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Sense of Belonging within an Undergraduate First-Year Engineering
Program: Comparison Across Different Levels of Math Readiness and URM
Status.

Introduction

The significance of a sense of belonging in influencing students' success and engagement is
widely acknowledged [1]. The relationship between a sense of belonging and academic
persistence has been both theoretically and empirically substantiated by scholars such as Astin
[2] and Pascarella & Terenzini [3]. Notably, within the context of engineering education, scholars
have underscored the critical role of a sense of belonging in influencing students' persistence [4],
[5]. While a positive sense of belonging contributes to students' persistence, it is crucial to
recognize the potential hindrance posed by a lack of mathematical skills [6]. Alarming statistics
from 2002 reveal that only 34% of high school graduates possessed the necessary skills for
college. This concern is exacerbated when considering the disparities among Underrepresented
Minorities (URM), with only 34% of Black or African American and 20% of Latino/Hispanic
students deemed college-ready, compared to 40% readiness among white students [7].
Furthermore, students with low math readiness are identified as being at-risk in college [8].
While existing literature has extensively addressed the sense of belonging at the macro level [9]
and underscored the significance of math readiness [10], a noticeable gap exists in the micro-
level exploration of students' sense of belonging in engineering and their individual levels of
math readiness.

In light of the critical role that a sense of belonging plays in shaping students' academic
experiences and success, it is imperative to focus on the intricate interplay between this sense of
belonging and students' readiness in mathematics. A special emphasis must be placed on
fostering a sense of belonging among Underrepresented Minority (URM) students, recognizing
the unique challenges they may face. In response to this imperative, our research endeavors to
explore the nuanced perceptions of students concerning their sense of belonging within the
context of engineering education. The research questions that lead this inquiry are:

RQ1: How do students with different levels of math readiness rate their engineering
program sense of belonging?

RQ2: How do URM and non-URM students report level of belonging in engineering?
RQ3: How do Non-White math-ready students rate their engineering program sense of
belonging in comparison to White students?

By investigating these research questions, we aim to explore the diverse ways in which first-year
general engineering students, particularly those with varying levels of math readiness and from
Underrepresented Minority backgrounds, perceive their sense of belonging within the dynamic
landscape of engineering education. The significance of this research lies in the recognition of
the interconnectedness of belonging, math readiness, and identity. These relationships call for a
thorough examination to inform the development of strategies that not only enhance both the
sense of belonging and math readiness but also contribute to the overall success of students in the
dynamic setting of engineering education. Our study seeks to contribute valuable insights that



can inform educational practices, policies, and support structures to create an inclusive and
conducive environment for the diverse student population in the field of engineering.

Literature review

Belonging, identified as a fundamental human motivation by psychologists [11], serves as a
central hub with far-reaching positive implications [12]. In the collegiate setting, a profound
sense of belonging not only encourages students to immerse themselves more deeply in their
studies but also correlates with greater persistence and academic success [13], [14], [15]. This
connection to belonging prompts students to actively seek campus resources, fostering an
environment conducive to their future success [16] and positively impacting their mental health
by reducing stress [11]. However, this sense of belonging is not uniform across students. Factors
such as academic discipline [17], math readiness, and being part of Underrepresented Racial-
Ethnic Minorities can influence students' perceptions [18].

In the field of engineering, a sense of belonging has proven pivotal in shaping students'
engineering identity and sustaining their efforts [19]. Given the inherently challenging nature of
engineering programs, recruiting and retaining students, especially in their first year, poses a
considerable challenge [20]. Therefore, it becomes crucial for administrators, including faculty,
to scrutinize students' perceptions of motivation and engineering identification during the critical
first-year stage [21]. Importantly, engineering sense of belonging not only aligns with future
career aspirations [22] but is also intricately linked to academic satisfaction, grades, interests,
and outcome expectations [23], [24], [25].

There has been a significant body of literature exploring how different aspects of identity, such
as racial, gender, nationality, socioeconomic status, or sexual preferences have influenced a
students’ sense of belonging, and how that sense of belonging subsequently influences
persistence and achievement [26], [27], [28], [29], [30],[31] . Large and ongoing efforts have
been initiated to address specific shortcomings of academic cultures to address problems in a
sense of belonging for many of these identities and intersectionalities [32], [33], [34]. In addition
to institutional support programs and structures, individuals who identify with visible minority
groups will often seek to foster social networks to bolster their sense of belonging [35].

There has been a recent decline in ACT and SAT scores nationwide, pointing to a pervasive
decline in math readiness in the United States [36]. Research indicates that this factor
significantly impacts their academic journey [6], [37], [38]. The roots of students' challenges in
college-level mathematics may be traced back to their high school experiences [39], [40]. Given
that mathematical skills are often used to assess job applicants across various careers [41], math
readiness becomes a critical determinant for college admissions [42] and subsequent degree
attainment [43], [44]. While some studies have delved into disparities in math readiness, others
have explored variations based on racial and ethnic minorities [45].

The perception of integration and emotional connection during the first year, often referred to as
the sense of community [46], has been shown to have a substantial influence on students'
academic achievement [47]. This emphasizes the pivotal role that a sense of belonging plays in
shaping the academic experiences of students as they embark on their college journey. Notably,
failure to integrate into both the social and academic systems can lead to students leaving



college, a phenomenon well-documented in the literature [48]. This departure poses a significant
challenge, and its impact is particularly noticeable for underrepresented minority (URM)
students [49]. The unique challenges faced by URM students in navigating cultural and social
identities underscore the importance of addressing their nuanced experiences of oppression. To
foster a sense of connection to the academic environment, URM students may require specific
support mechanisms [50]. Given that a sense of belonging is deeply rooted in cultural and social
identities, it is imperative to recognize that URM students may encounter distinct obstacles that
necessitate tailored strategies for fostering integration. Consequently, there is a pressing need to
implement special measures to provide an equitable and supportive environment for students
from this group. These strategies should be designed to address the unique challenges and
enhance the sense of community for underrepresented minority students, promoting their
retention and success within the academic setting.

Method

In the initial week of their enrollment in the Virginia Tech engineering program, spanning from
the Fall of 2015 to the Spring of 2020, a substantial cohort of 8,727 undergraduate students
participated in a survey. The survey was administered to all students in the first year General
Engineering Foundations of Engineering course sequence. The survey, administered
electronically as a mandatory, for-credit homework assignment, was based largely on the MUSIC
model (eMpowerment, Usefulness, Success, Interest, Caring) [51] and was designed to gather
comprehensive information encompassing individual characteristics, student identification
numbers, and their perception of belonging within the engineering program Subsequent to the
data collection phase, the authors liaised with the registrar's office to cross-reference the student
identification numbers with their corresponding demographic information and to determine their
math readiness level. In the context of this study, math readiness was determined by the highest
level of mathematics credit that the students had attained prior to completing the survey, as
discussed later in this paper.

Engineering Program Belonging

To answer our research questions, we selected a subset of the questions on the survey that pertain
to sense of belonging within an academic program. The items in the engineering program
belonging instrument are adapted from the Psychological Sense of School Membership scale
[52]. This instrument was refined by Jones [53] specifically for undergraduate engineering
students. Six items were selected for this study to measure various perceptions of engineering
and the sense of belonging of students. The items were administered to measure the level of
agreement on the six-point Likert scale from 1- “completely disagree” to 6- “completely agree.”
The reliability score of these items was a = 0.73. Table 1 displays the items that were used in this
research.

Table 1: Engineering Program Belonging

No. Item

1 I feel like a real part of the General Engineering program.
2 Sometimes I feel as if I don't belong in the General Engineering program.



I feel very different from most other students in the General Engineering program.
I wish I were in a major other than engineering.
I feel proud of belonging in the General Engineering program.

The amount of effort it takes to do well in my engineering program is worthwhile to
me.
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Analysis and Results

The sample demographics reveal a predominantly white student population (n=5379, 61.6%),
followed by 1065 Asian students (12.2%), 567 Latino/a/x/Hispanic students, and a smaller
representation of 265 Black or African American students (3.9%). In terms of gender
distribution, the majority identified as male (n=6713, 76.9%), with females constituting 22.9%
(n=2001). Additionally, students were asked to self-report their Underrepresented Minority
(URM) status, with 11.6% identifying as URM (n=1008), while 88.4% were non-URM students
(n=7719). The self-reported data also highlighted that 9.4% of participants were first-generation
students. In terms of math readiness, 6.1% (n=528) were not math ready (only passing pre-
calculus), nearly half (49.8%, n=4347) had completed calculus I, and 44.1% (n=3853) had
completed calculus II or post-calculus II. The demographic data and math readiness are
presented in Table 2.

Table 2. Demographic information

N-(%)?
Race/ethnicity
Asian 1065 12.2
Black or African American 265 3.9
Latino/-a/-x/ or Hispanic 567 6.5
Two or more races 412 4.7
White 5379 61.6
Nonresident Alien 794 9.1
American Indian/Alaska Native 6 A
Native Hawaiian/Pacific Islander 8 A
Not Reported 231 2.6
Gender identity
Women 2001 22.9
Men 6713 76.9
Other 13 1
Groups
First-Gen 821 94
Non-First-Gen 6243 71.5
URM 1008 11.6
Non-URM 7719 88.4

Math Readiness



No Math/Pre Calc 528 6.1

Calc 1 4347 49.8
Calc I1/Post Calc 11 3852 44 1
Total 8727 100.0

Math Readiness and Sense of Belonging

In classifying participants based on their math readiness levels, we established three distinct
groups. The first group (NM) comprised students without math readiness, denoting those who
had not yet completed Calculus 1. The second group (M) included students with standard math
readiness, indicating their successful completion of Calculus I. Lastly, the third group (HM)
consisted of students with high math readiness, signifying their passage of Calculus II or post-
calculus II.

For within-group comparative analysis, we employed the Kruskal-Wallis H test [54], [55], [56],
recognized as an omnibus test and alternatively referred to as a non-parametric one-way ANOVA
due to the non-parametric distribution of the collected data. To conduct between-group
comparisons, we opted for the Games-Howell post hoc test [57], [58], given the unequal sample
sizes in each group. It is important to note that constructs 2, 3, and 4 were recoded due to their
negative wording.

Table 3. Comparison analysis within and between groups based on their level of math readiness.

Sense of Belonging Constructs

Games-Howell (Mean

Items
(M#£SD) Mean Rank  H-test Differences)
NM M

1. Real Part NM 4.58+0.94  4243.54

M 4.67+£0.86  4447.42 11.36**

HM 4.61+£0.87  4283.04 056*
2.Don’t Belong NM 4.22+1.35 4011.5

M 437+1.22  4253.58  39.49%** - 155%

HM 4.52+1.15 453345 -3 - 15 FF*
3. Feel Different ~NM 3.86+1.41  3971.31

M 4.06£1.31  4297.16  27.27*** - 196**

HM 4.18+1.24  4489.81 =31 2%%* - 2%
4. Other Major NM 5.07+1.1 4166.93

M 5.17£0.96  4304.68 12.47**

HM 5.2340.92  4454.51 - 17%* -.06%*
5. Feel Proud NM 5.3+0.84 4392.85

M 5.35+0.8 4523.22  46.29%**

HM 5.23+0.85  4177.09 - 1 2%F*
6. Effort NM 5.22+0.94  4392.13

M 5.27+0.81  4433.58 9.36%*

HM 5.23+0.81  4278.28 .05*

Note: *** ** and * denote the significance levels .001, .01, and .05 respectively.



Table 3 depicts the results of the comparative analysis within and between groups. The Kruskal-
Wallis H test indicated a statistically significant difference in students’ sense of belonging
constructs among three groups based on math readiness. Specifically, the Games-Howell post
hoc test brought to light that math-ready students exhibited a significantly higher sense of
belonging, feeling like a real part of the general engineering community (4.67+0.86, p<.05), in
comparison to students with high math readiness levels (4.61+0.87). A parallel trend emerged in
the amount of effort construct, where math-ready students demonstrated a significantly higher
sense of belonging (5.27+0.81, p<.05) than their high math-ready counterparts (5.23+0.81).

Moreover, the post hoc test illuminated that students with no math readiness reported a
significantly lower sense of belonging in the second construct, “Sometimes I feel as if I don't
belong in the General Engineering program” (4.22+1.35, p<.05) compared to both math-ready
students (4.37+1.22) and high math-ready students (4.52+1.15, p<.001). Additionally, a
significant difference in the second construct was observed between math-ready students and
high math-ready students. This trend persisted in the third construct, where students perceived
feeling different from other students in general engineering.

In the fourth construct, which gauges students' agreement with the statement "I wish I were in a
major other than engineering," students with high math readiness exhibited a significantly greater
sense of belonging (5.23+0.92, p<.01) compared to math-ready students (5.17+0.96) and those
without math readiness (5.07+1.1). Interestingly, in the fifth construct—"I feel proud of
belonging in the General Engineering program"—students with high math readiness perceived a
statistically lower sense of belonging (5.23+0.85, p<.001) compared to math-ready students
(5.35+0.8).

URM and non-URM sense of belonging

In self-reported URM status, 1008 students (11.6%) acknowledged their affiliation with
underrepresented racial-ethnic minorities. Among these URM students, the breakdown by
race/ethnicity revealed a diverse composition, with over 56% identifying as Latino/a/x/Hispanic
(n=567), 26.3% as Black or African American (n=265), 16.1% belonging to two or more races
(n=162), 0.8% as Native Hawaiian/Pacific Islander (n=8), and 0.6% as American Indian/Alaska
Native (n=6). In terms of gender, the majority of URM students identified as male (76.7%,
n=773), while 23.2% identified as female (n=234). Furthermore, 18% of URM students reported
being first-generation students (n=181).

To examine potential disparities in their perceptions of engineering sense of belonging, we
employed a student t-test and Welch’s t-test [59] to account for unequal sample size to compare
URM and non-URM groups. The analysis revealed statistically significant differences between
these groups in specific constructs.

Table 4. Difference in the sense of belonging across URM and non-URM students.
Mean Comparison Across Non-URM and URM Students
Student Support Construct Non-URM URM Corrected
t-stat Cohen’s d
(M£SD) (M£SD) p-value
1. Real Part 4.63+0.88 4.67+0.86 -1.22 22




2. Don’t Belong 4.44+1.19 4.35+1.27 2.15 .041* 1.19
3. Feel Different 4.13+1.27 3.86+1.4 6.36 <.0071*** 1.29
4. Other Major 5.19+0.95 5.16+0.98 1.06 .29

5. Feel Proud 5.29+0.83 5.35+0.81 -2.09 .036* .83
6. Effort 5.24+0.82  5.32+0.81 -2.89 .004** .82

Note: *** ** and * denote the significance levels .001, .01, and .05 respectively.

As depicted in Table 4, URM students reported a significantly lower sense of belonging in the
second construct, "Sometimes I feel as if I don't belong in the General Engineering program"
(4.35£1.27), compared to non-URM students (4.44+1.19, p<.041). This trend persisted in the
third construct, "I feel very different from most other students in the General Engineering
program," where URM students perceived a significantly lower sense of belonging (3.86+1.4)
compared to non-URM students (4.13+1.27, p<.001).

Contrastingly, in the fifth construct, "I feel proud of belonging in the General Engineering
program," URM students reported a significantly higher sense of belonging (5.35+0.81)
compared to non-URM students (5.29+0.83, p<.036). This pattern continued in the sixth
construct, "The amount of effort it takes to do well in my engineering program is worthwhile to
me," where URM students perceived a significantly higher sense of belonging (5.32+0.81)
compared to non-URM students (5.24+0.82, p<.004).

Math-Ready Non-White and White Students

To explore disparities between students from minoritized groups and white students, we
specifically focused on those who self-reported passing Calculus I. It's important to clarify that
the category "Non-White" encompasses all racial groups except White, and students reported as
Nonresident Alien were excluded from this analysis. The selected participants were then
categorized into Non-White and White students for the purpose of conducting the comparison
analysis. A total of 3,697 students were included in this analysis, with 2,612 reported as White
and 1,067 as Non-White.

Table 5. Difference in the sense of belonging across math-ready Non-White and White students.

Mean Comparison Across math-ready Non-White and Non-White Students

Student Support Construct Non-White White Corrected
t-stat Cohen’s d
(M£SD) (M£SD) p-value
1. Real Part 4.65+0.91 4.64+0.83 355 7122
2. Don’t Belong 431+1.26 4.37+1.18 -1.27 204
3. Feel Different 3.88+1.37 4.13£1.27 -5.393 <.001%** 1.29
4. Other Major 5.09£1.02 5.24+0.85 -4.628 <.001%** 903
5. Feel Proud 5.35+0.84 5.38+0.76 -1.112 .266
6. Effort 5.27+0.84 5.29+0.78 -.701 483

Note: *** denote the significance levels .001



As depicted in Table 5, the t-test comparative analysis showed that Non-White students reported
a significantly higher sense of feeling different from other students (4.37+1.18, p<.001)
compared to White students (3.88+1.37). This trend was similarly observed in Non-White
students (5.24+0.85, p<.001) who expressed a desire to be in a major other than engineering,
indicating significantly higher scores than White students (5.09+1.02). Conversely, we noted a
reverse pattern in Non-White students' sense of belonging, specifically in feeling proud and
finding their efforts worthwhile. Although these differences were higher in Non-White students,
they did not reach statistical significance.

Limitations

Our research focuses primarily on examining the impact of math readiness on students' sense of
belonging. This study primarily relies on statistical differences to analyze and interpret aspects of
student perceptions. Further exploration of qualitative aspects could provide a fuller
understanding of students' experiences and perspectives and potential interdependent
contributors.

The findings discussed may be limited in their applicability across diverse academic settings and
student demographics. While our research provides insights into the relationship that potentially
exists between math readiness and students' sense of belonging, these limitations indicate the
need for future studies. Specifically, future studies can further explore the qualitative aspects of
this phenomenon to include a broader spectrum of intersecting factors and to assess translation
across diverse academic settings. Through these explorations, we can better understand the
student experiences and more effectively develop strategies to support student success in various
engineering educational contexts.

Discussion and Conclusion

While there are statistically significant differences across the groups in all of the six questions
that we analyzed, we see the smallest mean difference between students’ perception that they are
a real part of the program, that they are proud to be in the program, and that they feel the effort of
the engineering program is reasonable (see Table 3). The largest mean differences emerge when
students compare themselves to their peers who are math ready and find themselves different.
The difference in math readiness directly translates into a reduced sense of belonging for these
students. In contrast, when examining the sense of belonging for non-white students and white
students who are math ready, we see that while non-white students report a large and significant
sense of difference between themselves and other students, we do not see a reduced sense of
belonging in these students.

Students with a reduced sense of belonging are less likely to engage in help-seeking [60], [61].
Whereas student sense of belonging tends to decrease over the course of an academic year, there
are interventions that can bolster that sense of belonging and increase a student’s likelihood to
persist in an academic program [62]. Interventions aimed at increasing student’s sense of
awareness reported not only increases in persistence, but increased grade point averages, and
increases in overall student mental and physical health [63]. Success in interventions has been
reported for first-generation students and ethnic and racial minority students [64], [65], [66].



Recent work in diversity, equity, and inclusion (DEI) programs nationwide has resulted in the
recognition of differences between students while reducing any stigma associated with these
differences. The messaging in DEI programs encourages students to celebrate their differences as
valued contributions to the diversity of teams and programs in which they participate. Despite
their differences, students show a high sense of belonging that encourages help-seeking and
support structure development in these groups. It is important to recognize the reduced sense of
belonging that is associated with a potentially stigmatized aspect of a student’s academic career
in their incoming math readiness level in STEM fields. To increase persistence and success rates
among students who are not math-ready, it is imperative to develop interventions that can
destigmatize math readiness as a deficiency and bolster a sense of belonging among these
groups.

References

[1]  E. National Academies of Sciences and Medicine, Supporting students’ college success:
The role of assessment of intrapersonal and interpersonal competencies. National
Academies Press, 2017.

[2]  A. W. Astin, What matters in college? JB, 1997.

[3] E.T. Pascarella and P. T. Terenzini, How College Affects Students: A Third Decade of
Research. Volume 2. ERIC, 2005.

[4]  O. Pierrakos, T. K. Beam, J. Constantz, A. Johri, and R. Anderson, “On the development
of a professional identity: engineering persisters vs engineering switchers,” in 2009 39th
IEEFE Frontiers in Education Conference, IEEE, Oct. 2009, pp. 1-6. doi: 0949-149X/91.

[5] H. M. Matusovich, R. A. Streveler, and R. L. Miller, “Why Do Students Choose
Engineering? A Qualitative, Longitudinal Investigation of Students’ Motivational Values,”
Journal of Engineering Education, vol. 99, no. 4, pp. 289-303, Oct. 2010, doi:
10.1002/J.2168-9830.2010.TB01064.X.

[6] F.Atuahene and T. A. Russell, “Mathematics readiness of first-year university students,”
Journal of developmental education, pp. 12-32, 2016.

[7] J.P. Greene and M. A. Winters, “Public High School Graduation and College-Readiness
Rates: 1991-2002. Education Working Paper No. 8., Center for Civic Innovation, 2005.

[8] R.Aliand G. Jenkins, “The High School Diploma: Making It More Than an Empty
Promise.,” 2002.

[91 B.D. Jones, J. W. Osborne, M. C. Paretti, and H. M. Matusovich, “Relationships among
students’ perceptions of a first-year engineering design course and their engineering
identification, motivational beliefs, course effort, and academic outcomes,” International
Journal of Engineering Education, vol. 30, no. 6, pp. 1340-1356, 2014.

[10] N.J. McCormick and M. S. Lucas, “Exploring mathematics college readiness in the
United States,” Current Issues in Education, vol. 14, no. 1, 2011.

[11] R.F. Baumeister and M. R. Leary, “The need to belong: Desire for interpersonal
attachments as a fundamental human motivation.,” Psychol Bull, vol. 117, no. 3, pp. 497—
529, 1995, doi: 10.1037/0033-2909.117.3.497.

[12] G. M. Walton and S. T. Brady, “The many questions of belonging,” Handbook of
competence and motivation: Theory and application, vol. 2, pp. 272-293, 2017.

[13] L.R.M. Hausmann, J. W. Schofield, and R. L. Woods, “Sense of belonging as a predictor
of intentions to persist among African American and white first-year college students,”



[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

Res High Educ, vol. 48, no. 7, pp. 803—839, Nov. 2007, doi: 10.1007/S11162-007-9052-
9/TABLES/7.

M. Hoffman, J. Richmond, J. Morrow, and K. Salomone, “Investigating ‘sense of
belonging’ in first-year college students,” J Coll Stud Ret, vol. 4, no. 3, pp. 227-256,
2002.

T. L. Strayhorn, College students’ sense of belonging: A key to educational success for all
students. Routledge, 2018.

D. S. Yeager et al., “Teaching a lay theory before college narrows achievement gaps at
scale,” Proceedings of the National Academy of Sciences, vol. 113, no. 24, pp. E3341—
E3348, 2016.

R. M. O’Hara, C. W. Bolding, J. H. Ogle, L. Benson, and R. Lanning, “Belonging in
Engineering,” in 2020 ASEE Annual Conference & Exposition, 2020.

M. Gopalan and S. T. Brady, “College students’ sense of belonging: A national
perspective,” Educational Researcher, vol. 49, no. 2, pp. 134-137, 2020.

D. Verdin, A. Godwin, A. Kirn, L. Benson, and G. Potvin, “Understanding how
engineering identity and belongingness predict grit for first-generation college students,’
2018.

S. Olson and D. G. Riordan, “Engage to excel: producing one million additional college
graduates with degrees in science, technology, engineering, and mathematics. Report to
the president.,” Executive Office of the President, 2012.

B. D. Jones, C. Tendhar, and M. C. Paretti, “The Effects of Students’ Course Perceptions
on Their Domain Identification, Motivational Beliefs, and Goals,” J Career Dev, vol. 43,
no. 5, pp. 383-397, Oct. 2016, doi: 10.1177/0894845315603821.

B. D. Jones, “An examination of motivation model components in face-to-face and online
instruction.,” 2010.

L. Y. Flores et al., “Academic satisfaction among Latino/a and White men and women
engineering students.,” J Couns Psychol, vol. 61, no. 1, p. 81, 2014.

S. L. Wright, M. A. Jenkins-Guarnieri, and J. L. Murdock, “Career development among
first-year college students: College self-efficacy, student persistence, and academic
success,” J Career Dev, vol. 40, no. 4, pp. 292-310, 2013.

R. W. Lent, S. D. Brown, and K. C. Larkin, “Self-efficacy in the prediction of academic
performance and perceived career options.,” J Couns Psychol, vol. 33, no. 3, p. 265, 1986.
S. R. Jones and M. K. McEwen, “A conceptual model of multiple dimensions of identity,”
J Coll Stud Dev, vol. 41, no. 4, pp. 405414, 2000.

C. Boston and S. R. Warren, “The Effects of Belonging and Racial Identity on Urban
African American High School Students’ Achievement.,” Journal of Urban Learning,
Teaching, and Research, vol. 13, pp. 26-33, 2017.

D.-L. Stewart, “Know your role: Black college students, racial identity, and performance,’
International Journal of Qualitative Studies in Education, vol. 28, no. 2, pp. 238-258,
Feb. 2015, doi: 10.1080/09518398.2014.916000.

C. D. Xavier Hall, C. V. Wood, M. Hurtado, D. A. Moskowitz, C. Dyar, and B. Mustanski,
“Identifying leaks in the STEM recruitment pipeline among sexual and gender minority
US secondary students,” PLoS One, vol. 17, no. 6, p. €0268769, Jun. 2022, doi:
10.1371/journal.pone.0268769.

A. H. Master and A. N. Meltzoff, “Cultural stereotypes and sense of belonging contribute
to gender gaps in STEM.,” Grantee Submission, vol. 12, no. 1, pp. 152-198, 2020.

b

2



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]

[47]

[48]

H. Taimoory, D. Knight, and W. Lee, “Exploring the Relationship Between and
Undergraduate Students’ Level of Engagement and Perception of Support,” in 2022 ASEE
Annual Conference & Exposition, 2022.

R. M. O’Hara, C. W. Bolding, J. H. Ogle, L. Benson, and R. Lanning, “Belonging in
Engineering,” in 2020 ASEE Annual Conference & Exposition, 2020.

A. Fenwick, B. Kinsella, and J. Harford, “Promoting academic resilience in DEIS
schools,” Irish Educational Studies, vol. 41, no. 3, pp. 513-530, Jul. 2022, doi:
10.1080/03323315.2022.2094107.

R. Naiknavare and K. Maisel, “Discussion-Based DEI Education to Help Create Inclusive
and Open BME Research Lab Environments,” Biomed Eng Educ, vol. 2, no. 2, pp. 189—
195, Sep. 2022, doi: 10.1007/s43683-022-00074-3.

R. Nagasawa and P. Wong, “A Theory of Minority Students’ Survival in College,” Sociol
Ing, vol. 69, no. 1, pp. 7690, Jan. 1999, doi: 10.1111/j.1475-682X.1999.tb00490.x.

K. Fick and D. Bauer, “Addressing Math Readiness for Engineering and Other STEM
Programs,” in 2020 ASEE Virtual Annual Conference Content Access Proceedings, ASEE
Conferences. doi: 10.18260/1-2--34095.

N. M. Hewitt and E. Seymour, “Factors contributing to high attrition rates among science
and engineering undergraduate majors,” Unpublished report to the Alfred P. Sloan
Foundation, 1991.

G. Huang, N. Taddese, and E. Walter, “Entry and Persistence of Women and Minorities in
College Science and Engineering Education. Research and Development Report. NCES
2000-601.,” National Center for Education Statistics, 2000.

H. R. Boylan, “Making the case for developmental education,” Research in
Developmental Education, vol. 12, no. 2, pp. 1-4, 1995.

D. R. Sterling, “The teacher shortage: National trends for science and mathematics
teachers,” Journal of Mathematics and Science: Collaborative Explorations, vol. 7, no. 1,
pp- 85-96, 2004.

I. M. Duranczyk and J. L. Higbee, “Developmental mathematics in 4-year institutions:
Denying access,” Journal of Developmental Education, vol. 30, no. 1, p. 22, 2006.

L. Olson, “Skills for Work, College Readiness Are Found Comparable.,” Educ Week, vol.
25, no. 36, pp. 1-19, 2006.

C. Adelman, “The toolbox revisited: Paths to degree completion from high school through
college.,” US Department of Education, 2006.

J. M. Hall and M. K. Ponton, “Mathematics self-efficacy of college freshman.,” Journal of
developmental education, vol. 28, no. 3, p. 26, 2005.

B. C. Clewell, Breaking the Barriers: Helping Female and Minority Students Succeed in
Mathematics and Science. Jossey-Bass Education Series. ERIC, 1992.

J. B. Berger, “Students’ Sense of Community in Residence Halls, Social Integration, and
First-Year Persistence.,” J Coll Stud Dev, vol. 38, no. 5, pp. 441-452, 1997.

D. R. Johnson et al., “Examining Sense of Belonging Among First-Year Undergraduates
From Different Racial/Ethnic Groups,” J Coll Stud Dev, vol. 48, no. 5, pp. 525-542, 2007,
doi: 10.1353/¢csd.2007.0054.

Vincent. Tinto, Leaving college: Rethinking the causes and cures of student attrition, 2nd
ed. University of Chicago press, 1993.



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

L. I. Rendon, R. E. Jalomo, and A. Nora, “Theoretical considerations in the study of
minority student retention in higher education,” Reworking the student departure puzzle,
vol. 1, pp. 127-156, 2000.

A. Vaccaro and B. Newman, “Theoretical foundations for sense of belonging in college,”
in The impact of a sense of belonging in college, Routledge, 2022, pp. 3—20.

B. D. Jones, “Motivating students to engage in learning: The MUSIC model of academic
motivation.,” International Journal of Teaching and Learning in Higher Education, vol.
21, no. 2, pp. 272-285, 2009.

C. Goodenow, “Classroom Belonging among Early Adolescent Students,” J Early
Adolesc, vol. 13, no. 1, pp. 21-43, Feb. 1993, doi: 10.1177/0272431693013001002.

B. D. Jones, J. W. Osborne, M. C. Paretti, and H. M. Matusovich, “Relationships among
students’ perceptions of a first-year engineering design course and their engineering
identification, motivational beliefs, course effort, and academic outcomes,” International
Journal of Engineering Education, vol. 30, no. 6, pp. 1340-1356, 2014.

A. Vargha and H. D. Delaney, “The Kruskal-Wallis test and stochastic homogeneity,”
Journal of Educational and behavioral Statistics, vol. 23, no. 2, pp. 170-192, 1998.

T. W. MacFarland and J. M. Yates, “Kruskal-Wallis H-Test for Oneway Analysis of
Variance (ANOVA) by Ranks,” in Introduction to Nonparametric Statistics for the
Biological Sciences Using R, Cham: Springer International Publishing, 2016, pp. 177-211.
doi: 10.1007/978-3-319-30634-6_6.

W. H. Kruskal and W. A. Wallis, “Use of ranks in one-criterion variance analysis,” J Am
Stat Assoc, vol. 47, no. 260, pp. 583621, 1952.

P. A. Games and J. F. Howell, “Pairwise multiple comparison procedures with unequal n’s
and/or variances: a Monte Carlo study,” Journal of Educational Statistics, vol. 1, no. 2,
pp. 113-125, 1976.

M. C. Shingala and A. Rajyaguru, “Comparison of post hoc tests for unequal variance,”
International Journal of New Technologies in Science and Engineering, vol. 2, no. 5, pp.
22-33,2015.

B. Derrick and P. White, “Why Welch’s test is Type I error robust,” Quant Method
Psychol, vol. 12, no. 1, pp. 30-38, Jan. 2016, doi: 10.20982/tqmp.12.1.p030.

R. Sithaldeen, O. Phetlhu, B. Kokolo, and L. August, “Student sense of belonging and its
impacts on help seeking behaviour,” South African Journal of Higher Education, 2022,
doi: 10.20853/36-6-5487.

S. Won, L. C. Hensley, and C. A. Wolters, “Brief Research Report: Sense of Belonging
and Academic Help-Seeking as Self-Regulated Learning,” The Journal of Experimental
Education, vol. 89, no. 1, pp. 112—-124, Jan. 2021, doi: 10.1080/00220973.2019.1703095.
L. R. M. M. Hausmann, J. W. Schofield, and R. L. Woods, “Sense of Belonging as a
Predictor of Intentions to Persist Among African American and White First-Year College
Students,” Res High Educ, vol. 48, no. 7, pp. 803—839, Jul. 2007, doi: 10.1007/s11162-
007-9052-9.

G. M. Walton and G. L. Cohen, “A Brief Social-Belonging Intervention Improves
Academic and Health Outcomes of Minority Students,” Science (1979), vol. 331, no.
6023, pp. 1447-1451, Mar. 2011, doi: 10.1126/science.1198364.

C. A. Hecht, A. G. Latham, R. E. Buskirk, D. R. Hansen, and D. S. Yeager, “Peer-Modeled
Mindsets: An Approach to Customizing Life Sciences Studying Interventions,” CBE—Life
Sciences Education, vol. 21, no. 4, Dec. 2022, doi: 10.1187/cbe.22-07-0143.



[65] E.J. Abrica, T. B. Lane, S. Zobac, and E. Collins, “Sense of Belonging and Community
Building within a STEM Intervention Program: A Focus on Latino Male Undergraduates’
Experiences,” J Hispanic High Educ, vol. 21, no. 2, pp. 228-242, Apr. 2022, doi:
10.1177/1538192720974884.

[66] J.LaCosse, E. A. Canning, N. A. Bowman, M. C. Murphy, and C. Logel, “A social-
belonging intervention improves STEM outcomes for students who speak English as a
second language,” Sci Adv, vol. 6, no. 40, Oct. 2020, doi: 10.1126/sciadv.abb6543.



