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Exploratory Factor Analysis
Abstract
The purpose of this work-in-progress paper is to share insights from current efforts to develop
and test the validity of an instrument to measure undergraduate students’ perceived support in
science, technology, engineering, and mathematics (STEM). The development and refinement of
our survey instrument ultimately functions to extend, operationalize, and empirically test the
Model of Co-curricular Support (MCCS). The MCCS is a conceptual framework of student
support that demonstrates the breadth of assistance currently used to support undergraduate
students in STEM, particularly those from underrepresented groups. We are currently gathering
validity evidence for an instrument that evaluates the extent to which colleges of engineering and
science offer supportive environments. To date, exploratory factor analysis and correlation for
construct validity have helped us develop 14 constructs for student support in STEM. Future
work will focus on modeling relationships between these constructs and student outcomes,
providing the explanatory power needed to explain empirically how co-curricular supports
contribute to different forms of student success in STEM. We hope that operationalizing the
MCCS through this survey will shift how we conceptualize and offer student support, enabling
college administrators and student support practitioners to evaluate their portfolio of student
support efforts.
Introduction
Financial, physical, and human capital resources are used to provide additional efforts intended
to support undergraduate students in STEM, particularly underrepresented racial, ethnic, gender
groups in certain disciplines [1]-[3]. With U.S. demographic projections indicating a growth in
diversity of the population, we can anticipate an increasingly diverse population of
undergraduate students. In preparation for this shift in demographics and in response to historical
issues of diversity in STEM, it is important that we begin to rethink our offerings of student
support.
The larger project in which this paper is situated aims to help colleges improve their student
support investments by developing and testing the validity evidence for an instrument that
assesses the magnitude of perceived support provided to undergraduate students in STEM,
thereby providing practitioners with a diagnostic instrument for effectively allocating resources
that enable/provide student support. The utility of such an instrument can aid STEM educators
and college administrators in several ways, including (1) identifying unmet needs in local
environments; (2) monitoring progress as it relates to supporting students, and (3) providing
data-driven evidence of interventions for target populations.
Our project presents a radically different approach for student support practitioners; rather than
focusing on individual interventions, results from this instrument will provide colleges with a
comprehensive look across their portfolio of support offerings and on student perceptions of the
support provided by their respective institutional contexts. Such data will enable practitioners to
identify the types of support that students receive and areas that represent a missed opportunity

to better support students. Disaggregated data will also inform practitioners on how support
varies across subpopulations. The purpose of this paper is to introduce this diagnostic instrument
to student support practitioners and share the most recent insights from our efforts to test the
validity of the instrument to measure undergraduate support in STEM.
Model of Co-Curricular Support
Student retention in STEM is typically addressed through efforts such as mentoring programs or
living-learning communities implemented at the college level (e.g., [4]-[6]); however, theories
on student retention traditionally focus on attrition at the institutional level (e.g., [7],[8]). Thus,
there is a gap between student-retention theory and STEM student-support practice, which is
why the development of our instrument is grounded in the recently developed model of cocurricular support (MCCS).
The MCCS is a conceptual model that provides a lens to examine the most essential elemental
experiences of institutional support. By deconstructing student support and revealing the latent
experiences that should be facilitated, the MCCS highlights the use of co-curricular support in
STEM and is uniquely situated to assist both researchers and practitioners [1],[9]. The model
suggests that the professional, academic, and social systems operating within a college (e.g.,
College of Science or College of Engineering), in addition to the overarching university context
in which the college is embedded, are factors that should be considered when evaluating the
support offered within STEM learning environments [1],[9].
The MCCS repurposes Tinto’s model of institutional departure [8], a commonly cited studentretention model that operates at the university level. Whereas Tinto’s model explains how
interactions of a student with academic and social systems could influence student retention at an
institutional level [8], the MCCS explains how students’ interactions with professional, academic
and social systems could influence their success more broadly in an undergraduate STEM degree
program. The MCCS systematically conceptualizes the learning environment by illustrating the
benefits to students who have received co-curricular support across multiple possible elements of
institutional support simultaneously. We hope that the use of MCCS to improve STEM learning
environments serves as a foundation for better understanding of how to build institutional
capacity for supporting diverse undergraduate students in STEM.
According to the MCCS, elements of institutional support are viewed as the essential experiences
that students get from interventions [1],[9]. Without limiting our investigation to a particular
intervention (e.g., impact of peer mentoring programs), the MCCS lens allows us to investigate
the extent to which students receive the support institutions aim to provide. To date, research
concerning the MCCS has identified six elements of institutional support: 1) academic
performance, 2) professional development, 3) faculty/staff interactions, 4) extracurricular
involvement, 5) peer-group interactions, and 6) additional circumstances (for more details on
these dimensions see [1]). Although the MCCS provides a way to identify elements of support
conceptually, subsequent research is needed to measure these areas. Our work aims to address
these gaps.

Instrument Development
The goal of this research project is to develop and test the validity of an instrument grounded in
the MCCS framework that will assess the magnitude of institutional support effectively provided
to undergraduate students in STEM. The development and collection of validity evidence as it
relates to the instrument can be summarized in five rounds of development. Because the purpose
of the project centers around identifying institutional support related to marginalized populations
in STEM, we aimed to achieve maximum variation within the students included during the
development and revision phases of the instrument, paying close attention to representation
across engineering and science disciplines, gender identity, race/ethnicity, and transfer student
status.
Members of the research team used purposive sampling to recruit a diverse group of students
from two universities. Participants were compensated $15-20, depending on the round of
stakeholder feedback and commensurate to the time commitment required. We plan to expand
our recruitment efforts in 2019 to increase survey participation/completion numbers from
marginalized students. In the remainder of this section, each step of the instrument development
process is summarized briefly. For a more detailed description of the process see [10].
Theoretical Constructs and Item Bank Development
The initial item bank was based on the MCCS, which was developed from a multi-site case study
of student support practitioners and students involved in six different student support centers
serving STEM students across four U.S. universities [1],[9]. For the development of an item
bank, we leveraged the theoretical constructs of the MCCS along with responses collected from
students using open-ended surveys along each of the six dimensions of institutional support. This
primary round of instrument development allowed us to create a set of items that spanned the full
set of theoretical dimensions of student support and to adjust the wording used for each item
based on students’ feedback; we then began the process for establishing content and face validity
for the instrument [11].
The resultant instrument was then revised based on a review of existing instruments suggested to
us by our advisory board, collaborators from our institutional partners and otherwise related to
our project purpose [10]. The goal was to develop and include questions or statements that
captured the extent of student involvement in a variety of programs, activities, or services as well
as demographic information more inclusive than typically recorded in educational research. To
focus on the underserved sub-populations of particular interest for this project, our demographic
questions capture student diversity on a spectrum and includes aspects such as gender identity,
race and ethnicity, socioeconomic status, institution, academic major, and transfer student status
[12]-[14].
The initial item bank underwent two rounds of feedback with the entire research team. Based on
the expertise of the research team, the feedback received consisted of the following: removing
questions that were not consistent with the goals of the project; providing suggestions of areas
that had not yet been captured by the current questions; providing suggestions of questions that
needed expanding or rewording; collapsing questions that were redundant, and dividing

questions that were double or triple barreled. The development phase of this project also
included multiple rounds of stakeholder feedback as described below.
Advisory Board and Stakeholder Feedback
Once the initial set of items had been vetted by the research team, we sent the resulting
instrument to the project advisory board as well as gatekeepers from our respective institutional
partner sites. The collective expertise of our three advisory board members spans the areas of
qualitative and quantitative research, student support, diversity in STEM, and workforce
development. We used the feedback received from the educational research experts and
practitioners on our Advisory Board to modify the instrument items for subsequent piloting.
Members of the research team helped recruit a diverse group of students via purposive sampling.
The total number of participants selected for interviews and focus groups per institution was
based on availability of students meeting our selection criteria. In total we solicited feedback
from 46 participants (38 students and 8 administrators). A summary table of the number of
participants at each round of stakeholder feedback can be found in Table 1.

Table 1. Participation of Stakeholder Feedback for Instrument Development
Feedback Round 1
2
3
Stakeholders
Undergraduate
Undergraduate
Graduate
Focus Groups
Cognitive
Researchers
Interviews
Number of
16
8
14
Participants

4
Administrator
Feedback Forms
8

As this project aims to identify institutional support as it pertains to underrepresented and
underserved populations in colleges of engineering and science, we sought representation across
various student and personal demographics (e.g., race, gender) during all rounds of revisions and
instrument development.
Student Focus Groups & Cognitive Interviews
In fall 2017, four focus groups were held, each having four to six undergraduate science and
engineering students for a total of 16 participants. For the first round, the focus groups were
aimed at identifying high-level issues with the survey (i.e., the applicability of the questions and
students’ initial reactions to the instrument). Questions aimed at the participants in the focus
group ranged from reflecting about the different experiences of student support, whether those
experiences were captured in the instrument and identifying any student support experiences that
were not represented among available answers. Additionally, participants were asked to look
carefully at how the questions are constructed and the wording used in the instrument. The
students described how they interpreted questions and gave suggestions to improve question
wording. The feedback gained from these focus groups was then used to add new items and
response options to the instrument as well as revise existing items for clarity.

Round two focused on individual students’ understanding of specific items via cognitive
interviews with eight science and engineering undergraduate students. During the cognitive
interviews participants were asked to complete the survey “thinking aloud” about their
interpretation of each item and how each area of support connected to their own experiences. The
purpose of this round was to explore the alignment of students’ interpretations and the
researchers’ interpretations. The cognitive interviews progressed with minimal interruption from
the interviewer, apart from instances where students stopped thinking aloud. These cognitive
interviews helped to provide evidence of face validity for the survey. Based on the information
given by interviewees, we revised survey items that were unclear or had varying interpretations.
Administrator Forms & Graduate Research Feedback
In addition to the student focus groups and cognitive interviews, we also received feedback from
eight administrators. We sought out administrators based on their expertise working with STEM
students at various institutions. We sent administrators a copy of the instrument, along with a
feedback form that requested commentary related to institutional appropriateness and instrument
use, question format, length, and comprehension of items used on the instrument.
Prior to deploying the instrument, the last phase of development involved feedback from
engineering education graduate students who work with the Principle Investigators and Senior
Personnel on other projects. Including graduate students from engineering education was done to
catch grammatical errors and provide additional expertise related to survey development and
implementation, education research, and perspectives of underrepresented groups. The revisions
put forth by the graduate researchers were among the final changes made before the pilot
instrument was deployed for testing.
Finalized Pilot Instrument
The resulting version of the instrument (version 1.0) consisted of eight sections: 1) academic
support, 2) faculty-interaction support, 3) extracurricular support, 4) peer-interaction support, 5)
professional-development support, 6) additional support, 7) student involvement, and 8)
demographics. On sections about various types of support, students were asked their level of
agreement to several statements on an anchored numeric scale from 1 - “Completely Disagree”
to 5 - “Completely Agree.” Students were also given an option of “Does Not Apply to Me.” The
student involvement section captured students’ self-reported involvement in student
organizations, co-ops and internships, study abroad, learning communities, and other out- ofclass experiences that may have provided opportunities for the perceived supports captured in
earlier sections. The demographics section asked information about university affiliation, degree
programs, start year, parents’ level of education, citizenship status, and a number of identity
related questions (e.g., LGBTQ+, disability, gender, race/ethnicity etc.).
Pilot Instrument Deployment-Spring 2018
The three institutions included in the initial piloting of the instrument represent three public,
research-intensive, land-grant universities. These predominantly white institutions also enroll a
large number of engineers each year (~2,000 at University 1, ~2,300 at University 2 and ~1200
at University 3). After the extensive instrument development process, a live link via Qualtrics

TM software [15] and IRB approved recruiting scripts were sent to project partners at each
institution. These partners are program directors for several different engineering student support
centers who agreed to send the instrument to students at their university either via mailing list or
personal emails. The survey was available March-May 2018 and was completed by
approximately 700 students across all participating institutions. A summary of the participant
demographics across all 3 university sites can be found in Table 2.
Table 2. Institutional Context and Participant Demographics for Instrument Deployment
University 1
University 2
University 3
Total Participation
598
51
123
Gender
Women
414
Men
283
Genderqueer/Non-binary
7
Transgender
5
Agender
3
Gender not listed
6
Prefer not to answer
11
Race/Ethnicity
American Indian/
9
Native American/Alaska Native
Black/African American
31
Hispanic/Latino/-a
40
South Asian
46
East Asian
62
Southeast Asian
25
Middle Eastern/North African 22
Native Hawaiian/Pacific
9
Islander
White
544
Another Race/Ethnicity
11
Exploratory Factor Analysis
We used an exploratory factor analysis (EFA) to determine the factor structure for the set of
variables; this method allows for early exploration of whether the model is useful in providing a
parsimonious description and relationship between the observed variables [16]. The observed
variables within each factor provide estimates of strength and direction of influence of measured
items onto an underlying factor; these estimates are known as factor loadings [17]. Brown [18]
outlines four steps when analyzing data using an EFA: 1) factor extraction, 2) factor selection,
3) interpreting factors and evaluating quality of solution, and 4) re-run factor analysis until final
factor solution is achieved.
In this study, we used a maximum likelihood factor extraction method, which allows researchers
to compute a wide range of fit indexes, test the statistical significance of factor loadings,
calculate correlations among factors, and compute confidence intervals for these parameters.

This method is appropriate with normally distributed data; in our study, the data were within
recommended ranges of kurtosis less than seven and skew less than positive or negative two
[19].
A scree plot and parallel analysis were used to determine the number of factors. A scree plot
provides a visual representation of the number of factors to be extracted, and parallel analysis
uses the eigenvalues from the obtained data and comparing these values to a random sample
generated by the statistical software. Eigenvalues from the obtained data should be higher than
those generated by the software [18], [19]. We used an oblique rotation in this analysis, which
“provides a more accurate and realistic representation of how constructs are likely to be related”
[19, p. 282], by allowing them to be correlated. Interpreting factors and evaluating the quality of
the solution requires several considerations: there should be more than two observed variables
loaded onto each factor, all factor loadings should be above .32, variable communalities should
be between .40 to .70, and variables should not load onto two or more factors (i.e., cross-loading
[18], [20], and [21]). Observed variables that violated any one of these considerations were
removed from the analysis. After removing poorly behaving variables, EFA was re-run to until a
factor solution that met all the criteria was achieved.
Findings of EFA and Further Revision
After we analyzed each construct and its associated items for factor loadings, we saw some
differences among responses from college of science (COS) and college of engineering (COE)
students’ perceptions of support. For example, the items under construct Peer-Interaction loaded
into two separate factors for engineering students but only one factor for students in colleges of
science. Upon examination of the wording, the resultant factors for engineering students appear
to relate to socializing with peers and peer collaboration. Engineering students had a tendency to
perceive interactions with peers differently depending on context. Where items like, “I regularly
meet with a study group for my STEM courses,” loaded similarly with other items related to
collaboration or advancing academic work, items like, “I regularly socialized with students in
my major outside of class,” loaded separately with other items related to spending time and
meeting-up with friends. In the discussion section, we explore possible reasons for these
differences in factor loadings for these two groups (e.g., COS and COE students).
The data collected provided an opportunity to test the validity of our newly developed
instrument. We used our pilot data to test for construct validity using a maximum likelihood
exploratory factor analysis and correlation analyses. These results informed the latest revision of
our instrument. After data analysis, we went from 6 anticipated to 13 actual constructs, and the
total number of items went from 94 to 89.
An overview of changes in construct names and number of items per construct from before and
after EFA are detailed in Table 3. After analysis of the preliminary data, the resulting factors
were given tentative construct names. These tentative construct names and associated items were
the focus for the second round of revisions to the instrument. We consulted with content experts
(e.g., academic advisors) and referred to existing instruments to generate new items. The revised
survey (e.g., construct labels and added items) was then sent out for feedback from our
stakeholders.

To date, we have received input from all of our Advisory Board members and Institutional
Partners on the revised construct names as well as newly added items. In late Fall 2018, we also
conducted eight virtual interviews with undergraduate students to get participant feedback on
comprehension of newly added items, the order that items appear, and the tentative construct
names. The revised construct names can be found in the second column of Table 3. Based on
stakeholder feedback we have made the following changes to the instrument: we expanded or reworded items, reordered items following a logical progression (e.g., peer, faculty, university),
categorized newly formed items in existing constructs, and altered language used in survey
instructions to encompass more student experiences.
Table 3. Changes to Student Support in STEM Survey Constructs and Corresponding Number of
Items Before and After Exploratory Factor Analysis (EFA)
Original Instrument: Construct Names Current Instrument: Tentative Construct Names
Based on MCCS
Post EFA Analysis
·
·
·
·
·
·
·

Faculty-Interaction (13)
·
Peer-Interaction (18)
·
Academic Support (12)
·
Professional Development (21) ·
Extracurricular Support (14) ·
Additional Support (16)
·
·
·
·
·
·

Faculty Academic Support (9)
STEM Faculty Connections (7)
Academic Peer Support (6)
STEM Peer Connections (5)
Academic Advising Support (8)
STEM Career Development (7)
Non-STEM Career Development (6)
Out-of-Class Opportunity Awareness (6)
Out-of-Class Encouragement (5)
Engaging with Professionals (5)
Cost-of-Attendance Support and Planning
(8)

Total Items (94)

·
Personal and Student Affairs Support (7)
·
Diversity and Inclusion (10)
Total Items (89)

Discussion
Although we observed differences in perceived support among COE and COS students, it is too
soon to derive concluding remarks. Our goal in this discussion is to provide suggestions that
explore why we may be seeing these differences in perceptions of STEM support among COS
and COE students. The following sections describe how differences between COE and COS at
the micro, meso, exo, and macro levels may be contributing to differences in students’
perceptions of support.
Micro (Student) Level
At the micro (or student) level, cultural differences in gender and racial/ethnic representation
across engineering and science affect how students perceive and experience these fields [22][24]. Women represent approximately 20% of engineering bachelor’s degrees in the United

States [25]. This number is similar to female enrollment in physics and computer science [26].
However, other science fields, such as biology and chemistry, have much higher representation
of women [23]. Additionally, gender representation is not the same across all of engineering.
Some disciplines (e.g., environmental and biomedical engineering) have reached parity, yet other
disciplines (e.g., computer, aerospace, electrical, and mechanical engineering) lag far behind
[25]. Black men and women and Asian men are more likely to choose electrical engineering at
the beginning of college. In general, Black students and Asian and Hispanic men are also more
likely to enroll in computer engineering relative to other engineering disciplines, although at
lower rates than electrical engineering [27]. These differences between engineering and science
and within engineering disciplines highlight particular areas of interest to explore with this
research on students’ perceived support in their degree programs.
Another factor to consider at the micro level is the socialization used for engineering students
from the beginning of their undergraduate studies to begin their acculturation to the field (e.g.,
being referred to as engineers despite having obtained a degree or licensure).This practice is not
typical for COS students who are not commonly addressed as physicists or scientists more
broadly so early in their academic careers. Thus, students’ engineering identity and subsequent
perceptions of belonging to the field may be cultivated or more heavily emphasized than their
other STEM counterparts influencing their perceptions of support [28].
Meso (College) Level
At the meso (or college) level, structural differences and organizational standpoints may dictate
out-of-class learning opportunities and access to resources to extend learning beyond the
classroom. These college -differences in offerings may impact perceived support on behalf of
undergraduate STEM students. In a study on organization of university hierarchies, Hammond
[29] outlines the impact of a university’s organization of basic units (e.g., departments), which
form its colleges or schools, on university decision making processes and outcomes. Hammond
[29] examines the impact of structure on decision making to include how top-level
administrators perceive problems that need attention, how possible solutions/interventions are
constructed for consideration, and how final decisions are implemented. In terms of grouping
departments into colleges, a common principle is to group departments based on the requirement
of professional training, (i.e., combining all disciplinary departments in engineering into a single
College of Engineering). Many departments are categorized according to professional and nonprofessional colleges/schools.
Once the formal structure has been identified the impact of that structure on university decisionmaking can be determined. As Hammond [29] proposes, different organizational structures may
process the same data in different ways based on the type of information collected. For example,
requests provided by academic advisors and department heads to provide career development
opportunities for undergraduate students would likely result in different outcomes for a COE
versus a COS at the same university. In terms of providing career development support for
students in STEM, the way the departments are combined (e.g., professional versus nonprofessional) could dictate the values of top-level administrators and influence how they
construct possible solutions/interventions and how final decisions are implemented. The
professional nature of the engineering field may have a sizable impact on the extent to which

college administrators decide to create an engineering-specific career fair to provide access to
internship opportunities in the same way a college of science may prioritize undergraduate
research to prepare its students for graduate studies or other professional schooling.
Exo (Institutional) Level
At the exo (or institutional) level, the type of institution (e.g., liberal arts vs. research intensive)
may operationalize the undergraduate experience differently because the educational focus of a
university can create different learning environments and impact how students feel supported.
That is to say, an engineering program at a Liberal Arts College may aim to provide a broad and
well-rounded undergraduate education, whereas an engineering program at a research university
may focus more so on preparing students for specific career paths or industries. Taking
engineering at Smith College as an example of a Liberal Arts College, Smith requires its
engineering students to take at least one course in each of the seven general areas of knowledge
(e.g., literature, historical studies, social science, natural science, mathematics and analytic
philosophy, the arts, a foreign language). Given that the college has no core curriculum,
engineering students at Smith are the only majors required to have this breadth in education [30].
Because of differences in educational objectives by type of institution (as well as program size),
the support offered to STEM students as well as student perceptions of that support can vary.
Student support and resources at a liberal arts college may place a high value on providing
students in STEM majors with flexibility of curriculum to explore their personal artistic or
technical interests (e.g., Rock Climbing with Physics as part of Passionate Pursuit program at
Olin College [30]). At more technically oriented research universities, student support for STEM
majors may encompass curriculum that restricts students to using the tools and language specific
to their respective disciplinary industries as a form of acculturation to the field.
Macro Level
At the macro level, engineering and science disciplines have different socio-cultural backgrounds
that have shaped their respective curricula [28]. The emphasis on engineering sciences and the
importance of theory and mathematics in U.S. engineering can be traced back to European
influences and Cold War politics [28]. More recent cultural shifts have emphasized a stronger
connection to the profession, which is reflected in many of today’s engineering program
objectives requiring that the development of professional skills appear somewhere in the
curricula. Disciplinary culture not only impacts curricula, but there have also been studies
suggesting that disciplinary cultures are associated with perceptions of engagement, educational
values and norms in science and engineering students [31]. Differences in disciplinary culture
have been found to account for why students in social sciences prize individual assertion,
classroom participation, and interest in ideas; in contrast, science and engineering students are
described as placing more value on participation that fosters quantitative competencies through
individual and collaborative efforts [31].
Depending on an institution’s definition of STEM (e.g., broad enough to encompass social
sciences) and the organizational structure of its colleges as well as the educational objectives
(e.g., liberal versus technical) of the institution, it is plausible that the differences we are seeing
among students’ perceived support in STEM is a result of a combination of these components.

While engineering educators traditionally group STEM subjects together, a more nuanced
understanding of how science fields and engineering fields provide different kinds of support is
an area of future work in this grant. As we deploy the instrument a second time, we will pay
special attention to how responses differ among COS and COE students.
Concluding Remarks and Future Work
To summarize our work so far, we sampled from three predominately white, land-grant public
institutions. The goal of the first phase of this study was to examine how well the instrument
functioned for undergraduate students. Our results showed that students in Colleges of
Engineering responded differently to items than students in Colleges of Science. All of the items
functioned well for students, but the factor structure of the instrument was different for these
groups. We acknowledge that our sampling may reflect students’ experiences at particular types
of institutions, and we plan to gather a wider sample of institutional types and student
experiences when we deploy the fully developed survey.
We plan to distribute the most current version of the instrument to a broader set of students in
spring 2019. Our target sample for this part of the research is 2,000 students, so we will survey
8,000 students based on a 25% anticipated response rate. We will use incentives and our campus
contacts to ensure we reach a diverse and adequate sample to reach the response total necessary
for statistical analyses. Following data collection, we will use confirmatory factor analysis to
continue establishing construct validity and report on the stability of constructs emerging from
our piloting on a new student sample, which will also include students from institutions beyond
the institutions reported in this paper. To date we have at least 4 institutions that have committed
to distributing the Student Support in STEM instrument for data collection in spring 2019. We
also plan to investigate differences across these constructs by subpopulations of students.
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