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CAREER: Actualizing Latent Diversity: Building Innovation through Engineering
Students’ Identity Development — An Executive Summary

Introduction

Innovation is the key to economic growth and prosperity, and engineering is a critical driver in
industrial innovation [1]. Many companies are discovering that more diverse approaches to
problem solving contribute to product innovation, global competence, and other successful
corporate outcomes [2]-[5]. The National Academy of Engineering’s vision for the Engineer of
2020 states that while engineers will be “grounded in basic mathematics and science,” they will
also “expand their vision of design through a solid grounding in the humanities, social sciences,
and economics,” and emphasize “creative processes that will allow for effective development and
application of next-generation technologies to problems of the future” [6, p. 49]. The engineer will
be required to have the

ingenuity of Lillian Gilbreth, the problem-solving capabilities of Gordon Moore,
the scientific insight of Albert Einstein, the creativity of Pablo Picasso, the
determination of the Wright brothers, the leadership abilities of Bill Gates, the
conscience of Eleanor Roosevelt, the vision of Martin Luther King Jr., and the
curiosity and wonder of our grandchildren [6, p. 57].

To accomplish the vision of engineering graduates set forth by the National Academy of
Engineering will require engineering educators to understand, capitalize, and continue to foster
diverse ways of thinking and innovative mindsets. However, a significant gap exists in our ability
to measure, support, and connect how students develop as engineers with innovation.

Project Overview

The project CAREER: Actualizing Latent Diversity: Building Innovation through Engineering
Students’ Identity Development (NSF# 1554057) proposes to fill this gap by understanding
engineering students’ latent diversity. Latent diversity is defined as the differences in students’
underlying attributes and characteristics that can be used for innovation but may not be readily
recognized or visible in the engineering classroom. By offering a new vision for how we
operationalize latent diversity and support students within engineering, this work has the potential
to transform how engineering educators teach and develop innovative engineering students.

Students enter engineering with a variety of beliefs, and mindsets that are often homogenized in
becoming “an engineer.” Our current educational practices develop students with more similar
engineering mindsets than different, which is problematic for innovation [7], [8]. Also, this process
alienates many students, and the engineering profession loses innovation and talent if these latently
diverse students leave engineering [7], [9], [10]. Therefore, this CAREER project addresses the
following research questions,

1) What kinds of diversity in thought, innovation mindsets, and attitudes are present in
engineering students?



2) How do undergraduate students with latent diversity form engineering identities within an
engineering community of practice over time?

3) What support, both inside and outside of the classroom, can be provided to promote
inclusion of students with latent diversity in engineering?

Recognizing and understanding this form of diversity can promote a more inclusive environment
in engineering and recruit, educate, retain, and graduate more innovative and diverse engineers.
Additionally, the outcomes of this work will help create more inclusive college classrooms that
accept a wider set of students and produce engineers who can adopt various perspectives for
innovative problem solutions. This research is important because it has implications for developing
an engineering workforce rich in talent and capable of adapting to the changing engineering
landscape. By characterizing latent diversity on a national scale and understanding how that
diversity influences students’ pathways through (and potentially out of) engineering, we can
provide evidence-based ways to betters support and educate these students in engineering.

This executive summary describes the first phase of our research. We have developed a
comprehensive survey of students’ latent attributes developed from an extensive literature review
as well as pilot interviews with students. Thirty-four ABET accredited institutions with a common
first-semester engineering course were recruited to participate in this study. This recruitment was
done via a random stratified list of institutions based on engineering undergraduate enrollment to
ensure representation from small (7,750 or fewer), medium (7,751 to 23,050), and large (23,051
or more) institutions and prevent overrepresentation from a few large institutions in the sample or
numerous small institutions [11]. The instructors at these institutions have estimated that they will
distribute the paper-and-pencil survey to approximately 4,000 students. Surveys were distributed
to students’ Introductory Engineering course in the Fall 2017 semester. The number of responses
in this sample is the first of their kind to characterize the breadth of student attitudes, mindsets,
and beliefs in identity, motivation, epistemic beliefs, agency, masculine social norms, innovation
self-efficacy, and other constructs on a national scale. The timing of this data collection is
important as it will provide an understanding of students’ “incoming” attitudes before they have
had a sufficient time and number of experiences to develop their attitudes within the college.

Developing a Survey to Characterize Latent Diversity

On the survey, we measured multiple aspects of students’ mindsets and affective states using
established instruments and newly developed questions from pilot interviews with 12 diverse
students. These students were purposefully sampled to maximize demographic diversity including
gender identity, race, ethnicity, sexual orientation, students with disabilities, and first-generation
college students. We measured engineering identity, motivation, epistemic beliefs (students’
perceptions of engineering as a discipline), personality, and self-efficacy for innovation to name
some of the constructs. We also measured students’ career intentions on this survey. Below, we
describe the different dimensions that we measured on the survey and that we believe from prior
literature and hypothesis generation with students to contribute to our characterization of latent
diversity. This list is not comprehensive, but does represent the wide range of constructs used to
measure latent diversity in our work.



STEM Role Identity Constructs

Authoring a role identity as an engineer, physics person, and mathematics person relies on a
student’s development of their beliefs in three interrelated constructs: interest in the subject; beliefs
that others see them as the kind of people that can do STEM (recognition); and beliefs about their
ability to do well and understand content in their courses (performance/competence) [12], [13].
Items measuring STEM identities that have been rigorously tested for validity in multiple
nationally representative studies (FICSMath [14], PRISE [15], SaGE [16]) were used in this
survey. Students were asked to rate the extent to which they agree or disagree with statements
pertaining to engineering identity, physics identity, and mathematics identity using a 7-point
anchored numeric scale from 0- “Strongly Disagree” to 6- “Strongly agree.” For example, students
responded to the question to measure their interest in a subject, “l am interested in learning more
about (subject).” Students recognition beliefs were measured by answering questions like, “My
instructors see me as a (math or physics) person (or engineer).” Students responded to questions
about their performance/competence beliefs answering questions like, “I am confident that I can
understand (subject) in class.” The full set of items used is documented in prior work [17].

Motivation

The motivation questionnaire used in this survey is the Adaptation of Learning Self-Regulation
Questionnaire (SRQ-L) [18]. In self-determination theory, motivation is related to important
behavioral (e.g., persistence, future intentions) outcomes [19]-[21]. The SRQ-L measures why
people learn in particular contexts using two subscales of Controlled Regulation (i.e., external or
introjected) and Autonomous Regulation (i.e., identified regulation or intrinsic motivation). This
instrument was adapted to an engineering class context. Students were asked to answer questions
pertaining to their motivation for completing their assignments, engaging in college coursework,
asking questions in class, and motivation for attending college using a 7-point anchored numeric
scale from O - “Not true at all” to 6 — “Very true.” Example questions of reasons for particular
actions included, “Because | enjoy doing my homework,” “Because | enjoy being actively
engaged,” “Because | enjoy asking hard questions,” and “Because | enjoy succeeding in college.”

Epistemic Beliefs

A student’s way of knowing (i.e., epistemic beliefs) is based on how they actualize truth in a body
of knowledge such as engineering. Epistemic beliefs influence how students learn and develop
problem-solving strategies [22], [23]. The Engineering Related Beliefs Questionnaire (ERBQ) was
developed to measure epistemic beliefs of engineering students but has since then been revised to
improve internal consistency within the constructs based on content and face validity findings [22].
Faber and Benson [24] identified two constructs of epistemic beliefs that are relevant for
engineering students—certainty and source of engineering knowledge. Students expressed both
their certainty of engineering knowledge and source of engineering knowledge beliefs using a 7-
point anchored numeric scale from 0- “Not at all” to 6- “Very much so.”

Certainty of engineering knowledge involves the nature of knowledge and is assessed to
understand to what extent students believe knowledge is absolute to emergent [22], [25], [26].
Students responded to questions like the following, “If my experience conflicts with the *big ideas’



in a textbook, the textbook is probably right,” and “Engineers can solve engineering problems by
just following a step-by-step procedure.”

Source of engineering knowledge involves the process of knowing and is assessed to understand
to what extent students believe they should obtain knowledge from an instructor (or expert) in
comparison to developing their own understanding independent of an instructor [22], [25], [26].
For example, “The best way to develop engineering knowledge is from an expert’s teachings.”

Big-Five Personality

The Big-Five Personality Inventory short scale [27] is commonly used to assess an individual’s
personality. Early psychology work began to explore personality across several factors that have
now been clustered into five dimensions—Extroversion is associated with being sociable;
Agreeableness is associated with being cooperative; Openness is associated with flexibility and
growth; Neuroticism is associated with a lack of emotional stability; and Conscientiousness is
associated with self-discipline and organization [28], [29]. Recent research has found significant
correlations between these traits and student retention in engineering [30]. Students were asked to
express how accurately statements pertaining to the five personality traits described them using a
7-point anchored numeric scale from 0- “Very inaccurately” to 6- “Very accurately.” Some
example items include phrases to describe themselves, “Am the life of the party” (extroversion),
“Sympathize with others’ feelings” (agreeableness), “Have a vivid imagination” (openness), “Get
stressed out easily” (neuroticism), and “Leave my belongings around” (conscientiousness).

Innovation Self-Efficacy

Innovation self-efficacy refers to “engineering students’ confidence in their ability to be
innovative” [20, p. 3]. Dyer and colleagues [32] framed innovation as four interrelated behavioral
skills that build associational thinking: (1) questioning—inquiring about new knowledge or new
information; (2) observing—noticing connections or lack thereof; (3) experimenting—trying new
experiences and “tak[ing] apart products and processes in search of new data”; and 4)
networking—interacting with people from diverse backgrounds and diverse perspectives to
expand their own knowledge base, as well as a cognitive skill. Associational thinking is when
students make connections across diverse areas knowledge and ideas through questioning,
observing, experimenting and networking [32], [33]. Students were asked to think about how
confident they are in their abilities to question, observe, experiment, network, and use associational
thinking on a 7-point anchored numeric scale from 0- “Not confident” to 6- “Extremely confident.”
Example questions for each of the behavioral aspects include, “Ask a lot of questions”
(questioning), “Generate new ideas by observing the world” (observing), “Experiment as a way to
understand how things work” (experimenting), “Build a network of people whom 1 trust to bring
new perspectives” (networking), and “Connect ideas from different areas” (associational thinking).

Future Work
We have begun digitizing the paper-and-pencil national surveys. Once this process is complete,

the data will be mapped to understand the underlying profiles of students in engineering. The
mapping process will be accomplished using Topological Data Analysis (TDA), an advanced



clustering technique. TDA is a powerful set of methods that can be used to understand the emergent
patterns and insights from complex data rather than pre-supposed groupings. This approach is
similar to various cluster analysis techniques but is more numerically robust and relies on fewer
assumptions about the data being analyzed [34]-[36]. The approach also allows for the reduction
of complex, highly-dimensional data to better understand subtle patterns that remain hidden in
other statistical techniques. Students will be selected from the various emergent groups and
longitudinally interviewed over the next 3.5 years of their undergraduate education to understand
how latent diversity influences students’ pathways in engineering and may be better supported for
future innovations.

Impact of the Proposed Work

The impact of this work is a change in the way diversity is conceptualized and supported in
engineering. Through new understandings of students’ mindsets, beliefs, and potential for
innovation (i.e., latent diversity), the next generation of innovative thinkers with new and creative
ideas can be fostered and actualized. The results of this work will directly affect thousands of
undergraduate students through evidence-based pedagogies as well as the way engineering
educators and co-curricular support programs provide opportunities for individual learning that
celebrates latently diverse students’ contributions to engineering. This work also has the potential
to improve visible diversity with engineering as well by making engineering more inclusive and
supportive of individuals. Results of this work connect with ABET criteria and National Academy
of Engineering goals for developing the next generation of engineers, NSF’s mission to support
diverse groups, and the need for more engineers that think differently to address the global
challenges facing engineering in the next century.
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