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Introduction

With the growing demand for Science, Technology, Engineering and Math (STEM)

careers it is important to increase female participation in STEM. Females entering the

STEM workforce will enhance ingenuity in STEM fields as they will bring new and diverse

perspectives to spaces that have been historically male-dominated. On average, females and

males have displayed similar scores in studies on math achievement (Else-Quest et al., 2010),

however, females are still a minority within many STEM academic degrees and careers

(Frank, 2019; Government of Canada, 2021).

A study on individual and gender differences in choice of STEM careers identified

that more females were in the high-math/high-verbal ability category compared to males,

and that females with high math ability were likely to also have high verbal ability (Wang

et al., 2013). This is an important identification because it highlights the potential for high

achieving females in STEM to have choice and considerations of occupations in the field

(Wang et al., 2013). Even if an individual has greater choice when considering career options,

their belief that they will be successful in a particular career is important during their decision

making (Eccles, 2009). Therefore, women who could succeed in STEM careers may gravitate

away from them given the prevailing gender stereotypes associated with these fields.

Other fields where gender diversity is already more prevalent, such as some sport

programs, could be explored to offer alternative frameworks that position positive

experiential approaches for increasing female participation and retention in other

traditionally male-dominated fields, such as STEM. Parallels between sport and STEM

exist. Sport and STEM programs exist on a continuum scale where negative and/or

positive qualities influence youth. You may ask yourself, what within the realm of sport

allows females to flourish? And, how can the positive factors that have increased female

participation in sport be utilized within STEM teaching? Previous research has analyzed

ways to increase a student’s motivation for STEM fields, but none to-date have explored

how positive aspects of sport can be utilized in STEM. For example, a sport-based Positive

Youth Development (PYD) model offers an example to counter the current deficit-oriented

approaches to increasing diversity in STEM (McCullough, 2011; Ilumoka, 2012; Saucerman

and Vasquez, 2014; Cronin et al., 2022; Mossman et al., 2022). Models such as Social

Cognitive Career Theory (SCCT) (Betz and Hackett, 1997) are based on interest and choice

and “encompass a variety of constructs such as self-efficacy in a particular domain, outcome

expectations, and interests as well as contextual factors that influence career choices” (Fouad

and Santana, 2017). This includes positive math performance activities (Navarro et al., 2007)

and positive role models in STEM careers (Ericksen and Schultheiss, 2009).
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Our position is that PYD sports model has specific skill building

steps that work to increase self-efficacy and provide positive

contextual factors. It does not replace theories such as SCCT or

how STEM is integrated into curriculum (Moore et al., 2020), it

sets up positive skill building opportunities for females. The PYD

model focuses on strengths and assets for developmental growth

rather than focusing on problems (e.g., Holt et al., 2007, 2012). A

sports-based PYD model is multifactorial and involves appropriate

role models, programs promoting life skills and positive peer and

parent influence. PYD programs provide opportunities for youth

to flourish in the future by instilling positive qualities (Gould and

Carson, 2008). With this approach, PYD components in STEM

could offer opportunities for increasing the number of females that

pursue STEM careers.

Increasing diversity in STEM: sport as a
model

Performance anxiety and exposure

A contributing factor currently affecting female students’

feeling of control with STEM learning is math anxiety since it

is directly related to math performance (Stoet et al., 2016) and

this anxiety needs to be addressed when looking to increase

the number of students in STEM (Foley et al., 2017). It has

been validated that in multiple countries females have greater

math anxiety than males (Haynes et al., 2004; Stoet et al.,

2016). Increased math anxiety could account for math avoiding

behaviors and lack of intent to enter a STEM field (Wang,

2013; Stoet et al., 2016). STEM exams are analogous to sport

performances because each requires applying skills to unique

situations under pressure. For example, in a math exam students

need to use “algorithmic reasoning” as opposed to “memorized

reasoning” (Bergqvist, 2007). There is a need to recognize and

apply the correct algorithms to a problem the student has not

seen before. In physics students use mechanistic reasoning to

explain how the parts make up the properties of the whole (Hung

and Jonassen, 2006) and in chemistry use multiple molecular

representations (Avargil and Piorko, 2022). Similarly, an athlete will

have to respond to competition situations using algorithmic and

mechanistic reasoning. What can keep an athlete grounded in their

conviction to succeed is previous experience and positive practice

scenarios. Duncan et al. (2017) recommend reducing anxiety by

simulating a competition during practice time. It has been shown

that math anxiety can be lowered by tutoring lessens (Supekar

et al., 2015), supplementary exercises that enhance math strategies

(Passolunghi et al., 2020), or an intensive digital training (Ng et al.,

2022).

Positive role models and identity

Positive role models have been identified as an important factor

in increasing and/or maintaining physical activity in adolescence

(Young et al., 2015). Lack of positive roles models in sport

for adolescent females has been recognized in a number of

countries, including Canada, as a barrier to sport participation

(e.g., Casey et al., 2009; Bélanger et al., 2011). A positive role model

in sport for an adolescent female is most likely associated to the

gender the student identifies with Young et al. (2015) and who

models a sport-based PYDmodel. From this validated link between

role models and sport participation (Young et al., 2015) and the

current research within STEM fields that indicates there are too few

positive role models for adolescent females (Steinke et al., 2008;

Cheryan et al., 2011, 2015) we can assume that increasing role

models will be key to engagement of females in STEM.

Both environment and role models influence students’ identity.

In sport, feeling that you belong in the environment and seeing

other girls and women participate in the sport contribute to

perceptions that girls play sports. This visible connection is not

overt in school classrooms. Although researchers have found that

general academic achievement influences identity (Matthews et al.,

2014), and that individual identity can by precluded by the identity

expected by their social groups at school (Islam, 2014). Kim et al.

(2018) argues that a STEM identity is “socially based identity

grounded in the extent to which individuals see themselves and are

accepted as a member of a STEM discipline or field” (Kim et al.,

2018). The classroom environment does not consistently promote

positive STEM identity and many classroom environments lack

diversity, rolemodeling and teacher preparedness which are needed

for building STEM identity. In team sport, a collective identity

can emerge and these identities can “influence expectations for

success” (Eccles, 2009) and these collective identities are especially

important to underrepresented groups (Malorni et al., 2023).

Similarly, research shows female students find that a personal

connection to what they perceive as a STEM “community” helps

them develop the perception “they belong” in STEM (Saville

et al., 2023) and this belonging leads to positive affect (Alivernini

et al., 2023). Young women who have a strong STEM identity

attribute their positive STEM beliefs from having connections with

instructors and finding a culture where they feel they belong (Saville

et al., 2023). Peer groups who are supportive of STEM positively

influence STEM career interest (Robnett and Leaper, 2013) and

the personal interactions [with instructors] has a greater effect on

STEM self-efficacy than actual performance levels (Skipper and

Leman, 2017).

Motivation and mastery

It was identified that adolescent females with low self-

esteem might identify easier with female coaches and more

readily internalize their positive talk compared to male coaches

(Coatsworth and Conroy, 2006). This identification is important

since girls normally show lower ratings of self-esteem and self-

concept than boys in middle and high school (Mahaffy, 2004).

A study on motivational climate found that gender of a coach

was a predictor of an athlete’s perception of motivational climate,

where female coaches were more greatly associated with mastery

of motivational climate compared with male coaches (Vazou,

2010). This study also noted that female athletes tend to perceive

more mastery involving cues compared to males possibly due

to difference in measures of competence and socialization found

between genders (Vazou, 2010). Mastery goals are those that focus
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on skill development. The student’s aim is to improve their skill

rather than the outcome of an exam. Performance goals lead

to better achievement of simple tasks, whereas mastery goals

facilitate attainment on challenging tasks (Senko, 2019). This is

important for STEM because of the algorithmic reasoning needed

to successfully work through STEM exam problems. A mastery-

oriented classroom is created by the nature of the tasks (mastery

focus), involving students in decision making, types of evaluation,

and classroom climate” (Furner and Gonzalez-DeHass, 2011). A

mastery climate creates higher levels of engagement (Curran et al.,

2015) which is necessary for girls to be interested in STEM and can

have “a buffering effect on stereotype threat” (Deemer, 2004).

Sport coaches can impact youth positively and negatively

depending on their created motivational climate (Schaillée et al.,

2017; Cronin et al., 2022). A sport coach who facilitates mastery

motivational climate elicits PYD by encouraging factors such as

effort and individual improvement (Schaillée et al., 2017). A sport

coach who facilitates performance can elicit negative effects by

encouraging factors such as social comparison (Schaillée et al.,

2017). Parallels of positive and negative engagement were also

observed in science classrooms. Shumow and Schmidt (2013)

reported that in science classrooms where students had two types

of goals, mastery goal orientation or performance approach goal

orientation, these were largely determined by the teacher’s goal

orientation approach that they used with their students.

Peers and mastery climate

Peer motivational climate likely has a stronger influence on

athletes’ personal approach to development than coaches or parents

due to the reduced power imbalance among peers compared to

coaches and parents (Smith et al., 2010). It has been reported that

peer performance motivational climate is associated with burnout

in sport (Smith et al., 2010) and that peer mastery motivational

climate is associated with positive character and support for

teammates (Agans et al., 2018). Jõesaar et al. (2012) found that

peer mastery motivational climate can be enhanced by having

autonomy support from coaches whereby athletes perceive their

coach understands their perspective and provides them choices in

decision making. Therefore, coaches who promote peer mastery

motivational climate with autonomy support increase motivation

(Cronin et al., 2022). Applied to STEM, teachers who promote

peer mastery climate with autonomy support may increase female

students’ intrinsic motivation for STEM as seen in sport (Jõesaar

et al., 2012).

Students also learn mastery focus when they are able to use

skills in applied situations. For example, Bressler et al. (2022)

gave one group traditional instruction and a second group a

game design task. The game design group focused more on

learning goals and were mastery-oriented while the group receiving

traditional instruction remained performance-oriented (Bressler

et al., 2022). The cross application from sport is convincing (Meece

et al., 2006; Curran et al., 2015), if STEM teachers promote

mastery motivational climate, more female students may feel in

control of their learning and thereby have increased confidence

and determination.

Discussion

Implications for practitioners

To create a more positive climate in STEM environments,

educators can adopt aspects from sports-based PYD programs

by focusing on mastery and creating an opportunity for girls to

participate in a community of learning. Applying positive aspects of

sport to STEM classrooms will help foster strong STEM identities

in young adolescent girls (Saville et al., 2023). We recommend the

development of STEM curriculum and classroom conditions that

integrate aspects of PYD that focus on mastery, reduce anxiety by

exposure, role models and supportive peer environments.

A focus on mastery can be done by emphasizing effort as well

as individual and team progress when assessing assignments and

preparing for tests and examinations. Students might be more

accepting of assessment outcomes when they conceptualize using

maximum effort that identifies effort placed within and learning

achieved on the students part, within realization of outcome

marks relative to competencies or rubrics. This might contribute

to utilization of skill development in learning to accept error as

part of academic learning and advancement. The research strongly

suggests that creating peer support by working in teams and

providing role-models positively influences adolescent girls’ STEM

identity (Cheryan et al., 2011; Young et al., 2015). Which is why we

recommend including more team-based assignments that require

multiple iterations so that trial and error are expected. This will

also reduce anxiety by exposure to STEM by practice and build

test taking strategies. Utilizing exploratory and fun ways to practice

STEM concepts in addition to traditional learning methods will

also increase exposure to STEM by practice. Practice could include

STEM video games such as an augmented reality of chemical

structures (Tarng et al., 2022). Finally, fostering a welcoming and

inclusive environment by creating spaces that reflect more of the

girls’ interests (Saville et al., 2023) will be important to create a sense

of belonging in STEM.

Implications for future research

Future research on these aspects of a PYD sports model needs

to focus on which practice for performance strategies are most

effective and how best to structure group activities and projects

to promote mastery. For example, the effectiveness of using video

games to learn mastery can be tested against or simultaneously

with traditional instruction. Future research can also assess how

well role models can implement autonomous coaching strategy

in STEM settings. Finally, researchers need to look at the efficacy

of interventions to create a sense of belonging in STEM for

girls/women and other under-represented persons in STEM and

determine if changes to the STEM learning environment can

increase a sense of positive STEM identity.

Author contributions

CC conceptualized and lead the writing process. JJ, HT-S,

and SC conceptualized the sport and STEM interaction and

Frontiers in Education 03 frontiersin.org

https://doi.org/10.3389/feduc.2023.1217091
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Calkins et al. 10.3389/feduc.2023.1217091

contributed to the writing process. All authors contributed to

manuscript revision.

Funding

This work was funded by the Social Sciences and Humanities

Research Council (SSHRC) 430-2018-00472.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict of

interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

Agans, J. P., Su, S., and Ettekal, A. V. (2018). Peer motivational climate and
character development: Testing a practitioner-developed youth sport model. J. Adolesc.
62, 108–115. doi: 10.1016/j.adolescence.2017.11.008

Alivernini, F., Bianchi, D., Cavicchiolo, E., Manganelli, S., Cozzolino, M.,
Lucidi, F., et al. (2023). Positive youth development among youth living in
poverty: the role of psychological needs satisfaction. Youth Soc. 55, 947–969.
doi: 10.1177/0044118X211035956

Avargil, S., and Piorko, R. (2022). High school students’ understanding of molecular
representations in a context-basedmulti-model chemistry learning approach. Int. J. Sci.
Educ. 44, 1738–1766. doi: 10.1080/09500693.2022.2095679

Bélanger, M., Casey, M., Cormier, M., Laflamme Filion, A., Martin, G.,
Aubut, S., et al. (2011). Maintenance and decline of physical activity during
adolescence: insights from a qualitative study. Int. J. Behav. Nutr. Phys. Act. 8, 1–9.
doi: 10.1186/1479-5868-8-117

Bergqvist, E. (2007). Types of reasoning required in university exams in
mathematics. J. Math. Behav. 26, 348–370. doi: 10.1016/j.jmathb.2007.11.001

Betz, N. E., and Hackett, G. (1997). Applications of self-efficacy theory to the career
assessment of women. J. Career Assess. 5, 383–402. doi: 10.1177/106907279700500402

Bressler, D. M., Annetta, L. A., Dunekack, A., Lamb, R. L., and Vallett,
D. B. (2022). “How STEM game design participants discuss their project goals
and their success differently,” in Advances in Quantitative Ethnography, eds.
B. Wasson and S. Zörgo (Cham: Springer International Publishing), 176–190.
doi: 10.1007/978-3-030-93859-8_12

Casey, M. M., Eime, R. M., Payne, W. R., and Harvey, J. T. (2009). Using a
socioecological approach to examine participation in sport and physical activity among
rural adolescent girls. Qual. Health Res. 19, 881–893. doi: 10.1177/1049732309338198

Cheryan, S., Master, A., and Meltzoff, A. N. (2015). Cultural stereotypes as
gatekeepers: Increasing girls’ interest in computer science and engineering by
diversifying stereotypes. Front. Psychol. 3, 49. doi: 10.3389/fpsyg.2015.00049

Cheryan, S., Siy, J. O., Vichayapai, M., Drury, B. J., and Kim, S. (2011).
Do female and male role models who embody STEM stereotypes hinder
women’s anticipated success in STEM? Soc. Psychol. Personal. Sci. 2, 656–664.
doi: 10.1177/1948550611405218

Coatsworth, J. D., and Conroy, D. E. (2006). Enhancing the self-esteem of youth
swimmers through coach training: gender and age effects. Psychol. Sport Exerc. 7,
173–192. doi: 10.1016/j.psychsport.2005.08.005

Cronin, L., Ellison, P., Allen, J., Huntley, E., Johnson, L., Kosteli, M. C., et al. (2022).
A self-determination theory based investigation of life skills development in youth
sport. J. Sports Sci. 40, 886–898. doi: 10.1080/02640414.2022.2028507

Curran, T., Hill, A. P., Hall, H. K., and Jowett, G. E. (2015). Relationships between
the coach-created motivational climate and athlete engagement in youth sport. J. Sport
Exerc. Psychol. 37, 193–198. doi: 10.1123/jsep.2014-0203

Deemer, S. (2004). Classroom goal orientation in high school classrooms: revealing
links between teacher beliefs and classroom environments. Educ. Res. 46, 73–90.
doi: 10.1080/0013188042000178836

Duncan,M. J., Clarke, N. D., Cox,M., and Smith,M. (2017). The influence of cycling
intensity upon cognitive response during inferred practice and competition conditions.
J. Sports Sci. 35, 1865–1871. doi: 10.1080/02640414.2016.1240877

Eccles, J. (2009). Who am I and what am I going to do with my life?
Personal and collective identities as motivators of action. Educ. Psychol. 44, 78–89.
doi: 10.1080/00461520902832368

Else-Quest, N. M., Hyde, J. S., and Linn, M. C. (2010). Cross-national patterns
of gender differences in mathematics: a meta-analysis. Psychol. Bull. 136, 103–127.
doi: 10.1037/a0018053

Ericksen, J. A., and Schultheiss, D. E. P. (2009). Women pursuing careers in trades
and construction. J. Career Dev. 36, 68–89. doi: 10.1177/0894845309340797

Foley, A. E., Herts, J. B., Borgonovi, F., Guerriero, S., Levine, S. C., Beilock, S. L., et al.
(2017). The math anxiety-performance link: a global phenomenon. Curr. Dir. Psychol.
Sci. 26, 52–58. doi: 10.1177/0963721416672463

Fouad, N. A., and Santana, M. C. (2017). SCCT and underrepresented
populations in STEM fields: moving the needle. J. Career Assess. 25, 24–39.
doi: 10.1177/1069072716658324

Frank, K. (2019). A Gender Analysis of the Occupational Pathways of STEM
Graduates in Canada. Anal. Stud. Branch Res. Pap. Ser. Stat. Can. Available online
at: https://www150.statcan.gc.ca/n1/pub/11f0019m/11f0019m2019017-eng.htm
(accessed July 27, 2022).

Furner, J. M., and Gonzalez-DeHass, A. (2011). How do students’ mastery and
performance goals relate to math anxiety? Eurasia J. Math. Sci. Technol. Educ. 7,
227–242. doi: 10.12973/ejmste/75209

Gould, D., and Carson, S. (2008). Life skills development through sport:
Current status and future directions. Int. Rev. Sport Exerc. Psychol. 1, 58–78.
doi: 10.1080/17509840701834573

Government of Canada, S. C. (2021). Gender differences in STEM enrolment
and graduation: What are the roles of academic performance and preparation?
Available online at: https://www150.statcan.gc.ca/n1/pub/36-28-0001/2021011/article/
00004-eng.htm (accessed March 29, 2023).

Haynes, A. F., Mullins, A. G., and Stein, B. S. (2004). Differenctial
models for math anxiety in male and female. Sociol. Spectr. 24, 295–318.
doi: 10.1080/02732170490431304

Holt, N., Tink, L., Mandigo, J., and Fox, K. (2007). “An ethnographic study of
positive youth development on a high school soccer team,” in Society for Research in
Child Development Conference, Boston, MA doi: 10.4324/9780203944783

Holt, N. L., Sehn, Z. L., Spence, J. C., Newton, A. S., and Ball, G. D.
(2012). Physical education and sport programs at an inner city school: exploring
possibilities for positive youth development. Phys. Educ. Sport Pedagogy 17, 97–113.
doi: 10.1080/17408989.2010.548062

Hung, W., and Jonassen, D. H. (2006). Conceptual understanding of causal
reasoning in physics. Int. J. Sci. Educ. 28, 1601–1621. doi: 10.1080/09500690600560902

Ilumoka, A. (2012). Strategies for Overcoming Barriers to Women and Minorities in
STEM. (Ewing, NJ: IEEE), 1–4. doi: 10.1109/ISECon.2012.6204171

Islam, G. (2014). Social identity theory. J. Pers. Soc. Psychol. 67, 741–763.
doi: 10.1007/978-1-4614-5583-7_289

Jõesaar, H., Hein, V., and Hagger, M. S. (2012). Youth athletes’ perception
of autonomy support from the coach, peer motivational climate and intrinsic
motivation in sport setting: 1-year effects. Psychol. Sport Exerc. 13, 257–262.
doi: 10.1016/j.psychsport.2011.12.001

Frontiers in Education 04 frontiersin.org

https://doi.org/10.3389/feduc.2023.1217091
https://doi.org/10.1016/j.adolescence.2017.11.008
https://doi.org/10.1177/0044118X211035956
https://doi.org/10.1080/09500693.2022.2095679
https://doi.org/10.1186/1479-5868-8-117
https://doi.org/10.1016/j.jmathb.2007.11.001
https://doi.org/10.1177/106907279700500402
https://doi.org/10.1007/978-3-030-93859-8_12
https://doi.org/10.1177/1049732309338198
https://doi.org/10.3389/fpsyg.2015.00049
https://doi.org/10.1177/1948550611405218
https://doi.org/10.1016/j.psychsport.2005.08.005
https://doi.org/10.1080/02640414.2022.2028507
https://doi.org/10.1123/jsep.2014-0203
https://doi.org/10.1080/0013188042000178836
https://doi.org/10.1080/02640414.2016.1240877
https://doi.org/10.1080/00461520902832368
https://doi.org/10.1037/a0018053
https://doi.org/10.1177/0894845309340797
https://doi.org/10.1177/0963721416672463
https://doi.org/10.1177/1069072716658324
https://www150.statcan.gc.ca/n1/pub/11f0019m/11f0019m2019017-eng.htm
https://doi.org/10.12973/ejmste/75209
https://doi.org/10.1080/17509840701834573
https://www150.statcan.gc.ca/n1/pub/36-28-0001/2021011/article/00004-eng.htm
https://www150.statcan.gc.ca/n1/pub/36-28-0001/2021011/article/00004-eng.htm
https://doi.org/10.1080/02732170490431304
https://doi.org/10.4324/9780203944783
https://doi.org/10.1080/17408989.2010.548062
https://doi.org/10.1080/09500690600560902
https://doi.org/10.1109/ISECon.2012.6204171
https://doi.org/10.1007/978-1-4614-5583-7_289
https://doi.org/10.1016/j.psychsport.2011.12.001
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Calkins et al. 10.3389/feduc.2023.1217091

Kim, A. Y., Sinatra, G. M., and Seyranian, V. (2018). Developing a STEM identity
among young women: a social identity perspective. Rev. Educ. Res. 88, 589–625.
doi: 10.3102/0034654318779957

Mahaffy, K. A. (2004). Girls’ low self-esteem: how is it related to later socioeconomic
achievements? Gend. Soc. 18, 309–327. doi: 10.1177/0891243204263988

Malorni, A., Lea, I. I. I., Jones, C., McCowan, T. K., and Crumé, H. (2023). Centering
marginalized positive youth development constructs: examining perspectives and
experiences of racially, ethnically, and gender minoritized practitioners and youth. J.
Community Pract. 3, 1–22. doi: 10.1080/10705422.2023.2215231

Matthews, J. S., Banerjee, M., and Lauermann, F. (2014). Academic identity
formation and motivation among ethnic minority adolescents: the role of the “self ”
between internal and external perceptions of identity. Child Dev. 85, 2355–2373.
doi: 10.1111/cdev.12318

McCullough, L. (2011). “Women’s leadership in science, technology, engineering
andmathematics: barriers to participation,” in Forum on Public Policy Online, Vol. 2011
(Urbana, IL: Oxford Round Table).

Meece, J. L., Anderman, E. M., and Anderman, L. H. (2006). Classroom goal
structure, student motivation, and academic achievement. Annu. Rev. Psychol. 57, 487.
doi: 10.1146/annurev.psych.56.091103.070258

Moore, T. J., Johnston, A. C., and Glancy, A. W. (2020). “STEM integration: a
synthesis of conceptual frameworks and definitions,” inHandbook of research on STEM
education (Routledge), 3–16. doi: 10.4324/9780429021381-2

Mossman, L. H., Slemp, G. R., Lewis, K. J., Colla, R. H., and O’Halloran, P. (2022).
Autonomy support in sport and exercise settings: A systematic review and meta-
analysis. Int. Rev. Sport Exerc. Psychol. 1, 24. doi: 10.1080/1750984X.2022.2031252

Navarro, R. L., Flores, L. Y., and Worthington, R. L. (2007). Mexican American
middle school students’ goal intentions in mathematics and science: a test of social
cognitive career theory. J. Couns. Psychol. 54, 320. doi: 10.1037/0022-0167.54.3.320

Ng, C., Chen, Y., Wu, C., and Chang, T. (2022). Evaluation of math anxiety and its
remediation through a digital training program in mathematics for first and second
graders. Brain Behav. 12, e2557. doi: 10.1002/brb3.2557

Passolunghi, M. C., Vita, D. e., and Pellizzoni, C. (2020). Math anxiety and math
achievement: the effects of emotional and math strategy training. Dev. Sci. 23, e12964.
doi: 10.1111/desc.12964

Robnett, R. D., and Leaper, C. (2013). Friendship groups, personal motivation, and
gender in relation to high school students’ STEM career interest. J. Res. Adolesc. 23,
652–664. doi: 10.1111/jora.12013

Saucerman, J., and Vasquez, K. (2014). Psychological barriers to STEM
participation for women over the course of development. Adultspan J. 13, 46–64.
doi: 10.1002/j.2161-0029.2014.00025.x

Saville, E., Cherkowski, S., and Jakobi, J. (2023). Connection, engagement, and
belonging: exploring young women’s positive experiences for building inclusive

STEM classrooms. Alberta J. Educ. Res. 69, 103–117. doi: 10.11575/ajer.v69i1.
75063

Schaillée, H., Theeboom, M., and Van Cauwenberg, J. (2017). Peer-and coach-
created motivational climates in youth sport: implications for positive youth
development of disadvantaged girls. Soc. Incl. 5, 163–178. doi: 10.17645/si.v5i2.870

Senko, C. (2019). When do mastery and performance goals
facilitate academic achievement? Contemp. Educ. Psychol. 59, 101795.
doi: 10.1016/j.cedpsych.2019.101795

Shumow, L., and Schmidt, J. A. (2013). Enhancing adolescents’ motivation for science.
Corwin Press.

Skipper, Y., and Leman, P. J. (2017). The role of feedback in young people’s academic
choices. Int. J. Sci. Educ. 39, 453–467. doi: 10.1080/09500693.2017.1294783

Smith, A. L., Gustafsson, H., and Hassmén, P. (2010). Peer motivational climate
and burnout perceptions of adolescent athletes. Psychol. Sport Exerc. 11, 453–460.
doi: 10.1016/j.psychsport.2010.05.007

Steinke, J., Long, M., Johnson, M. J., and Ghosh, S. (2008). “Gender stereotypes
of scientist characters in television programs popular among middle school-aged
children,” in Annual Meeting of the Association for Education in Journalism and Mass
Communication (Marriott Downtown; Chicago, IL).

Stoet, G., Bailey, D. H., Moore, A. M., and Geary, D. C. (2016). Countries with
higher levels of gender equality show larger national sex differences in mathematics
anxiety and relatively lower parental mathematics valuation for girls. PLoS ONE 11,
e0153857. doi: 10.1371/journal.pone.0153857

Supekar, K., Iuculano, T., Chen, L., and Menon, V. (2015). Remediation of
childhood math anxiety and associated neural circuits through cognitive tutoring. J.
Neurosci. 35, 12574–12583. doi: 10.1523/JNEUROSCI.0786-15.2015

Tarng, W., Tseng, Y-. C., and Ou, K-. L. (2022). Application of augmented reality
for learning material structures and chemical equilibrium in high school chemistry.
Systems 10, 141. doi: 10.3390/systems10050141

Vazou, S. (2010). Variations in the perceptions of peer and coach motivational
climate. Res. Q. Exerc. Sport 81, 199–211. doi: 10.1080/02701367.2010.10599667

Wang, M-. T., Eccles, J. S., and Kenny, S. (2013). Not lack of ability
but more choice: Individual and gender differences in choice of careers in
science, technology, engineering, and mathematics. Psychol. Sci. 24, 770–775.
doi: 10.1177/0956797612458937

Wang, X. (2013). Why students choose STEM majors: motivation, high school
learning, and postsecondary context of support. Am. Educ. Res. J. 50, 1081–1121.
doi: 10.3102/0002831213488622

Young, J. A., Symons, C. M., Pain, M. D., Harvey, J. T., Eime, R. M., Craike, M.
J., et al. (2015). Role models of Australian female adolescents: a longitudinal study to
inform programmes designed to increase physical activity and sport participation. Eur.
Phys. Educ. Rev. 21, 451–466. doi: 10.1177/1356336X15579574

Frontiers in Education 05 frontiersin.org

https://doi.org/10.3389/feduc.2023.1217091
https://doi.org/10.3102/0034654318779957
https://doi.org/10.1177/0891243204263988
https://doi.org/10.1080/10705422.2023.2215231
https://doi.org/10.1111/cdev.12318
https://doi.org/10.1146/annurev.psych.56.091103.070258
https://doi.org/10.4324/9780429021381-2
https://doi.org/10.1080/1750984X.2022.2031252
https://doi.org/10.1037/0022-0167.54.3.320
https://doi.org/10.1002/brb3.2557
https://doi.org/10.1111/desc.12964
https://doi.org/10.1111/jora.12013
https://doi.org/10.1002/j.2161-0029.2014.00025.x
https://doi.org/10.11575/ajer.v69i1.75063
https://doi.org/10.17645/si.v5i2.870
https://doi.org/10.1016/j.cedpsych.2019.101795
https://doi.org/10.1080/09500693.2017.1294783
https://doi.org/10.1016/j.psychsport.2010.05.007
https://doi.org/10.1371/journal.pone.0153857
https://doi.org/10.1523/JNEUROSCI.0786-15.2015
https://doi.org/10.3390/systems10050141
https://doi.org/10.1080/02701367.2010.10599667
https://doi.org/10.1177/0956797612458937
https://doi.org/10.3102/0002831213488622
https://doi.org/10.1177/1356336X15579574
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

	Positive aspects of sport for fostering strong STEM identities
	Introduction
	Increasing diversity in STEM: sport as a model
	Performance anxiety and exposure
	Positive role models and identity
	Motivation and mastery
	Peers and mastery climate

	Discussion
	Implications for practitioners
	Implications for future research

	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


