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CAREER: Testing the Performance of Outcome Measures for LGBTQ STEM
Students and their Peers

Abstract

The purpose of this NSF CAREER project is to explore the participation of LGBTQ students in
STEM fields. LGBTQ students leave engineering and other STEM majors and careers at higher
rates than their heterosexual, cisgender peers, and the climate within these fields is a contributing
factor to this difference in attrition. In order to develop a diverse engineering workforce and
adequately prepare the next generation of engineers and other STEM professionals, engineering
educators and departments must address inequities such as these to ensure broad participation.

This purpose of this poster is to highlight progress toward meeting the first research aim of the
overall project, to examine the social networks and related STEM outcomes of LGBTQ students.
The project comprises three primary research aims, which also include future work comparing
STEM degree completion rates between LGBTQ students and their cisgender, heterosexual
peers, and exploring the intersection of STEM discipline-based identity (e.g., engineering
identity, science identity) with sexual and gender identity. This project stands to improve our
understanding of how to broaden participation in engineering and other STEM fields by pursuing
robust research efforts that illuminate the ways sexual and gender identity shape trajectories into,
through, and out of STEM.

Over the past year of the project, we have accomplished developing and administering a survey
to college students nationally. We administered the survey at two universities in Spring 2022
followed by a third in Fall 2022, and administration will conclude at two more in Spring
2023.The survey itself uses an egocentric social network analysis approach to gather data on the
characteristics of a subset of students’ social networks, measures of several affective outcomes
known to lead to academic persistence, and data on students’ college experiences and personal
demographics. For this poster, we present our work testing how well the outcome measures
performed in the survey instrument.

Overall, our dataset as collected to date includes 404 students who completed the survey. Of
these students, over half were women (58.2%), about a quarter were men (28.1%), and 8.9%
were nonbinary, genderqueer, or gender nonconforming. In terms of sexual identity, 38.8% of
were heterosexual, 30.1% were bisexual or pansexual, 14.4% were gay or lesbian, and 6.5%
were asexual. Our survey measured three affective outcomes: sense of belonging in one’s major,
commitment to one’s major, and science and engineering identity. Reliability testing and factor
analysis demonstrated that our data performed well in replicating the factor structure of our
measures, and content validity testing demonstrated these measures related as expected with
other variables in the dataset.

Introduction
Engineering, along with other STEM fields, remains slow to design learning environments that

support minoritized students and their interests in or talents for STEM work. This troublesome
diversity issue takes shape through participation barriers that filter out promising contributions to



solving some of society’s most complex problems [1]. Importantly, people from minoritized
backgrounds broaden the variety of perspectives working on these pressing issues and the STEM
workforce benefits from their participation [2]. Newer lines of research are revealing how sexual
orientation and different gender identities shape participation in STEM [3], adding to the
importance of understanding and counteracting the impact of minoritization in STEM.

Project Overview

The overall purpose of the NSF-funded CAREER project from which this work is drawn is to
explore the participation of LGBTQ students in STEM fields. Research shows that LGBTQ
students are more likely to leave STEM majors than their peers [4, 5], which is a result of how
they experience the climate in STEM. This project explores how LGBTQ students develop and
achieve different affective and behavioral outcomes associated with success in a STEM field to
see how sexual and gender identity may shape their academic and professional trajectories.

Research Aims

Three specific research aims define the scope of our project’s study. This paper focuses on the
first research aim which tests how characteristics of students’ social networks predict
development of affective outcomes known to promote persistence in a STEM major. The second
research aim extends previous work on STEM retention to see if LGBTQ students graduate with
STEM degrees at different rates than their peers. The third aim then explores how LGBTQ
students experience STEM identity and envision future possible selves as part of the STEM
workforce.

The first research aim is a social network analysis of students’ networks to see how
characteristics of those networks might predict students’ achievement of specific affective
outcomes known to promote persistence in a STEM major. Social network analysis measures and
represents the set of relationships constituting an actor’s social context and the influence of that
context on an actor’s behavioral and attitudinal outcomes [6]. For this study, we selected an
egocentric approach that captures a somewhat representative subset of an individual’s social
network to test the relationship between characteristics of that network and outcomes achieved
by a set of individuals. In the survey, we prompted students to identify six members of their
social networks—three people that provide them the most academic support and three people
that provide them the most personal support. Students were then prompted for information about
these individuals and the relationship the participant has with them as well as measures of
different affective outcomes, college experiences, and demographic characteristics.

Last year we presented our work developing the survey instrument used to collect data for this
study and reported on data collected from two institutions. Since then, we administered the
survey at three institutions in 2022—two in the spring, and one in the fall—and we will be
administering the survey at two more institutions in spring 2023. These five institutions are
somewhat similar in focus and mission, as they are all research universities, but they are
geographically diverse as each one is located in the Northwest, the Southwest, the Southeast, the
Northeast, and the Midwest regions in the United States. From the three institutions where we
have administered the survey, we assembled a sample of approximately 400 students.



Student Outcomes

Our focus in this paper is on the three outcome measures we gathered in our survey. These
measures include a sense of belonging in one’s major, science and engineering identity, and
commitment to one’s major. Each of these outcomes has been shown to predict retention in or
completion of a STEM degree [7-9], serving as important intermediate outcomes along a
student’s trajectory toward that longer term goal. Here, we will define each of these outcomes
and how they are measured, followed by the steps we took to test how well our surveys
performed in measuring each of these outcomes.

Sense of belonging

Sense of belonging reflects the extent to which a student feels they are a part of a specific
community of interest. We adapted our measure of sense of belonging from one developed by
Hurtado and Carter to understand sense of belonging in Latinx college students [10], grounded in
social psychological research on social cohesion [11]. The assumption is that sense of belonging
reflects the extent to which students can claim memberships in multiple social identity groups
simultaneously: for Hurtado and Carter, this meant being Latinx and a member of one’s college
community; in this study, this means being LGBTQ and being a STEM student. This outcome is
measured using a three-item factor adapted from Hurtado and Carter’s measure [10], which
continues to be used by the Higher Education Research Institute in their annual surveys.

Commitment to a STEM major

Commitment to a STEM major indicates students’ intentions to continue in their chosen major as
well as their assessment that their selected major is the right major for them. This measure was
adapted from Davidson, Beck, and Milligan’s measure used to assess students’ commitment to
the university in which they were enrolled [12]. This measure is grounded in Ajzen’s theory of
planned behavior which asserts that intermediate to acting in a specific manner people first
develop and express an intent to do so [13]. Many cross-sectional or short-term studies on
college students that are unable to follow students to longer-term outcomes like degree
completion use intent to persist as a proxy for this later outcome as a result. This variable is
measured using a three-item factor asking students their intent to reenroll in the same major the
following academic year, to complete a degree in that major, and that their chosen major is the
right one for them.

Science and engineering (STEM) identity

Finally, science and engineering (STEM) identity demonstrates the extent to which students see
themselves as science and/or engineering people. Identity has emerged as a central construct
within science and engineering education research to understand students’ underlying
psychological motivation to pursue science or engineering degrees [14]. Identity has also become
an important analytic lens to understand how one’s multiple social identities shape their
trajectory into and through STEM [15]. For this study, we used and adapted Godwin’s measure
of engineering identity to capture both engineering and science identity, which parses



engineering identity into three dimensions [16]: performance and competence in engineering,
interest in engineering, and recognition as an engineering person.

Methods

For this study, we began with tested, validated measures of the three outcomes of interest as a
starting point to claim the validity and reliability of our data. However, because we made minor
modifications, and we are using these measures with a specific set of students, we took several
steps to test how well our data appears to perform in measuring the underlying constructs of
interest. We employed descriptive techniques to better understand the distribution and variability
of the data within our sample, exploratory factor analysis (with promax rotation) to test whether
our data can reproduce the same factor structure as the measures we are using, and bivariate
techniques to assess construct validity to determine if the three constructs associate with other
variables in the dataset in expected ways [17]. For the purposes of this paper, we used listwise
deletion in running these analyses [18], which means the sample sizes for each factor differ
slightly based on the number of complete cases, but the sample sizes do not differ by more than 3
cases.

Results

Overall, the data collected from this sample performed well in terms of testing how our measures
capture the underlying factors and constructs that our instrument purported to measure. For sense
of belonging, all three items loaded onto the factor well (with all loadings higher than .7), and the
reliability coefficient was high as well, a=8775. The three items used to measure commitment to
one's major also loaded onto the respective factor (all loadings were higher than .6) with good
reliability, a=.7693.

STEM identity was tested using its respective component dimensions of interest, recognition as a
scientist or engineer, and competence/performance. Interest and recognition both performed
well. Interest in one's field loaded onto a single factor (with factor loadings all exceeding .8),
with a reliability of 0=.9091. Recognition as a science person also loaded onto a single factor
with factor loadings all exceeding .8 and a reliability of 0=.9235, as did recognition as an
engineering person, factor loadings exceeding .8 and reliability of a=.9462.

Competence/performance generally performed well, except for the rotated factor solution. Of the
five items that composed competence in one's field, four had unrotated factor loadings that
exceeded .7 and one was higher than .5. The reliability for competence was also good at
a=.8633. The rotated factor solution hinted at these five items loading onto two factors, with
three of the items loading onto one at higher than .5, but the other two not performing terribly
well only loading onto the second factor higher than .3.

Further, one of the items, confidence in understanding my field outside of class, appeared to
cross load onto the factors, loading onto factor one at .39 and factor two at .40. The item, others
ask me for help in my field, performed the worst in terms of how little it loaded onto either factor
(factor 1, .26; factor 2, .36). Since the unrotated factor loadings did exceed generally accepted
minimum cutoffs for factor loadings (.4), and the reliability was reasonably high, we proceeded



to compute the composite scores for competence from the unrotated loadings for the purposes of
testing here. We plan to revisit this factor after we complete administration of the survey.

We then ran several tests to see if these composite factors performed as would be hypothesized
in bivariate tests with other variables in our dataset. The descriptive statistics for all the
composite factors are provided in Table 1. There is some variation among the variables in terms
of the ranges, with regard to interpreting the means and standard deviations, as the factor scores
were computed as a weighted sum of the values from the individual items, weighted by factor
loading. This summary table helps offer context for understanding the bivariate tests we
performed to see if our variables performed as we would expect.

Table 1. Summary statistics for all computed factors

N Mean Std.Dev. Min Max

Sense of belonging in field 402  8.839 245 2461 12.304
Commitment to major 401  9.787 1.65 2.155 10.774
Interest in field 402 11.579 2.11 2.592 12.962
Recognition as science person 404 9.883 3.15 2.642 13.211
Recognition as engineering person 403  6.434 3.71 2.750 13.750
Competence in field 401 15.928 2.61 3.754 18.769

Sense of belonging in one's field was compared on the basis of membership in major-related
student organization. Those who indicated they had been a member scored higher (M=3.80) than
those who had not (M=3.53), t(400)=-2.54, p<.05. Commitment to one's major was also
compared on the same basis; students who had been involved with a major-related student
organization scored higher (M=10.00) on commitment to their major than those who had not
(M=9.54), t(399)=-2.78, p<.01. The correlation between sense of belonging in one's field and
commitment to one's major was r=.348, p<.001, which is significant but small.

We tested interest by comparing whether interest in one's field differed on the basis of
participating in undergraduate research, membership in a major-related organization, and
attending a professional conference. In all three cases, the relationship was not significant:
t(400)=-1.36, t(400)=-.063, and t(400)=-1.37, respectively, all p>.05. Interest in one's field did
correlate significantly with sense of belonging in one's field and commitment to one's major, at
=485, p<.001, and r=.382, p<.001, respectively. It's not too surprising that the item may not
have related to the specific experiences tested as the item is constructed to refer to "field"
broadly across STEM and non-STEM majors, but the relationship with the other two measures is
encouraging.

Recognition as a scientist and as an engineer were both compared between STEM and non-
STEM majors. Unsurprisingly, STEM majors scored higher on recognition as a scientist
(M=11.23) than non-STEM majors (7.23), t(402)=-15.09, p<.001. STEM majors also scored
higher on recognition as an engineer (M=7.28) than non-STEM majors (4.78), t(401)=-6.71,
p<.001. When disaggregated by fields of majors, engineering students scored far higher
(M=12.14) than students in any other major categories, with math and computer science majors



scoring the second highest (M=8.60). This item appeared to perform exactly as anticipated based
on these comparisons.

Finally, competence/performance, computed from the unrotated factor solution, was tested using
two different experiences that we hypothesized may predict differing levels of perceived
competence among students in their chosen fields. Competence did not differ between students
who had participated in undergraduate research (M=16.09) and those who had not (M=15.84),
t(399)=-0.92, p>.05. Competence only marginally differed between students who had attended a
professional conference (M=16.32) and those who had not (M=15.80), t(399)=-1.71, p<.10.
Further analysis of our data and the completion of survey administration will allow us the full
opportunity to explore what might be different about the competence dimension of STEM
identity regarding its performance with our data compared to other variables.

Future Work

After completing our analysis with the final social network analysis data set, we will turn our
focus to the second research aim. This aim will test, using merged longitudinal data sets provided
by (HERI) and (Clearinghouse), if LGBTQ students graduate with STEM degrees at different
rates than their peers withing particular fields such as Engineering. This summer we will also
commence the third research aim exploring STEM discipline-based identity as experienced by
LGBTQ students by developing interview protocols for this qualitative phase.
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