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A common pitfall of existing Science, Technology, Engineering, and Math (STEM) outreach programs is that they
preferentially engage youth with a preexisting interest in STEM. Biomechanics has the unique potential to
broaden access to STEM enrichment due to its direct applicability to sports and human performance. In this study
we examine whether biomechanics within youth sports can be used as a venue for STEM outreach, and whether
recruiting participants through youth sports programs could broaden access to the STEM pipeline. We created a
four-hour sports science clinic that was performed as part of National Biomechanics Day and invited two groups
of student participants: youth recruited through local high school sports programs (“Sports Cohort”, N = 80) and
youth recruited through existing STEM enrichment programs (“STEM Cohort”, N = 31). We evaluated interest in
STEM, Sports Science, and Sports using a pre-post survey. Somewhat expectedly, youth recruited through sports
programs (Sports Cohort) had a lower baseline interest in STEM and a higher baseline interest in sports,
compared to those recruited through STEM programs (STEM Cohort). The Sports Cohort exhibited a statistically
significant increase in STEM interest following participation in the clinic, while youth in the STEM Cohort
maintained their high baseline of STEM interest. These findings provide evidence that youth sports programs can
serve as an attractive partner for biomechanists engaged in STEM outreach, and that situating STEM within
sports through biomechanical analysis has potential to introduce STEM interest to a wider audience and to
broaden access to the STEM fields among diverse youth.

Furthermore, youth athletes enjoy their sports and recognize that ath-
letic success requires hard work and perseverance (Akiva et al., 2013;

1. Introduction

Biomechanics concepts and research, and their direct applicability to
youth sports, provide biomechanists with the opportunity to engage
new, non-self-selected populations of Underrepresented Minority (URM)
youth who are presently inaccessible to traditional STEM outreach
programs (Drazan, 2020). Using youth sports as a framework for STEM
engagement has a number of strengths. First, the number of youth
playing sports in their free time is much larger than those who partici-
pate in academic enrichment (Larson et al., 2006). Youth sports also
have a massive, existing network of community-based programs that
serve highly diverse populations of youth from across the country
(Simon and Uddin, 2018; Turner et al.,, 2015; Yu et al., 2015).

McCarthy et al., 2008; Shernoff and Vandell, 2007). Taken together,
situating STEM outreach within sports has potential to not only broaden
access to STEM careers among diverse youth but also transfer the growth
mindset that these athletes have for sports to STEM activities.

The purpose of this study was to evaluate sports as a venue for STEM
engagement through biomechanics among new populations of youth.
We approached our analysis in three ways. First, we evaluated the effect
of recruitment method on the starting interests of the student partici-
pants in a sport science outreach program. We hypothesized that stu-
dents recruited through high school STEM programs (STEM Cohort)
would have higher levels of starting STEM interest relative to student
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athletes who were recruited through athletic departments (Sport
Cohort). Similarly, we hypothesized that those in the Sport Cohort
would have a higher starting sport interest than the STEM Cohort stu-
dents. Second, we evaluated the effect of participation in the sports-
science clinic on both cohorts. We hypothesized that the Sport Cohort
would exhibit a larger increase in STEM interest relative to the STEM
Cohort. Third, to understand whether the STEM interest change was
driven by the sport-specific application of STEM, we also hypothesized
that, among the Sport Cohort, an increase in STEM interest would be
associated with an increase in sport science interest.

2. Methods
2.1. Study overview

We hosted a four-hour sport science clinic at Rensselaer Polytechnic
Institute (RPI) as part of National Biomechanics Day. Following IRB
approval (#1772), we recruited subjects by inviting high school students
from a STEM enrichment program with a preexisting relationship with
RPI (STEM Cohort, N = 31, 61 % female) and from the soccer and
basketball teams of two local urban high schools who had never been
invited to campus previously (Sport Cohort, N = 80, 31 % female). We
measured the athletic performance of each high school participant
within various soccer- or basketball-related skills or athletic activities
using low-cost, “do-it-yourself” (DIY) sport-science equipment (Drazan
et al., 2017, 2016; Marshall et al., 2020).

2.2. Overview of sport science clinic development

The activities within the clinic were developed by the study authors
in partnership with collegiate student-athletes from the RPI men’s and
women’s basketball and soccer teams. For both sports, the clinic con-
sisted of four stations, each designed to measure an aspect of sport-
specific performance. The collegiate student-athletes participated in a
voluntary, eight-week program where they identified the skills for their
sport and applied existing technology to measure this skill or used the
engineering design process to build their own measurement tools. For
example, to measure explosiveness, the basketball athletes used a DIY
low-cost flight-time measurement system to measure vertical jump
(Drazan et al., 2016). To quantify foot speed and agility, the soccer
athletes designed and built a custom “toe-tapper” device using the en-
gineering design process (Fig. 1). Although there are more accurate
ways to measure athletic performance using commercial equipment, we
used DIY tools built by our collegiate student-athletes to better
demonstrate the direct applicability of STEM to sports performance
measurement. Once each of the stations was developed, the collegiate
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athletes from their respective sport were assessed using these devices,
prior to the clinic, to provide an “elite” benchmark for the clinic par-
ticipants. These team-wise measurements were provided to the high
school participants following their own testing in the clinic to provide a
goal for our participants’ performance.

2.3. Overview of program and evaluation

On the day of the clinic, high school participants completed the pre-
survey upon arrival. The Sport Cohort was divided into basketball or
soccer groups by sport participation, and the STEM Cohort was divided
by reported sport interest. Every participant completed each of the
athletic testing stations, and their results were recorded and summarized
into a personalized, sport-specific sports-science report. Following
completion of all testing stations within a sport, the data from all par-
ticipants was pooled and analyzed during a lunch break. When each
group reconvened, the study authors and college athletes presented the
de-identified pooled performance data, leading a discussion on inter-
preting sports-science data and using these data to improve training. At
the conclusion of the clinic, all participants completed the post-survey.

Before and after the clinic, we evaluated participant interest from the
Sport and STEM cohorts in three interest domains (STEM, sports, and
sports science) using a 15-question, Likert-type survey. Participants re-
ported age, demographics, sports participation, and STEM activity
participation. Question-by-question differences between groups were
assessed using the Wilcoxon rank-sum test. Paired differences between
pre- and post-intervention surveys within groups were assessed using
the Wilcoxon sign-rank test. Questions related to each of the three in-
terest domains were averaged to create true Likert items representing
each of these concepts. To assess whether an increased interest in STEM
was associated with an increased interest in sports-science, we used
Spearman’s rank correlation coefficient (p) to evaluate this shift in both
the Sport and STEM Cohorts.

3. Results

Recruiting from existing sports or STEM programs yielded distinct
initial interest profiles among youth participants for STEM enrichment.
There was a statistically significant difference in both collegiate sports
interest (p < 0.01) and collegiate STEM interest (p < 0.01) between the
two cohorts at the start of the clinic. 83 % of the Sport Cohort reported
they were “interested” or “extremely interested” in playing college
sports, while only 41 % reported interest in studying STEM in college.
This trend was reversed in the STEM Cohort, where 26 % reported an
interest in playing college sports, and 94 % reported an interest in
studying STEM in college (Fig. 2). STEM career interest among the STEM

Fig. 1. Collegiate student-athletes used the engineering design process to design, test, and deploy custom sport science testing equipment. A) RPI student-athletes
from the Men’s and Women'’s soccer team designed and fabricated a “toe-tapper” device to measure soccer agility. B) Undergraduate and graduate student volunteers
designed and tested a simple force-resistive circuit to measure when the foot was in contact with the top of the box and count the number of touches performed in a
certain time frame. C) Following initial design, collegiate student athletes and volunteers tested the device to identify issues and inform redesign. D) Members of the
women’s soccer team assessed themselves and compared their results to on-field agility measurements prior to the clinic.
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Fig. 2. N = 111. Differences in starting STEM interest and sports interest
among the STEM and Sports Cohort that demonstrate different motivations for
participating in the clinic. A) There was a significant difference in starting
STEM interest between the Sports Cohort (yellow) and STEM Cohort (blue).
Overlaps in the histogram between the two groups are shown in green. The
mode response of the Sports Cohort being “Disagree” while the STEM Cohort’s
mode response was “Strongly Agree.” B) In contrast the Sports Cohort mode
response regarding interest in playing a college sport was “Strongly Agree”
while the STEM Cohort’s mode response was “Strongly Disagree.”.

Cohort did not significantly increase (p = 0.99) after the clinic, although
this group was already highly interested prior to participation. In
contrast, STEM career interest was significantly increased (p = 0.043)
among student-athletes following the sport-science clinic with the mode
response shifting from “disagree” to “agree” (Fig. 3).

Other significant findings from the survey among the Sport Cohort
include a statistically significant increase in: the belief that applying
math and science to sport can make them a better player (p < 0.01),
familiarity with sports analytics (p < 0.01), interest in doing science or
math activities during free time (p < 0.01), the belief that participation
in sports can help with math and science classes (p < 0.01), the belief
that content learned in math and science classes can help with sports (p
< 0.01), enjoyment of using math and science outside of class (p < 0.02),
and familiarity with sports science (p < 0.01). The only two statistically
significant shifts among the STEM cohort were familiarity with sports
science (p < 0.01) and familiarity with sports analytics (p < 0.01).
Among the Sport Cohort, increased STEM interest was moderately and
significantly correlated (Spearman’s rho = 0.25, p = 0.02) with an
increased interest in sports science (Fig. 4). There was no statistically
significant relationship between changes in STEM interest and changes
in sports-science interest among the STEM cohort (Fig. 4). The Sport
Cohort (51 % URM) was significantly more racially diverse than the
STEM Cohort (3 % URM).

4. Discussion

In this study, we evaluated whether situating STEM outreach within
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Fig. 3. N = 111. Participation in the clinic impacted the career in STEM in-
terest of the two cohorts of participants differently, based on pre-post survey
comparisons. A) The STEM cohort’s interest in pursuing a career in STEM did
not significantly change after the clinic. B) The Sports Cohort exhibited a sta-
tistically significant shift, from starting interest in STEM (yellow) with a mode
response of “Disagree”, to an ending interest in STEM (blue) with a mode
response of “Agree.” Areas of overlap are shown in green.

sports enables recruitment of participants based on an interest in sports
rather than STEM, within the context of a sports-science outreach event
for National Biomechanics Day. We recruited participants from two
student pools: high school athletic programs and pre-existing STEM
enrichment programs. We found that the Sport Cohort exhibited an in-
terest in sports, rather than STEM, at the start of the clinic and that these
student athletes’ interest in STEM increased following participation.
Although it is difficult to attribute direct causality, we believe that this
increased interest was due, in part, to the application of STEM within a
sports context (Fig. 4). In contrast, the STEM cohort was already very
interested in STEM careers, and outside of an increased awareness of the
applicability of STEM to sports, their high levels of baseline STEM in-
terest were maintained. These findings highlight the significant poten-
tial for using biomechanical analysis within youth sports programs to
increase accessibility to informal STEM education for youth who are not
presently involved with informal STEM activities. Furthermore, these
findings demonstrate that situating STEM within non-STEM activities
can broaden access to STEM enrichment into new populations of un-
derserved youth.

The success of this approach is consistent with current educational
literature and our previous findings. Prior studies have demonstrated
that sports can serve as a venue for STEM engagement for URM students
(Drazan et al., 2017; Marshall et al., 2020; Valerdi et al., 2013). Our
sports-science clinic met several criteria that have been previously
identified as effective for generating interest in new topics among youth
(Harackiewicz et al., 2016). Framing STEM within sports enhances the
student athletes’ perceived utility of STEM within sports, an activity
within which they are intrinsically motivated to improve, as demon-
strated by their high level of interest in playing a college sport. Similar to
other recent studies, we showed that using sports as a venue for STEM
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Fig. 4. Our analysis provides evidence that situating STEM within sports-science increased STEM interest among youth athletes, without negatively affecting the
STEM interest of STEM-recruited participants. A) N = 80. The Sport Cohort exhibited a statistically-significant correlation between increased interest in STEM and
increase interest in Sport-Science. B) N = 31 There was no observed correlation between change in STEM interest and Sport Science interest among the STEM Cohort.

engagement benefits sport-inclined youth without decreasing interest in
non-sport students (Jones et al., 2020). Our findings are also broadly
consistent with other culturally-situated STEM educational research
outside of sports, such as hip hop (Emdin et al., 2016), Indigenous design
(Eglash et al., 2013, 2006), and video games (Mayo, 2009).

There are several limitations to this study. First, we evaluated in-
terest directly prior to and immediately following participation in the
clinic using a self-reported survey. As this is a preliminary study to
identify whether youth athletes have a different interest profile than
students already in STEM programs, we believe that this shorter time
frame is sufficient to demonstrate that sports has potential to serve as an
important venue for STEM engagement to reach new populations of
youth. However, further study is warranted to evaluate how long these
interests persist. Second, although the correlation between sport
science-interest and STEM-interest among the student athletes lends
support to the importance of the applicability of STEM within the sport
context, our study would have been strengthened by including an
additional day in which athletes participated in a STEM-intensive ac-
tivity to serve as a control. Third, the Sports Cohort had a higher per-
centage of males than female participants. This was due to our
recruitment method. Unbeknownst to us at the time, one of the high
schools we partnered with did not have a Girl’s Junior Varsity soccer
team. As a result, this school sent more than twice the number of males
(JV and Varsity) as females (Varsity) from the soccer program. There-
fore, this imbalance is due to administrative oversight rather than a
feature of sports as a venue for STEM outreach. Indeed, by recruiting
from an equal number of boy’s and girl’s (JV/Varsity) teams, a greater
male/female parity can be easily achieved within the Sports Cohort.

Although we performed this study within the context of two sports,
soccer and basketball, we believe our findings highlight a broader op-
portunity for biomechanists to engage with the community through
youth programs on National Biomechanics Day and beyond (DeVita,
2018). Movement is a component of many youth activities, ranging from
marching bands to interpretive dance. Therefore, while a specific sport
may not be inclusive of all interests of the entire youth population, as a
field, we can achieve wider inclusion by providing diverse multitude of
youth-program-situated offerings based on the passions on individual
biomechanists.

CRediT authorship contribution statement

Amy K. Loya: Writing — review & editing, Writing — original draft,
Methodology, Investigation, Formal analysis, Data curation,

Conceptualization. Phillip E. Smith: Writing — review & editing,
Writing — original draft, Methodology, Investigation, Conceptualization.
Deva D. Chan: Writing — review & editing, Writing — original draft,
Funding acquisition, Formal analysis, Data curation, Conceptualization.
David T. Corr: Writing — review & editing, Writing — original draft,
Methodology, Formal analysis, Data curation. John F. Drazan: Writing
— review & editing, Writing — original draft, Visualization, Validation,
Methodology, Investigation, Funding acquisition, Formal analysis, Data
curation, Conceptualization.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

We gratefully acknowledge the invaluable contributions of Elizabeth
Herkenham and Michelle Skomsky (K-13 Outreach, School of Engi-
neering) in recruiting the high school participants and coordinating all
logistics for the day of the program. We would like to thank our vol-
unteers from the Biomedical Engineering Graduate Council, Engineering
Ambassadors, National Society of Black Engineers, 4 Family Inc, and
the Athletics Department at RPI. This work was supported in part by
contributions from the Biomedical Engineering Department, the Engi-
neering Educational Outreach and Diversity Program at RPI, NSF
CAREER Award program (#2149946), and the PennPORT IRACDA
Fellowship Program (NIH grant# K12GM081259).

References

Akiva, T., Cortina, K.S., Eccles, J.S., Smith, C., 2013. Youth belonging and cognitive
engagement in organized activities: A large-scale field study. J. Appl. Dev. Psychol.
34, 208-218. https://doi.org/10.1016/j.appdev.2013.05.001.

DeVita, P., 2018. Why National Biomechanics Day? J. Biomech. 71, 1-3. https://doi.org/
10.1016/j.jbiomech.2018.03.030.

Drazan, J.F., 2020. Biomechanists can revolutionize the STEM pipeline by engaging
youth athletes in sports-science based STEM outreach. J. Biomech. 109511 https://
doi.org/10.1016/j.jbiomech.2019.109511.

Drazan, J.F., Danielsen, H., Vercelletto, M., Loya, A., Davis, J., Eglash, R., 2016. A case
study for integrated STEM outreach in an urban setting using a do-it-yourself vertical
jump measurement platform. In: 2016 38th Annual international Conference of the
IEEE Engineering in Medicine and Biology Society (EMBC). Presented at the 2016
38th Annual international Conference of the IEEE Engineering in Medicine and


https://doi.org/10.1016/j.appdev.2013.05.001
https://doi.org/10.1016/j.jbiomech.2018.03.030
https://doi.org/10.1016/j.jbiomech.2018.03.030
https://doi.org/10.1016/j.jbiomech.2019.109511
https://doi.org/10.1016/j.jbiomech.2019.109511

A.K. Loya et al.

Biology Society (EMBC). IEEE, Orlando, FL, USA, pp. 3027-3030. https://doi.org/
10.1109/EMBC.2016.7591367.

Drazan, J.F., Loya, A.K., Horne, B.D., Eglash, R., 2017. From Sports to Science: Using
Basketball Analytics to Broaden the Appeal of Math and Science Among Youth. 2017
MIT-Sloan Sports Anal. Conf. 16.

Eglash, R., Bennett, A., O’Donnell, C., Jennings, S., Cintorino, M., 2006. Culturally
Situated Design Tools: Ethnocomputing from Field Site to Classroom. Am.
Anthropol. 108, 347-362. https://doi.org/10.1525/aa.2006.108.2.347.

Eglash, R., Gilbert, J.E., Taylor, V., Geier, S.R., 2013. Culturally Responsive Computing
in Urban, After-School Contexts: Two Approaches. Urban Educ. 48, 629-656.
https://doi.org/10.1177,/0042085913499211.

Emdin, C., Adjapong, E., Levy, L., 2016. Hip-hop based interventions as pedagogy/
therapy in STEM: A model from urban science education. J. Multicult. Educ. 10,
307-321. https://doi.org/10.1108/JME-03-2016-0023.

Harackiewicz, J.M., Smith, J.L., Priniski, S.J., 2016. Interest Matters: The Importance of
Promoting Interest in Education. Policy Insights Behav. Brain Sci. 3, 220-227.
https://doi.org/10.1177/2372732216655542.

Jones, S.T., Thompson, J., Worsley, M., 2020. Data in Motion: Sports as a site for
expansive learning. Comput. Sci. Educ. 30, 279-312. https://doi.org/10.1080/
08993408.2020.1805287.

Larson, R.W., Hansen, D.M., Moneta, G., 2006. Differing profiles of developmental
experiences across types of organized youth activities. Dev. Psychol. 42, 849-863.
https://doi.org/10.1037/0012-1649.42.5.849.

Marshall, B.P., Loya, A., Drazan, J., Prato, A., Conley, N., Thomopoulos, S., Reuther, K.,
2020. Developing A STEM+M Identity in Underrepresented Minority Youth Through

Journal of Biomechanics 148 (2023) 111476

Biomechanics and Sports-Based Education. J. Biomech. Eng. doi 10 (1115/1),
4047548.

Mayo, M.J., 2009. Video Games: A Route to Large-Scale STEM Education? Science 323,
79-82. https://doi.org/10.1126/science.1166900.

McCarthy, P.J., Jones, M.V., Clark-Carter, D., 2008. Understanding enjoyment in youth
sport: A developmental perspective. Psychol. Sport Exerc. 9, 142-156. https://doi.
org/10.1016/j.psychsport.2007.01.005.

Shernoff, D.J., Vandell, D.L., 2007. Engagement in after-school program activities:
quality of experience from the perspective of participants. J. Youth Adolesc. 36,
891-903. https://doi.org/10.1007/s10964-007-9183-5.

Simon, A.E., Uddin, S.F.G., 2018. Sports Team Participation Among US High School
Girls, 1999-2015. Clin. Pediatr. (Phila.) 57, 637-644. https://doi.org/10.1177/
0009922817732145.

Turner, R.W., Perrin, E.M., Coyne-Beasley, T., Peterson, C.J., Skinner, A.C., 2015.
Reported Sports Participation, Race, Sex, Ethnicity, and Obesity in US Adolescents
From NHANES Physical Activity (PAQ_D). Glob. Pediatr. Health 2,
2333794X1557794. https://doi.org/10.1177/2333794X15577944.

Valerdi, R., Monreal, J., Valenzuela, D., Hernandez, K., 2013. Measures of Effectiveness
for S.T.E.M. Program: The Arizona Science of Baseball. Procedia Comput. Sci. 16,
1053-1061. https://doi.org/10.1016/j.procs.2013.01.111.

Yu, S.M., Newport-Berra, M., Liu, J., 2015. Out-of-School Time Activity Participation
Among US-Immigrant Youth. J. Sch. Health 85, 281-288. https://doi.org/10.1111/
josh.12255.


https://doi.org/10.1109/EMBC.2016.7591367
https://doi.org/10.1109/EMBC.2016.7591367
https://doi.org/10.1525/aa.2006.108.2.347
https://doi.org/10.1177/0042085913499211
https://doi.org/10.1108/JME-03-2016-0023
https://doi.org/10.1177/2372732216655542
https://doi.org/10.1080/08993408.2020.1805287
https://doi.org/10.1080/08993408.2020.1805287
https://doi.org/10.1037/0012-1649.42.5.849
http://refhub.elsevier.com/S0021-9290(23)00045-3/h0060
http://refhub.elsevier.com/S0021-9290(23)00045-3/h0060
http://refhub.elsevier.com/S0021-9290(23)00045-3/h0060
http://refhub.elsevier.com/S0021-9290(23)00045-3/h0060
https://doi.org/10.1126/science.1166900
https://doi.org/10.1016/j.psychsport.2007.01.005
https://doi.org/10.1016/j.psychsport.2007.01.005
https://doi.org/10.1007/s10964-007-9183-5
https://doi.org/10.1177/0009922817732145
https://doi.org/10.1177/0009922817732145
https://doi.org/10.1016/j.procs.2013.01.111
https://doi.org/10.1111/josh.12255
https://doi.org/10.1111/josh.12255

	Can biomechanics turn youth sports into a venue for informal STEM engagement?
	1 Introduction
	2 Methods
	2.1 Study overview
	2.2 Overview of sport science clinic development
	2.3 Overview of program and evaluation

	3 Results
	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


