward zero.  Similarly, information on physical activity 

is limited.  If better measures were available, we could then directly measure physical activity and its 

relationship to body mass and health.  Girls’ sports participation and the “natural experiment” of Title IX could 

be used to overcome (i.e., instrument) the problem that girls physical activity may be correlated with 

unmeasured factors that affect both physical activity and obesity (health).  In the absence of quality measures of 
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physical activity, we were forced to use a more reduced form approach that relates girls’ sports participation 

directly to the outcomes of interest.  Finally, it would have been better if we had measures of weight that better 

reflect body composition and specifically the distribution of fat such as waist-to-hip ratio and measures of body 

composition determined by electrical impedance and X-ray absorptiometry.   

Another limitation, particularly important to the instrumental variables approach, was that sample sizes 

were not sufficient to detect reliably small sized effects.  The instrumental variables procedure relies on state 

level variables for identification and as a result requires relatively large samples to be effective.  While 

NAHNES I and II provide reasonably large sample sizes, for example 3,300 adolescents, the power of the 

analysis was relatively low.  Fortunately, many of the effects of interest were quite large and therefore we were 

able to reject the null hypothesis of no effect. 
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Table 1: Descriptive Statistics of Dependent and Independent Variables, by Gender and Year 
 1971-1975 1976-1980 

Boys 
(n=720) 

Girls 
(n=733) 

Boys 
(n=955) 

Girls 
(n=867) Variables 

Mean Mean 
p  value3 

Mean Mean 
p  value3 

Physical Activity1 0.80 0.62 <.0001* 0.69 0.48 <.0001* 
BMI 20.28 20.96 0.0006* 20.62 20.99 0.0386* 
BMI>=24 0.13 0.17 0.0107* 0.13 0.15 0.3138 
BMI>=26 0.07 0.09 0.0634** 0.06 0.10 0.0137* 
BMI>=28 0.04 0.05 0.1799 0.03 0.06 0.0150* 
Overweight (BMI>=85 percentile in NHANES I) 0.14 0.18 0.0336* 0.16 0.15 0.7464 
Obese (BMI>=95 percentile in NHANES I) 0.05 0.06 0.5418 0.04 0.06 0.0617** 
Weight (pounds) 125.79 119.73 <.0001* 128.26 120.46 <.0001 
Height (inches) 65.63 63.25 <.0001* 65.74 63.41 <.0001* 
Triceps Skinfold (TS) 10.31 17.15 <.0001* 10.62 17.77 <.0001 
TS >= 85 percentile (in NHANES I) 0.14 0.15 0.6221 0.13 0.17 0.0211* 
TS >= 95 percentile (in NHANES I) 0.07 0.05 0.1291 0.05 0.06 0.5628 
Subscapular Skinfold (SS) 8.85 12.52 <.0001* 9.76 13.76 <.0001* 
Sum of TS and SS 19.16 29.67 <.0001* 20.37 31.53 <.0001* 
       
Girls’ Contemporaneous Sports Participation Rate  0.09 0.09 0.8708 0.23 0.22 0.3971 
Female College Enrollment Percentage  0.44 0.44 0.3160 0.53 0.53 0.7462 
State Per-Capita Income in Real Term (1000 Dollars) 11.00 11.03 0.7014 12.27 12.25 0.7449 
       
White 0.84 0.84 0.6691 0.84 0.84 0.9111 
African American 0.16 0.15 0.7711 0.15 0.15 0.6673 
Other Race 0.01 0.00 0.4241 0.01 0.01 0.2447 
Age of Respondents 14.49 14.49 0.9924 14.64 14.64 0.9272 
Education of Respondents 8.64 8.83 0.0489* 8.96 9.02 0.5073 
Child of the Household Head2 0.95 0.96 0.4178 0.95 0.96 0.3345 
Gender of Household Head (Male) 0.83 0.85 0.2766 0.82 0.78 0.0514** 
Age of Household Head 44.13 44.13 0.9999 43.92 43.59 0.3775 
Education of Household Head 11.08 10.96 0.5266 11.48 11.73 0.0946** 
Total Number of Person in Household 5.47 5.68 0.0563** 5.15 5.07 0.3677 
Total Family Income 18.04 18.11 0.6200 19.36 19.23 0.2234 
Residence of SMSA 0.61 0.62 0.8582 0.61 0.61 0.9469 

Notes: Descriptive statistics are calculated using sample weights from NHANES I & II. 1. Physical activity is dichotomous variable: 1 for much exercise, and 0 for little, 
no or moderate exercise; 2. child of the household head is a dichotomous variable, 1 for child of the household head, 0 for other relatives; 3. P-value for t-test of means 
assumes equal variance. 10.0;05.0 ≤∗∗≤∗ pp . 



Table 2. Descriptive Statistics of Dependent Variables 
by Change in Girls’ High School Sports Participation Rate between 1971-1980 

 
Top Third States  Physical Activity 

1971-1975 1976-1980 Difference 
Girls 0.610 0.887 0.277* 

(0.116) 
Boys 0.829 0.679 -0.150* 

(0.045) 
Diff-in-Diff   0.427* 

(0.148) 
 Bottom Third States 
Girls 0.674 0.692 0.018 

(0.104) 
Boys 0.790 0.681 -0.109* 

(0.041) 
Diff-in-Diff   0.127 

(0.131) 
Top Third States  BMI 1971-1975 1976-1980 Difference 

Girls 21.296 19.554 -1.742** 
(0.937) 

Boys 20.212 20.482 0.270 
(0.364) 

Diff-in-Diff   -2.012** 
(1.205) 

 Bottom Third States 
Girls 20.366 20.362 -0.004 

(0.996) 
Boys 20.223 20.783 0.560* 

(0.304) 
Diff-in-Diff   -0.564 

(0.953) 
Top Third States  Obese 1971-1975 1976-1980 Difference 

Girls 0.070 0.018 -0.052 
(0.052) 

Boys 0.041 0.042 0.001 
(0.957) 

Diff-in-Diff   -0.053 
(0.067) 

 Bottom Third States 
Girls 0.039 0.062 0.023 

(0.036) 
Boys 0.040 0.044 0.004 

(0.020) 
Diff-in-Diff   0.019 

(0.051) 
 
     Note: Standard errors in parentheses. 10.0;05.0 ≤∗∗≤∗ pp   
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Table 3 
Difference-in-Difference Estimates of the Effect of Girls’ Sports Participation on Physical Activity and Weight 

 (3-Year Average Sports Participation Rate, Participation Rate prior to 1971 = Participation Rate in 1971) 
 

 High School Sport Participation Rate 
 

Variables Female Male DD IV 
Physical Activity 0.53* 

(0.23) 
-0.47* 
(0.19) 

0.73* 
(0.25) 

0.53 
(0.40) 

BMI -1.50 
(1.65) 

5.14* 
(1.67) 

-3.96* 
(1.48) 

-0.66 
(3.14) 

BMI�24 0.03 
(0.16) 

0.48* 
(0.15) 

-0.37* 
(0.13) 

0.11 
(0.32) 

BMI�26 -0.29* 
(0.14) 

0.26* 
(0.12) 

-0.26* 
(0.11) 

-0.17 
(0.25) 

BMI�28 -0.05 
(0.11) 

0.19* 
(0.09) 

-0.18* 
(0.08) 

0.04 
(0.20) 

Overweight -0.02 
(0.17) 

0.27 
(0.20) 

-0.25** 
(0.14) 

0.02 
(0.31) 

Obese -0.12 
(0.13) 

0.21** 
(0.12) 

-0.21* 
(0.08) 

-0.04 
(0.19) 

Weight -5.03 
(9.53) 

35.26* 
(10.21) 

-21.83* 
(8.18) 

-2.30 
(17.19) 

Triceps Skinfold (TS) 1.88 
(3.27) 

7.55* 
(3.35) 

-4.17** 
(2.50) 

1.90 
(6.16) 

TS�85% -0.07 
(0.17) 

0.39* 
(0.17) 

-0.01 
(0.13) 

-0.39 
(0.30) 

TS�95% -0.02 
(0.10) 

0.15 
(0.10) 

-0.12** 
(0.06) 

-0.09 
(0.16) 

Subscapular Skinfold (SS) -1.68 
(3.54) 

5.48 
(3.52) 

-3.46 
(2.62) 

3.47 
(5.87) 

TSS=TS+SS 0.20 
(6.38) 

13.04** 
(6.70) 

-7.63 
(4.93) 

5.37 
(11.14) 

 
Notes: Robust standard errors, clustered at state specific year level in parentheses. Regressions include controls for respondent 
demographic variables, such as indicators for gender, races, age in months, the difference between age and education level, and 
whether he/she is the child of the household head; family background variables, such as age, gender, years of education of household 
head, total family income, and number of person living in the household. Other control variables include indicators of metropolitan 
areas, sampling weight, proportion of female enrollment in postsecondary education programs and state per-capita income, state and 
year fixed effects, and interaction terms of family background variables with gender of household head. Weight regression contains 
additional controls of height in inches. The sample size of DD is 3050/3035(physical Activity), among them 1497/1489 are females 
and 1553/1546 are males. The sample size of IV estimation is 1497/1489. 10.0;05.0 ≤∗∗≤∗ pp . 
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Table 4 
Sensitivity Analyses 

Difference-in-Difference Estimates of the Effect of Girls’ Sports Participation on Physical Activity and Weight 
 (3-Year Average Sports Participation Rate Participation Rate prior to 1971 = Participation Rate in 1971) 

 
 3-Year Average High School Sport Participation (HSSP) 

Variables Female Male DD 
Adolescents (12-17)    
Height 0.74 

(1.05) 
1.71 

(1.26) 
0.59 

(0.76) 
Children (6-10)    
BMI -2.47 

(1.73) 
-1.85 
(1.22) 

-1.07 
(1.84) 

Overweight -0.44 
(0.28) 

0.01 
(0.18) 

-0.50** 
(0.28) 

Obese -0.07 
(0.15) 

-0.22** 
(0.12) 

0.12 
(0.17) 

Weight -9.66 
(6.61) 

-7.52** 
(4.30) 

-4.62 
(7.25) 

Triceps Skinfold (TS) -0.43 
(3.99) 

1.33 
(2.47) 

-1.44 
(3.64) 

Subscapular Skinfold (SS) -1.70 
(3.48) 

-1.40 
(2.05) 

-2.32 
(3.17) 

Adults (24-34)    
Physical Activity -0.27* 

(0.14) 
-0.36 
(0.27) 

0.12 
(0.29) 

BMI 1.41 
(2.72) 

-0.08 
(2.63) 

1.08 
(4.52) 

Overweight 0.31 
(0.22) 

0.10 
(0.28) 

0.22 
(0.39) 

Obese 0.01 
(0.13) 

0.22 
(0.19) 

-0.26 
(0.26) 

Weight 12.35 
(15.70) 

2.26 
(18.54) 

11.75 
(27.73) 

Triceps Skinfold (TS) 6.71 
(4.21) 

1.52 
(5.13) 

3.95 
(6.97) 

Subscapular Skinfold (SS) 1.08 
(4.81) 

3.86 
(5.85) 

-3.98 
(8.54) 

 
Notes: Robust standard errors, clustered at state specific year level in parentheses. (1) Regressions of Children include controls for 
individual demographic variables, such as indicators for gender, races, age in months, the difference between age and education level, 
and whether he/she is the child of the household head; family background variables, such as age, gender, years of education of 
household head, total family income, and number of person living in the household. Other control variables include indicators of 
metropolitan areas, real state per capita income, percentage of female postsecondary education enrollment, sampling weight, state and 
year fixed effects, and interaction terms of family background variables with gender of household head. Weight regression contains 
additional controls of height in inches. The sample size of children in DD estimation is 2353, among them 1162 are females and 1191 
are males. (2) Regressions of Adults include controls for respondent demographic variables, such as indicators for gender, race, age, 
living quarters, education levels and marital status; family background variables, such as total family income, and number of person 
living in the household. Other control variables include indicators of metropolitan areas, real state per capita income, percentage of 
female postsecondary education enrollment, sampling weight, state and year fixed effects, and interaction terms of family background 
variables with gender of household head. Weight regression contains additional controls of height in inches. The sample size of adults 
in DD is 3606/3609 (physical activity), among them 2255/2252 (physical activity) are females and 1354 are males. 

10.0;05.0 ≤∗∗≤∗ pp . 
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Appendix Table 1 

Difference-in-Difference Estimates of the Effect of Girls’ Sports Participation 
 (3-Year Average Sports Participation Rate, Participation Rate prior to 1971 = 0) 

 
 High School Sport Participation Rate 

 
Variables Female Male DD IV 

Physical Activity 0.55* 
(0.21) 

-0.43* 
(0.17) 

0.70* 
(0.23) 

0.53 
(0.36) 

BMI -1.17 
(1.55) 

5.67* 
(1.49) 

-3.59* 
(1.32) 

-0.34 
(2.89) 

BMI�24 0.04 
(0.15) 

0.52* 
(0.13) 

-0.35* 
(0.12) 

0.16 
(0.29) 

BMI�26 -0.22** 
(0.13) 

0.24* 
(0.11) 

-0.21* 
(0.10) 

-0.11 
(0.23) 

BMI�28 0.03 
(0.10) 

0.20* 
(0.08) 

-0.14** 
(0.07) 

0.07 
(0.18) 

Overweight -0.01 
(0.15) 

0.36* 
(0.18) 

-0.25* 
(0.12) 

0.07 
(0.29) 

Obese -0.04 
(0.11) 

0.21** 
(0.11) 

-0.17* 
(0.07) 

-0.00 
(0.17) 

Weight -3.33 
(8.94) 

38.30* 
(9.21) 

-19.82* 
(7.32) 

-0.22 
(15.82) 

Triceps Skinfold (TS) 2.29 
(3.06) 

8.13* 
(2.97) 

-3.65 
(2.22) 

2.52 
(5.67) 

TS�85% -0.09 
(0.16) 

0.42* 
(0.16) 

-0.02 
(0.12) 

-0.36 
(0.28) 

TS�95% 0.04 
(0.09) 

0.15 
(0.09) 

-0.10** 
(0.06) 

-0.04 
(0.15) 

Subscapular Skinfold (SS) -0.82 
(3.17) 

6.44 
(3.18) 

-3.07 
(2.34) 

3.89 
(5.39) 

TSS=TS+SS 1.47 
(5.84) 

14.57* 
(6.00) 

-6.73 
(4.39) 

6.41 
(10.27) 

 
    Notes: See notes to Table 3. 
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Appendix Table 2 

Difference-in-Difference Estimates of the Effect of Girls’ Sports Participation on Physical Activity and Weight 
Contemporaneous Sports Participation Rate  

 
 High School Sport Participation Rate 

 
Variables Female Male DD IV 

Physical Activity 0.61* 
(0.19) 

-0.22 
(0.19) 

0.64* 
(0.25) 

0.63 
(0.39) 

BMI -2.31 
(1.53) 

3.71* 
(1.65) 

-3.67* 
(1.45) 

-1.07 
(3.35) 

BMI�24 -0.11 
(0.15) 

0.30** 
(0.17) 

-0.35* 
(0.12) 

0.10 
(0.36) 

BMI�26 -0.26** 
(0.14) 

0.19** 
(0.11) 

-0.20** 
(0.11) 

-0.17 
(0.26) 

BMI�28 -0.02 
(0.10) 

0.13 
(0.09) 

-0.10 
(0.08) 

-0.03 
(0.21) 

Overweight -0.19 
(0.17) 

0.15 
(0.19) 

-0.27* 
(0.11) 

0.01 
(0.35) 

Obese -0.03 
(0.10) 

0.17 
(0.11) 

-0.11 
(0.09) 

-0.03 
(0.19) 

Weight -10.17 
(9.04) 

22.63* 
(10.35) 

-18.84* 
(8.12) 

-7.55 
(18.68) 

Triceps Skinfold (TS) -1.48 
(3.40) 

5.09 
(3.34) 

-2.62 
(2.48) 

1.37 
(6.70) 

TS�85% -0.17 
(0.17) 

0.26 
(0.18) 

0.02 
(0.12) 

-0.30 
(0.33) 

TS�95% -0.03 
(0.10) 

0.05 
(0.09) 

-0.06 
(0.06) 

-0.00 
(0.17) 

Subscapular Skinfold (SS) -4.00 
(3.34) 

3.31 
(3.39) 

-2.76 
(2.48) 

1.21 
(6.36) 

TSS=TS+SS -5.48 
(6.49) 

8.40 
(6.57) 

-5.38 
(4.79) 

2.57 
(12.26) 

 
    Notes: See notes to Table 3. 
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Appendix Table 3 
Weighted Descriptive Statistics of Dependent Variables by Boys’ Sports Participation Rate in 1971 

 
Top Third States  Physical Activity 

1971-1975 1976-1980 Diff 
Girls 0.661 0.518 -0.143* 

(0.061) 
Boys 0.765 0.646 -0.119* 

(0.056) 
Diff-in-Diff   -0.024 

(0.083) 
 Bottom Third States 
Girls 0.663 0.463 -0.200* 

(0.048) 
Boys 0.792 0.693 -0.099* 

(0.043) 
Diff-in-Diff   -0.101 

(0.064) 
Top Third States  BMI 1971-1975 1976-1980 Diff 

Girls 21.307 20.650 -0.657 
(0.477) 

Boys 20.361 20.467 0.106 
(0.405) 

Diff-in-Diff   -0.763 
(0.626) 

 Bottom Third States 
Girls 20.456 21.006 0.550 

(0.366) 
Boys 20.553 20.682 0.129 

(309) 
Diff-in-Diff   0.421 

(0.479) 
Top Third States  Obese 1971-1975 1976-1980 Diff 

Girls 0.077 0.046 -0.031 
(0.031) 

Boys 0.038 0.007 -0.031 
(0.020) 

Diff-in-Diff   -0.000 
(0.037) 

 Bottom Third States 
Girls 0.038 0.063 0.025 

(0.018) 
Boys 0.044 0.051 0.007 

(0.019) 
Diff-in-Diff   0.018 

(0.026) 
Note: Standard errors in parentheses. 10.0;05.0 ≤∗∗≤∗ pp   
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Notes: The figure is based on unweighted high school sports participation rates for each state from 1971-1980. Due to the missing values of high school sports 
participation rates in some states, we adjusted for state effects. High school sports participation comes from the National Federation of State High School 
Associations (NFSHSA) and the population data come from the 1970 and 1980 US Censuses. 

 

Figure 1: High School Sports Participation Rates by Gender, 1971-1980  
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