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Abstract

Background Women and under-represented minority (URM) students continue to be under-represented in STEM
and earn the lowest proportion of undergraduate engineering degrees. We employed a mixed methods research
approach grounded in social capital theory to investigate when they first consider pursuing engineering as a col-
lege degree major, who influences this decision, and how the influence occurs. First, we surveyed 2186 first-year
undergraduate students entering engineering programs at 11 universities in the U.S. during the fall of 2014. Next, we
interviewed a subsample of 55 women and URM students.

Results Survey findings indicated that women were more likely than men to consider pursuing engineering while

in high school, before admission into college, or while in college rather than considering it earlier in their education.
Black and Latinx students were more likely than white students to consider pursuing engineering after high school.

In addition, Black and Latinx students were more likely than white students to identify a school counselor (rather than
a family member) as having the most influence on their engineering academic and career decisions. In interviews,
women and URM students provided examples of influential people who connected their aptitude and enthusiasm for
mathematics, science, and problem-solving to engineering, explained the benefits of being an engineer, and pro-
vided advice about engineering academic and career pathways.

Conclusions Encouraging earlier consideration of engineering majors, such as during middle school, could allow
women and URM students time to take requisite courses and take advantage of college preparatory programming.
Likewise, universities can engage in intentional efforts to identify women and URM students with engineering inter-
ests and provide guidance. Such efforts should also include connecting them with other women and URM students
in engineering. In addition, universities should support K-12 and university personnel in offering advice that can influ-
ence students’decision to declare an engineering major, which could help recruit more women and URM students
into engineering.
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Introduction

Employment in STEM fields is projected to increase by
11% between 2014 and 2024, compared to a 7% increase
expected for all occupations (National Science Board,
2018). However, women and racial/ethnic minority stu-
dents and workers continue to be under-represented in
STEM fields. Indeed, women and under-represented
minority (URM) students are less likely to declare a
STEM major!, and URM students are less likely to per-
sist in one (Fletcher et al., 2021; Mau, 2016). This under-
representation is particularly pronounced in engineering
(Roy, 2019). Meeting the growing demand for STEM
jobs, improving social inequality, and addressing addi-
tional concerns to improve society (see Nardi, 2021) are
the main reasons why broadening participation in STEM
is important. Doing so requires innovative strategies to
encourage women and URM students to enter under-
graduate engineering degree programs and to retain
them to graduation, given the climate they face (Camp-
bell-Montalvo et al., 2022¢; McGee, 2021). Understand-
ing the lived experiences of such students is crucial to
learning about the influences on their decisions to pursue
engineering, an understudied area (Puccia et al., 2021;
Sellers et al., 2022; Strutz & Ohland, 2012).

In this study, we examined the critical role of social
networks, relationships with alters® (influential individu-
als), and the knowledge and resources accessible through
those relationships (Bourdieu, 1986; Lin, 2001) in influ-
encing students’ decisions to pursue engineering as an
undergraduate degree major. The literature demonstrates
that social networks provide women and URM students
with access to relationships and crucial resources that
help them make academic and career decisions and suc-
ceed in STEM higher education (Cooper et al., 2021;
Dika et al., 2020; Garrett et al., 2021; Joshi et al., 2019;
Rincén & Rodriguez, 2021; Shekhar & Huang-Saad, 2021;
Solanki et al., 2019). However, women and URM students
may not have sufficient access to necessary and relevant
social networks (Lin, 1999; Martin et al., 2011) due to
their historical exclusion from STEM fields, which were
created to serve white men in the middle-to-upper social
class (Frehill, 2004; Slaton, 2010). To inform the pivotal
initial step in the engineering career that includes declar-
ing an engineering major,’> we examine when students
from various demographic groups first contemplate pur-
suing an engineering undergraduate major, the people

! Majors are defined as specific subject areas that students specialize in during
college or university matriculation.

2 Alters are members of an individual’s social network who are connected
to the individual and may be influential in decision-making.

3 Declaring a major means officially choosing a specialty during college or
university that will define the coursework undertaken.
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who influenced their decision, and 4#ow or the mecha-
nisms through which the influence occurred.

The influence of social networks on women and URM
students’ career decisions

Social networks are most beneficial when comprised of
individuals with access to social capital (i.e., extensive
knowledge and resources). Typically, parents are stu-
dents’ first alters and source of social capital. For exam-
ple, parents may supplement their children’s public
education with informal learning via museum visits, lit-
erature, and travel (De Graaf et al.,, 2000; Goldrick-Rab,
2006; Haveman & Wolfe, 1995). In addition, children
from higher socioeconomic statuses (SES) tend to attain
higher test scores than those from lower SES (Alon,
2009), due to the advantages of their parents access-
ing postsecondary education conferred upon them and
the documented class bias in the design of standardized
tests. Moreover, children whose parents attended col-
lege and have higher incomes often face fewer structural
obstacles and can return to their degrees after disruption
at higher rates than those whose parents did not attend
college (Goldrick-Rab, 2006). Parents have been found to
promote their children’s initial interest in STEM through
actions such as providing affirmations, providing STEM-
related games and toys, encouraging school involvement,
advocating for placement in appropriate courses, and
enrolling them in STEM programs (Berry, 2008; Burt &
Johnson, 2018; Martin et al., 2014a, 2014b, 2020; Stray-
horn, 2010; Wright et al., 2016). Our prior work (Puccia
et al, 2021) highlighted parents’ role in advising their
children and how that influenced their children’s decision
to pursue an engineering major. We found that parents
provided instrumental (concrete advice and resources)
and expressive (emotional support and encouragement)
advice their children leaned on to make their engineer-
ing major declaration. We also found that parents, family
members, and other alters such as high school teachers
provided advice tailored to women and URM students
that warned them of the biases and discrimination they
would likely experience in their engineering programs
(Campbell-Montalvo et al, 2022c). By acting on that
advice, women and URM students increased their ability
to cope and persist in the first few years of their engineer-
ing major.

In addition to information obtained from parents
and family members, students acquire knowledge and
resources from their social networks comprised of high
school teachers, counselors, and coaches, which ena-
bles them to pursue engineering as a career successfully
(Coleman, 1988; Dufur et al., 2016; Martin et al., 2020).
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Due to social structure, middle-class K-12* students,
primarily those who are white or have social networks
comprised of parents, highly educated friends, teachers,
and counselors/advisors, tend to have higher academic
achievement, access to elite education, early knowledge
about course-taking in preparation for college, insider
information on how to navigate college successfully, and
access to internship and job opportunities than marginal-
ized students have (Hardie, 2015; Stanton-Salazar, 2011).
Black students, who are also affected by social structure,
may enter their undergraduate engineering programs
with less social capital than other students (Skvoretz
et al., 2020)—such social capital may be influential in the
declaration of an engineering major. For instance, Hardie
(2015) found that middle-class Black girls had lower-sta-
tus individuals in their social networks and that poor and
working-class Black girls had smaller social networks. In
addition, Black students relied on high school teachers,
guidance counselors, and leaders as sources of informa-
tion about college and career readiness rather than family
members; thus, their access to resources might be more
limited and unsustainable.

In addition to family and teachers, connections with
peers may also be a source of social capital for high
school students. For instance, peer networks in which
members took more advanced mathematics classes
resulted in higher academic success for all students in
the group (Crosnoe et al., 2008). Notably, Black stu-
dents were found to access particular forms of social
capital (i.e., race/ethnicity-focused professional engineer-
ing organizations, such as the National Society of Black
Engineers [NSBE]) at higher rates than other groups, and
such access was correlated with increased persistence
in their engineering major (Campbell-Montalvo et al.,
2022b; Smith et al., 2021).

The frequency of interactions with alters in a student’s
social networks may impact their level of influence on the
student. For example, students tend to be influenced by
those with whom they interact most often (Swail & Hos-
ford, 2007), which may include teachers and counselors
(Trusty & Watts, 1996) and parents (Hoyt, 1984; Otto &
Call, 1985). Over half (54%) of the students, in a study of
low-income students attending high school in Washing-
ton State, identified teachers (21%), parents (19%), and
school counselors (14%) as the most helpful in how they
learned about college (Peterson & Stroh, 2004).

Swail and Hosford (2007) categorized alters into pri-
mary (e.g., parents, siblings, and family members) versus
secondary (e.g., teachers, counselors, friends, and peers)

* In the United States, compulsory education for children and youth includes
kindergarten through 12th grade, also called K-12.
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influencers and found that the status of the alters and
the size of students’ social networks change over time.
For example, seventh-grade students viewed their fam-
ily members as their most influential alters. In contrast,
ninth-grade students viewed individuals other than their
family members (e.g., counselors and boyfriends) as their
most influential alters. In addition, 11th-grade students
reported that a broader range of individuals (e.g., family,
siblings, church members, coworkers, college coaches,
recruiters, etc.) influenced them.

Although extant research offers a framework to scaf-
fold understandings of how the configuration of social
networks among various demographic groups affects the
declaration of an engineering major, more research is
needed to identify when students first contemplate pur-
suing an engineering major, who their alters are, and how
they influence their decisions. In this study, we address
this gap by answering the following research questions:

1. When do women and URM students first decide to
pursue engineering as a college major?

2. Who are the alters in the students’ social networks
that influence this decision?

3. How does this influence occur?

Methods

To support the robust presentation of this study and per-
mit it to be interpreted both on its own and within the
broader body of literature, we used the STrengthening
the Reporting of OBservational studies in Epidemiology
(STROBE) guidelines (Elm et al., 2007). STROBE entails
being forthcoming about the study’s initial design and
how it ended up being carried out as well as what was
found and what those findings mean.

Study context and design

This study was part of a larger, longitudinal 5-year pro-
ject that examined the engineering degree program
persistence and attainment of women and URM stu-
dents (see Campbell-Montalvo et al., 2022b, 2022c; Puc-
cia et al., 2021; Skvoretz et al,, 2020; Smith et al., 2021).
We employed a partially mixed sequential dominant
status design, whereby the quantitative component pre-
ceded the qualitative component, both components were
weighted equally in addressing the research questions,
and mixing occurred after the data analysis stage (Leech
& Onwuegbuzie, 2009). The quantitative component con-
sisted of a yearly online survey administered in English
and Spanish. The sample comprised only survey respond-
ents with verified enrollment as first-year engineering
undergraduates in fall 2014. The qualitative component
involved two rounds of interviews with a subsample of 55
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women and URM respondents to the first survey (36 of
whom completed a second interview).

Instrumentation: online survey

Guided by results from previous research (Wao et al,
2010), we adapted the resource gemerator instrument
(Snijders, 1999; Van de Gaag & Snijders, 2005) and the
name and resource generator instrument (Martin et al,
2011; see also Skvoretz et al., 2020) to identify survey
items measuring social capital. We also added survey
items based on the information identified by 31 stake-
holders (engineering faculty, advisors, and students) as
beneficial for success in engineering programs as part
of our free listing exercise (Smith et al,, 2015). Free list-
ing allows researchers to gather rich preliminary data to
improve the validity of survey instruments and interview
protocols. Here, a sample comprised of members of the
targeted population lists as many items or beliefs they can
recall about one or more dimensions of a cultural model
identified from previous studies and the literature. Free
listing assumes that individuals with extensive knowledge
(1) provide more responses than those with less knowl-
edge, (2) list most familiar and meaningful responses
first, and (3) provide responses that reflect their local
cultural knowledge (Weller & Romney, 1988). Ultimately,
free listing measures the strongest beliefs shared by par-
ticipants about the dimension.

Survey 1 (S1) respondents were asked to think back to
their high school experiences when responding to survey
items. The survey inquired about students’ demographic
characteristics (e.g., age, gender, race/ethnicity); alters
who influenced their decision to pursue engineering, the
alters” demographic characteristics, and how the identi-
fied alters influenced their decisions to pursue engineer-
ing; and the high school programs or activities in which
they participated (e.g., advanced placement courses or
science camp).

To determine the validity of the items, S1 was pilot-
tested with a diverse sample of 30 engineering under-
graduates who were not part of the study. To refine and
increase the validity of the survey items, we conducted
a think-aloud exercise (i.e., a verbal cognitive validation
protocol) with a diverse sample of nine additional engi-
neering undergraduates who also were not part of the
study. Researchers observed the students’ body language
as they read the questions aloud while taking the online
survey (Trenor et al, 2011). These students evaluated
the survey, gave feedback on item clarity, and suggested
ways to clarify questions. We used the feedback from
this exercise, which identified some cognitive and struc-
tural issues, to revise the survey. Next, the refined survey
was reliability-tested for internal consistency with 100
engineering undergraduates. Once we were confident in
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the validity and reliability of the items, we finalized and
administered the survey.

Instrumentation: semi-structured interview protocol

We designed the interview protocol to collect in-depth
descriptive data to elucidate responses to survey items.
Social capital questions focused on students’ relation-
ships with their alters and how they accessed and acti-
vated social capital through these relationships in high
school and their first year as engineering majors. For
example, students were asked to elaborate on their rela-
tionship with alter(s) they identified in S1 as influenc-
ing their decision to pursue an engineering major. In
addition, students were asked about the types of advice
received from alters, how they acted on it, and how it
influenced their decision to pursue engineering. The
interview protocols used “tell-me-more” probes and
requested specific examples, encouraging students to
give detailed responses (Bernard, 2011). The baseline
interview protocol was pilot-tested with two engineering
undergraduates who provided feedback about the ques-
tions before the items were refined and finalized.

Limitations

Retrospective capturing of pre-admission social capital
has the potential for recall bias in students’ responses
as we ask them to “think back” about with whom they
interacted and the nature of such interactions. However,
name generators are designed to elicit strong ties—that
is, the names of people with whom the respondent has
a close relationship. Therefore, we expect these to be
salient and meaningful relationships with people whom
should be easily recalled. In addition, we expect respond-
ents’ memories to be accurate given the short (approxi-
mately 1 year) time lapse between graduation from high
school and when the study started. Had we administered
the survey when students were in high school, they may
have overlooked certain interactions, particularly if they
had weaker ties to those alters, or perhaps they may not
have realized the impact the advice they were receiving
had on their declaration of an engineering major. Finally,
we can account for recall differences due to the number
of years spent in college by restricting our population to
a cohort of students at the same academic career stage
(first year in university). In addition, this approach per-
mits the comparison of results with students who switch
to a different major or leave university without complet-
ing a degree. Thus, the limitation of retrospective recall is
outweighed by the benefits of the information provided.

Data collection
Our population consisted of first-year undergraduate
students in an engineering program in fall 2014 at 11
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Table 1 Students'race/ethnicity by gender
Race/ethnicity Men Women Total

n (%) n (%) N (%)
White 736 (69) 335 (31 1071 (49)
Latinx 371 (70) 158 (30) 529 (24)
Asian 236 67) 114 (33) 350 (16)
Black/African American 76 (58) 55 (42) 131 6)
Middle Eastern/North African/Arab 32 (74) 1 (26) 43 (2)
Other ethnicity, race or origin 22 (51) 21 (49) 43 (2)
American Indian/Alaska Native 6 (75) 2 (25) 8 (0)
Native Hawaiian/Pacific Islander 2 67) 1 (33) 3 (0)
Total 1481 (68) 698 (32) 2178° (100)

2 8 respondents did not indicate race/ethnicity, thus the total sample size was 2186

universities, representing a range of learning contexts
across three states in the U.S. and one U.S. territory. The
universities included seven Predominately White Institu-
tions (PWIs), three Hispanic-Serving Institutions (HSIs),
and one Historically Black College/University (HBCU).
Respondents to the first survey constituted the sample
for this study. We followed our sample for 5 years as they
matriculated through their degree programs, including
those who stayed in engineering, switched to another
program, or exited the university.

Our sample comprised 2186 students (36% response
rate) from 11 institutions who responded to S1, adminis-
tered in spring 2015. This survey had limited missing data
as all of the questions (except the one on race/ethnicity,
of which only eight students did not complete in S1) were
forced-response items, requiring students to respond to
each question before moving on to the next.

Table 1 shows that two-thirds of the S1 participants
were men, and one-third were women. About half the
sample was white and a quarter Latinx, with the remain-
der being Asian (15%), Black (5%), and from other
groups. Given the overrepresentation of men and white
students in the discipline, this sample is not unexpected.
In addition, the overrepresentation of Latinx students is
explained by the participation of three HSIs in the study.

We interviewed 55 women and URM students who
responded to S1 from five of the 11 participating univer-
sities (one HBCU, one HSI, three PWIs). S1 respondents
were selected to participate in interviews based on their
probability of activation of social capital, a dichotomous
ego-network variable calculated based on responses to
S1 that indicated whether or not a student made use of
resources accessible through identified alters in their
network (see Skvoretz et al., 2020). We contacted all the
survey respondents who were women or URM students
from the five universities with low or high probabilities of

activation. To identify interview candidates, we emailed
each of the targeted survey respondents up to three
times. We called or sent texts to targeted respondents
from universities, where only a small number of par-
ticipants responded via email, up to two times each.
Each 30-60-min interview was audio-recorded and
transcribed.

Table 2 shows the demographic characteristics of the
interview participants. Except for the white interviewees,
the sample included more men than women, reflecting
their overall representation in the study sample.

Data analysis

Quantitative: ego-network analysis

We used binary logistic regression to determine when
students first considered pursuing engineering as a col-
lege major (RQ1) and who influenced this career deci-
sion (RQ2). Thus, whether or not a student considers
pursuing engineering as a college major is the outcome
of interest. Binary logistic regression allows for mod-
eling the consideration (a binary response) as a function
of individual independent variables separately (e.g., gen-
der, race/ethnicity, race/ethnicity-gender intersection).
With this technique, these variables are not required to

Table 2 Gender of interviewees by race/ethnicity

Race/ethnicity Men Women
n n
White 0 14
Latinx 15 3
Black/African American 11 6
Middle Eastern/North African/Arab 3 0
Other ethnicity, race, or origin 2 1
Total 31 24
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be “normally distributed, linearly related, and have equal
variance within each group” (Tabachnick & Fidell, 1966,
p- 575). Primary constructs in the model included net-
work size (number of alters identified as being influential
in a student’s career-related decisions) (Borgatti et al.,
1998; Lin, 1999, 2001) and whether the alter was primary
(i.e., familial) or secondary (i.e., school-based), which
may speak to strength of ties (frequency of ego-alter com-
munication) (Borgatti et al., 1998; Granovetter, 1973) or
the type of advice provided through the ties. We con-
ducted all statistical analyses using SAS (SAS Institute,
2011).

Qualitative: coding and thematic analysis

We conducted a reflexive thematic analysis of interview
data to determine the mechanism through which alters
influenced students’ decision to declare an engineering
major (RQ3). Five members of the qualitative research
team created and refined the codebook based on the lit-
erature, the interview guide, and an initial review of the
interview data (Ryan & Bernard, 2003; see Puccia et al.,
2021). We developed primary codes and sub-codes con-
sistent with social capital constructs, including its con-
tent (e.g., instrumental, expressive), types of alter (e.g.,
parent, teacher), and so on. The team coded two inter-
views to test the usability of the codebook and made addi-
tional refinements (DeCuir-Gunby et al,, 2011). Codes
were clarified, and illustrative examples were added to
the codebook to support the interpretation of each con-
struct. To test the codebook’s efficacy, each researcher
coded three interviews independently to determine ease
of use and make further refinements. The team compared
results, evaluated codes based on their coding experi-
ences, and finalized the hierarchical coding structure
(Thomas, 2006). After we finalized the codebook, two
researchers coded one final interview and obtained 83%
intercoder reliability based on a line-by-line comparison
of their codes (Bernard, 2011). These two researchers
each coded half the interview transcripts on paper, and
another researcher entered the codes into QSR NVivo
11.0.

We analyzed sub-codes to determine how alters influ-
enced students’ decisions to pursue engineering as a
major and examined the examples of this influence pro-
vided by students. We analyzed trends in these data based
on the frequency or patterned nature of the responses as
well as ‘keyness’ or whether the data captured something
essentially related to the social networks and their influ-
ence (Braun & Clarke, 2006). We then grouped these
trends into emergent themes, and identified illustrative
excerpts to exemplify our findings.
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Results

When students first considered pursuing engineering

as a college major

Respondents were provided a survey prompt of “I first
thought about engineering as a college major” along with
the response choices of “in elementary school® or earlier”
“in middle school;”® “in high school;”” “after high school
before enrolling in college,” or “after enrolling in college”
Most respondents (59%) noted that they first considered
an engineering major in high school (Table 3). Women
were less likely than men to consider engineering in
elementary or middle school, but were more likely to do
so in high school, before college, or in college. Black and
Latinx students were more likely than white students to
consider engineering after high school. Students from
other ethnic groups were less likely than white students
to consider engineering in middle school. Asian students
were more likely than white students to consider engi-
neering after high school (OR=2.07, CI 1.33, 3.24).

We examined variations in students’ decisions to pur-
sue engineering based on gender and race/ethnicity
intersection using white men as the reference category
(Table 3). Black men, Latinx men, and Latinx women
were more likely than white men to consider engineering
as a college major after high school. Black women were
more likely to consider engineering as a college major
while in college, and Latinx women were less likely to
consider engineering as a college major in middle school.

Alters who influenced decisions to pursue an engineering
major while in high school

To identify the alters who influenced students’ decisions
to pursue engineering while they were in high school,
students were prompted on the survey, “Think back
to when you were considering engineering as a college
major while in high school or middle school. Indicate the
person(s) who influenced your decision-making process at
that time in some way” Respondents could select parent/
guardian, sibling/other family members, peer/classmate/
friend, high school teacher, high school counselor, club/
organization contact, or other (to be specified).

Students more frequently identified familial alters than
school-based alters, 86% and 63%, respectively (Table 4).
Parent/guardian was the most frequently identified
familial alter (identified by 80%), and teachers were the
most frequently identified school-based alter (identi-
fied by 47%). Although there were no respondent gen-
der differences in the type of alters identified, there

® In the U.S., elementary school includes kindergarten through 5th grade.
¢ In the U.S., middle school includes grades 6-8.
7 In the U.S., high school includes grades 9-12.
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Table 3 When students first consider engineering as a college major: bivariate analysis by gender, race/ethnicity, and gender-race/

ethnicity intersection

Level: when n % OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95% CI)
Women Black Latinx Other

Elementary 220 10.1 045 (0.32,0.64)* 0.78 (040, 1.53) 1.27(0.92,1.77) 1.83(0.80,4.22)

Middle 474 21.7 0.63 (0.50, 0.80)* 0.84(0.53,1.32) 0.83(0.64,1.07) 0.35(0.12,0.98)*

High 1286 58.8 1.56 (1.30, 1.88)* 91 (0.63, 1.31) 0.79 (0.64, 0. 98)* 1.32(0.69, 2.53)

After high 165 7.5 127 (1.27,1.27)* 1(1.24, 427)* 2.37(1.62,3.49)* 094 (0.22, 399)

College® 41 19 1.85 (1.85, 1.85)* 1.92 (0.64,5.76) 1.29(0.61,2.76) 1.45(0.19,11.1)
Black Women Black Men Latinx Women Latinx Men

Elementary 220 10.1 1(0.07,1.28) 0.96 (0.44, 2.06) 0.55(0.28, 1.09) 1.36 (0.94, 1.96)

Middle 474 21.7 0.50 (O 23,1.08) (O 52,1.59) 0.58 (0.37, 091)* 0.78 (0.58 05)

High 1286 58.8 1.49 (0.83, 2. 67) 1(0.50, 1.29) 1.25(0.88,1.78) 0.79 (061,1.01)

After high 165 75 2.23(0.83,5.95) 2.99 (1.37,6. 52)* 2.69 (1.46,4. 95)* 277 (1.72, 446)*

College® 41 19 3.97(1.07,14.7)* 0.92(0.12,7.21) 2.25(0.77,6.57) 1.13(0.42,3.08)
Asian Women Asian Men White Women

Elementary 220 10.1 0.15 (0.04, 0.60)* 1.10(0.70,1.73) 0.58 (0.36, 0.93)*

Middle 474 21.7 0.66 (0.40, 1.09) 1.02(0.73,1.43) 0.60 (0.44,0.83)*

High 1286 58.8 1.34(0.89, 2. OZ) 0.80 (0.60, 1.08) 1.54(1.18,2.02)*

After high 165 7.5 337(1.77,643)* 1.95(1.09, 3. SO)* 1(0.87,2.63)

College® 41 19 1.23(0.27,5.62) 1.19(0.37,3.76) 142 (0.54,3.69)

OR odds ratio, Cl confidence interval

*Statistically significant at 0.05 level

@While enrolled in college

Table 4 Alter type and network size of students in high school by gender and race/ethnicity

Alter N % Women Black Latinx Other
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Familial 1873 86 0.99(0.76,1.27) 06 (0.63, 1.80) 1.08 (0.80, 1.45) 0.74(0.34,1.63)
Parent/guardian 1744 80 0.98 (0.78, 1.23) 0.77 (0.50, 1.18) 0.94(0.73,1.21) 1.09 (0.50, 238)
Sibling 939 43 1.10(0.92,1.32) .39(0.96, 1.99) 8(1.29,1.95)% 0.65 (033, 1.26)
School-based 1377 63 1.12(0.93,1.35) 21(0.82,1.78) (O 81,1.25) 1.14 (0.60, 2.18)
Teacher® 1031 47 1.16(0.97,1.39) 0(0.77,1.58) 0.85(0.69, 1.05) 1.25(0.68,2.31)
Peer 755 35 0.84 (0.69,1.01) 4(0.78,1.66) 1.33(1.07,1.65)* 0.88 (046, 1.71)
Counselor 490 22 91(0.73,1.13) 63 (1.10, 2.43)* 147 (1.16,1.87)* 0.49 (O 19, 1.26)
Club® 411 19 0.99(0.79,1 5) 60 (1.05, 2.42)* 1.10(0.84,1.42) 1(0.30,1.70)
Other? 88 4 1.10(0.70, 1.73) 0.50(0.15,1.63) 0.93 (0.56, 1.55) 1.04 (O 25, 443)
Network size
Salld 773 37 0.85(0.70, 1.03) 0.95 (0.64,1.39) 0.89(0.71,1.11) 0.75(0.38,1.48)
Medium¢ 587 27 1.26(1.03,1.53)% 0.98 (0.66, 1.47) 0.91(0.72,1.16) 1.76 (0.94,3.31)
Largef 796 36 0.96 (0.80, 1.16) 1.07 (0.74,1.55) 1.20 (0.97,1.49) 0.75(0.39, 1.46)

OR odds ratio, CI confidence interval

*Statistically significant at 0.05 level

2 Other non-family and non-school related alters, such as celebrity, radio broadcaster, or coworker
® Includes high school or middle school teacher

¢ Club/organization contact

9 Network size is 1 alter

¢ Network size is 2 alters

f Network size is 3-7 alters
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were significant race/ethnicity differences. Compared to
white students, Black students were more likely to iden-
tify a school counselor or club/organization contact, and
Latinx students were more likely to identify a sibling,
peer, and school counselor as being influential.

Respondents could only indicate one person per alter
type (e.g., parent/guardian, sibling/other family mem-
bers, peer/classmate/friend, high school teacher, high
school counselor, club/organization contact, or other
[to be specified]). Network size (or the amount of dif-
ferent alter types) ranged from 1 to 7 (M=2.5, SD=1.7;
Median=2) and was classified as small (1 alter type:
37%), medium (2 alter types: 27%), or large (3-7 alter
types: 36%). This classification is consistent with Martin
et al. (2011), in which students typically listed 2—3 names
of individuals who were influential in their decision to
enter or persist in engineering. In our study, responses
clustered among 1, 2, or 3 alter types. There were few
individuals with network alter sizes greater than three
alter types. Thus, we combined group sizes of 3-7 alter
types as one category. Women were more likely than men
to have a medium-sized network of alter types. No racial/
ethnic differences were found in network size of alter
types (see Table 4).

How alters influenced women and URM students’ decisions
to pursue an engineering major

Our analyses of interview data found that parents/guard-
ians and teachers influenced students’ decisions to pur-
sue engineering in high school by (1) encouraging their
enthusiasm for mathematics and science or problem-
solving (primarily parents/guardians), (2) explaining
the benefits of becoming an engineer, and (3) providing
advice about career and academic pathways (primar-
ily teachers) (RQ3). Of interviewees who identified par-
ents/guardians as alters, 15% reported that their parents/
guardians were engineers, whereas 28% reported that
their parents/guardians worked with engineers. However,
we did not find any themes based on gender or race/eth-
nicity, likely due to the small sample sizes in the disag-
gregated data.

Encouraging enthusiasm for mathematics, science,

and problem-solving

Interviewees noted that parents/guardians directly con-
nected their aptitude for mathematics and science and
their enthusiasm for problem-solving to the engineering
profession. First, they encouraged students’ pursuit of
engineering by explaining what engineers do, providing
engineering-related materials/toys, and supporting their
participation in engineering-related activities. For exam-
ple, a white woman at a PWI explained that she did not
know what career to pursue but decided on engineering
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after consistently hearing from her parents and others in
her social network: “Oh, you're good at science and math;
you should do engineering” Another white woman at a
PWI reported that her parents connected her enjoyment
of mathematics and science to engineering:

My parents actually said that I've always liked math
and science. I would take extra math classes earlier,
so they suggested [engineering]. I looked more into it
and we did those career testing things in high school,
where you do the personality test and what career
would fit you. Engineering was actually never on it.
So I'm glad they had mentioned, you should check
this out, because it was something that I really had
never thought of before that.

In general, parents encouraged students to enter a
major/career where they could “do what they love” and
something “they’re good at” Because they had an apti-
tude for mathematics and science and enjoyed problem-
solving, engineering was viewed as a suitable career
choice.

Second, parents/guardians supported students’ enthu-
siasm for building and problem-solving by buying them
engineering-related materials/toys, such as LEGO, and
enrolling them in engineering-related programs and
activities, such as engineering camps and fairs. Gaining
access to these resources allowed students to engage in
some of the traits associated with engineers (e.g., curios-
ity, creativity, and problem-solving at an early age), mak-
ing engineering a viable and exciting career choice. A
Latinx man at a PWI explained how the LEGO his par-
ents purchased for him contributed to his decision to
pursue engineering:

1 think it was my parents who told me about what an
engineer does.... I was always playing with LEGO:s.
That was really big in my childhood, and I had a
friend who was like me...who liked to build different
things...build forts and build cool things.... So that’s
when 1 first decided that doing something like that,
building something, would stimulate my interest.

A Black man at a PWI described how his mother
piqued his interest in engineering by enrolling him in an
engineering-related camp at an early age:

I guess it really started at a very early age for me.
My mom put me in...[a] summer camp/afterschool
activity program where you go every Saturday dur-
ing the school year. ...They even have camps during
the summer too. They spark your interest in engi-
neering at an early age. Basically, I learned...about
engineering, simple machines, stuff like that at an
early age.... That’s how I got interested, and then I
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started doing things like robotics.

Another student, a white woman at a PWI, credits her
parents for encouraging her interest in engineering by
taking her to an engineering fair:

I became interested when my parents took me to
the...engineering fair...in 8th grade. I realized I
really like math and science. So, what they were pre-
senting was actually really interesting. So I decided
to take an engineering class in high school and that'’s
when I really was like, T really want to do this. 1
really like it! I just continued with the engineering
class in high school and did it in college.

A white woman at a PWI recalled how her father
actively encouraged her interest in engineering when she
was a child by purchasing a “circuit set” and taking her to
engineering-related events:

I was a Girl Scout...they do a lot of activities with
the Society of Women Engineers. So, I did activities
like that. My dad would take me to those, which
were pretty fun...most of it would be like chemi-
cal [engineering]. A lot of SWE is chemical because
it's [mostly] women in chemical engineering or it's
[at least a] pretty large [number] of women.... One
reason why I'm interested in it [is] just because I did
so much of those types of experiments when I was
younger.

Overall, students had vivid recollections about playing
with LEGO sets and participating in engineering-related
activities when they were young. These experiences were
overwhelmingly positive, and students connected them
to their desire to pursue engineering as a major.

Although teachers, compared to parents/guardians,
were less frequently identified as sources of information
on the survey, interviewees described how they also con-
nected students’ aptitude for mathematics and science
or enthusiasm for problem-solving to engineering. For
example, a Black man at an HBCU described the criti-
cal role of his chemistry teacher in making him aware of
engineering as a career.

Nobody from where I'm from...knows any engineer-
ing majors. I couldn’t talk to anybody about what
an engineer does. I didn’t even know who to contact
or anything like that. It was, ‘Hey, I really like math
and science! They ask you, ‘Well, what do you want
to do?’ I say..., 1 want to learn to build stuff or make
things better, innovate stuff. I have these little ideas
and stuff like that. [My chemistry teacher] was, ‘Hey,
maybe you should look into engineering! I had no
idea what it was. Luckily, once I came closer to col-
lege, and I started learning a lot more about what
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they do and...the different majors and stuff like that,
I knew this is the one for me.

A Black woman at a PWI reported that her biology
teacher was instrumental in connecting her aptitude for
mathematics to engineering:

The one who influenced me was my biology teacher.
She asked me, ‘If there’s one subject that you would
do for the rest of your life, what would it be?’ I said,
‘Math’ She goes, ‘So why are you pursuing nurse
practitioner?’ I said, '..You have a good point. So
that's when she helped me see different areas and
just explore.... She told me, ‘Okay now do some
research about engineering and what type of engi-
neer youd like to be! So, I just did the research and I
liked electrical the most.

Overall, we found that parents/guardians and teach-
ers were critical sources of knowledge, encouragement,
and resources that connected students’ enthusiasm for
mathematics, science, and problem-solving to engineer-
ing, thereby making it an attractive career for them to
pursue. Having alters who were engineers, worked with
engineers, or with STEM knowledge particularly helped
students access information supportive of declaring an
engineering major.

Benefits of becoming an engineer

Interviewees shared that parents/guardians and teach-
ers stressed the career opportunities and financial ben-
efits of becoming an engineer. Parents often explained
that they did not want their children to work as hard as
they had to in their own employment. This motivated
some students to pursue engineering as a career, because
it offered steady employment with high salaries. In other
cases, parents who did not provide specific advice about
engineering strongly supported students’ pursuit of a col-
lege degree, regardless of the major, because they wanted
them to have a good and stable career path. Those who
described advice given from parents included a Latinx
man at a PWI, he explained:

[My mother] instilled in me [that] if I'm going to
college that I need to choose a good career that will
provide enough money for...my family and...for me
to be stable.... She knew that I liked math and sci-
ence and...she told me about engineering and I just
researched...it on the internet and...thats why I
chose it.

A Black woman at a PWI described her desire for
financial stability as one of her reasons for choosing engi-
neering as a college major.

My parents want me to..., once I graduate, get a
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job, be independent.... I don’t want to [rely] on
anyone to take care of me. Engineering was one
of those things..., you'll definitely have a job in
it.... Youw'll have options, but you will still...make
money and support yourself.... That was very
comforting to me.... Honestly, growing up, I didn’t
have to struggle. I had a very nice life and I was
like, ‘Okay, I want to provide that for myself and
then eventually later [for] my children’

Another student, a Latinx man at a PWI, linked his
interest in biomedical engineering to his desire for a
financially secure future in a job with prestige:

Math and science [have] always interested me
and I know that [biomedical engineers] make good
salaries. The idea of being known as a biomedical
engineer, 1 feel like people respect you because...
it’s a hard career.... I'm proud that I'm taking a
hard career and, not like I couldn’t do other stuff,
but I like the challenge of being a biomedical engi-
neer.

In addition to parents, interviewees described how
teachers represented engineering as “one of the best
fields to go into” because it had good job security since
society would always need engineers. For example, a
Latinx man at a PWI stated that his biology teacher
advised him:

Biomedical engineering was the future.... A lot of
advances are going to take place in the next com-
ing years, and it has to do a lot with the medical
field.... The medical field’s always reinventing
itself.... This is where the future [is] going to be.

This student further explained that his teacher’s
advice was so influential because she was “caring,’
“inspiring,” and would “go above and beyond for her
students” He continued, “That’s why I really consid-
ered what she had to say, and I think she ultimately
[was] a big part of why I chose to do what I did” Simi-
larly, a Black man at a PWI also explained the advice
his teacher provided him that influenced his decision
to major in engineering: “I would say... [my teacher
told me about] ‘doing something that involves...your
interest. Understand that engineering isn’'t something
that’s particularly easy but...it’s still something that
would pay off in the end.”

In sum, interviewees considered a career in engi-
neering to be a path to financial stability, career
advancement, and social mobility. Students’ beliefs
were directly influenced by knowledge and resources
obtained from their parents/guardians and teach-
ers. While parents talked to students about financial
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stability, teachers tended to speak to students about
the advantages of a career in engineering, such as job
security. Students acted on these insights by learning
more about the benefits of entering the engineering
profession.

Advice about career and academic pathways

Recognizing their aptitude for mathematics, science
skills, and/or enthusiasm for hands-on activities, teachers
(primarily those of mathematics, science, and engineer-
ing) counseled students about how to pursue a career in
engineering, encouraging them to attend college. A Black
man at an HBCU discussed his experiences with his
chemistry teacher as he considered going to college.

I was always trying to be the best in the class and
what not, and they recognized that. So, they were
really big on wanting me to do better. Especially
from where I came, you know, not many kids go to
college and stuff like that. So...they were a pretty big
influence. They were always...pushing me to get work
done, apply for scholarships, ... apply to schools, and
make sure my GPA is up.

Similarly, another Black man at an HBCU indicated
that a teacher encouraged him to get good grades and
attend college. He said: “I can’t say I was the best engi-
neering student in the class but [the teacher] always [saw]
that I was actually working hard just to get my grade...
and just to go to college. And he always told me to go to
college...he’d come to me and tell me to go to college”

Teachers advised students about mathematics, sci-
ence, and other classes that would prepare them aca-
demically to pursue an engineering degree and succeed
in college. Teachers encouraged students interested in
engineering to take more rigorous and advanced math-
ematics and science courses, such as physics, while in
high school. Students who benefitted from such advice
revealed how they embraced the challenge of advanced
courses, thereby improving their academic preparation
for engineering programs. For example, a Latinx woman
at an HSI described how her physics teacher influenced
her decision on which courses to take and took an inter-
est in her education. She said, “I would talk to him.... I
was trying to tell him that I was going to take the easy
science class. He’s like, ‘No.... You take physics! I took
physics and I loved physics. So that kind of got me into
the mindset of taking on challenges” A white woman at a
PWI similarly noted that her engineering teacher pushed
her to enroll for a second year in his class.

My engineering teacher in high school, he was [a] very
no-nonsense guy.... He was very hard on everybod)y.
So when he [said] that I was doing well and he actu-



Wao et al. International Journal of STEM Education (2023) 10:25

ally wanted me back for the second year, he was like,
Are you taking second year? I really want you to come.
I really want you to take it! That's when I was like,
T must be doing well at it...and since I liked it...this
should be what I would do! So I think really freshman
year [of high school]...is when I was deciding more and
more that I wanted to be [an engineer].

Besides suggestions related to mathematics and science
academic preparation, students shared how supportive
teachers motivated them to do well in high school and sup-
ported their college preparation. A white woman at a PW1I
said: “My chemistry [teacher]...was like one of the best
teachers I've ever had still to this day. He was so supportive
and really wanted us all to succeed, and then also he was
just a really good teacher and got the material across” A
Latinx man at an HSI also had a supportive teacher:

She would just encourage me to find new information
and just learn new stuff. She would present me with
problems.... She would send me to teachers’ rooms just
to fix their computers, just to see if I could do it. So
I was kind of like, well it was me and my friend, but
we were kind of like protégés, so we would like just go
around and fix everyone’s computers in the school.

A white woman at a PWI followed the example of her
supportive teacher:

She was my A.P. [Advanced Placement] chem teacher,
then my A.P. environmental science teacher, so I knew
her for several years. And to me, she seemed very suc-
cessful and happy with the things she had done, and
she thought I'd be good at engineering. You know, when
you get encouragement from someone you look up to,
that really drives you forward.

She explained this teacher’s advice: “Work hard, study
hard! She, of course, knew it was difficult, so...she tried
to warn me what I was getting into. I don’t think any high
schooler is truly prepared for coming into college no mat-
ter how many warnings you get”

Interviewees revealed that teachers supported and
encouraged them in a caring manner and as individuals as
they traversed the high school experience and prepared for
college. In addition, teachers were key sources of informa-
tion about the steps necessary to pursue an engineering
career. For example, they advised students to take more rig-
orous mathematics and science classes. They also provided
opportunities for more general academic development and
opportunities for students to become familiar with the aca-
demic culture of universities. Students reported that they
acted on this advice as they progressed through high school
and decided to major in engineering.
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Discussion

This study, which focused on students’ pre-college admis-
sion social capital, provides insights about the timing of
engineering career decisions, the most influential alters
in such decisions, and how this influence occurs among
women and URM students. Our primary findings are
that most women and URM students decide to pur-
sue engineering as a college degree major while in high
school. They identified parents/guardians and teachers
as the alters in their social networks who played critical
roles in their decision. These alters often had engineering
or STEM career knowledge and/or took an interest in the
students. They provided information about engineering
as a potential career, as well as information about oppor-
tunities to access various engineering-related resources.

Timing of engineering career decision by women and URM
students: high school or earlier
We found that URM students are more likely than
white students to decide to pursue engineering after
high school, which can add obstacles to their academic
preparation. A student who decides they are interested
in engineering in the later years of high school may have
missed opportunities to take the requisite and rigorous
mathematics and sciences courses that position them for
success in an engineering program. According to Mal-
tese and Tai (2011), students who indicate interest in
STEM as early as the eighth grade are more likely to earn
an undergraduate degree in STEM. Students who show
an early interest in STEM have more time to seek infor-
mation and guidance (e.g., information about courses
to complete in preparation for college and career) and
engage in STEM-related activities to narrow down the
areas of specific interest they would like to pursue.
Consistent with other studies (Hardie, 2015; Lundy-
Wagner et al., 2014; Perna, 2000; Puccia et al., 2021;
Stanton-Salazar, 2011), we found that survey respondents
more often reported that their parents were the most
influential alters in their engineering major declaration.
This finding was bolstered by interviewees who explained
that parents sparked their initial interest in engineering,
but noted that teachers provided important advice about
what it takes to be an engineering major in college. This
suggests that students with familial alters (particularly
those who are not engineers themselves) but without
school-based alters have less social capital with which
to rely on to guide their college matriculation once they
decide to pursue engineering as a major. Having less
social capital may contribute to a lack of access to the
needed academic preparation; knowledge about the col-
lege application process, including financial aid; insider
knowledge about navigating college experiences success-
fully; and the inability to achieve their educational and
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career goals. This finding is important: students with-
out access to school-based alters may have less access to
resources these alters might have provided, which could
also negatively affect their later STEM persistence.

Previous research suggests that having less social capi-
tal may be more detrimental for Black students (Skvoretz
et al,, 2020), particularly Black girls whose social net-
works are lower status or smaller and who rely on school
alters for information about college (Hardie, 2015). This
is particularly important given the academic climate
faced by women and URM students generally (Campbell-
Montalvo et al., 2022¢c; McGee, 2021).

Perna (2000) concluded that more research is needed
to determine race/ethnicity group differences in college
enrollment processes. We attempted to tackle one aspect
of this by examining when students decided to pursue an
engineering major. Our results suggest implications for
interventions designed to foster interest in engineering.
Most survey respondents indicated that they considered
engineering as a major while in high school. In addition,
we found that women and URM survey respondents
made decisions about majoring in engineering between
high school and college enrollment. This suggests that
there might be opportunities to influence students’ deci-
sions earlier in their academic preparation, including
in middle school. For example, it might be essential to
examine the type of exposure to engineering, including
engineering career options, that students receive while
in middle school, with particular attention given to the
type of exposure women and URM receive at the various
stages of their academic preparation (i.e., middle school,
high school, and pre-college experiences).

Most influential alters on the engineering major decision:
parents and teachers

Consistent with previous research that revealed parents
and teachers are initial sources of social capital (Cole-
man, 1988; De Graaf et al., 2000; Goldrick-Rab, 2006;
Hardie, 2015; Martin et al.,, 2020; Means, 2019; Puccia
et al,, 2021), we found that parents/guardians and teach-
ers are the most frequently identified alters in women
and URM students’ academic and career decision pro-
cesses. They helped students see that engineering might
be something they could do. Breaking it down by stu-
dents who are first-generation and continuation-gen-
eration in college, Martin et al. (2020) noted that both
groups had similar alters who influenced their decision to
enter engineering: teachers, STEM program personnel,
and family members, although the role of family mem-
bers differed markedly for the two groups. Like Martin
et al. (2020), we found in Puccia et al. (2021) that during
the first year of their engineering major, students relied
heavily on the expressive social capital of parents when
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considering whether to stay in engineering. In addition,
and consistent with Martin et al. (2013), we found that
parents encouraged their children to pursue engineering
to maintain a financially stable life (Puccia et al., 2021).

Alter-type network size in high school matters for women
According to the network theory of social capital (Lin,
2000), a large network size is associated with access to
more information, influence, and resources. We found
that alter-type network size differs by gender, with
women being more likely to have medium alter-type net-
work sizes when compared to men who have large alter-
type network sizes. This finding is consistent with that of
Martin et al., (2014a, 2014b), in which women had small,
kin-centric networks and men had larger networks with a
mix of strong and weak ties. Although we know that gen-
der differences exist by network size, we do not yet know
the role that alter-type network size plays in decision-
making or other STEM-related experiences of women
compared to men. Men’s more robust network sizes
may provided them with added resources to succeed in
engineering.

How the influence occurs

Students learn about engineering and how it relates to
their mathematics, science, and problem-solving aptitude
from their parents and teachers. Consistent with Martin
et al. (2020), students in our study described how their
parents took proactive steps to share information about
how their aptitude for mathematics and science trans-
lated to the pursuit of engineering degrees. Parents also
provided resources (e.g., engineering-related materials/
toys, opportunities to participate in engineering-related
activities, such as programs, camps, and fairs) that
encouraged their interest in engineering. Access to such
resources is essential in awakening and increasing stu-
dents’ interest in engineering. This finding echoes Cole-
man’s (1988) contention that the transmission of social
capital occurs when parents share beneficial knowledge
and resources to contribute to their children’s academic
achievement and career success. We found that by merely
reinforcing the connection between their mathematics
and science aptitude and enthusiasm for problem-solving
to engineering, parents/guardians were able to cultivate
their children’s interest in learning about engineering,
which for some resulted in the decision to pursue an of
engineering degree.

Our findings are similar to previous research but
diverge from some prior studies. For instance, previ-
ous work (and the present study) found that STEM-
based teachers, mentors with STEM knowledge,
STEM-talented high school friends, guidance counselors,
and family members familiar with STEM were influential
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in students’ declaration of STEM majors (Puccia et al.,
2021; Strutz & Ohland, 2012). In Strutz and Ohland
(2012), STEM-based teachers were the most frequently
identified alters—in our study, parents were the most
frequently mentioned alter, followed by teachers. In this
study, teachers, primarily those in STEM fields, are valu-
able in identifying students’ potential for these fields and
providing information about engineering. In addition,
they are well-positioned to advise students about career
pathways and academic courses needed to prepare for
a major in engineering. Teachers also play a vital role in
building students’ confidence in learning, succeeding,
and persevering in advanced mathematics and science
classes.

Teacher intervention is particularly beneficial to stu-
dents with social networks with primary alters that do
not include engineers, people who work with engineers,
or others with special knowledge of STEM education
pathways (Hardie, 2015; Martin et al,, 2020; Stanton-
Salazar, 2011). For example, in our study, Black survey
respondents depended on alters from school more than
white and Asian students did. In addition, Black students’
networks may include alters who were not sources of
insider engineering knowledge, such as parents. At the
same time likely because of robust social capital obtained
from their social networks, white and Asian students
relied less on school alters.

In sum, our finding suggests that it may take the influ-
ence of different types of alters to encourage students to
declare engineering as a major. For most students, par-
ents offer crucial experiences that encourage their chil-
dren’s early interest in engineering. This, coupled with
school-based alter influence, helps the students learn
how be successful in engineering. We expect that stu-
dents with familial alters well-versed in how to success-
fully navigate the engineering pathway from secondary
to post-secondary education (i.e., students whose par-
ents are engineers) are advantaged and may not require
the additional support of school-based alters. Similarly,
students with only school-based alters who also pro-
vide expressive support and experiences may be able to
mitigate some of the disadvantages that may come from
not having certain types of support from familial alters.
Therefore, students who lack the combination of these
types of support, regardless of who is providing the sup-
port, may be impeded in their (expressive and instrumen-
tal) declaration of an engineering major.

Conclusion and implications

Parents, K-12 teachers, career counselors, and sup-
portive peers are important allies in broadening par-
ticipation for women and URM students. Teacher
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support and encouragement are primary reasons some
students pursue engineering and believe they can suc-
ceed. Because many students first consider identifying
engineering as a potential major while in high school,
STEM interventions, especially outreach and recruit-
ment efforts designed to encourage student engage-
ment, interest, and retention in engineering, should
be implemented as part of their secondary education,
perhaps beginning in middle school. Indeed, our find-
ings suggest that engaging parents and teachers in early
STEM-related outreach efforts may be meaningful to
ensure they have the relevant information needed to
identify children with an interest in and aptitude for
engineering and support them. In addition, because
many women and URM students decide to major in
engineering sometime between high school and college
enrollment, universities should consider implement-
ing interventions to engage students with undeclared
majors and academic potential during this critical
period. In addition, targeting Black and Latinx students
in high school programs designed to increase interest
in engineering may provide these students the opportu-
nity to consider engineering as a college major earlier,
before they leave high school.

Overall, our study suggests that multi-pronged
approaches involving women and URM students and
potentially influential alters (i.e., parents, teachers, and
counselors) can enhance efforts to support interest in
engineering. In addition, such an effort would represent
a collective approach to provide guidance and support,
potentially increasing the participation of women and
URM students in engineering majors. Because women
and URM scientists may have specific lived experi-
ence related to the bias and discrimination they faced
in both the university and the workplace, their advice
would be particularly valuable to these students as they
navigate the discriminatory climate in STEM fields
(Campbell-Montalvo et al., 2022¢c; McGee, 2021).

In addition to implications for practice, our work
offers insight into new directions for research. For
instance, this study suggests it might be essential to
understand how alter-type network size and configura-
tion changes as students transition from middle to high
school, from high school to college, and from college to
the workforce in ways that link it to engineering major
declaration and degree persistence. In addition, more
research is needed to examine the longitudinal effects
of K-12 STEM programming, including those offered in
middle and elementary school, to determine impact on
broadening STEM participation. Finally, work like ours,
considering binary gender and race/ethnicity, can be
augmented by added intersectional lenses attending to
the impact of additional identities, such as sexual and
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gender minority identities (e.g., LGBTQIA+; Camp-
bell-Montalvo et al., 2022a, 2022d). These areas are ripe
for investigation by researchers.
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