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Abstract
Background  The progression and retention of students in STEM (Science, Technology, Engineering, and 
Mathematics) disciplines are influenced by their performance in calculus courses, particularly among 
underrepresented minoritized (URM) and first-generation college students. Research stresses the importance of 
addressing psychosocial factors to bolster resilience, persistence, and positive self-concepts in STEM disciplines. 
Despite extensive research in this area, understanding of how mathematics-related psychological factors (e.g., math 
interest, self-concept, and anxiety) shape STEM sense of belonging and STEM identity remains limited. Interest in 
STEM is recognized as necessary for engaging individuals in STEM learning and careers, while self-concept and anxiety 
play significant roles in shaping students’ engagement and performance in STEM fields. Taking data from a larger 
college calculus, reform project, this study utilizes Structural Equation Modeling (SEM) to test the degree to which 
math-specific psychosocial factors (math interest, self-concept, and anxiety) mediate the relationship between STEM 
self-efficacy and engagement behaviors as well as the relationship between STEM self-efficacy and STEM sense of 
belonging and STEM identity within diverse student populations.

Results  The SEM analysis (n = 663) confirmed the hypothesized relationships among STEM self-efficacy, math 
motivators, engagement behaviors, and STEM psychosocial outcomes. Math interest showed a particularly strong 
effect on STEM psychosocial outcomes, suggesting interest is an important factor in enhancing STEM identity and 
sense of belonging. Mediation analyses demonstrated that math motivators and engagement behaviors partially 
mediated the relationship between STEM self-efficacy and STEM identity and sense of belonging, demonstrating the 
importance of addressing mathematics-related psychological factors in STEM education.

Conclusions  These findings call attention to the significant role of mathematics-related psychological factors in 
shaping students’ STEM sense of belonging and identity, particularly within minority-serving institutions. The study 
extends understanding of these relationships in diverse educational settings, emphasizing the complex roles of math 
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Introduction
Performance in calculus courses is seen as a major bar-
rier to students’ sustained participation in science, tech-
nology, engineering, and mathematics (STEM) majors 
(Chen, 2013; Griffith, 2010; Maltese, 2011). The prob-
lem is particularly amplified for disadvantaged groups 
such as underrepresented minoritized students (URMs) 
(i.e., Black, Latinx, American Indian, and Asian) (Huang, 
2013; Schweinle & Mims, 2009; Thomas & Larwin, 
2023) and first-generation college students (Ellis et al., 
2016). This lack of participation disrupts the founda-
tional stages of the STEM pipeline, ultimately resulting 
in fewer underrepresented minoritized (URM) students 
in STEM careers. Despite ongoing investments in diver-
sity initiatives, progress in shifting overall demograph-
ics and STEM leadership of the science and technology 
workforce (Thomas & Larwin, 2023), particularly for 
URM students, remains limited (Morris & Washington, 
2017). Extant literature and guidance increasingly point 
to the need to address the psychosocial factors that can 
bolster resilience, persistence, and positive self-concepts 
in STEM fields (Byars-Winston et al., 2010; Flores et al., 
2014; Taimoory et al., 2024). For URM students in par-
ticular, the need to belong intersects with academic self-
concept in high-stakes environments such as calculus 
classrooms and can serve as a protective buffer inocu-
lating students against the adverse effects of stereotype 
threat and identity misalignment (Dasgupta, 2011). This 
effect becomes especially important for URM students, 
whose abilities are often implicitly questioned in STEM 
contexts.

Although the literature in this area is extensive, our 
understanding of the mediating effects of mathematics-
related psychosocial factors (e.g., math interest, self-con-
cept, and anxiety) on STEM psychosocial factors (sense 
of belonging and identity) is limited. This limitation pri-
marily arises because these variables are largely studied 
within specific academic disciplines (Su, 2018). However, 
improving the calculus experience requires understand-
ing the complex networks of relationships among all vari-
ables that impact URM performance and STEM career 
intentions.

Further, much of the research at the college level is 
conducted at universities with small proportions of 
URMs (Barroso et al., 2021). This study aims to bridge 
these research gaps by examining the mediating effects 

of math-related psychosocial factors within highly 
diverse student populations, thereby informing strate-
gies for enhancing the calculus experience and, by exten-
sion, STEM career intentions among URMs. Although 
we examine math interest, math anxiety and math self-
concept, we were particularly interested in understand-
ing how mathematics interest mediates the relationship 
between STEM self-efficacy and STEM sense of belong-
ing and STEM identity. This focus stems from strong 
evidence (described in the Literature Review section) 
that interest not only fosters engagement but also shapes 
students’ emerging identities and sense of belonging in 
STEM. As such, math interest may serve as a key motiva-
tional conduit—translating students’ confidence in their 
abilities (self-efficacy) into meaningful psychological 
investment in STEM.

Literature review
The interplay between psychosocial factors and academic 
success in STEM fields has garnered considerable atten-
tion. The growing body of literature in this field reflects 
understanding that success in STEM fields rely on both 
intellectual prowess and on psychological and social traits 
(e.g., Eccles & Wigfield, 2020; Lee et al., 2021). This study 
builds upon foundational theories of STEM self-efficacy, 
sense of belonging, and identity, alongside mathematics 
psychological factors—termed here as math motivators 
(math interest, self-concept, and anxiety)—and engage-
ment factors, specifically self-regulation. The hypothe-
sized model also included engagement behaviors because 
of the evidence that the decision to enter a STEM career 
is influenced by both interest and actions (Lent et al., 
2008; Sheu et al., 2010). Figure  1 presents a conceptual 
model of the proposed structural relations among these 
factors. We differentiate math-specific beliefs as math-
ematics motivators in the context of undergraduate stu-
dent STEM learning. Relevant research pertaining to 
each of these factors is summarized briefly.

STEM Self-efficacy
Previous research demonstrates the importance of 
STEM self-efficacy—an individual’s confidence in their 
ability to perform STEM tasks and activities (Bandura, 
1977; Doo et al., 2020; Ucar & Sungur, 2017)—in pro-
moting resilience and academic persistence (Sawtelle et 
al., 2012; Skaalvik et al., 2015). This definition builds on 

motivators and self-regulation in shaping STEM psychosocial outcomes. These results offer valuable implications for 
enhancing the student experience in college calculus and fostering STEM career intentions among URMs. This work 
contributes to the educational research landscape, particularly in informing strategies aimed at enhancing student 
resilience and persistence in STEM fields.
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Bandura’s (1977) work and emphasizes that this belief 
system is shaped by factors like mastery experiences 
(prior experiences), vicarious experiences, verbal per-
suasion, and physiological and emotional states (Brown 
et al., 2016) including social and environmental factors 
(Bandura, 1997). These self-efficacy beliefs, in turn, have 
been shown to influence STEM experiences and course 
outcomes for URM students (Barajas-Salazar et al., 2025; 
Lishinski et al., 2022).

Further, low self-efficacy in mathematics is consis-
tently linked to higher anxiety and greater avoidance of 
math-intensive subjects. This challenge is often com-
pounded for URM students, who face systemic barriers 
to belonging and representation—factors that further 
undermine confidence within academic spaces (Lishin-
ski et al., 2022). A strong sense of self-efficacy can reduce 
academic anxiety (Pajares, 1996; Samuel & Warner, 2021) 
and shape how students initiate, sustain, and adopt cop-
ing behaviors in the face of challenges (Bandura, 1977; 
Graham et al., 2020; Putra & Ramadhanti, 2025). Jef-
fords et al. (2020) found that URM students, as members 
of minority groups, may experience discomfort around 
individuals they perceive as holding stigmatizing views, 
leading them to make self-protective decisions, such as 
withdrawing from certain situations, or academic spaces. 
Thus, developing greater self-efficacy in math can help 
reduce the negative impact of math anxiety and disen-
gagement (Galla & Wood, 2012).

Beyond mitigating anxiety, STEM self-efficacy can 
propel motivation and persistence, leading to sustained 
engagement in STEM-related activities (Aguirre-Muñoz 
Z & Pantoya, 2016). High levels of STEM self-efficacy 
contribute to greater persistence and motivation in 
STEM-related activities, which in turn foster STEM 
interest, commitment (Eccles & Wigfield, 2002), and 
occupational intentions within STEM fields (Hackett, 
1995). These beliefs also influence key academic out-
comes such as performance, course enrollment, and 
long-term career aspirations (Bandura, 1997; Samuel & 

Warner, 2021). Moreover, self-efficacy shapes how indi-
viduals respond to challenges, with higher self-efficacy 
associated with greater effort, persistence, and goal-
directed behavior (Eccles & Wigfield, 2002). As a result, 
self-efficacy consistently emerges as a reliable predic-
tor of achievement outcomes (Zimmerman, 2000). 
Building on this body of evidence, we hypothesize that 
self-efficacy (illustrated in Fig.  1) directly affects math 
motivators (e.g., math interest, self-concept, and anxiety), 
engagement behaviors (e.g., self-regulation), and two key 
psychological STEM outcomes: sense of belonging and 
STEM identity (Hypotheses 1, 3, and 4).

Math interest
Math interest, like self-efficacy, is strongly associated 
with student psychosocial outcomes (engagement, iden-
tity, and sense of belonging) and achievement in STEM 
fields (Duo & Cian, 2022; Renninger & Hidi, 2016). 
Defined as an individual’s psychological inclination to 
engage with mathematics over time, interest is not merely 
a passive response, but an active process influenced by 
personal beliefs, task features, and instructional context 
(Hidi & Renninger, 2006a; Silvia, 2008). One key driver of 
math interest is STEM self-efficacy which serves as both 
a foundation and amplifier of motivational engagement 
(Bandura, 1997; Renninger & Hidi, 2019). Therefore, it is 
reasonable to examine the extent to which math interest 
shapes students’ experiences in STEM by acting as a key 
motivational bridge between STEM self-efficacy and crit-
ical psychosocial outcomes such as STEM identity and 
sense of belonging (hypotheses 7 and 8: Hakkarainen & 
Malmberg, 2004).

Math interest plays a central role in shaping students’ 
engagement with STEM and their developing STEM 
identities (Leyva et al., 2022). Students who are interested 
in math are more likely to pursue STEM-related experi-
ences, participate more deeply in classroom activities, 
and begin to view themselves as members of the STEM 
community. These identity-forming experiences are 

Fig. 1  Hypothesized model of structural relations between STEM self-efficacy, math mediation variables (math motivators), engagement behaviors, and 
STEM psychosocial outcome variables (STEM Sense of Belonging and STEM Identity)
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essential for fostering long-term commitment to STEM 
learning and careers (Brown et al., 2016; Hidi & Ren-
ninger, 2006b). Importantly, this interest is often rein-
forced through self-efficacy beliefs. As Brown et al. (2016) 
emphasize, self-efficacy not only predicts students’ inten-
tions to persist in STEM but also shapes their emerging 
interests (Leyva et al., 2022). Self-efficacy beliefs support 
interest formation through mastery experiences, vicari-
ous learning, and verbal encouragement, all of which 
strengthen students’ perceptions of competence. When 
students believe they can succeed in math tasks, they are 
more likely to enjoy them and invest sustained effort—
further reinforcing their interest. This reciprocal relation-
ship between self-efficacy and math interest highlights 
the importance of addressing both constructs in efforts 
to support STEM motivation and belonging.

Drawing on this relationship, the development of math 
interest through increased self-efficacy carries signifi-
cant implications for educational practice. As Brown et 
al. (2016) note, instruction that explicitly builds stu-
dents’ confidence and gives them agency in collabora-
tive, inquiry-driven tasks can foster positive perceptions 
of STEM and boost interest, particularly among URM 
students in STEM fields. Thus, interest can become a 
motivational lever that translates confidence into belong-
ing, identity, and ultimately, persistence. That is, math 
interest is not only influenced by students’ confidence in 
their ability to succeed (i.e., self-efficacy: hypothesis 3) 
but also enhances their persistence and affiliation with 
STEM communities (Hakkarainen & Malmberg, 2004) 
regardless of the learner’s age or educational setting 
(Aguirre-Muñoz et al., 2024; Crouch et al., 2018). Impor-
tantly, in URM populations, where challenges to STEM 
persistence are well-documented (Lishenski et al., 2022; 
Snidman et al., 2024), cultivating math interest may be a 
particularly effective strategy for translating high STEM 
self-efficacy into a lasting STEM identity and a sense of 
inclusion. Indeed, despite a student’s initial lack of inter-
est, it is feasible to cultivate and promote their interest 
in a given subject ((Aguirre-Muñoz & Pantoya, 2016; 
Diekman et al., 2011). Such is the case for STEM majors 
enrolled in first year calculus courses.

However, less is known about the role of math interest 
in mediating the relations between STEM self-efficacy 
and STEM identity and sense of belonging. Given the 
importance of mathematics in STEM fields, we tested 
the extent to which math interest was a key mediator 
of STEM psychosocial outcomes. We hypothesize that 
math interest will mediate the relationship between 
self-efficacy and engagement behaviors (self-regulation: 
hypotheses 8), as well as between self-efficacy and the 
two STEM psychological factors (identity and sense of 
belonging: hypotheses 7).

Math self-concept
Self-concept—an individual’s personal beliefs of their 
abilities and characteristics (Shavelson & Stern, 1981) 
or an individual’s perception of themselves in relation 
to specific fields or activities—is determined based on 
an external frame of reference (Huang, 2013; Marsh & 
Martin, 2011). That is, self-concept has also been linked 
to feedback from teachers or peers, and cultural stereo-
types (Espinosa, 2008). This means that students often 
form their academic self-concepts by comparing their 
abilities to the perceived performance of others or to 
external standards, making it especially sensitive to social 
comparison and contextual cues (Huang, 2011; Marsh et 
al., 1991). This framing contrasts with self-efficacy which 
is based on an internal frame of reference drawing from 
individuals’ self-judgments of competence in specific 
tasks or situations (Huang, 2013). In the STEM context, 
self-concept includes an individual’s self-perception of 
their competence and proficiency in STEM subjects and 
activities (Jansen et al., 2014). Academic self-concept 
reflects the attitudes and emotional dispositions of stu-
dents towards their intellectual and academic competen-
cies, particularly in comparative contexts with their peers 
(Steinmayr et al., 2014). Each undergraduate student pos-
sesses a distinct self-concept for every specific field of 
knowledge, including a distinct math self-concept. Math 
self-concept begins to develop early on and becomes 
increasingly related to interest and performance due to 
cumulative experiences, increasing cognitive maturity, 
and autonomy in managing one’s time (Denissen et al., 
2007; Huang, 2011). Individuals possessing elevated aca-
demic self-concepts demonstrate a proclivity towards 
intrinsic motivation over extrinsic motivational influ-
ences (Eccles & Wigfield, 2020).

Past studies have underscored the significance of math 
self-concept as a key predictor of achievement and per-
sistence in STEM, particularly among URM and first-
generation college students. For example, DeFreitas and 
Rinn (2013) found that among a sample of ethnically 
diverse first-generation college students, math self-con-
cept was significantly related to GPA, with Latinx and 
Asian students reporting higher math self-concept than 
Black students. These differences contributed to dispari-
ties in academic outcomes, suggesting math self-concept 
may mediate the effects of ethnic identity and educa-
tional background on achievement. Similarly, Cokley 
(2000) showed that academic self-concept was the stron-
gest predictor of GPA among Black students, especially 
those attending predominantly White institutions, where 
perceptions of academic competence were more tightly 
linked to achievement than for those attending histori-
cally Black colleges.

Research at HSIs further reinforces the role of insti-
tutional context and social support in shaping math 
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self-concept. Karaman et al. (2021) found that academic 
self-concept was significantly predicted by both social 
support and academic adjustment in a large sample of 
first-year students at an HSI, showing how relational and 
institutional factors can buffer against identity misalign-
ment and stereotype threat often experienced by Latinx 
students. Additionally, Cho and Kongo (2024) identi-
fied distinct math self-concept profiles among older and 
URM students, with high math anxiety and low self-effi-
cacy patterns associated with lower math achievement, 
especially among Latinx and Black students. Moreover, 
gendered perceptions of mathematical ability may inter-
sect with race and ethnicity to influence self-concept due 
to the salience of math self-concept in shaping STEM 
major selection (Sax et al., 2015). Sax et al. (2015) found 
that the salience of math self-concept varies across disci-
plines and becomes a weaker predictor for women over 
time, despite persistent gender gaps in perceived math 
ability.

Like math interest, math self-concept in our model 
is considered a motivator in STEM learning context 
because it has been shown to be a central mediating vari-
able affecting various psychological as well as behavioral 
and academic outcomes (Möller et al., 2020; Steinmayr 
et al., 2014). Studies have found a positive relationship 
between self-concept and STEM sense of belonging and 
STEM identity, which in turn is related to an individu-
al’s likelihood of pursuing STEM fields (Wang & Degol, 
2014). For example, students with higher math self-con-
cept are more likely to be interested in math (Wang & 
Degol, 2014) revealing the interplay between interest and 
ability self-concept (Rottinghaus, 2003). We therefore 
expect math self-concept will mediate the relationship 
between self-efficacy and STEM psychosocial outcomes 
(hypothesis 7). We also expect self-concept will medi-
ate the effect between self-efficacy and self-regulation 
(described below) because self-regulation involves sus-
tained engagement behaviors (hypothesis 8). Finally, we 
expect math self-concept to have a direct effect on STEM 
psychosocial outcomes (hypothesis 5).

Math anxiety
Math anxiety is another common academic emotion that 
undergraduates experience globally (Foley et al., 2017); 
it refers to the “adverse emotional reaction of fear, ten-
sion, nervousness, and disconnect in anticipation of 
situations demanding the presentation or application of 
mathematical knowledge” (Wigfield & Eccles, 1994). Stu-
dents experience academic anxiety when they perceive 
the intellectual and/or motivational capabilities they 
possess might not be adequate to meet the expectations 
associated with a significantly valued academic circum-
stance (Pekrun & Perry, 2014; Zeidner, 2014). Although 
a certain level of anxiety can aid in the learning process, 

studies have revealed that excessive anxiety can impede 
optimal learning performance, often resulting in under-
achievement (Ramirez et al., 2018; Sinatra et al., 2014). 
In addition, there appears to be an inverse relationship 
between heightened levels of anxiety and math mas-
tery (Núñez-Peña et al., 2013) as well as indicators such 
as effort, persistence in tackling complex or challenging 
tasks, utilization of self-regulatory strategies, and over-
all performance (Barroso et al., 2021; Cho, 2022; Li et al., 
2021). Undergraduates with high levels of anxiety tend to 
utilize fewer self-regulatory and deep processing strate-
gies, display diminished persistence in tasks, and obtain 
lower grades (González et al., 2016). Additionally, a con-
sistent correlation exists between elevated mathemat-
ics anxiety and adverse attitudes towards mathematics, 
diminished enjoyment of the subject, and diminished 
self-confidence (Núñez-Peña et al., 2013). Although 
math anxiety research is extensive, notably absent in the 
existing literature are studies centered on URM student 
populations other than gender differences (Cho & Kongo, 
2024).

Given calculus is required in a wide array of STEM 
degrees, it can trigger high levels of math anxiety which 
can, in turn, contribute to underperformance and even 
withdrawal from the STEM major (Clark & Lovric, 2009; 
Ellis et al., 2016; Hourigan & O’Donoghue, 2007). On the 
other hand, anxiety can have a positive effect on behavior. 
Specifically, anxiety influences the use of deep process-
ing strategies, self-regulatory strategies, and persistence 
when confronted with challenging tasks (González et al., 
2016; Kesici et al., 2011). Test and class anxiety are asso-
ciated with a combination of effort regulation and help-
seeking strategies (Kesici et al., 2011). Thus, we identified 
math anxiety as a math motivator that will negatively 
mediate the relationship between self-efficacy and STEM 
psychosocial outcomes (hypotheses 7 and 8) as well has 
direct effects on self-regulation (hypothesis 6).

Self-regulation
Self-regulation is a process by which individuals set 
goals, monitor their progress, and adjust their behaviors 
to achieve those goals and involves the ability to control 
one’s thoughts, emotions, and behaviors, and to adapt 
to changing situations (Zimmerman, 2000). Success-
ful self-regulation reinforces self-efficacy as achieving 
their goals and enhances their confidence in their abil-
ity to control future outcomes, creating a positive feed-
back loop. Self-regulated learners employ metacognitive 
and effort management strategies, including regulating 
attention, persistence, connecting new information with 
existing knowledge, and actively monitoring compre-
hension (Sitzmann & Ely, 2011). These strategies con-
tribute to higher engagement, motivation, and academic 
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performance (Carver & Connor-Smith, 2010; Robbins et 
al., 2004; Zimmerman, 2000).

Self-regulation is positively related to both math self-
efficacy (Zimmerman, 2000) and math self-concept (Gra-
ham & Harris, 2000). Research has shown that students 
with learning and motivational challenges have benefited 
from modeling of explicit self-regulatory techniques, as 
well as structured feedback on their effectiveness (Cohen 
et al., 2023; Zimmerman, 2000). Students who effectively 
set goals and monitor progress in math tasks tend to 
develop a stronger math self-concept. In STEM learning, 
self-regulation is also related to STEM identity and sense 
of belonging (Won et al., 2018)—the two key outcomes 
of interest in this study. Self-regulated students deploy 
metacognitive strategies to plan, monitor, and assess 
their cognitive processes during task execution. These 
individuals expertly manage and govern their exertion 
on tasks, demonstrating persistence or ease with man-
agement of distractions, thereby sustaining their cogni-
tive engagement (Furrer & Skinner, 2003; Roussel et al., 
2011). For example, Fredricks et al. (2004) found that 
students who were better able to set goals, manage their 
time, and regulate their emotions were more engaged in 
STEM activities and more likely to pursue STEM-related 
careers. Thus, self-regulation may play an important 
role in supporting persistence and success of URM col-
lege students pursuing STEM careers. However, the self-
regulatory processes of URM undergraduates in STEM 
remain largely understudied (Park et al., 2019). Although 
first-generation and Latinx students have been found to 
have the lowest levels of self-efficacy, self-regulation, and 
academic success compared to the other groups (Koh et 
al., 2022), the difference in self-regulation styles between 
URM and non-URM students appear to be minimal 
(Park et al., 2019). In addition, a recent study found that 
self-regulation mediated the relationships between self-
efficacy and retention as well as between self-efficacy 
and performance for first-generation and Latinx students 
(Koh et al., 2022). Thus, self-regulation is expected to 
mediate the relationship between self-efficacy and STEM 
psychological outcomes (hypothesis 9 and 10) as well as 
be influenced by the three math motivators targeted in 
this study (hypothesis 6).

STEM identity
A strong STEM identity—the extent to which individu-
als see themselves as STEM learners or professionals—is 
linked to greater motivation, persistence, and self-regu-
lation in STEM fields (Estrada et al., 2018; White et al., 
2019). This identity forms through the interplay of per-
sonal values, self-schema, and external perceptions, all 
of which shape one’s sense of belonging within STEM 
communities (Eccles & Wigfield, 2002). Perceptions of 
belonging are further influenced by how individuals 

believe others appraise them, underscoring the role of 
external validation in shaping self-worth and identity 
(Eccles & Wigfield, 2020; Nolan, 2025). A strong STEM 
identity fosters sustained interest, engagement, and con-
fidence in one’s ability to succeed in STEM.

For marginalized students, negative experiences—such 
as academic setbacks—can intensify feelings of exclusion. 
This psychological toll not only increases stress but also 
undermines students’ academic commitment (Yeager 
& Walton, 2011). URM STEM students are less likely to 
have a strong STEM identity which can influence aca-
demic and career decisions, often contributing to their 
departure from the STEM pipeline (Hazari et al., 2013; 
Seo et al., 2019). These divergent self-beliefs can emerge 
as early as elementary school and continue through high 
school (Pantoya et al., 2015, 2021; Hazari et al., 2010) and 
can continue to be strengthened or undermined in col-
lege (Carlone & Johnson, 2007; Hazari et al., 2013).

Beyond rational decision-making, Eccles and collabo-
rators highlight the role of affective memories, culturally 
embedded stereotypes, and identity-related constructs 
in motivated behavioral choices, further shaping STEM 
identity (Eccles & Wigfield, 2020; Gupta et al., 2015). This 
perspective calls attention to the factors that influence 
an individual’s perception of belonging in STEM, with 
engagement as a core component. Moreover, a strong 
STEM identity not only enhances motivation and per-
severance but also deepens interest and involvement in 
STEM activities, bolstering confidence in one’s capabili-
ties (Perez et al., 2014). Thus, we hypothesize that STEM 
identity will be influenced by STEM self-efficacy, the 
three math motivators, and self-regulation in our model 
(hypothesis 1).

STEM sense of belonging
A strong sense of belonging in STEM—an individual’s 
perception of fitting in and being a part of the STEM 
community (Good et al., 2003, 2012)—can lead to 
increased motivation and engagement in STEM activi-
ties, as well as contribute to the development of positive 
STEM self-concepts and interests (Lent et al., 2000). A 
key factor influencing URM student retention and suc-
cess in STEM fields is a sense of belonging, which is 
closely tied to cultural and social identity. Students who 
enter college with lower levels of math readiness may 
already feel marginalized, and when they also identify as 
URM, they face compounded barriers (Taimoory et al., 
2024).

As noted above, academic setbacks or perceived iso-
lation can exacerbate URM students’ sense of exclu-
sion. Social-psychological research shows that concerns 
about belonging can be detrimental to student motiva-
tion and engagement. This psychological toll not only 
increases stress but also undermines students’ academic 
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commitment. An individual’s conviction of belonging 
in the field, however, can positively influence students’ 
inclination towards pursuing STEM careers (Good et 
al., 2012; Lent et al., 2000; Meadows & Robinson, 2023). 
That is, an important element influencing students’ incli-
nation towards pursuing STEM is their individual con-
viction of belonging in the field (Meadows & Robinson, 
2023). Numerous studies (e.g., Good et al., 2012; Rainey 
et al., 2018; Strayhorn, 2012; Tate & Linn, 2005; Walton 
et al., 2012) have documented the positive impacts of a 
strong sense of belonging on academic achievement and 
persistence in STEM majors as well as strong relation-
ships with academic STEM pursuits (Lewis et al., 2017; 
Mulvey et al., 2022). Additionally, STEM sense of belong-
ing correlates with STEM interest (Xu & Lastrapes, 2021) 
and engagement in the STEM classroom (Mulvey et al., 
2022a). Thus, like the STEM identity hypothesized path-
ways, we hypothesize STEM sense of belonging will be 
influenced by STEM self-efficacy, the three math motiva-
tors, and self-regulation (hypothesis 1).

Study aims
As indicated in the literature reviewed above, much is 
known about the relations among the variables in our 
model. However, past studies have investigated the rela-
tionships among these variables within the same sub-
ject matter or field (Su, 2018). Less is known about the 
relationships among mathematics psychological fac-
tors and psychosocial factors pertaining to other STEM 
fields. Based on the empirical evidence outlined above, 
we expected to find the relationships depicted in Fig. 1. 
We were particularly interested in understanding how 
mathematics interest mediates the relationship between 
STEM self-efficacy and STEM sense of belonging and 
STEM identity. Additionally, we aimed to investigate how 
interest functions in mediating the impacts of STEM self-
efficacy on self-regulation. Further, examining the struc-
tural relations among these variables with a more diverse 
study sample is needed. Given most studies in higher 
education involve mostly non-URM student samples, it 
is important to examine the extent to which the relations 
between and among these psychosocial factors found in 
earlier studies hold with a more diverse sample. Impor-
tantly, although URM and non-URM students have been 
shown to initially enter STEM programs at similar rates, 
URM students are more likely to change STEM majors 
during their undergraduate studies when compared to 
their non-URM peers (Riegle-Crumb et al., 2019).

Hypotheses
Given previous findings pertaining to the relationship 
between self-efficacy, math motivators, engagement 
behaviors and STEM outcome variables, we hypothe-
sized the following:

Direct effects

1.	 STEM sense of belonging and STEM identity is 
influenced positively by math interest and math 
self-concept (math motivators), self-regulation 
(engagement behaviors), and STEM self-efficacy.

2.	 STEM sense of belonging and STEM identity are 
influenced negatively by math anxiety.

3.	 Since self-efficacy is influenced by prior experiences 
and successes in STEM courses, math interest and 
math self-concept (math motivators) are influenced 
positively by STEM self-efficacy.

4.	 Math anxiety is negatively influenced by math 
interest, math self-concept (math motivators) and 
STEM self-efficacy.

5.	 Self-regulation is influenced positively by math 
interest and math self-concept (math motivators) as 
well as STEM self-efficacy.

6.	 Self-regulation is influenced negatively by math 
anxiety but positively by math self-concept and math 
interest.

Mediating effects

7.	 All three math motivators (math interest, math self-
concept, and math anxiety) mediate the relationship 
between self-efficacy and STEM psychological 
outcomes (STEM identity and STEM sense of 
belonging).

8.	 All three math motivators mediate the relationship 
between self-efficacy and self-regulation.

9.	 Self-regulation mediates the relationship between 
self-efficacy and STEM psychological outcomes.

10.	Self-regulation mediates the relationship between 
math motivators and STEM psychological outcomes.

Methods
Study design and setting
We conducted a descriptive survey design, collecting 
data from students enrolled in Calculus I and II courses 
at HSIs in the U.S. west coast that were involved in calcu-
lus curricular reform efforts for STEM majors. As HSIs, 
both universities in this study have over 50% students 
identifying as Latinx and over 60% as first-generation col-
lege students. The curricular reform in calculus aimed to 
enhance student engagement through (a) active learn-
ing, (b) cultivating STEM belonging, (c) offering con-
tent support through learning assistants, and (d) career 
orientation via calculus applications in STEM fields like 
engineering. Traditional calculus instruction typically 
emphasizes technique over application, leading to stu-
dent disengagement, particularly among URMs. The 
reformed curriculum aimed to balance why calculus 
is needed, what it helps to solve, and how it is applied, 
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addressing URMs’ need for practical, relatable learning 
experiences in STEM.

Participants
The participant sample included 71% (471) of students 
who identified as male, 23.1% (153) as female, 2.1% (14) 
as non-binary or third gender, and 3.6% (25) declined to 
report their gender. The largest student ethnic group was 
Latinx (35.1% or 232), followed by east (10.7% or 72) and 
south Asian students (10.7% or 71), then White students 
(9.4% or 62). A small proportion of the sample identified 
as Black (3.0% or 20) and mixed (1.5% or 10). Nearly a 
third of students (29.6% or 176) declined to identify a 
race or ethnicity. Finally, 58.1% (385) reported they were 
first generation students, 34.5% (229) indicated they were 
not and 7.4% (49) of students did not respond to the 
question.

Ethics consent and permissions
This study obtained approval from the institutional 
review board for human subjects from both institutions 
prior to data collection. Participants gave their consent to 
join this study.

Procedures
Participants completed surveys in the spring semester 
using the Qualtrics online platform in the first two weeks 
of the course. Survey items were randomized to control 
for order effects, and students received extra credit and 
entry into a $100 gift card drawing as incentives. The sur-
vey took approximately 55 min to complete.

Measures
Following the guidelines of SEM practices as outlined by 
Bollen (1989), Byrne (1998), and Kline (2011), we estab-
lished and delineated specific indicators to capture the 
underlying constructs: STEM self-efficacy, math interest, 
math self-concept, math anxiety, self-regulation, a sense 
of belonging in STEM, and STEM identity. Composite 
scores were calculated for each construct to enhance reli-
ability, following recommendations by Lent et al., (1996) 
and Marsh and Yeung (1997). The variables of interest 
(described in Table  1) included one exogenous variable, 
self-efficacy, three math-related endogenous variables 
(math interest, math self-concept, and math anxiety), one 
endogenous engagement variable (self-regulation), and 
two endogenous STEM psychosocial outcome variables 
(STEM identity and STEM sense of belonging).

Development and technical quality of measures
To establish the dimensionality of each multi-item mea-
sure prior to confirmatory modeling, we subjected the 
fall-semester data set (n = 263) to principal compo-
nent analysis (PCA) for every construct separately. This 

exploratory step is consistent with recommended scale-
development practice, which calls for an initial, variance-
oriented screen (e.g., PCA or exploratory factor analysis) 
before proceeding to confirmatory factor analysis (CFA) 
and, ultimately, structural equation modelling (SEM) 
(Bollen, 1989; Byrne, 1998; Kline, 2011). Each construct 
easily met conventional adequacy criteria for PCA: with 
between 6 and 22 indicators per scale, the resulting case-
to-item ratios ranged from roughly 12:1 to 44:1—well 
above the 5–10 cases-per-item rule of thumb (Comrey 
& Lee, 1992; Tabachnick & Fidell, 2013)—and all items 
were measured on 5- or 7-point Likert scales, provid-
ing approximately continuous data for the Pearson cor-
relation matrices analyzed. Item retention decisions were 
guided by eigenvalues > 1 and loadings ≥ .40 (Costello & 
Osborne, 2005; Hair et al., 2019; Kaiser, 1974).

The refined indicator sets were then cross-validated 
on the independent spring data collection (n = 663) via 
a confirmatory factor analysis (CFA) to validate the 
revised measures. Implementing PCA in this staged 
EFA → CFA → SEM workflow thus ensured that only.

non-redundant, psychometrically sound items 
informed the subsequent structural analyses and inter-
pretation of findings (Hair et al., 2019). Figure 2 illustrates 
that the demographic makeup of both samples is com-
parable. Both cohorts are predominantly male, contain 
a plurality of Latinx students, have comparable propor-
tions of other ethnic groups, and both have nearly two-
thirds identifying as first-generation college students. The 
CFA results (Table 2) showed good model fit for each of 
the constructs after some minor adjustments to covari-
ance structures. All constructs have Goodness of Fit 
Index (GFI) values above 0.950, suggesting good model 
fit across all constructs. Like GFI, Comparative Fit Index 
(CFI) values are also high for all constructs, ranging from 
0.938 for Self-Regulation to 0.998 for Math Anxiety, indi-
cating very good model fit. Root Mean Square Error of 
Approximation (RMSEA) values less than 0.05 indicate a 
close fit, values up to 0.08 represent a reasonable error of 
approximation, and values above 0.10 indicate a poor fit. 
All constructs included in this study have RMSEA values 
below 0.05, except for Self-Regulation, which is slightly 
higher at 0.051, indicating that all constructs have a rea-
sonable fit. These results suggest that the model has a 
very good fit for all constructs measured, with all indices 
showing values indicative of a reasonable to strong model 
fit.

Data analysis
We investigated the proposed relationships depicted 
in Fig.  1 using two separate structural equation model-
ing (SEM) procedures for each of the two outcome vari-
ables (STEM sense of belonging and STEM identity) with 
AMOS 28. Multiple imputation was used for missing data 
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which varied from 1 to 3% per item. To analyze the struc-
ture, we utilized covariance matrices and maximum like-
lihood estimation to evaluate the predetermined model. 
Additionally, the power analysis conducted for the study 
indicated robust statistical power for detecting small to 
medium effects in the proposed model. Specifically, the 
analysis revealed that with a sample size of 663, the study 
achieves a power of 0.99 to detect an effect size of 0.15 at 
a significance level of 0.05. This ensures a high likelihood 
that true effects will be identified, providing confidence 
in the validity and reliability of the findings. These results 
affirm that the study is well-powered to examine the 
hypothesized relationships within the SEM framework, 
facilitating meaningful and accurate conclusions about 
the constructs under investigation.

Results
Preliminary analyses
The means and standard deviations for the sample and 
measures are presented in Table  3. Internal consistency 
(see Table  2) values ranged from .845 (math self-con-
cept) to .949 (math interest). Table 4 presents the corre-
lations between each pair of variables. Self-efficacy was 
significantly (all p’s < .01) related to all other variables in 
the structural model including the three math motiva-
tors and both outcome variables (STEM Belonging and 
Identity). A small but significant negative correlation 
was observed between self-efficacy and math anxiety. 
This pattern suggests that higher self-efficacy in STEM is 
associated with greater interest in math, a stronger math 
self-concept, a stronger sense of belonging in STEM 
fields and lower math anxiety. Math interest was also 
significantly (all p’s < .01) related to all other variables in 

Table 1  Variable descriptions and alpha coefficients for each variable
Factor Description α
STEM Belief Predictors
STEM 
Self-Efficacy

Unidimensional variable comprised of nine items capturing confidence in one’s ability to perform STEM-specific behaviors 
or accomplish a STEM-specific task [e.g., use technical stem skills (use tools, instruments, or techniques), use STEM literature 
and/or reports to guide research or the engineering design process]. Responses are rated on a 5-point Likert scale from 1 
representing “strongly disagree” to 5 representing “strongly agree”

.918*

Math Motivators
Mathematics 
interest

Four dimensional variable comprised of 22 items targeting individual interest related to mathematics-specific tasks includ-
ing: math emotions (e.g., I enjoy studying calculus), math values (e.g., I think calculus is helpful for my career), math 
knowledge (e.g., I have a lot of knowledge about calculus), and math engagement (e.g., I want to learn things that are not 
included in calculus textbooks). Responses are rated on a 5-point Likert scale from 1 representing “strongly disagree” to 5 
representing “strongly agree”

.949

.935

.900

.836

.879
Math 
Self-concept

Two-dimensional variable comprised of 7 items capturing ability beliefs in math-general skills containing two dimensions: 
positive self-concept (e.g., I usually do well in math) and concerns about math (e.g., Math is harder for me than other 
courses). Responses are rated on a 5-point Likert scale from 1 representing “strongly disagree” to 5 representing “strongly 
agree”

.845

.861

.796

Mathematics 
anxiety

Two-dimensional variable consisting of six items measuring the unpleasant affective experience that arises when con-
fronted with mathematics. The dimensions include: worry (e.g., Before taking a calculus test, I am worried about forgetting 
everything I learned) and performance (e.g., I get nervous when I ask something in the calculus class). Responses are rated 
on a 5-point Likert scale from 1 representing “not at all” to 5 representing “very much”

.875

.861

.838

Engagement Behaviors
Self-Regulation Six-dimensional variable totaling 21 items targeting the use of specific self-regulation strategies. The dimensions include: 

managing environment (e.g., I make sure no one disturbs me when I study); managing behavior (e.g., I finish all my 
studying before I go out with my friends, stream shows/movies or engage in fun activities), study habits (e.g., I quiz myself 
to see how much I am learning during studying), seeking the professor (e.g., I ask my instructor questions when I do not 
understand something), consolidate learning (e.g., I try to see how my notes from class relates to things I already know); 
Responses are rated on a 7-point Likert scale from 1 representing “never” to 7 representing “always”

.902

.842

.796

.640

.768

.695
STEM Outcome Beliefs
STEM Sense of 
Belonging

Five-dimensional variable targeting the emotional need to affiliate with and be accepted by members of a STEM com-
munity. The 17-item measure is comprised of five dimensions: membership (e.g., I feel that I belong to this community), 
acceptance (e.g., I feel accepted.), affect (e.g., I feel at ease), fade (e.g., I wish I can fade into the background), and trust (e.g., 
I trust my instructors to be committed to helping me learn). Responses are rated on an 8-point Likert scale from 1 represent-
ing “strongly disagree” to 8 representing “strongly agree.”

.858

.924

.887

.871

.814

.760
STEM Identity Two-dimensional variables comprised of 12 items capturing the extent to which the student identifies as a STEM profession-

al. The two dimensions are: STEM identity (in general, being a STEM professional is an important part of my self-image) and 
commitment (e.g., I intend to work in job related to STEM). Responses are rated on a 5-point Likert scale from 1 represent-
ing “strongly disagree” to 5 representing “strongly agree”

.945

.883

.931

*Coefficients in bold present the alpha coefficient for the composite measure, the coefficients underneath not in bold are the alpha coefficient for each of the 
subdomains in the order they appear in the description
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the structural model including the three math motivators 
and both outcome variables. Like STEM self-efficacy, the 
greater the math interest, the stronger math self-concept, 
a stronger sense of belonging in STEM fields, and the 
lower math anxiety. Other variables like self-regulation 
and STEM identity also show significant correlations 
with the listed factors, confirming the interrelatedness 
of these psychological constructs in the context of the 

first-year calculus experience for STEM majors in this 
highly diverse student population.

Structural equation models
Results from the two SEM analyses are presented in 
Fig. 3. In both analyses, self-efficacy was the single exog-
enous variable; the three math-related psychological fac-
tors (math motivators) and self-regulation (engagement 
behaviors) were endogenous variables. In our validation 
of the conceptual model, we tested a competing a priori 
model for each of the two outcome measures; their good-
ness-of-fit index values are presented in Table  5. The a 
priori model was a nested model that omitted the math 
interest variable. Model fit indices of both final models 
(after some covariation was taken into account) (Table 5) 
suggest good model fit of the data, (χ2 p’s < .001; CFI & 
RFI > .95; RMSEA < .06; CMIN < 4). The Final Model 
for Sense of Belonging shows a χ2 of 762.315, df of 343, 
CMIN of 2.22, CFI of .960, and RMSEA of .049. In con-
trast, the alternative model with no interest entered 
into the model has a χ2 of 826.416, df of 265, CMIN of 
3.12, CFI of .933, and RMSEA of .065, indicating the 
final model has a better fit. Similarly, the Final Model for 
STEM Identity presents a χ2 of 726.229, df of 287, CMIN 
of 2.53, CFI of .954, and RMSEA of .055. The alternative 
model for STEM Identity with no interest added has a 
χ2 of 727.991, df of 221, CMIN of 3.29, CFI of .932, and 
RMSEA of .068, showing that the Final model has a bet-
ter fit in terms of all the model fit indices.

Effects of STEM self efficacy and math factors on belonging 
and identity
Consistent with our hypotheses, all the factors in the 
structural model have significant effects with both STEM 
psychosocial outcome variables, β’s range from -.20 to 
.38. (See Fig. 3.) Remarkably, the strongest effects in the 
final model were observed between math interest and 
both STEM psychosocial outcomes [β’s = .33 (SE = .06) 
p < .001 and .38 (SE = .09) p < .001, respectively for sense 
of belonging and identity]. The direct effect of math 
interest on STEM sense of belonging (β = .33, p < .001) 
was almost double the effect of STEM self-efficacy on 
sense of belonging β = .17 (SE = .34) p < .001. Also as 

Table 2  Model fit indices for each of the measured variables
Construct χ2 df N GFI CFI RMSEA
Self-Efficacy 59.175 24 663 .980 .989 .047
STEM Identity 102.713 43 659 .975 .990 .046
Sense of Belonging 227.547 103 659 .961 .983 .043
Math Anxiety 20.775 8 663 .989 .994 .049
Math Interest 506.100 195 659 .934 .969 .049
Math Self-Concept 31.405 13 659 .987 .991 .046
Self-Regulation 458.029 169 659 .938 .943 .051
GFI, Goodness of Fit Index; CFI, Comparative Fit Index; RMSEA, root mean square error of approximation

Fig.  2  Percentage distribution of self-identified gender, ethnicity, and 
first-generation status in the PCA and CFA samples. Note The figure com-
prises three paired 10 × 10 waffle charts that compare the demographic 
composition of the PCA sample (left grid in each pair) with the CFA 
sample (right grid). Panel A displays self-reported gender (male, female, 
non-binary/third gender, prefer not to say); Panel B displays race/ethnicity 
(Latinx, East Asian, South Asian, European American/White, Black, Mixed, 
prefer not to say); and Panel C displays first-generation college status (first-
generation, not first-generation, no response). Each square represents 1% 
of the relevant sample, so a completely filled grid equals 100%. Identical 
colors denote the same category across panels, with dark grey indicating 
missing or undisclosed responses
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expected, math anxiety negatively impacted sense of 
belonging β = -.20 (SE = .40) p < .001 and identity β = -.20 
(SE = .32) p = .002) while math anxiety fostered self-regu-
lation [β = .24 (SE = .15) p < .001; β = .20 (SE = .16) p < .001]. 
The negative relationship between anxiety and self-
regulation is consistent with González et al., 2016 and 
Kesici et al., 2011. Math self-concept was also positively 

related to both outcomes [β = .20, (SE = .24) p < .001 and 
β = .23 (SE = .27) p = .03 for sense of belonging and iden-
tity, respectively]. But math self-concept’s link to anxi-
ety reversed across models [belonging: β = .13, (SE = .04) 
p < .05; identity: β = –.51 (SE = .07) p < .001] and predicted 
self-regulation only in the belonging model [β = .11 
(SE = .05) p = .02; identity: β = .08 (SE = .03) p = .80].

Self-efficacy showed no significant relation to anxiety 
[belonging: β = –.20, (SE = .05) p = .15; identity: β = –.06 
(SE = .06) p = .38] but was positively associated with math 
self-concept [β = .19 (SE = ,08) p < .001; β = .12 (SE = .09) 
p = .02], self-regulation [β = .16 (SE = .13) p = .004; β = .14 
(SE = .14) p = .01], and the outcomes—most strongly for 
STEM identity [β = .24 (SE = .28) p < .001] versus belong-
ing [β = .17 (SE = .34) p < .001)]. Self-regulation also signif-
icantly influenced both STEM psychological outcomes, 
but the magnitude of its effects were lower though 

Table 3  Overall means and standard deviations and by student demographic group
Scale Total1 Male2 Female3 URM4 NonU5 FGen6 NFGen7

STEM Self-Efficacy 27.52 (6.74) 27.88 (6.51) 26.55 (6.79) 27.60 (6.62) 28.08 (6.23) 27.38 (6.33) 27.77 (6.75)
STEM Identity 10.53 (2.74) 10.56 (2.67) 10.67 (2.84) 10.87 (2.78) 10.22 (2.51) 11.02 (2.63) 10.26 (2.73)
STEM Belonging 65.76 (16.14) 66.16 (15.87) 64.30 (16.56) 67.19 (16.13) 65.22 (16.70) 66.18 (16.32) 65.74 (16.29)
Math Anxiety 13.17 (4.17) 12.53 (4.03) 14.99 (4.05) 13.16 (4.12) 13.06 (4.40) 13.50 (4.08) 12.87 (4.26)
Math Interest 79.61 (18.23) 80.51 (17.85) 77.23 (18.49) 81.78 (17.50) 78.02 (17.47) 11.02 (2.63) 10.26 (2.73)
Math Self-Concept 22.99 (5.11) 23.39 (4.87) 22.05 (5.70) 23.49 (5.07) 22.47 (5.06) 23.00 (4.50) 23.13 (5.56)
Self-Regulation 60.95 (14.10) 60.13 (13.73) 63.97 (14.12) 61.16 (13.44) 61.48 (13.43) 61.02 (13.76) 61.08 (13.99)
Belonging = Sense of Belonging; URM = Underrepresented Minoritized Student; NonU = Non-Underrepresented Minoritized Student; FGen = First Generation 
college student; NFGen = non First Generation college student; n1 = 663; n2 = 471; n3 = 153; n4 = 347; n5 = 317; n6 = 385; n7 = 229

Table 4  Variable correlations and sample
Variable 1 2 3 4 5 6 7
1. STEM Self-Efficacy — .443** .339** − .180** .327** .261** .416**
2. Math Interest 659 — .441** − .178** .374** .343** .477**

3. Math Self Concept 661 657 — − .463** .067 .390** .292**

4. Math Anxiety 662 658 660 — .005 − .337** − .053
5. Self-Regulation 658 654 656 657 — .257** .338**

6. STEM Belonging 657 654 655 656 653 — .317**

7. STEM Identity 663 659 661 662 658 657 —
Numbers in the bottom half of the table are sample sizes. **p < .01 (2-tailed)

Table 5  Model fit indices for final and alternate models
χ2 df CMIN CFI RMSEA
Sense of Belonging

Final Model (Hypothesized) 762.315 343 2.22 .960 .049
Alternative Model (no interest) 826.416 265 3.12 .933 .065

STEM Identity
Final Model (Hypothesized) 726.229 287 2.53 .954 .055
Alternative Model (no interest) 727.991 221 3.29 .932 .068
N = 501; all χ2p-values < .001

Fig. 3  Final Models showing structural relations between STEM self-efficacy, math psychosocial variables and STEM Sense of Belonging and Identity; 
** = p < .01; * = p < .05; Standardized parameter estimates for STEM sense of belonging appear on the left of the / followed by estimate for STEM identity; 
Grey lines indicate non-significant relationship in both models; Dashed line indicates significant relationship for one model, STEM sense of belonging

 



Page 12 of 21Aguirre Munoz et al. International Journal of STEM Education           (2025) 12:68 

positive as expected [β = .15 (SE = .15) p = .001 and β = .14 
(SE = .10) p = .01 for sense and belonging and identity, 
respectively). The strongest relationship observed was 
between STEM self-efficacy and math interest [β = .56 
(SE = .29) and β = .60 (SE = .28) for the STEM sense of 
belonging and STEM identity models, respectively, 
p’s < .001).

Together, these results (see Fig.  3) illustrate that 
although the same psychosocial variables generally pro-
mote engagement and positive STEM outcomes, their 
strengths—and even directions—vary meaningfully 
depending on whether the focus is students’ sense of 
belonging or their STEM identity.

Mediation effects of math motivators on belonging and 
identity
Table 6 presents a comparison of pathways with and 
without mediators, including math motivators [math 
interest (MI), math self-concept (MSC), and math anxi-
ety (MA),] and engagement behaviors [self-regulation, 
(SR)] across each of the targeted paths between self-effi-
cacy (SEF), and both STEM psychosocial outcomes. The 
analysis is split into two main categories: “Math Media-
tors” and “Engagement Mediators”, showing how these 
factors influence STEM identity and sense of belonging. 
The results demonstrate the impact of these mediators on 
STEM identity and sense of belonging, suggesting signifi-
cant mediating effects across all but one of the targeted 
paths (SEF → MI → SR w/M, p > .05).

Self-efficacy (SEF) to STEM identity (SI) mediation pathways
As hypothesized, each of the four math motivators par-
tially mediated the effect of self-efficacy on identity. 
When math interest was entered as the sole mediator, the 

direct effect of self-efficacy on STEM identity dropped 
from β = .66 (SE = .25, p < .001) to β = .26 (SE = .28, 
p < .001), indicating that approximately 61% of the 
total effect was carried indirectly through math inter-
est. Including math self-concept yielded a direct effect 
of β = .45 (SE = .30, p < .001), amounting to about 32% 
mediation, whereas the math anxiety pathway reduced 
the direct effect only slightly to β = .62 (SE = .26, p < .001), 
reflecting roughly 6% mediation. The self-regulation 
mediator attenuated the direct path to β = .49 (SE = .27, 
p < .001), or about 26% mediation. Thus, math interest 
exerted the strongest mediating influence, followed by 
self-regulation and math self-concept, with math anxiety 
showing the weakest indirect effect—consistent with the 
nonsignificant SEF → MA path in the full models (Fig. 3).

Moreover, more complex chains such as MI → MA → SI 
and SEF → MA → SR were comparatively attenuated rela-
tive to pathways involving math self-concept. Notably, the 
MI → MA → SI chain exhibited a small suppressor effect: 
the direct MI → SI coefficient increased from β = .63 to 
β = .68 (p < .001), reflecting approximately an 8% suppres-
sor effect—math anxiety partialled out variance in math 
interest unrelated to STEM identity and thereby enhanc-
ing the direct interest–identity association. An additional 
noteworthy result was observed in the SEF → MI → SR 
path, adding math interest as a mediator caused the self-
efficacy → self-regulation coefficient to drop from β = .37 
(SE = .19, p < .05) to β = .08 (SE = .22, p = .12), indicating 
that roughly 78% of the total effect was carried indirectly 
through interest and rendering the direct path nonsignif-
icant. Collectively, these results suggest that, beyond the 
direct role of self-efficacy, math interest and math self-
concept are the principal drivers shaping students’ STEM 
identity and engagement behaviors.

Table 6  Mediation effects for STEM identity & sense of belonging structural models
STEM Identity STEM Sense of Belonging

w/o M w/ M w/o M w/ M

Path ꞵ SE ꞵ SE Path ꞵ SE ꞵ SE
Math Mediators Math Mediators
SEF → MI → SI .66** .25 .26** .28 SEF → MI → SOB .56** .38 .26** .36
SEF → MSC → SI .66** .25 .45** .30 SEF → MSC → SOB .56** .38 .28** .44
SEF → MA → SI .66** .25 .62** .26 SEF → MA → SOB .56** .38 .48** .36
MI → MSC → SI .63** .05 .60** .06 MI → MSC → SOB .68** .05 .45** .07
MI → MA → SI .63** .05 .68** .04 MI → MA → SOB .68** .05 .62** .05
SEF → MI → SR .37** .20 .08** .11 SEF → MI → SR .39** .20 .12* .11
SEF → MSC → SR .37** .20 .37** .18 SEF → MSC → SR .39** .20 .36** .18
SEF → MA → SR .37** .20 .42** .21 SEF → MA → SR .39** .20 .44** .21
Engagement Mediators Engagement Mediators
SEF → SR → SI .66** .25 .49** .27 SEF → SR → SOB .56** .38 .46** .39
MI → SR → SI .63** .05 .62** .05 MI → SR → SOB .56** .05 .61** .06
MSC → SR → SI .58** .21 .15** .18 MSC → SR → SOB .71** .34 .53** .33
MA → SR → SI − .10 .28 − .07* .03 MA → SR → SOB − .39** .50 − .41** .45
SE, standard error; SEF, Self Efficacy; MI, math interest; SI, STEM identity; MSC, math self-concept; MA, math anxiety; SR, self-regulation; SOB, sense of belonging; SE, 
standard error; **p < .001; *p < .05; w/o M = without mediator; w/M = with mediator
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Self-efficacy (SEF) to STEM sense of belonging (SOB) 
pathways
Like the mediation effects in the identity model, all four 
math motivators partially mediated the effect of STEM 
self-efficacy on students’ sense of belonging, but they dif-
fered markedly in strength. When entered singly, math 
interest reduced the direct SEF → SOB path from β = .56 
to β = .26 (SE = .36, p < .001), indicating that 54% of the 
total effect was carried indirectly through interest; math 
self-concept attenuated it to β = .28 (SE = .44, p < .001), 
reflecting 50% mediation; and math anxiety left most of 
the direct effect intact at β = .48 (SE = .38, p < .001), cor-
responding to only 14% mediation. Thus, unlike the 
STEM‐identity model—where math interest far outpaced 
self-concept as a mediator—interest and self-concept 
were comparably potent conduits for sense of belong-
ing. Moreover, math anxiety mediated more strongly for 
belonging (14%) than it did for identity (6%), even though 
the SEF → MA path was nonsignificant in the full mod-
els (β = –.06, p > .05), underscoring anxiety’s subtle but 
meaningful role in shaping students’ belonging.

The mediation effects of math self-concept and math 
anxiety on the relationship between math interest and 
sense of belonging were examined as well as between 
self-efficacy and self-regulation. Two chained path-
ways stood out: in the MI → MSC → SOB chain, add-
ing self-concept to interest reduced the MI → SOB link 
from β = .68 SE = .05, to β = .45 SE = .07 (p < .001), a larger 
drop than observed in the MI → MSC → SI chain where 
the drop was only from β = .63 SE = .05 to β = .60 SE = .06 
(p < .001), suggesting self-concept contributes more to 
belonging. The SEF → MI → SR mediation was substantial 
in both models but slightly less so for belonging, where 
the SEF → SR path fell from β = .39 to β = .12 (SE = .22, 
p < .05). By contrast, the SEF → MA → SR chain exhibited 
a modest suppressor effect: the direct SEF → SOB coeffi-
cient increased slightly when math anxiety was included 
(from β = .39 to β = .44), indicating that anxiety func-
tioned as a modest suppressor variable—partialling out 
variance in self-efficacy unrelated to self-regulation and 
thereby amplifying the direct association. Collectively, 
these results highlight that, beyond self-efficacy’s direct 
influence, math interest and self-concept are the princi-
pal factors driving students’ sense of belonging, with anx-
iety and regulation contributing to a lesser extent.

Mediation effects of self-regulation strategies on 
belonging and identity
The mediation effects of self-regulation between STEM 
self-efficacy and the two STEM psychosocial outcomes 
(STEM identity and STEM sense of belonging) were also 
examined as well as the mediation effects of self-regula-
tion between the math motivators—math interest (MI), 

math self-concept (MSC), and math anxiety (MA) —and 
the two STEM psychosocial outcomes.

Sense of belonging pathways
In the SEF → SR → SOB pathway, the total effect of STEM 
self-efficacy on sense of belonging was β = .56 (SE = .38), 
p < .001. When self-regulation was entered as a media-
tor, the direct effect decreased to β = .46 (SE = .39), 
p < .001, indicating that self-regulation carried approxi-
mately 18% of the total effect (∆β = .10). For math interest 
(MI → SR → SOB), the original direct effect on belong-
ing was β = .56 (SE = .05), p < .001; with self-regulation 
included, the direct path increased slightly to β = .61 
(SE = .06), p < .001, suggesting a small suppressor effect 
(indirect β = –.05, or –9% of the total). In the math self-
concept chain (MSC → SR → SOB), the unmediated 
effect was β = .71 (SE = .34), p < .001; introducing self-
regulation reduced the direct effect to β = .53 (SE = .33), 
p < .001, such that self-regulation accounted for roughly 
25% of the overall effect (∆β = .18). Finally, the total direct 
effect of math anxiety on sense of belonging was β = –.39 
(SE = .50), p < .001. When self-regulation was introduced 
as a mediator, the direct effect became β = –.41 (SE = .45), 
p < .001, indicating a minor suppressor effect whereby 
self-regulation removed variance in math anxiety unre-
lated to belonging and thus slightly strengthened the neg-
ative association.

STEM identity pathways
In the SEF → SR → SI pathway, the total standardized 
effect of STEM self-efficacy on STEM identity was β = .66 
(SE = .25), p < .001; when self-regulation was added as a 
mediator, the direct effect decreased to β = .49 (SE = .27), 
p < .001, indicating that self-regulation carried roughly 
26% of the total effect (∆β = .17). For the MI → SR → SI 
chain, math interest’s unmediated effect on identity 
was β = .63 (SE = .05), p < .001; controlling for self-regu-
lation yielded a direct path of β = .62 (SE = .05), p < .001, 
reflecting minimal mediation (∆β = .01, or about 2% of 
the total). In the MSC → SR → SI pathway, math self-
concept’s total effect on identity was β = .58 (SE = .21), 
p < .001; with self-regulation included, the direct effect 
dropped to β = .15 (SE = .18), p < .05, indicating that self-
regulation mediated approximately 74% of the original 
effect (∆β = .43). Finally, for the MA → SR → SI path, math 
anxiety’s total effect on identity was β = –.10 (SE = .28), 
p = .057; when self-regulation was introduced, the coef-
ficient shifted to β = –.07 (SE = .30), p = .03, revealing a 
modest mediation of about 30% (∆β = –.03). Overall, 
self‐regulation significantly mediated the relationship 
between STEM self‐efficacy and STEM identity, while 
exerting minimal mediation for math interest, substantial 
mediation for math self‐concept, and modest mediation 
for math anxiety.
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Across models, self‐regulation consistently served as a 
mediator but with differing prominence: it played a stron-
ger role in linking self‐efficacy to STEM identity than to 
sense of belonging. Self-regulation was also particularly 
influential in carrying the effect of math self-concept for 
identity, modestly conveyed the impact of math anxiety 
in both contexts, and acted as a slight suppressor of math 
interest in the belonging model while minimally mediat-
ing the influence of interest on identity.

Discussion
Investigations into psychosocial factors that improve 
STEM outcomes remain a major focus within the field 
of educational research (Lin et al., 2018). Despite con-
siderable attention to these outcomes, limited research 
has explored the psychosocial factors that precede them 
across disciplinary contexts. To address this research gap, 
this study sought to examine the hypothesized structural 
model (Fig.  1) that included both mathematics-related 
psychosocial factors (e.g., math interest, self-concept, 
and anxiety), STEM psychosocial outcomes (sense of 
belonging and identity), and engagement behaviors (i.e., 
self-regulation). Of particular interest were the mediating 
effects of mathematics-related psychosocial factors (e.g., 
math interest, self-concept, and anxiety) on the impact of 
STEM self-efficacy on the two psychosocial factors. Our 
findings confirm the importance of math interest, self-
concept, and anxiety as important psychological variables 
that mediate the effects of STEM self-efficacy on both 
engagement behaviors and psychosocial outcomes. These 
relationships were robust within a diverse student sam-
ple, most of whom were from underrepresented groups.

Effects of math motivators and engagement behaviors on 
STEM sense of belonging & identity
The results provide strong support for the model’s pre-
dicted pathways. Self-efficacy, math motivators, and self-
regulation had significant direct effects on both STEM 
sense of belonging and STEM identity. The magnitude 
of the direct effects for the math motivators were com-
parable to or higher than the magnitude of the effects 
of STEM self-efficacy on the targeted psychosocial out-
comes. Given the substantial role of self-efficacy in the 
development of STEM sense of belonging and identity, 
we expected STEM self-efficacy to result in higher direct 
effects on STEM sense of belonging and STEM iden-
tity. However, math interest emerged as a more potent 
factor. The direct effect of math interest on sense of 
belonging was almost double (94% stronger) the effect 
of self-efficacy on sense of belonging; the direct effect of 
math interest on STEM identity was also 58% stronger 
than the direct effect of self-efficacy on STEM identity. 
This pattern may reflect, in part, the effect of self-efficacy 
is partially mediated by math interest (discussed further 

below). Nevertheless, these findings suggest math inter-
est may be equally important in shaping STEM sense of 
belonging and identity, particularly if situation interest 
is amenable to intervention (Harackiewicz et al., 2012; 
Lazowski & Hulleman, 2016). Indeed, these results rein-
force the theory that our interests can shape the kinds 
of environments we pursue and the types of individuals 
we gravitate towards as some have argued (e.g., Barrik & 
Mount, 2005).

However, the relationship between math interest and 
self-regulation was higher than all other endogenous 
variables (except math self-concept) in the model sug-
gesting that interest also affects behavior, in so far as 
self-regulation characterizes engagement behaviors 
(Zimmerman, 2000). In this regard, it supports the con-
ceptualization of interest as a factor capable of affecting, 
even predicting, behavior and performance (Renninger 
& Hidi, 2016). At a minimum, it supports the assertion 
that interest can heighten engagement in academic tasks 
including learning strategies (Braten et al., 2014; Ren-
ninger & Hidi, 2016; Van Iddekinge et al., 2011). This 
pattern reinforces the need to cultivate student interest 
in mathematics through engaging instruction and rel-
evant curricular connections early in the college calculus 
sequence. Interest not only drives deeper engagement 
but also fosters a stronger STEM identity, which is vital 
for long-term persistence (Lent et al., 2008; Sheu et al., 
2010). This is particularly significant for URM students, 
whose interest in STEM may be undermined by a lack of 
role models, stereotype threat, or institutional climates 
that do not affirm their belonging (Dasgupta, 2011; Fred-
erick et al., 2021; Schwerter et al., 2025).

Additionally, math anxiety was shown to significantly 
undermine students’ STEM self-concept and sense of 
belonging, consistent with findings from Cho (2022) and 
Wilkinson (2023). Both studies emphasize how anxi-
ety can elicit physiological and psychological responses 
akin to phobias, thereby reducing performance and self-
efficacy. Among URM students—particularly women 
and first-generation college students—math anxiety can 
exacerbate existing barriers and discourage persistence in 
mathematically intensive STEM fields (McKinney, 2016). 
These findings suggest that targeted efforts to reduce 
math anxiety—such as cognitive behavioral interventions 
or curricular scaffolding to reduce perceived threat—may 
have disproportionate benefits for URM students.

Math self-concept also plays an important role in shap-
ing STEM identity. Prior studies with Black and first-gen-
eration college students show that academic self-concept 
is strongly linked to academic performance and identity 
(Cokley, 2000; DeFreitas & Rinn, 2013; Karaman et al., 
2021). Our findings support the hypothesis that math 
self-concept, bolstered by supportive environments and 
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engagement behaviors, contributes significantly to stu-
dents’ identity formation.

Mediation effects of math motivators and engagement 
behaviors on STEM sense of belonging & identity
Math interest & self-concept
While the direct effects between self-efficacy, math moti-
vators, and engagement behaviors largely replicate prior 
studies, the mediating effects found here extend that 
work by quantifying exactly how mathematics-related 
psychological factors channel efficacy into STEM psy-
chosocial outcomes. Specifically, in the STEM-identity 
model math interest carried approximately 61% of the 
total SEF → SI effect and math self-concept 32%, whereas 
in the sense-of-belonging model interest mediated 54% 
and self-concept 50% of the SEF → SOB effect. These 
observed estimates reinforce the argument that math 
interest and self-concept are key antecedents to both 
STEM identity and belonging, particularly in minor-
ity‐serving contexts (Xu & Lastrapes, 2021). In the math 
interest → identity pathway across models, mediation 
was low but significant—interest’s strong indirect role 
nonetheless supports the idea that in-group member-
ship reflects shared interests (Meadows & Robinson, 
2023). Moreover, when math self-concept was added to 
the interest–belonging chain, the MI → SOB link declined 
from β = .68 to β = .45 (p < .001), compared with a smaller 
drop from β = .63 to β = .60 in the MI → MSC → SI chain, 
suggesting math self-concept contributes more to STEM 
belonging than to STEM identity.

Further, the higher math self-concept mediation effect 
between math interest and sense of belonging than the 
corresponding mediation effect observed in the STEM 
identity model lends support to the idea that math self-
concept should be conceived as an external frame of 
reference (Huang, 2011). This cross disciplinary media-
tion effect extends this conception to the relationship 
between math self-concept and STEM sense of belonging 
suggesting that math self-concept is particularly salient 
in shaping students’ feelings of social fit within STEM 
environments.

Math anxiety
Likewise, math anxiety exerts a greater influence on stu-
dents’ sense of belonging than on the development of 
their STEM identity: it mediated 14% of the SEF → SOB 
effect versus only 6% of SEF → SI, despite a nonsignifi-
cant direct SEF → MA path (β = –.06, p > .05) suggest-
ing an important distinctions in how these constructs 
respond to affective and contextual cues in highly diverse 
college settings. This pattern positions anxiety as both a 
subtle mediator and an occasional suppressor, refining 
the predictive links rather than solely transmitting them. 
Because anxiety often signals evaluative threat, it may 

more powerfully erode moment-to-moment feelings of fit 
(Micari & Pazos, 2014; Walton & Cohen, 2007), even as 
broader identity commitments persist. Sense of belong-
ing is a dynamic, situational construct shaped by imme-
diate social and emotional experiences within academic 
environments (Allen et al., 2021; Block, 2018; Walton & 
Cohen, 2007). Because math anxiety often arises in high-
stakes, evaluative classroom settings, it may function as 
a salient signal of poor fit or exclusion, particularly when 
students perceive that others are more competent or con-
fident (Micari & Pazos, 2014).

In contrast, STEM identity involves more stable, inter-
nalized beliefs about oneself as a “STEM person,” formed 
over time through cumulative experiences, self-reflec-
tion, and validation (Carlone & Johnson, 2007; Kim et al., 
2018). Students may thus retain a STEM identity despite 
anxiety in math if they continue to feel capable in other 
STEM areas or receive identity-affirming messages from 
teachers, mentors, or cultural communities. Moreover, 
math anxiety may exacerbate the effects of stereotype 
threat, especially for students from underrepresented 
groups, further eroding belonging by heightening sen-
sitivity to signals of exclusion (Schmader & Sedikides, 
2018; Spencer et al., 1999, 2016). The immediacy and 
emotional intensity of math anxiety make it particularly 
detrimental to students’ moment-to-moment feelings of 
inclusion, despite a stable STEM identity.

Mediation between self-efficacy to self-regulation
In the STEM self-efficacy to self-regulation (SEF → SR) 
pathways, math interest fully mediated self-efficacy’s 
effect on self-regulation in the identity model (100% 
mediation) and produced the strongest mediation in the 
belonging model, supporting the theory that interest 
motivates regulatory engagement (Lent et al., 2008; Lin et 
al., 2018; Su, 2018). Past work and theory suggest that an 
interest in a specific academic discipline—such as mathe-
matics—encourages students to explore the subject more 
thoroughly, expand their knowledge, and achieve higher 
outcomes (Hidi & Harackiewicz, 2000). To the extent that 
self-regulation is relevant for exploring the subject matter 
and expanding knowledge, these mediation patterns sup-
port the idea that interest serves to motivate engagement 
behaviors including self-regulation strategies (Su, 2018). 
Self-regulation itself mediated 26% of the SEF → SI effect 
but only 18% of SEF → SOB, highlighting its dual role in 
channeling efficacy more into identity than belonging 
and in isolating the core variance relevant to each out-
come (Zimmerman, 2002).

An interesting observation emerged for math anxi-
ety in the path from STEM self-efficacy to self-regula-
tion (SEF → SR): adding anxiety increased the SEF → SR 
coefficient, a classic suppressor effect whereby anxiety 
“partialled out” irrelevant variance in self-efficacy and 
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thereby strengthened the positive SEF → SR link. This 
nuance indicates that engagement and affective processes 
do more than carry effects forward—they also ‘purify’ 
students’ motivational profiles by removing extraneous 
noise.

Self-regulation as mediator
Like the math motivators, self-regulation mediated the 
effects of every pathway examined in this study, but 
with varying prominence. The self-regulation mediation 
effect was more pronounced for the STEM self-efficacy 
to STEM identity pathway than the pathway to STEM 
sense of belonging. Specifically, self-regulation carried 
approximately 26% of the STEM self-efficacy → STEM 
identity effect, compared to 18% of the STEM self-effi-
cacy → sense-of-belonging effect, illustrating that engage-
ment behaviors link efficacy more strongly to identity 
than to belonging. This dual role aligns with the social 
identity perspective, which holds that self-regulation 
involves managing emotions and behaviors to maintain 
a positive self-image, enact socially acceptable conduct, 
and pursue personal goals (Oyserman, 2007). Moreover, 
self-regulation acted as a slight suppressor of math inter-
est in the belonging model (–9% of the MI → SOB effect) 
while exhibiting minimal mediation for interest in the 
identity model (2% of the MI → SI effect), underscoring 
its function in isolating core motivational variance.

Additional evidence of the social identity perspective 
is the stronger self-regulation mediation effects observed 
in the pathways between math self-concept and STEM 
psychosocial outcomes. Social identity theory argues that 
“social contexts influence social identities in ways likely 
to shift motivation and self-regulatory success” (Oyser-
man, 2007. p. 433). That is, self-regulation encompasses 
actions taken or avoided by individuals in the present 
moment to enhance their chances of achieving goals rele-
vant to themselves in the future. Consequently, self-regu-
lation activates systems that either suppress or encourage 
certain behaviors (Avila, 2001). It follows that people are 
driven to emulate the behaviors of their group members 
and steer clear of actions not undertaken by them, high-
lighting the role of social identity in self-regulation. This 
finding aligns with Park et al. (2019), who demonstrated 
that self-regulation skills—especially cognitive-emotional 
regulation—predict STEM persistence more strongly for 
URM students than for non-URM students. Together, 
these results highlight the potential of self-regulation 
training and supportive academic structures (e.g., time 
management workshops, mentorship, goal-setting activi-
ties) to bolster retention by not only enhancing engage-
ment but by refining the most relevant motivational 
drivers of STEM identity and belonging.

Summary
Collectively, these results confirm that, beyond self-effi-
cacy’s direct influence, math interest and math self-con-
cept are the principal drivers shaping students’ STEM 
identity and sense of belonging, while anxiety and self-
regulation play complementary yet complex roles in 
refining those relationships. In addition, it is important 
to highlight that interest and self-efficacy are constructs 
that heavily depend on the context (Bong, 2001; Hidi & 
Renninger, 2006a; Pajares, 1996). The degrees of students’ 
interest and self-efficacy vary depending on the charac-
teristics of tasks, subject areas, and classroom environ-
ments (Authors, 2021; Dost, 2024; Wigfield & Eccles, 
1994). Further, past research also shows math instructors 
vary significantly from other content areas in terms of 
their teaching style, the adaptability of course goals, and 
the range of activities and resources used (Bong et al., 
2015). These distinctions may impact students’ interest 
and self-efficacy when studying calculus. The observed 
impact of mathematics interest on math self-concept 
and self-regulation underscores the need to exam-
ine tasks and curricular materials that impact calculus 
course environments to leverage its motivational effect 
on engagement behaviors that overtime impact persis-
tence in engineering majors and careers. These insights 
are important for educators and policymakers aiming to 
improve STEM education inclusivity and effectiveness. 
Future curricular reforms should, therefore, prioritize 
strategies that enhance math interest and self-concept, 
acknowledging the nuanced interplay of psychosocial 
factors in STEM education.

Limitations
This study, while contributing valuable insights into the 
roles of mathematics-related psychological factors on 
STEM sense of belonging and identity among students 
at Hispanic Serving Institutions (HSIs), it should be 
viewed in light of limitations. First, the generalizabil-
ity of our findings may be restricted due to the specific 
demographic and regional characteristics of our sample 
(MacCallum & Austin, 2000, 2013). The experiences of 
students in HSIs in the southwest may not fully repre-
sent those of students in other regions or institutional 
types, thereby limiting the generalizability of our results 
to broader populations. However, this study sought to 
address a notable gap in the existing literature by investi-
gating the relationship between the psychological factors 
of interest within a more demographically diverse stu-
dent population.

Our study focused on specific psychosocial factors, 
acknowledging that other variables not measured, such 
as prior educational experiences, familial support, and 
socioeconomic status, might also significantly influence 
STEM identity and sense of belonging. This omission 
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points to the potential for a broader exploration of fac-
tors impacting STEM pathways. The cultural and institu-
tional context of HSIs and their specific support systems 
for underrepresented minoritized students (URMs) 
might influence the study’s findings, suggesting that our 
results may not be directly transferable to non-HSI set-
tings. This specificity highlights the need for research 
across diverse educational contexts to understand the 
universality of our findings. Additionally, while our quan-
titative approach through structural equation modeling 
provides important insights, it lacks the depth that quali-
tative data could offer in understanding the lived experi-
ences behind the psychosocial factors of interest. Future 
studies incorporating qualitative methodologies could 
enrich our understanding of the mechanisms at play.

Conclusion
This study advances our understanding of how math-
ematics‐related psychological processes co‐operate to 
influence STEM outcomes—specifically sense of belong-
ing and identity—among diverse students at HSIs. By 
quantifying the mediating and suppressive roles of math 
interest (carrying up to 61% of the SEF → identity effect), 
math self‐concept (up to 50% of the SEF → belonging 
effect), and math anxiety (modestly mediating belong-
ing but occasionally refining links via suppressor dynam-
ics), we demonstrate that these factors do not operate 
in isolation but interact dynamically with self‐efficacy 
and engagement behaviors. These nuanced patterns—
grounded in social identity and interest theories—high-
light critical leverage points for interventions (e.g., 
interest‐based curricula, self‐concept scaffolding, anxi-
ety‐focused supports, and self‐regulation training) aimed 
at strengthening both the affective and identity founda-
tions of STEM persistence for historically underrepre-
sented students.

These findings align closely with expectancy-value 
theory (Eccles et al., 1993) and recent national analyses 
(Marsh et al., 2024) indicating that identity as a ‘math 
or science person’ was the strongest predictor of STEM 
course-taking and major selection among U.S. high 
school students. Our results extend this framework into 
higher education by demonstrating that mathematics 
interest and self-concept, as core value-related beliefs, 
continue to shape psychosocial outcomes—specifically, 
STEM sense of belonging and identity—among diverse 
college students at HSIs. This alignment underscores the 
continuity of expectancy-value mechanisms from pre-
college motivational attitudes to postsecondary persis-
tence within STEM fields. However, Dost’s (2024) recent 
extensive qualitative work reminds us that belonging is 
also constructed socially and progresses along phases 
of belonging. Thus, future work should examine more 
directly the degree to which mathematical motivation 

contributes to students’ progression along the phases of 
belonging, particularly for women, non-binary, and non-
White students who emphasized inclusive, supportive 
STEM communities as foundational to feeling that they 
‘belong’.

Implications for URM students & recommendations
Taken together, our findings suggest that interventions 
aimed at increasing math interest, reducing math anxi-
ety, and strengthening math self-concept and self-regu-
lation could be especially effective in enhancing STEM 
outcomes for URM students. Our findings suggest that 
supporting students’ identification as capable STEM 
learners should be a central feature of these interven-
tions. Whereas Marsh et al., (2024) demonstrated that 
expectancy-value attitudes predict students’ initial entry 
into STEM pathways, our models reveal how these same 
constructs sustain belonging and engagement once stu-
dents are enrolled in college-level STEM courses. The 
significance of these variables is amplified in minori-
tized populations, where systemic inequities, stereotype 
threat, and underrepresentation can erode psychological 
readiness and belonging. URM students often face “iden-
tity dissonance” in STEM contexts, and enhancing these 
psychosocial resources can mitigate that dissonance, 
empowering students to persist (Estrada et al., 2018; 
Frederick et al., 2021). These findings point to strategic 
areas for interventions, particularly among students his-
torically excluded from full participation in STEM edu-
cation and careers. Based on these findings, we offer the 
following targeted recommendations:

1.	 Redesign Curricula to Enhance Math Interest: Faculty 
should incorporate culturally relevant examples, 
interdisciplinary applications, and inquiry-based 
learning strategies into introductory calculus courses 
to foster interest and identity connections (Azevedo, 
2013; Frederick et al., 2021; Singer et al., 2020).

2.	 Build Self-Regulatory Skills: Support structures such 
as first-year seminars, supplemental instruction, 
and metacognitive training programs can enhance 
students’ self-regulation capacities, a known 
predictor of persistence in URMs (Park et al., 2019).

3.	 Affirm Math Self-Concept: Academic advisors 
and instructors should receive training to deliver 
affirming, specific, and growth-oriented feedback 
and mentorship that supports students’ perceptions 
of their abilities. Early identification of students 
with low math self-concept can enable timely 
interventions (Cokley et al., 2023; Karaman et al., 
2021).

4.	 Offer Math Anxiety Interventions: Institutions should 
implement workshops and peer-support structures 
targeting math anxiety and low stakes assessments to 
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address affective barriers, particularly among URM 
students and first-generation college goers (Cho, 
2022; McKinney, 2016).

5.	 Expand Undergraduate Research Opportunities: 
Expanding research opportunities for URM students 
in math-intensive STEM fields has been shown to 
strengthen STEM identity, career interests, and 
academic resilience especially for Latinx students 
(Frederick et al., 2021).

6.	 Institutionalize relational supports for STEM 
belonging: Belonging has been shown to be relational 
and develops through interactions that promote 
safety, authenticity, and community among diverse 
learners (Dost, 2024). Embedding structured 
mentoring, peer networks, and affirming campus 
climates can reinforce the motivational pathways 
identified in our SEM model.
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