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Abstract
Science, technology, engineering, and math (STEM) workers need both 
motivation and interpersonal skills in STEM disciplines. The aims of the 
study were to identify clusters of adolescents who vary in math and science 
motivation and interpersonal skills and to explore what factors are related 
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to membership in a high math and science motivation and interpersonal 
skills cluster. Participants included 467 adolescents (312 female; Mage = 15.12 
to SD = 1.71 year) recruited from out-of-school STEM programs in the 
US and UK. Findings from latent class analyses revealed four clusters, 
including a “High Math and Science Motivation and Interpersonal Skills” 
group, as well as groups that exhibited lower levels of either motivation or 
interpersonal skills. STEM program belonging, and STEM identity are related 
to membership in the high motivation and skills cluster. Findings provide 
insight into factors that may encourage motivation and interpersonal skills 
in adolescents, preparing them for STEM workforce entry.
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science, math, social competence, adolescence, latent class analysis

Globally, science, technology, engineering and math (STEM) employers note 
a shortage of qualified, competent STEM workers with both the content 
knowledge and the interpersonal skills to be successful in today’s STEM 
workforce (National Academies of Sciences, 2016; National Science 
Foundation, 2015; Schneider et al., 2018). In the United States (US), STEM-
related jobs are projected to grow to more than 9  million between 2014–2022 
(Vilorio, 2014), and in the United Kingdom (UK), almost 50% of STEM 
employers report recruiting outside of the country to find skilled STEM work-
ers (STEM Learning, 2018). Consistently, STEM employers cite a lack of core 
STEM skills, such as math and technology skills, but also a lack of critical 
skills for team-work and problem-solving among job applicants (National 
Research Council, 2011). There is a concerning shortage of students enrolling 
in STEM disciplines and subsequently becoming STEM professionals 
(Peterson et al., 2015), which is highlighted by the fact that growth in avail-
able STEM jobs has been three times faster than non-STEM jobs (Langdon 
et al., 2011). To ameliorate this shortage, not only is it imperative to foster 
STEM motivation, but also the interpersonal competencies that will ensure 
that those who enter the STEM workforce are likely to succeed. The current 
study aims to address this issue by identifying whether there are different clus-
ters of adolescents in terms of both math and science motivation and interper-
sonal competencies. It then examines predictors of cluster membership to 
inform policy, programing, and practice aimed at building the STEM work-
force. In terms of predictors, we attend to social factors (belonging in STEM 
programs), and identity-related factors (STEM identity) to comprehensively 
examine what is related to motivation and interpersonal competencies.
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One way to address the need for STEM professionals (Peterson et al., 
2015) is by ensuring that adolescents have the skills, interest, and relevant 
preparation to pursue STEM degrees in college and ultimately embark on 
STEM careers. Disparities in the representation of low-income individuals, 
LGBTQ individuals, women, and those from ethnic minoritized groups in 
STEM fields are pervasive (Freeman, 2020; National Science Board, 2018). 
These disparities suggest there are underrepresented groups of adolescents 
who could help fill the need for competent workers in the STEM work-
force. Important to success in the STEM workforce is preparing adoles-
cents with both high science and math motivation and interpersonal skills. 
It may be that social and identity-related factors will be associated with 
motivation and competence in adolescents who are well-prepared for entry 
into STEM careers. Moreover, prior research using latent class analysis 
documents that membership in a cluster of students with positive attitudes 
toward STEM did not necessarily predict STEM career attainment, espe-
cially for girls and those whose ethnic groups are typically underrepre-
sented in STEM (Ing & Nylund-Gibson, 2013). This suggests that class 
analyses to understand pathways toward STEM careers should look beyond 
just attitudes and interest.

Theoretical Framework

This study is guided by social cognitive theory (Bandura, 1992; Bandura 
et al., 1999), which proposes a triadic reciprocal determinism model of cau-
sality that centers on the importance of the interaction between behaviors, 
environment, and personal characteristics in explaining learning, and engage-
ment. Importantly, social cognitive theory emphasizes the role of social envi-
ronments for shaping outcomes (Bandura, 1986), recognizing that learning is 
an inherently social task (Vygotsky, 1978). Further our hypotheses are 
informed by social identity theory (Tajfel & Turner, 1976), highlighting the 
central role of feelings of belonging and identity in influencing outcomes in 
the lives of individuals. For example, research on occupational domains notes 
that motivation is especially likely to be enhanced when one holds a sense of 
shared social identity and receives support from one’s peers (Füllemann 
et al., 2015). We draw on these frameworks in considering how both interper-
sonal competence, and STEM motivation, can be shaped by the inherent 
social task of learning in distinct contexts and one’s understanding of their 
social identities. We focus on social factors we expect will foster interper-
sonal skills and motivation relevant for STEM career pursuit, specifically 
belonging and STEM identity.
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Adolescents Involved in STEM Programing

This study includes a sample of adolescents who are engaged in out-of-school 
STEM learning programs, as research suggests that out-of-school contexts 
may be one understudied source of both STEM motivation (Adams et  al., 
2015; Habig et al., 2016) and interpersonal skills (Schwarz & Stolow, 2006). 
Adolescents are also the focus of this study as adolescence has been shown to 
be a critical developmental period for fostering STEM motivation (Eccles & 
Wang, 2016; Wigfield et al., 2006). For example, prior research documents 
that participating in out-of-school programing predicts math and science 
motivation over time (Simpkins et al., 2006) and highlights afterschool pro-
graming as a key opportunity for social-emotional learning and the promo-
tion of social competence (Gullotta, 2015). The participants in this study are 
adolescents participating in out-of-school learning programs that train youth 
educators. In these programs, they learn both STEM knowledge and how to 
interact with others, as they are trained to provide educational enrichment 
and to facilitate learning for visitors. Thus, we focus on a group that likely 
already have relatively high levels of both math and science motivation and 
interpersonal skills compared to their peers, although we expect to find varia-
tion even within this group of adolescents who are engaged in out-of-school 
STEM activities. Exploring this potential variation is a focus of the current 
study.

Key Competences for STEM Success

Math and science motivation.  Research has documented the importance of 
motivation for shaping one’s trajectory in science and math domains (Eccles 
& Wang, 2016; Wang & Degol, 2013). However, science and math motiva-
tion tend to decline across childhood and into adolescence (Frenzel et  al., 
2012; Jacobs et al., 2002; Muenks et al., 2018). Further, science and math 
motivation are essential for persistence in STEM fields of study (Graham 
et al., 2013). Academic motivation can be shaped by many factors, with find-
ings suggesting that an individual’s general academic motivation is relatively 
stable over time, even though mean rates decline with age (Gottfried et al., 
2001). However, out-of-school experiences, such as participating in after-
school programs, engaging in STEM activities with family, and visiting 
STEM sites such as museums, can promote math and science motivation (Liu 
& Schunn, 2018; Sha et al., 2016). What is still unknown, though, is whether 
individuals show variation in math and science motivation and, if present, 
what factors are associated with that variation. This is important to examine, 
as research notes a high degree of individual variation in motivation when 
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measured in formal academic settings, and differences in trajectories for 
those who do vary in baseline motivation (Gottfried et al., 2001), but much 
less is known about variation in motivation amongst those who participate in 
out-of-school STEM programs.

Interpersonal skills.  Whereas STEM subject motivation is clearly essential for 
success in addressing the global STEM workforce shortage, so too is interper-
sonal competence. Interpersonal competencies involve understanding, navi-
gating, and managing social interactions with others, and have long been 
noted as essential for workplace success (Hayes, 2002; Klein et  al., 2006). 
Recent reports highlight the increasing need for social skills and interpersonal 
competence in the workplace, with jobs requiring high levels of social interac-
tion growing by more than 10% in recent decades (Deming, 2017) and a recent 
study of workers in STEM disciplines identified interpersonal skills as “highly 
important” for success in STEM careers (Jang, 2016). Recent research con-
firms key interpersonal competences for success in today’s global world, 
including skills relevant for teamwork, collaboration, communication, and 
successful interaction with others (OECD, 2018; Partnership for 21st Century 
Learning, 2016). Notably, the Partnership for 21st Century Learning (2016) 
argues that these key interpersonal skills must be integrated into all aspects of 
learning and that training students for success in today’s world must move 
beyond a sole focus on academic skills. These skills are often a key feature of 
out-of-school STEM programing at informal learning sites, given that these 
programs involve preparing youth to interact with visitors at the informal 
learning sites, for instance by serving as docents or interpreters.

How to Promote Higher STEM Motivation and Interpersonal 
Skills

To best prepare individuals for entry into the STEM workforce, programs 
aimed at enhancing adolescents’ interest in STEM need to build STEM moti-
vation and interpersonal competence concurrently. To date, little is known 
about whether adolescents vary in terms of their interpersonal skills and 
STEM motivation. However, understanding whether there are different clus-
ters of adolescents in regard to interpersonal skills and STEM motivation, as 
well as what is associated with membership in these clusters, may provide 
important insight into understanding what is important in the dynamic 
between interpersonal skills and STEM motivation. Recent research suggests 
that out-of-school STEM programs may play a role in shaping optimal out-
comes as feelings of belonging within out-of-school STEM communities are 
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associated with science and math self-efficacy and interest (Hoffman et al., 
2021). Thus, an aim of the current study is to examine associations between 
membership in a cluster with high science and math motivation and high 
interpersonal competence, with attention to belonging and identity, as these 
have been noted as key factors that promote academic motivation and social 
competence (Muenks et al., 2018).

Belonging.  Research on school belonging highlights the importance of feeling 
like one “fits-in” for success in school (Cemalcilar, 2010; Juvonen, 2006; 
Neel & Fuligni, 2013). Further, a sense of belonging has been documented as 
critical for youth who may be typically marginalized from STEM domains 
(Chang et al., 2014; Cheryan et al., 2017; Graham et al., 2013; Rattan et al., 
2018). Most of the research on belonging has centered on formal school con-
texts (Juvonen, 2006) however youth often have the opportunity to be part of 
additional learning communities outside of school (Peppler, 2017) and 
research highlights the importance of out-of-school spaces for building 
belonging (Akiva et al., 2013; Hoffman et al., 2021). Findings suggest that 
out-of-school programs can foster belonging through strong connections to 
the program leaders and that belonging is enhanced for youth who spend 
more time participating in these out-of-school programs (Akiva et al., 2013). 
Research suggests that high quality out-of-school programs can support 
youth development (Kahne et al., 2001) and that interpersonal skills and rela-
tionships are central to feelings of belonging (Baumeister & Leary, 1995); 
however less is known about how the sense of belonging within these out-of-
school learning contexts is related to STEM motivation and interpersonal 
skills for youth.

STEM identity.  In addition to belonging, we expect that STEM identity may be 
related to adolescents’ developing motivation and interpersonal skills. Schol-
ars have posited that identifying with STEM (i.e. thinking of STEM as a 
central part of one’s self-concept) may be a key predictor of long-term persis-
tence in STEM domains (Graham et al., 2013). STEM identity may develop 
through formal encounters with STEM, and out-of-school learning experi-
ences (Goff et al., 2020; National Research Council, 2009). Further, STEM 
identity may be an important predictor of motivation more generally (Robin-
son et al., 2019; Schinske et al., 2016; Starr, 2018). Positive social interac-
tions around STEM foster STEM identity (Kim et al., 2018), suggesting there 
may be a relationship between STEM identity and interpersonal competence. 
Research, however, has not fully explored the associations of STEM identity 
with both STEM motivation and interpersonal skills among adolescents.
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Current Study

Given the importance of both math and science motivation and interpersonal 
competence, the aim of the current study is to explore whether there were 
different clusters or classes of adolescents based on math and science motiva-
tion, and interpersonal skills. Additionally, we aim to identify whether 
belonging in a STEM program, and STEM identity, were related to member-
ship in a high interpersonal skills and math and science motivation cluster, as 
compared to other clusters. We use a person-centered approach (latent class 
analysis) for this study as person-centered approaches can provide key insight 
not afforded by variable-centered approaches to analyses (Bergman & Trost, 
2006). In particular, latent class analysis allows us to identify subgroups 
within a sample that help to characterize the ways in which a sample is heter-
ogenous (Nylund-Gibson & Choi, 2018). Given that adolescents who partici-
pate in out-of-school STEM programs often demonstrate strong STEM 
motivation (Adams et al., 2015; Habig et al., 2016; Simpkins et al., 2006), as 
well as social competence (Hoffman et  al., 2021), we expect to identify a 
cluster of adolescents with high math and science motivation as well as high 
interpersonal skills. However, given that not all youth who engage in after-
school programing report positive outcomes (Ing & Nylund-Gibson, 2013) 
and that findings suggest high inter-individual variation in constructs such as 
motivation (Gottfried et al., 2001), we also expect to document other clusters 
of students who vary on these two dimensions, including a cluster that is 
lower on both motivation and interpersonal skills. Membership in the high 
cluster would position adolescents well for successful entry into the STEM 
workforce. Thus, we also propose that those who hold membership in this 
cluster as compared to other clusters may differ in belonging and STEM iden-
tity. Specifically, given prior research documenting the role of belonging and 
identity for STEM outcomes (Eccles & Wang, 2016; Hoffman et al., 2021; 
Leaper et al., 2012) and social competence (Baumeister & Leary, 1995), we 
expect that adolescents who reported greater STEM program belonging, and 
a stronger STEM identity would be more likely to be in the high motivation 
and interpersonal competence cluster.

Method

Participants

Our sample included 467 adolescents (312 female, 153 male, and nine who 
did not identify their gender; Mage = 15.12 to SD = 1.71 year), recruited from 
the United States (n = 291) and the United Kingdom (n = 176). Participants 
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reflected the ethnic-racial diversity of their communities, with 44.4% White 
British or European American, 20.7% Asian British or Asian American, 
15.6% Black British or African American, and 16.2% bi-racial or other. 3.1% 
of participants chose not to report their ethnicity. Participants were recruited 
through informal STEM learning sites, where all participants were starting 
youth educator programs that involved learning about STEM content and 
serving as educators or docents who would share STEM content and experi-
ences with visitors (for instance, by staffing exhibits). Participants in the US 
were youth educators at either a zoo (13%), a children’s museum (9.3%) or 
an aquarium (39.8%). Participants in the UK were youth educators at either a 
science and technology museum (10%), a medical history museum (3.7%), or 
a cell biology science education center (24.1%).

Procedure

Participants were part of a larger study of adolescents’ STEM orientation and 
STEM-related outcomes. The study was approved by the IRB at the 
University of Exeter in the UK and North Carolina State University in the 
US. All parents received notification of the study and all participants assented 
to participation. Participants were compensated with a small gift card. 
Participants completed the survey independently on a computer within the 
first month of their time in the youth program.

Measures

Math and science motivation.  Math and science motivation was measured 
using a measure adapted from Wang, Eccles et al. (2013). For each domain 
(math and science), participants completed 11 Likert-type items capturing 
math and science motivation (1 = Not at all true; 7 = Very true; α = .89). Items 
include measures of self-concept, interest, and expectancies, for instance: 
“How good would you be at learning something new in math?” and “How 
much do you like science?” Composite scores were created across domains.

Interpersonal competence.  Interpersonal competence was assessed with a 
measure of social and interpersonal competence (Marsh et  al., 1983). The 
measure assesses the extent to which youth believe they have the skills and 
competencies to engage with their peers. This six item Likert-type measure 
has been used to measure interpersonal competence in individuals from early 
childhood through emerging adulthood. An example item reads, “I make 
friends easily” (1= Not at all true; 4 = Very true). Composite scores were 
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created, where higher scores indicated higher levels of interpersonal skill 
(α = .86).

Belonging in STEM program.  To measure youths’ belonging in their STEM pro-
gram, we used an adapted version of the Mendoza-Denton et al. (2002) Insti-
tutional Belonging scale, which measured students’ belonging within their 
STEM major. In this adapted version, items were edited to focus on belong-
ing to one’s STEM youth educator program. The scale consisted of eight 
Likert-like items. An example item from the scale reads, “How much do you 
feel that you fit in within your specific STEM program?” (1 = Definitely do 
not fit in; 10 = Definitely fit in). Composite scores of belonging to the STEM 
program were created with higher scores indicated higher levels of belonging 
(α = .95).

STEM identity.  As a measure of participants’ STEM identity, adolescents were 
asked to select one image from a series of seven increasingly overlapping 
pair of circles that best represents their STEM identity. One circle in each pair 
read “you” and the other circle read “STEM.” To capture how much one per-
ceives STEM to be integrated into one’s sense of self, adolescents were 
asked, “Please look carefully at these pictures and then answer the question 
below. Select one of the seven pairs of overlapping circles shown below that 
best represents how compatible you think your two identities are.” Higher 
scores represent a stronger STEM identity and lower scores represent a 
weaker integration of STEM identity into the sense of self (1 = no integration 
to 7 = full integration). This pictorial measure was adapted from a well-estab-
lished measure of integration of identities, the “Inclusion of Other in the Self” 
measure, which has been used across a range of age groups and domains 
(e.g., London et al., 2011; Tropp & Wright, 2001).

Data Analytic Plan

First, LCA using Latent GOLD 5.1 (Vermunt & Magidson, 2016) was esti-
mated to identify underlying classes (or clusters) of participants based on 
math and science motivation and interpersonal competence. Once clusters 
were identified and individuals assigned using modal assignment, a multi-
nomial logistic regression was conducted to examine whether STEM 
Program Belonging, and STEM Identity predict membership in the differ-
ent clusters. Listwise deletion was used to account for missing data. Please 
see Table 1 for correlations between variables and Table 2 for descriptive 
statistics.
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Results

Clusters Based on Math and Science Motivation and 
Interpersonal Skills

We compared latent class models with different numbers of clusters (1–8) 
and assessed the comparative model fit to identify the most parsimonious 
model while also explaining the greatest amount of association among the 
variables. We assessed model fit by examining the Bayesian Information 
Criterion (BIC), and the likelihood ratio chi-squared statistic (L2), as well 
as a non-significant p-value (p > .05). Models with lower BIC and L2 val-
ues indicate a better fit. Finally, the bivariate residuals were examined to 
ensure that all bivariate residuals are lower than 3.84 (Vermunt & Magidson, 
2016).

Table 1.  Correlations.

1. 2. 3. 4. 5. 6. 7. 8.

1. Age  
2. �Gender (1 = Male 

and 2 = Female)
.09*  

3. �Country (0 = USA 
and 1 = UK)

.46** .23**  

4. �Ethnic Majority 
Status (1 = Majority 
and 2 = Minority)

.17** .07 .49**  

5. �Math and Science 
Motivation

−.03 −.05 .07 0.01  

6. Interpersonal Skills −.11 −.01 −.30** −.17** .13*  
7. Belonging −.10 −.10 −.07 −.03 .23** .30**  
8. STEM Identity −.07 −.10 −.20** −.13 .40** .13 .21**  

*p <0.05, **, p < .01.

Table 2.  Descriptive Statistics.

Variable Mean (SD) Skewness (SE) Range

Math and science motivation 61.40 (7.42) −0.82 (0.12) 11–77
Interpersonal skills 3.06 (0.64) 0.79 (0.15) 1–4
Belonging 8.12 (1.59) −1.03 (0.18) 1–10
STEM identity 5.34 (1.86) −0.73 (0.17) 1–7
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All models tested converged. Model fit statistics are presented in Table 3. 
Both the three and four-class model had good fit. Thus, we used conditional 
bootstrapping to compare the model fit between the three- and four-class 
models by assessing the difference in L2 values for both models. The four-
class model provided a significant improvement in fit over the three-class 
model (p = .04). Further, the four-class model had comparatively low BIC and 
L2 values, a non-significant p-value, very low bivariate residuals (below .15) 
and clusters that were theoretically justified. Thus, we selected the four-class 
model.

The first cluster in the four-class model (56.8%; n = 269) is the “Lower 
Motivation and Interpersonal Skills” Cluster. Participants in this cluster 
were lower on math and science motivation as well as on interpersonal 
competence as compared to the other clusters, although they were still 
above the midpoint on both constructs, see Table 4. The second cluster 

Table 3.  Model Fit Statistics for Latent Class Analyses.

BIC L2 Df p-Value

One class 2,956.369 110.9294 80 .013
Two class 2,965.634 101.7109 77 .031
Three class 2,967.981 85.5742 74 .17
Four class 2,978.215 77.3246 71 .28
Five class 2,993.045 73.6702 68 .3
Six class 3,014.657 76.7995 65 .15
Seven class 3,028.407 72.0652 62 .18
Eight class 3,046.579 71.7535 59 .12

Table 4.  Mean Scores (and Standard Deviations) for Each Cluster.

Lower 
motivation 

and 
interpersonal 

skills
N = 269

High 
motivation, 

and 
interpersonal 

skills
N = 168

High 
Motivation 

and low 
interpersonal 

skills
N = 17

Lower 
motivation 
and high 

interpersonal 
skills

N = 20

Motivation 56.40 (6.10)a 67.42 (3.26)a,b 67.61 (2.75)a,c 55.10 (4.68)b,c

Interpersonal 
skills

2.70 (0.34)d 3.38 (0.54)d,e 2.28 (0.22)d,e,f 4.10 (0.20)d,e,f

Note. Science and Math motivation were measured on a scale from 0 to 77; Interpersonal 
competence was measured from 1 to 4, pairs marked with the same superscript letter differ 
significantly at p < .001.
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(35.4%; n = 168) reflects “High Motivation and Interpersonal Skills” as this 
group reported high motivation and relatively high interpersonal skills. The 
third cluster (3.6%; n = 17) reflects participants who were “High Motivation 
and Low Interpersonal Skills,” reporting high math and science motivation, 
but the lowest interpersonal competence amongst all the groups. The fourth 
cluster (4.2%; n = 20) “Lower Motivation and High Interpersonal Skills” 
reported the lowest rates of math and science motivation and the highest 
interpersonal competence.

Importantly, across the board, participants were above the mid-point for 
both math and science motivation as well as for interpersonal competence 
although there was meaningful variation. ANOVA analyses documented that 
there were significant differences across clusters in motivation (F[3, 
396] = 168.004, p < .001, ηp

2 = 0.56) and interpersonal skills (F[3, 
256] = 104.01, p < .001, ηp

2 = 0.55), see Table 4 for pairwise comparisons.
Next, chi-square analyses were conducted to assess whether there were 

differences in cluster membership based on gender, majority ethnic status, 
and country. Findings revealed that there were no differences based on gen-
der (χ2 [3] = 1.97, p = .57), or majority ethnic status (χ2 [3] = 2.60, p = .47). 
However, more participants from the US and fewer participants from the UK 
than expected were in the High Motivation and Low Interpersonal Skills 
cluster, (χ2 [3] = 12.82, p = .005). There were no differences by country on the 
other three clusters.

Predictors of cluster membership.  Next, in order to test which factors predict 
high motivation and high interpersonal competence, we performed a multi-
nomial logistic regression analysis using cluster membership as a categorical 
dependent variable. Gender, ethnicity (majority/minority), country, belong-
ing, and STEM identity were predictors of cluster membership (with the 
High Math and Science Motivation, and Interpersonal Competence cluster as 
the reference group). Results indicated that the more participants reported 
belonging with their STEM program (OR: 0.68, χ2[1] = 9.24, p = .002) and the 
greater their STEM Identity (OR: 0.62, χ2[1] = 16.98, p < .001) the less likely 
participants were to be assigned to the Lower Motivation and Interpersonal 
Skills cluster, as compared to the Higher Motivation and Interpersonal Skills 
cluster. Further, the more participants reported belonging with their STEM 
program (OR: 0.67, χ2[1] = 4.068, p = .044) the less likely participants were to 
be assigned to the High Motivation and Low Interpersonal Skills cluster, as 
compared to the Higher Motivation and Interpersonal Skills cluster. Finally, 
the greater their STEM identity (OR: 0.58, χ2[1] = 4.028, p = .045) the less 
likely participants were to be assigned to the Low Motivation and High Inter-
personal Skills cluster, as compared to the Higher Motivation and 
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Interpersonal Skills cluster. Thus, belonging and STEM identity are impor-
tant predictors of which adolescents will be in the high motivation and inter-
personal skills cluster.

Discussion

This study reveals heterogeneity in math and science motivation, and inter-
personal competence among adolescents who are involved in out-of-school 
STEM youth educator programs. This is especially important to document as 
youth involved in these programs might be expected to all have high levels of 
both STEM motivation and interpersonal skills, given that the programs 
require STEM educational outreach to the visitors at the STEM learning 
sites. Success with this type of educational outreach would be fostered by 
both high math and science motivation and interpersonal competence. What 
we document, however, is that only a minority of adolescents sampled 
(35.4%) were part of the High Math and Science Motivation and Interpersonal 
Competence cluster. Moreover, the results highlight important ways in which 
STEM program belonging, and STEM identity are related to membership in 
this cluster. These findings suggest that practitioners should focus on build-
ing both math and science motivation and interpersonal competence, as most 
adolescents in this study do not fall into the cluster that reflects high levels of 
both. Further, practitioners might focus on honing belonging and STEM 
identity as ways to help enhance motivation and competence.

In our first aim, we document a cluster of adolescents who possess both 
high math and science motivation and interpersonal competence; however, 
this cluster did not represent the majority of adolescents. More than half of 
adolescents were represented in a cluster with lower motivation and interper-
sonal competence. Though these adolescents did have lower levels of moti-
vation and competence, they were still relatively high on both variables, 
which may be because they took part in programs at informal STEM learning 
sites that explicitly cater to adolescents who express STEM motivation and 
who want to interact with visitors to these sites (and thus, might be expected 
to have strong interpersonal competence). There is, therefore, variation in 
adolescents’ motivation and interpersonal skills even in a group that might (in 
theory) be high on both, given that they have selected to participate in youth 
educator programs in informal STEM learning sites.

In our second aim, we sought to uncover what is associated with member-
ship in the high motivation and interpersonal competence cluster, as com-
pared to the lower motivation and interpersonal competence cluster. We 
focused on both social and identity-related factors to capture a more compre-
hensive picture of what factors could be targeted for intervention. We found 
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that belonging was a key predictor: participants who reported greater belong-
ing with their STEM program were less likely to be assigned to the lower 
motivation and interpersonal skills group or the high motivation and low 
interpersonal competence cluster than to the high interpersonal skills and 
motivation group. This extends prior research documenting the importance of 
formal school belonging (Cemalcilar, 2010; Faircloth & Hamm, 2005; 
Juvonen, 2006), as well as work showing that belonging is related to math 
and science interest and efficacy (Hoffman et al., 2021), finding that out-of-
school program belonging is associated with math and science motivation 
and interpersonal competence. Prior research has noted that interpersonal 
connections with program leaders are critically important for STEM out-of-
school programing (National Research Council, 2015) and findings suggest 
that afterschool or out-of-school programs can foster belonging through 
strong connections to the program leaders (Akiva et  al., 2013). Given the 
present findings, which document the role of belonging in STEM program 
for youth who exhibit high motivation and interpersonal skills, programs 
should aim to build belonging and create a strong community amongst 
participants.

We also document that stronger STEM identity was associated with mem-
bership in the high cluster as compared to the lower motivation and interper-
sonal competence cluster or to the low motivation and high interpersonal 
competence cluster. This affirms the relation of STEM identity with the skills 
necessary to persist and enter the STEM workforce, which has been docu-
mented more often with college students than adolescents (Flowers & Banda, 
2016; Merolla & Serpe, 2013; Starr, 2018). It also suggests that programs 
might work to promote a sense that STEM is “for you” in order to encourage 
adolescents to build their sense of competence in STEM domains. Promoting 
STEM identity may be an especially important avenue for intervening with 
adolescents from groups who are traditionally underrepresented in the STEM 
fields, as prior research in the US and the UK has shown that women, ethnic 
minority youth, and LGBTQ + youth may have more difficulty in seeing 
STEM as part of their identity (Archer et  al., 2015; Cheryan et  al., 2017; 
National Girls Collaborative Project, 2016; Starr, 2018).

Our findings extend prior research on youth in STEM out-of-school learn-
ing programs by using person-centered analyses, which provide additional 
insight beyond traditional variable-oriented approaches (Bergman & Trost, 
2006), and document that fostering both feelings of belonging to STEM pro-
gram and STEM identity may be important ways to encourage the develop-
ment of motivation and competence. Research has suggested that out-of-school 
contexts can be especially beneficial for one’s sense of belonging (National 
Research Council, 2009) and prior evaluations of out-of-school STEM 
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learning programs for teens have noted the benefits of these programs in 
promoting STEM motivation (Association of Science Technology Centers, 
2000; Sneider & Burke, 2010), STEM interest and understanding (Liu & 
Schunn, 2018; National Research Council, 2015) and STEM career trajecto-
ries (Habig et al., 2016; National Research Council, 2015), noting as well the 
importance of building interpersonal relationships with program leaders 
(Price et al., 2019). Our findings extend this prior work by documenting that 
youth who are involved in out-of-school STEM programs are not homoge-
nous in their STEM motivation and interpersonal skills. This suggests that 
adolescents, even those involved in out-of-school programing that promotes 
STEM knowledge, may not have the STEM motivation and interpersonal 
skills needed to prepare them for the STEM workforce. We argue that encour-
aging participation in, and sense of belonging with, out-of-school STEM pro-
graming, with particular attention to building STEM identity, can help to 
foster key skills and motivation in both areas.

Limitations

Although this work provides important insight in documenting distinct clus-
ters of youth across two countries who vary in their STEM motivation and 
their interpersonal competence, there are some limitations of the study. First, 
we controlled for country, gender, and ethnicity and did not document any 
differences in associations with cluster membership based on these character-
istics. More participants from the US and fewer participants from the UK 
than expected were in the High Motivation and Low Interpersonal Skills 
cluster. Though this is intriguing, there were only a small number of partici-
pants represented in this group, generally, so interpreting this finding is not 
straightforward. We did not find differences in cluster membership based on 
gender or majority ethnic background, but our sample was too small to care-
fully explore differences for adolescents from different ethnic backgrounds. 
We were only able to examine ethnic minority versus ethnic majority youth, 
but there may be interesting differences within different ethnic minority 
groups in cluster membership as well; for instance, Black American adoles-
cents may differ from Black British adolescents or from Asian American ado-
lescents given the different cultural and national heritage factors they 
experience within the US and UK contexts. Additionally, we focused on ado-
lescents who might have or be developing higher math and science motiva-
tion and interpersonal skills because they are participating in programs that 
rely on these skills. It would also be interesting to examine a broader popula-
tion of youth who are, and are not, involved in out-of-school STEM program-
ing to better understand the generalizability of the clusters found in the 
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current study. Finally, participants were surveyed early in their program 
experience. It will be important for future research to follow up with youth or 
to examine patterns of change in cluster membership longitudinally. 
Longitudinal research can also test causal patterns in predicting cluster mem-
bership, which we were unable to do with our data. For example, future 
research might use latent transition analyses to understand whether adoles-
cents who participate in out-of-school STEM programing maintain their clus-
ter membership or if more individuals move into a high motivation and 
interpersonal skills cluster over time. Such associations are critical to evalu-
ate the effectiveness of STEM based programing in fostering motivation and 
interpersonal skills that are critical in youth development.

Conclusion

The current study documents important variation in adolescents’ math and 
science motivation and interpersonal competence and highlights key social 
factors that might be important targets for intervention to foster future inter-
est and success in the STEM workforce. Namely, our findings suggest that 
interventions and out-of-school STEM programs might focus on building 
belonging with STEM programs, and STEM identity to enhance math and 
science motivation and interpersonal skills. Globally, STEM employers are 
seeking applicants who have high levels of both STEM and social compe-
tence (National Research Council, 2011), yet formal school environments 
often place greater focus on building core knowledge in STEM domains than 
on fostering soft skills such as interpersonal competence, communication, 
and collaboration skills, despite research documenting how important social 
emotional learning is for success (Taylor et al., 2017). Thus, to best prepare 
our adolescents for entry into the STEM workforce, we argue that educators 
should foster both high STEM motivation and interpersonal competence. 
This will ensure that adolescents are equipped with the interpersonal compe-
tence and the motivation that are needed to be successful in a global STEM 
workforce.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, 
authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, 
authorship, and/or publication of this article: This work was supported in the United 



Mulvey et al.	 17

States by the National Science Foundation [Grant Number: DRL-1831593]; and col-
laboratively in the United Kingdom by the Wellcome Trust [Grant Number: 
206,259/Z/17/Z] and the Economic and Social Research Council. Opinions, findings, 
and conclusions from this report are those of the authors and do not necessarily reflect 
the views of the National Science Foundation or the Wellcome Trust/Economic and 
Social Research Council. The funders had no role in study design, data collection and 
analysis, decision to publish, or preparation of this manuscript. For the purpose of 
open access, the author has applied a CC BY public copyright license to any Author 
Accepted Manuscript version arising from this submission.

ORCID iDs

Kelly Lynn Mulvey  https://orcid.org/0000-0002-1292-9066
Adam J. Hoffman  https://orcid.org/0000-0001-5508-3905

References

Adams, J., Gupta, P., & Cotumaccio, A. (2015). Long term participants: A museum 
program enhanced girls’ STEM interest, motivation and persistence. Afterschool 
Matters, 20, 13–20.

Akiva, T., Cortina, K. S., Eccles, J. S., & Smith, C. (2013). Youth belonging and cog-
nitive engagement in organized activities: A large-scale field study. Journal of 
Applied Developmental Psychology, 34(5), 208–218. https://doi.org/10.1016/j.
appdev.2013.05.001

Archer, L., Dewitt, J., & Osborne, J. (2015). Is science for us? Black students’ and 
parents’ views of science and science careers. Bioscience Education, 99(2), 199–
237. https://doi.org/10.1002/sce.21146

Association of Science and Technology Centers. (2000). Youthalive! From enrich-
ment to employment: The youthalive! Experience.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive 
theory. Prentice-Hall, Inc.

Bandura, A. (1992). Social cognitive theory. In R. Vasta, & R. Vasta (Eds.), Six theo-
ries of child development: Revised formulations and current issues (pp. 1–60). 
Jessica Kingsley Publishers.

Bandura, A., Freeman, W. H., & Lightsey, R. (1999). Self-efficacy: The exercise 
of control. Journal of Cognitive Psychotherapy, 13(2), 158–166. https://doi.
org/10.1891/0889-8391.13.2.158

Baumeister, R. F., & Leary, M. R. (1995). The need to belong: Desire for interper-
sonal attachments as a fundamental human motivation. Psychological Bulletin, 
117(3), 497–529.

Bergman, L. R., & Trost, K. (2006). The person-oriented versus the variable-ori-
ented approach: Are they complementary, opposites, or exploring different 
worlds? Merrill-Palmer Quarterly, 52(3), 601–632. https://doi.org/10.1353/
mpq.2006.0023 (Person-centered and variable-centered approaches to longitu-
dinal data).

https://orcid.org/0000-0002-1292-9066
https://orcid.org/0000-0001-5508-3905
https://doi.org/10.1016/j.appdev.2013.05.001
https://doi.org/10.1016/j.appdev.2013.05.001
https://doi.org/10.1002/sce.21146
https://doi.org/10.1891/0889-8391.13.2.158
https://doi.org/10.1891/0889-8391.13.2.158
https://doi.org/10.1353/mpq.2006.0023
https://doi.org/10.1353/mpq.2006.0023


18	 Youth & Society 00(0)

Cemalcilar, Z. (2010). Schools as socialisation contexts: Understanding the impact 
of school climate factors on students sense of school belonging. Applied 
Psychology: An International Review, 59(2), 243–272. https://doi.org/10.1111/
j.1464-0597.2009.00389.x

Chang, M. J., Sharkness, J., Hurtado, S., & Newman, C. B. (2014). What matters 
in college for retaining aspiring scientists and engineers from underrepresented 
racial groups. Journal of Research in Science Teaching, 51(5), 555–580. https://
doi.org/10.1002/tea.21146

Cheryan, S., Ziegler, S. A., Montoya, A. K., & Jiang, L. (2017). Why are some STEM 
fields more gender balanced than others? Psychological Bulletin, 143(1), 1–35. 
https://doi.org/10.1037/bul0000052

Deming, D. J. (2017). The growing importance of social skills in the labor market. 
The Quarterly Journal of Economics, 132(4), 1593–1640.

Eccles, J. S., & Wang, M.-T. (2016). What motivates females and males to pur-
sue careers in mathematics and science? International Journal of Behavioral 
Development, 40(2), 100–106. https://doi.org/10.1177/0165025415616201

Faircloth, B. S., & Hamm, J. V. (2005). Sense of belonging among high school stu-
dents representing 4 ethnic groups. Journal of Youth and Adolescence, 34(4), 
293–309. https://doi.org/10.1007/s10964-005-5752-7

Flowers, A. M., III, & Banda, R. (2016). Cultivating science identity through sources 
of self-efficacy. Journal for Multicultural Education, 10(3), 405–417. https://
doi.org/10.1108/jme-01-2016-0014

Freeman, J. B. (2020). Measuring and resolving LGBTQ disparities in STEM. Policy 
Insights from the Behavioral and Brain Sciences, 7(2), 141–148. https://doi.
org/10.1177/2372732220943232

Frenzel, A. C., Pekrun, R., Dicke, A.-L., & Goetz, T. (2012). Beyond quantitative 
decline: Conceptual shifts in adolescents’ development of interest in mathemat-
ics. Developmental Psychology, 48(4), 1069–1082. https://doi.org/10.1037/
a0026895

Füllemann, D., Jenny, G. J., Brauchli, R., & Bauer, G. F. (2015). The key role of 
shared participation in changing occupational self-efficacy through stress man-
agement courses. Journal of Occupational and Organizational Psychology, 
88(3), 490–510.

Goff, E. E., Mulvey, K. L., Irvin, M. J., & Hartstone-Rose, A. (2020). The effects of 
prior informal science and math experiences on undergraduate STEM identity. 
Research in Science & Technological Education, 38, 272–288. https://doi.org/1
0.1080/02635143.2019.1627307

Gottfried, A. E., Fleming, J. S., & Gottfried, A. W. (2001). Continuity of aca-
demic intrinsic motivation from childhood through late adolescence: A lon-
gitudinal study. Journal of Education & Psychology, 93(1), 3–13. https://doi.
org/10.1037/0022-0663.93.1.3

Graham, M. J., Frederick, J., Byars-Winston, A., Hunter, A.-B., & Handelsman, J. 
(2013). Science education. Increasing persistence of college students in STEM. 
Science, 341(6153), 1455–1456. https://doi.org/10.1126/science.1240487

https://doi.org/10.1111/j.1464-0597.2009.00389.x
https://doi.org/10.1111/j.1464-0597.2009.00389.x
https://doi.org/10.1002/tea.21146
https://doi.org/10.1002/tea.21146
https://doi.org/10.1037/bul0000052
https://doi.org/10.1177/0165025415616201
https://doi.org/10.1007/s10964-005-5752-7
https://doi.org/10.1108/jme-01-2016-0014
https://doi.org/10.1108/jme-01-2016-0014
https://doi.org/10.1177/2372732220943232
https://doi.org/10.1177/2372732220943232
https://doi.org/10.1037/a0026895
https://doi.org/10.1037/a0026895
https://doi.org/10.1080/02635143.2019.1627307
https://doi.org/10.1080/02635143.2019.1627307
https://doi.org/10.1037/0022-0663.93.1.3
https://doi.org/10.1037/0022-0663.93.1.3
https://doi.org/10.1126/science.1240487


Mulvey et al.	 19

Gullotta, T. P. (2015). After-school programming and sel. In J. A. Durlak, C. E. 
Domitrovich, R. P. Weissberg, & T. P. Gullotta (Eds.), Handbook of social and 
emotional learning: Research and practice (pp. 260–281). The Guilford Press.

Habig, B., Gupta, P., & Adams, J. (2016). The impact of out of school time informal 
science education programs on STEM trajectories: A review NARST [Paper pre-
sented]. NARST, Baltimore, MD.

Hayes, J. (2002). Interpersonal skills at work. Routledge.
Hoffman, A. J., McGuire, L., Rutland, A., Hartstone-Rose, A., Irvin, M. J., 

Winterbottom, M., Balkwill, F., Fields, G. E., & Mulvey, K. L. (2021). The rela-
tions and role of social competencies and belonging with math and science inter-
est and efficacy for adolescents in informal STEM programs. Journal of Youth 
and Adolescence, 50(2), 314–323. https://doi.org/10.1007/s10964-020-01302-1

Ing, M., & Nylund-Gibson, K. (2013). Linking early science and mathematics attitudes 
to long-term science, technology, engineering, and mathematics career attainment: 
Latent class analysis with proximal and distal outcomes. Educational Research 
and Evaluation, 19(6), 510–524. https://doi.org/10.1080/13803611.2013.806218

Jacobs, J. E., Lanza, S., Osgood, D. W., Eccles, J. S., & Wigfield, A. (2002). Changes 
in children’s self-competence and values: Gender and domain differences across 
Grades one through twelve. Child Development, 73(2), 509–527. https://doi.
org/10.1111/1467-8624.00421

Jang, H. (2016). Identifying 21st century STEM competencies using workplace data. 
Journal of Science Education and Technology, 25(2), 284–301.

Juvonen, J. (2006). Sense of belonging, social bonds, and school functioning. In P. 
A. Alexander, & P. H. Winne (Eds.), Handbook of educational psychology (pp. 
655–674). Routledge.

Kahne, J., Nagaoka, J., Brown, A., O’Brien, J., Quinn, T., & Thiede, K. (2001). 
Assessing after-school programs as contexts for youth development. Youth & 
Society, 32(4), 421–446. https://doi.org/10.1177/0044118x01032004002

Kim, A. Y., Sinatra, G. M., & Seyranian, V. (2018). Developing a STEM identity 
among young women: A social identity perspective. Review of Educational 
Research, 88(4), 589–625. https://doi.org/10.3102/0034654318779957

Klein, C., DeRouin, R. E., & Salas, E. (2006). Uncovering workplace interpersonal 
skills: A review, framework, and research agenda. In G. P. Hodgkinson, & J. 
K. Ford (Eds.), International review of industrial and organizational psychology 
2006 (pp. 79–126). Wiley Publishing.

Langdon, D., McKittrick, G., Beedle, D., Khan, B., & Doms, M. (2011). STEM: Good 
jobs now and for the future. U.S. Department of Commerce.

Leaper, C., Farkas, T., & Brown, C. S. (2012). Adolescent girls’ experiences and 
gender-related beliefs in relation to their motivation in math/science and English. 
Journal of Youth and Adolescence, 41(3), 268–282. https://doi.org/10.1007/
s10964-011-9693-z

Liu, A. S., & Schunn, C. D. (2018). The effects of school-related and home-related 
optional science experiences on science attitudes and knowledge. Journal of 
Education & Psychology, 110(6), 798–810. https://doi.org/10.1037/edu0000251

https://doi.org/10.1007/s10964-020-01302-1
https://doi.org/10.1080/13803611.2013.806218
https://doi.org/10.1111/1467-8624.00421
https://doi.org/10.1111/1467-8624.00421
https://doi.org/10.1177/0044118x01032004002
https://doi.org/10.3102/0034654318779957
https://doi.org/10.1007/s10964-011-9693-z
https://doi.org/10.1007/s10964-011-9693-z
https://doi.org/10.1037/edu0000251


20	 Youth & Society 00(0)

London, B., Rosenthal, L., Levy, S. R., & Lobel, M. (2011). The influences of per-
ceived identity compatibility and social support on women in nontraditional 
fields during the college transition. Basic and Applied Social Psychology, 33(4), 
304–321. https://doi.org/10.1080/01973533.2011.614166

Marsh, H. W., Smith, I. D., & Barnes, J. (1983). Multitrait-multimethod analyses 
of the self-description questionnaire: Student-teacher agreement on multidimen-
sional ratings of student self-concept. American Educational Research Journal, 
20, 333–357. https://doi.org/10.3102/00028312020003333

Mendoza-Denton, R., Downey, G., Purdie, V. J., Davis, A., & Pietrzak, J. (2002). 
Sensitivity to status-based rejection: Implications for African American stu-
dents’ college experience. Journal of Personality and Social Psychology, 83(4), 
896–918. https://doi.org/10.1037/0022-3514.83.4.896

Merolla, D. M., & Serpe, R. T. (2013). STEM enrichment programs and graduate 
school matriculation: The role of science identity salience. Social Psychology of 
Education, 16(4), 575–597. https://doi.org/10.1007/s11218-013-9233-7

Muenks, K., Wigfield, A., & Eccles, J. S. (2018). I can do this! The development 
and calibration of children’s expectations for success and competence beliefs. 
Developmental Review, 48, 24–39. https://doi.org/10.1016/j.dr.2018.04.001

National Academies of Sciences Engineering and Medicine. (2016). Promising prac-
ticies for strengthening the regional STEM workforce development ecosystem. 
The National Academies Press.

National Girls Collaborative Project. (2016). The state of girls and women in STEM.
National Research Council. (2009). Learning science in informal environments: 

People, places, and pursuits. National Academies Press.
National Research Council. (2011). Successful k-12 STEM education: Identifying 

effective approaches in science, technology, engineering, and mathematics.
National Research Council. (2015). Identifying and supporting productive programs 

in out-of-school settings.
National Science Board. (2018). Science and engineering indicators 2018.
National Science Foundation. (2015). Revisiting the STEM workforce.
Neel, C. G., & Fuligni, A. (2013). A longitudinal study of school belonging and 

academic motivation across high school. Child Development, 84(2), 678–692. 
https://doi.org/10.1111/j.1467-8624.2012.01862.x

Nylund-Gibson, K., & Choi, A. Y. (2018). Ten frequently asked questions about latent 
class analysis. Translational Issues in Psychological Science, 4(4), 440–461.

OECD. (2018). PISA: Preparing our youth for an inclusive and sustainable world, the 
OECD PISA global competence framework.

Partnership for 21st Century Learning. (2016). Framework for 21st century learning.
Peppler, K. (2017). The sage encyclopedia of out-of-school learning. SAGE 

Publications.
Peterson, B., Bornemann, G., Lydon, C., & West, K. (2015). Rural students in 

Washington state: STEM as a strategy for building rigor, postsecondary aspi-
rations, and relevant career opportunities. Peabody Journal of Education, 90, 
280–293.

https://doi.org/10.1080/01973533.2011.614166
https://doi.org/10.3102/00028312020003333
https://doi.org/10.1037/0022-3514.83.4.896
https://doi.org/10.1007/s11218-013-9233-7
https://doi.org/10.1016/j.dr.2018.04.001
https://doi.org/10.1111/j.1467-8624.2012.01862.x


Mulvey et al.	 21

Price, C. A., Kares, F., Segovia, G., & Loyd, A. B. (2019). Staff matter: Gender differ-
ences in science, technology, engineering or math (stem) career interest develop-
ment in adolescent youth. Applied Developmental Science, 23, 239–254. https://
doi.org/10.1080/10888691.2017.1398090

Rattan, A., Savani, K., Komarraju, M., Morrison, M. M., Boggs, C., & Ambady, 
N. (2018). Meta-lay theories of scientific potential drive underrepresented stu-
dents’ sense of belonging to science, technology, engineering, and mathematics 
(STEM). Journal of Personality and Social Psychology, 115(1), 54–75. https://
doi.org/10.1037/pspi0000130

Robinson, K. A., Perez, T., Carmel, J. H., & Linnenbrink-Garcia, L. (2019). Science 
identity development trajectories in a gateway college chemistry course: Predictors 
and relations to achievement and STEM pursuit. Contemporary Educational 
Psychology, 56, 180–192. https://doi.org/10.1016/j.cedpsych.2019.01.004

Schinske, J. N., Perkins, H., Snyder, A., & Wyer, M. (2016). Scientist spotlight home-
work assignments shift students’ stereotypes of scientists and enhance science 
identity in a diverse introductory science class. CBE Life Sciences Education, 
15(3), ar47. https://doi.org/10.1187/cbe.16-01-0002

Schneider, T. R., Griffin, K. W., & Borders, M. R. (2018). From bias to best teams: 
Developing emotional and social competencies for innovation in STEM. In P. 
Fuentes, M. del Carmen,  J. Molero, M. del Mar,  L. Gázquez, & J. Jesús (Eds.), 
Emotional intelligence: Perceptions, interpretations and attitudes (pp. 87–103). 
Nova Science Publishers.

Schwarz, E., & Stolow, D. (2006). Twenty-first century learning in afterschool. New 
Directions for Youth Development, 2006(110), 81–99.

Sha, L., Schunn, C., Bathgate, M., & Ben-Eliyahu, A. (2016). Families support 
their children’s success in science learning by influencing interest and self-
efficacy. Journal of Research in Science Teaching, 53(3), 450–472. https://doi.
org/10.1002/tea.21251

Simpkins, S. D., Davis-Kean, P. E., & Eccles, J. S. (2006). Math and science moti-
vation: A longitudinal examination of the links between choices and beliefs. 
Developmental Psychology, 42(1), 70–83. https://doi.org/10.1037/0012-
1649.42.1.70

Sneider, C., & Burke, M. (2010). The legacy of youthalive!: Transformative youth 
programs continue to thrive in science centers. https://www.informalscience.
org/legacy-youthalive-transformative-youth-programs-continue-thrive-science-
centers

Starr, C. R. (2018). ‘I’m not a science nerd!’: STEM stereotypes, identity, and moti-
vation among undergraduate women. Psychology of Women Quarterly, 42(4), 
489–503. https://doi.org/10.1177/0361684318793848

STEM Learning. (2018). STEM skills indicator.
Tajfel, H., & Turner, J. C. (1976). The social identity theory of intergroup behaviour. 

In W. G. Austin, & S. Worchel (Eds.), The social psychology of intergroup rela-
tions (pp. 33–47). Brooks-Cole.

Taylor, R. D., Oberle, E., Durlak, J. A., & Weissberg, R. P. (2017). Promoting posi-
tive youth development through school-based social and emotional learning 

https://doi.org/10.1080/10888691.2017.1398090
https://doi.org/10.1080/10888691.2017.1398090
https://doi.org/10.1037/pspi0000130
https://doi.org/10.1037/pspi0000130
https://doi.org/10.1016/j.cedpsych.2019.01.004
https://doi.org/10.1187/cbe.16-01-0002
https://doi.org/10.1002/tea.21251
https://doi.org/10.1002/tea.21251
https://doi.org/10.1037/0012-1649.42.1.70
https://doi.org/10.1037/0012-1649.42.1.70
https://www.informalscience.org/legacy-youthalive-transformative-youth-programs-continue-thrive-science-centers
https://www.informalscience.org/legacy-youthalive-transformative-youth-programs-continue-thrive-science-centers
https://www.informalscience.org/legacy-youthalive-transformative-youth-programs-continue-thrive-science-centers
https://doi.org/10.1177/0361684318793848


22	 Youth & Society 00(0)

interventions: A meta-analysis of Follow-Up effects. Child Development, 88(4), 
1156–1171. https://doi.org/10.1111/cdev.12864 (Positive Youth Development 
in Diverse and Global Contexts).

Tropp, L. R., & Wright, S. C. (2001). Ingroup identification as the inclusion of 
ingroup in the self. Personality and Social Psychology Bulletin, 27(5), 585–600. 
https://doi.org/10.1177/0146167201275007

Vermunt, J. K., & Magidson, J. (2016). Upgrade manual for latent GOLD 5.1. 
Statistical Innovations Inc.

Vilorio, D. (2014). STEM 101: Intro to tomorrow’s jobs. Occupational Outlook 
Quarterly/United States Department of Labor, Bureau of Labor Statistics in 
Cooperation With Veterans Administration, 58(1), 3–12.

Vygotsky, L. (1978). Interaction between learning and development. Readings on the 
development of children, 23, 34–41.

Wang, M.-T., & Degol, J. (2013). Motivational pathways to STEM career choices: 
Using expectancy-value perspective to understand individual and gender dif-
ferences in STEM fields. Developmental Review, 33(4), 304–340. https://doi.
org/10.1016/j.dr.2013.08.001

Wang, M.-T., Eccles, J. S., & Kenny, S. (2013). Not lack of ability but more choice: 
Individual and gender differences in choice of careers in science, technology, 
engineering, and mathematics. Psychological Science, 24(5), 770–775. https://
doi.org/10.1177/0956797612458937

Wigfield, A., Eccles, J., Schiefele, U., Roeser, R., & Davis-Kean, P. (2006). 
Development of achievement motivation. In W. Damon, & N. Eisenberger 
(Eds.), Handbook of child psychology (Vol. 3, 6th ed., pp. 933–1002). John 
Wiley & Sons, Inc.

Author Biographies

Kelly Lynn Mulvey is an Associate Professor of Psychology at North Carolina State 
University. Her research focuses on children and adolescents’ experiences in inter-
group contexts, with particular attention to issues around bullying and persistence in 
STEM domains for those historically marginalized.

Luke McGuire is a Lecturer at the University of Exeter. His research examines social 
and moral development between childhood and adolescence with a focus on group 
processes. In the context of STEM, this has involved work examining gender stereo-
typing and motivation, among other topics.

Channing Mathews is a postdoctoral research fellow at North Carolina State 
University. Her research focuses on the integrated development of Black and Latinx 
youth’s ethnic-racial identity and critical consciousness beliefs, and how such devel-
opment informs positive outcomes related to sociopolitical activism and STEM based 
contexts.

Adam J. Hoffman is an Assistant Professor of Psychology at Cornell University. His 
research focuses on the development of marginalized social identities among 

https://doi.org/10.1111/cdev.12864
https://doi.org/10.1177/0146167201275007
https://doi.org/10.1016/j.dr.2013.08.001
https://doi.org/10.1016/j.dr.2013.08.001
https://doi.org/10.1177/0956797612458937
https://doi.org/10.1177/0956797612458937


Mulvey et al.	 23

adolescents and how these identities can be leveraged to enhance mental health, well-
being, and academic motivation. 

Fidelia Law is a PhD student at the University of Exeter in the United Kingdom. Her 
research explores barriers to children and adolescents’ interest, motivation and 
engagement in STEM domains as well as factors that can improve gender representa-
tion in STEM.

Angelina Joy is a Ph.D. student at North Carolina State University. Her research 
focuses on children’s and adolescents’ beliefs in gender and racial/ethnic stereotypes 
and the factors that promote their motivation in STEM.

Adam Hartstone-Rose is a Professor of Biological Science at North Carolina State 
University. His biological research focuses on comparative anatomy and functional 
morphology – how animals are adapted to do what they do – and he also studies how 
programs at informal STEM institutions and formal mentored research experiences 
increase STEM interest, engagement and career trajectories in students, particularly 
those from backgrounds historically underrepresented in STEM fields.

Mark Winterbottom is an Associate Professor of Science Education at the University 
of Cambridge. His research focuses on science education, both inside and outside the 
classroom, inquiry-based education, teacher education, and classroom environment. 

Frances Balkwill is Professor of Cancer Biology at Barts Cancer Institute, Queen 
Mary University of London. She is especially interested in translating knowledge of 
cancer biology into new biological treatments for cancer. Much of her work focuses 
on the tumour microenvironment of ovarian cancer. Fran is Director of the Centre of 
the Cell, a biomedical science centre for children, educational website and outreach 
project in East London. There have been more than 219,000 participants in Centre of 
the Cell activities since opening in September 2009.

Grace Fields is a EdD student at Liberty University and a Secondary Science Teacher 
in South Carolina at a STEM magnet school. She was formally the Education 
Coordinator of School and Youth Programs and participated in the STEM teens proj-
ect through Riverbanks Zoo & Garden. Her EdD research explorers the barriers to 
ACT science test scores which in turn then impact students entering the STEM 
workforce. 

Laurence Butler is the Museum Manger for Thinktank Birmingham Science 
Museum,I lead both the strategic planning for Thinktank  and the museums visitor 
service team who enager all visitors with STEM programming. Before taking on the 
manager’s role I led the learning and engagement team specializing in informal edu-
cation for schools, communities, families and organized groups.

Karen Burns is the Guest Engagement Supervisor at the Virginia Aquarium & 
Marine Science Center. She supervises development, implementation and evaluation 
of public educations programs conducted at the Virginia Aquarium in the North 
Building, South Building and outdoor Nature Play spaces. She works with the 



24	 Youth & Society 00(0)

Volunteer Resources manager to continually assess volunteer training program(s) to 
ensure they meet the needs of new recruits and experienced docents.

Marc Drews is the Vice President of Community and Governmental Relations at 
EdVenture Children’s Museum, where he has led teams that engage children and their 
families in activities, programs, and camps designed to inspire learning through play, 
exploration, and hands-on experiences. In 2008, he retired from the SC Department of 
Education after over 20 years of service to the agency that included directing the SC 
Statewide Systemic Initiative that created the regional infrastructure dedicated to sup-
porting mathematics and science education.

Adam Rutland is a Professor of Developmental Psychology at the University of 
Exeter in the United Kingdom. His research examines social and moral development, 
with a focus on equity, diversity, fairness and justice among children and adolescents 
within intergroup contexts. His work has involved studies into social exclusion or 
inclusion, prosocial behavior, prejudice and stereotyping including within the STEM 
context.


