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Abstract: This paper describes three studies that were conducted sequentially for purposes of
validating the Individual Sustainability survey for use with undergraduate engineering students.
During the first study, researchers administered the original 50-item Individual Sustainability
survey to an undergraduate engineering class at a mid-sized University, using real and ideal self.
Following exploratory and confirmatory factor analysis, the survey instrument was reduced to
36 items, and reframed to compare real self to ideal professional engineer. The new version was
administered to three cohorts of engineering students at the same institution, and factor structures
were analyzed again. In order to provide more stable parameter estimates, a third study with 34
items was run with engineering students in similar courses at four different institutions. The methods
and results of all three studies are described, to justify the survey’s evolution. This is followed
by a discussion of the final survey instrument and approaches for administering the survey to
undergraduate engineering students, or adapting survey administration for other student populations.
The instrument, in its current form, is an effective way to identify dissonance between one’s real and
ideal conceptualizations of self, and help individual students identify opportunities for personal
change and professional growth toward sustainability values and behaviors.

Keywords: individual sustainability; intentional change; validation; survey

1. Introduction

Typically, professional and educational frameworks purported to define and measure sustainable
development concepts emphasize pursuit of three objectives: (1) Social equity and quality of life;
(2) environmental protection and restoration; and (3) economic viability and development. Literature
on sustainable development almost invariably includes mention of the Brundtland definition,
which originated in the World Commission on Environment and Development (WCED)’s 1987 report,
“Our Common Future”. The definition, which states that sustainable development is “development that
meets the needs of the present without compromising the ability of future generations to meet their own
needs”, is generally viewed as the starting point for sustainable development discussions [1,2]. In the
three decades since the term “sustainable development” emerged, many variations (or expansions) of
the Brundtland definition have appeared in the literature. Sustainable development is widely accepted
as a theoretical concept or end goal [1], but without a universally agreed upon definition. That said,
most definitions recognize at a minimum three dimensions—social, environmental, and economic (e.g.,
References [3,4])—that can be organized in different ways like the triple bottom line or Venn diagram
model [5], triple top line [6], and nested dependencies model [7].
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Many sustainability or sustainable development frameworks involve additional dimensions
like the political system, culture, technical decisions (typically applied in engineering contexts),
temporal or spatial variations, etc. Other frameworks sub-divide or explore dimensional overlaps
in order to define more specific objectives like intergenerational and intragenerational equity or
environmental justice. Regardless of the specific dimensions, the different frameworks tend to
emphasize systems thinking (i.e., interactions of different actors and systems at different scales)
and striving to maximize positive benefits across systems while justifying inevitable trade-offs [2,8].
When engineering educators shift from defining sustainability or sustainable design to identifying
competences (or learning outcomes) that students should be able to demonstrate, the list of dimensions
becomes much longer. For example, Lozano and colleagues identified twelve categories, each with
several individual competences, for education for sustainable development [9].

Engineering educators and researchers have used a variety of assessment tools to capture students’
knowledge of and/or valuation of sustainability dimensions. According to a 2017 systematic review
of conference proceedings from the American Society of Engineering Education (ASEE), knowledge
of or attitudes toward sustainability are most commonly captured using student self-report surveys.
In fact, over half of ASEE records that assessed students’ conceptual and/or applied sustainability
knowledge used self-report surveys [10]. Many summaries of student assessments from a variety
of institutional contexts suggest that students over-emphasize the environmental dimension while
under-emphasizing the social dimension [11–13] and often recognize the economic dimension least of
all [14,15].

We suggest an additional gap in most discussions of sustainability definition and measurement,
particularly in education—the individual context. The general dispositions that support individual
sustainability are awareness, motivation, and the ability to engage in intentional self-development.
Additionally, individual sustainability includes possessing a well-developed and demonstrated value
system that acknowledges the interconnectedness of all global biological systems and our appropriate
place in the natural world. To summarize:

Individual Sustainability is characterized by harmony, awareness, and intentionality in thought
and behavior, leading to increasingly responsible actions and continued growth in one’s physical,
emotional, social, philosophical, and cognitive life [16].

A considerable number of psychologists, educators, philosophers, and engineers have noted the
complex nature of what constitutes personality, and how it manifests itself. Furthermore, some have
indicated that personality characteristics are dependent upon each other in order to produce a highly
functioning individual. What these writers have in common is the understanding that personality is
related to a variety of factors, that these factors comprise a complex system, and that a change in one
factor may well produce unpredictable changes in the other factors [16].

1.1. Overview and Objectives of this Study

Three methodologies inform this work and were described by Pappas and Pappas [17]. Firstly,
this research employs a systems theory methodology which stresses that the interrelationship of factors
in a unified system depend upon the unpredictable nature of the relationship of these individual factors.
Secondly, we consider values, whether they be corporate, government, community, or individual, as the
principal guiding force for defining and solving sustainability problems [18]. Thirdly, following years
of researching and teaching sustainability, we understand it is an individual’s demonstrated behaviors
and skills, not simply his or her knowledge of, or attitudes toward, sustainability that support and
promote sustainability. It appears that offering the opportunity to learn about sustainability does not
necessarily lead to more sustainable behavior [19]. Developing an individual’s values may provide
motivation to behave in a manner more congruent with sustainability principles [20]. Our work
suggests that this transformative process employs instructional theory and methodologies that offer
students greater insight into, and understanding of, sustainability problems than traditional instruction
that focuses on increasing “student knowledge” or learning basic laboratory skills.
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The objectives of this study were to test and validate the Individual Sustainability survey with
undergraduate engineering students in multiple educational contexts. The survey instrument was
administered to engineering students in two parts, Real (Current) Self and Ideal Professional Engineer,
in order to stimulate personal reflection and help students identify dissonance between current
behaviors and ideals/values. Iterative application and revision of the survey through three sub-studies
(described in subsequent sections) led to a version of the instrument and assignments that confront
students with opportunities for self-development and intentional change towards a more sustainable
self and engineering professionalism. Currently in science, technology, engineering, and math (STEM)
education, researchers and practitioners are interested in students’ development into technically and
socially competent professionals, with recognition that students often experience dissonance between
personal and professional values [21–23]. Thus, we are making a connection between students’ self
and professional development to stimulate positive, intentional behavior change.

The remaining sections of this paper describe the theoretical underpinnings of Individual
Sustainability, the overall methodology for administering the Individual Sustainability survey to
undergraduate engineering students, and the three studies that were conducted sequentially for
purposes of validating the Individual Sustainability survey. Ultimately, the goal of this paper is to
support widespread testing of the survey instrument with diverse populations as a tool for stimulating
intentional self-development. Following the results of the three studies, the discussion suggests
opportunities for using and continuing to validate the current 34-item Individual Sustainability survey.

1.2. Background Literature and Theory of Individual Sustainability

This background section briefly reports foundational work and literature underpinning the
Individual Sustainability survey; more extensive reviews of the relevant theory and historical
perspectives can be found in prior publications (e.g., References [16–18]). As a construct, Individual
Sustainability (also referred to as Sustainable Personality) serves to define and support a process model
for intentional self-development based on self-directed behavior and systems thinking. As a process
in an instructional setting, students are expected to develop, test, and revise methods in which they
change behaviors in such a way to balance themselves across the Individual Sustainability contexts
(emotional, intellectual, social, and economic).

While this “intentional change” is often addressed in the juried psychology and business literature,
it is mostly in the form of recommendations for workplace-related change or professional skill
development. Rarely are intentional strategies for individual behavioral change included; that is the
intentional and directed human thinking and behaviors that foster personal change and balance. Much
of the current published work and university instruction related to intentional thinking and cognitive
behavioral change is vague on intentional behavioral change strategies. Most methods suggest a
product (or goal) of behavioral change, leaving individuals to their own devices on how to do the
thinking and integrate the subsequent behavioral changes required to reach a goal. These activities
may stimulate thinking about the product of behavioral change in general, but they do not offer the
means for coming up with the change suggested; that is, (1) examining, understanding, and changing
thinking processes and practices; (2) developing the procedures and confidence associated with making
personal changes; (3) practicing and revising thinking and behavioral change processes needed to
foster change; and (4) “personalizing” thinking and behavioral skills (integrating these skills into
everyday professional and personal lives in an intentional manner).

The most essential issue is this: Individuals often do not know what to change about themselves
or how to implement change in their thinking and behavior. Learning how to change intentionally has
proven to be a major barrier in many individuals’ lives (e.g., losing weight, working out, or improving
relationships). This fact has dominated the literature on behavioral change, first noted by Bandura [24].
The difficulty related to intentional change (or self-efficacy), noted by Pajares is “regulation of one’s own
motivation, thought processes, affective states and actions, or changing environmental conditions” [25]
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(p. 546). What is needed are semi-structured feedback and development procedures that allow
individuals to successfully identify and enact adaptive personal changes.

While the bulk of published material on this topic is outside the juried engineering and STEM
literature, Individual Sustainability is likely the most important factor influencing the success
of activities in other general sustainability contexts (environmental, social, economic, technical,
etc.). Understanding the complexities and interconnectedness of one’s own sustainability factors
is pre-requisite for transferring this systems knowledge to understanding community and global
sustainability; thus, learning about sustainability should start with Individual Sustainability.

Individual Sustainability is defined as “a person’s ability to live a healthy lifestyle that includes
creating harmony, interconnections, community, ethically responsible systems, and relatively high
levels of awareness in one’s values, thoughts, and behaviors as well as maintaining or increasing control
over one’s physical, emotional, social, philosophical/spiritual, and intellectual life” [16]. In prior work,
the following categories comprised Individual Sustainability, reflecting both general sustainability
contexts and aspects of Sustainable Personality [16,18]:

1. Social Sustainability—the ongoing human and institutional balance and prosperity that
characterize a healthy social unit, and includes justice, equity, fairness, the role of individuals,
relationships among social groups, the family, collective behavior, social class, race and ethnicity,
medicine, education, and the role of institutions in society.

2. Economic Sustainability—profit-making policies and strategies related to the ethical and
responsible conduct of an economic enterprise (corporate, government, economy). Additionally,
economic sustainability addresses factors that influence the economic health and profile of
communities, including the standard of living, the business climate, employment, and the
productive role of business in the life of a community.

3. Emotional Sustainability—the ability to self-regulate one’s emotions, that is, to know one’s
self well emotionally and psychologically, which would result in intentional and tempered
(predicting and regulating) emotional responses to events, people, and life situations on a
day-to-day basis. This meta-emotional state includes the empathetic consideration of others in
personal and professional relationships, tempering one’s ego and unenlightened self-interest,
and understanding collective human action.

4. Intellectual Sustainability—the ability to educate one’s self across a wide variety of disciplines
and recognize the influence, interconnectedness, and power of knowledge. This includes
developing a creative approach to understanding how knowledge is developed, adapted, applied,
manipulated, transferred, synthesized, analyzed, and evaluated.

The relevance of Individual Sustainability to students should be clear. Balancing one’s self as
described above increases students’ self-awareness, organizational ability, motivation, perseverance
and a variety of other skills valuable to school, career and citizenship, and creating a productive
life. This approach also supports the development of empathy and humanistic values that support
collective effort in the variety of communities in which students reside. While institutions of
higher learning rarely go beyond instruction in professional skills and communications, instruction
focused on Individual Sustainability offers greater possibilities for sustained personal growth and
personality development.

There are countless historical roots supporting the concept of Individual Sustainability
(Sustainable Personality) [16–18,26–38]. Bertrand Russell, in his lecture on the concept of “belief”,
outlined the mutually dependent components of a holistic intellectual life which consists of
“beliefs, reasoning, theories of knowledge, and metaphysics...out of which our philosophical outlook
evolves” [27] (p. 139). Hegel viewed the “whole” of existence as a non-self-contradictory complex
system [28]. His philosophy always considered “reality” as a whole. James delineated the constituents
of the self as “the material self, the social self, the spiritual self, and the pure ego” [29] (p. 292).
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These factors, he said, provide the human foundation for self-seeking and self-preservation, an
understanding of one’s self in the broadest sense.

John Dewey referred to consciousness as composed of “natural and social operations” [30] (p. 244)
and is a “connected course of experience” [30] (p. 249). Further, he proposed the synthesis of human
processes “in which elements combine into complex wholes and series” [30] (p. 245). He noted
“knowing, willing, feeling [are the] name states of consciousness” [30] (p. 252), with acts and attitudes
found in experience. He later refers to consciousness as a “system of truth” [30] (p. 257). A few
years later, Dewey outlined a similar system guiding successful education: “Education, we received
from three sources—Nature, men, and things” . . . that the “concurrence of three kinds of education
is necessary to their completeness” [30] (p. 108). Each kind of education, he stressed, determines the
success of the other two.

Abraham Maslow described the 13 characteristics of a self-actualized individual as follows:

1. Superior perception of reality
2. Increased acceptance of self, others, and of nature
3. Increased spontaneity
4. Increase in problem-centering
5. Increased detachment and desire for privacy
6. Increased autonomy and resistance to enculturation
7. Greater freshness of appreciation, and richness of emotional reaction
8. Higher frequency of peak experiences
9. Increased identification with the human species
10. Changed (the clinician would say improved) interpersonal relations
11. More democratic character structure
12. Greatly improved creativeness
13. Certain changes in the value system [31] (p. 24)

He noted these characteristics as a path to “a fuller knowledge of, and acceptance of, the person’s
own intrinsic nature, as an unceasing trend toward unity, integration, or synergy within the person” [31]
(p. 25).

Carl Rogers, a decade or so later, developed the “Qualities of the Person of Tomorrow,”
which consisted of twelve characteristics of a highly functioning and balanced individual—a list
clearly reminiscent of Maslow’s and characterized by “a world in which the mind, in its larger sense,
is both aware of, and creates, the new reality” [32] (p. 352). These are as follows:

1. Openness
2. Desire for authenticity
3. Skepticism regarding science and technology
4. Desire for wholeness
5. The wish for intimacy
6. Process persona
7. Caring
8. Attitude toward Nature
9. Anti-institutional
10. The authority within
11. The unimportance of material things
12. A yearning for the spiritual

Capra offered his systems view of personality as “based on awareness of the essential
interrelatedness and interdependence of all phenomena—physical, biological, psychological, social,
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and cultural” [33] (p. 265). In addition, Capra noted that “systems thinking is process thinking,
form becomes associated with interaction, interrelation with interaction . . . ” [33] (p. 267).
Csikszentmihalyi took a similar interactive approach and reflects on the complexity of consciousness,
stating that knowledge or intelligence need be in harmony with feelings and actions—“to create
harmony between goals and desires, sensations and experiences” [34] (p. 207).

Engineers Adams and Petroski, as well, employ a systems approach to their work on thinking,
problem solving, and engineering design [35–37]. Adams employed a systems approach to the
development and use of thinking skills throughout his philosophy and conceptual approach to
problem and idea generation [35] and creativity [36]. Petroski revolutionized engineering design
failure assessment through an approach that systematizes the process of inspection and evaluation
of existing design as well as the development of new designs that include addressing and assessing
human, social, and environmental factors [37].

Some writers, like Thoresen, delineate a sustainable personality, what she considers responsible
citizenship, from the perspective of “empathy, relationships, critical skills, co-operation, self-awareness,
equality, feeling concerned” [38] (p. 8)—individual attributes that would increase our chances of
survival. She grouped over two dozen human behaviors and values into three general areas: “Biological
Determinants, Social Expectations, and Moral Imperatives” [38].

Encouraging curriculum change in higher education to foster individual sustainability, Kagawa
suggested problem solving skills, creative and critical thinking, and self-reflection as necessary
components to encourage sustainable development and points out “And what kind of development
do we want to sustain: social, cultural, political, spiritual and/or economic? (And are these
separable?)” [12] (p. 325).

Education for sustainability should foster “learning new attitudes, perspectives, and values that
guide and impel people to live their lives in a more sustainable way” [39] (p. 63). Factors such as
feeling, simplicity, quietness, identity, justice, and a culture of peace characterize sustainable societies
noted Gadotti, who further encouraged political and social revolution based on an “anthropocentric
and individualistic view of humanity’s well-being” [39] (p. 96). Stone’s approach to curricular change
includes instruction in “cognitive, emotional, active, and connectional” [40] (p. 44) topics, similar to
integrating approaches to personality in Goleman, Barlow, & Bennett [41]. Employing a similar
structural format, Lowenstein, Martusewicz, and Voelker (2010) focused on a social approach related
to the discourses that shape our modern industrial cultures [42].

To be truly educated is to have the ability to educate one’s self as well as engage in
intentional growth. Higher education has, for generations, largely ignored instruction in intentional
self-development, despite its essential role in human prosperity and growth [43,44]. While we find
some instruction related to individual behavior in social sciences and professional development
instruction across the curriculum, few, if any, instruction focuses on self-directed growth. Our approach
to Individual Sustainability recognizes that human growth is a result of change and balance across
emotional, social, physical, intellectual, and philosophical contexts.

2. Materials and Methods

This project involved three studies deployed sequentially; Studies 2 and 3 used nearly identical
methods, which were a slight variation of the first study. For each study, undergraduate engineering
students responded to statements related to Individual Sustainability (or Sustainable Personality)
using the Qualtrics survey system, and then reflected on their responses on the whole. The research
was approved by the University’s Institutional Review Board, and only data of students who
provided consent were included in these studies. The original Individual Sustainability survey
(see the first column in Table 1) was designed for a general adult population [16] with the intent
to bring intentional self-development and personality change into the university. Three early
versions of the survey were first used on the personality multi-source feedback site Personality
Pad (https://www.personalitypad.org/). The development of these original 50-item surveys was

https://www.personalitypad.org/
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modeled after the styles of psychological surveys attempting to assess a broad array of factors that lead
to the development of an individual’s personality, including the Big Five personality framework [26].
Most specifically, the work of Maslow, Dewey, Rogers, and Capra (among others) were employed in
developing items, and the survey was further vetted by a variety of academicians, psychiatrists, and
psychologists as well as through anecdotal studies in the classroom. Through this vetting process and
exploratory studies, the Individual Sustainability contexts used for instrument development evolved
from the theorized definitions presented earlier in this paper. The initial instrument used for formal
studies consisted of 50 items across 5 contexts: Economic, social, intellectual, emotional, and health.
The formal studies led to acceptable reliability indicators [17], with the caveat that this instrument was
intended to initiate cognitive changes and motivate intentional development activities rather than to
achieve reliable estimates of sustainability knowledge or attitudes. Since the first testing of the survey
in early 2010, over 1500 individuals (mostly students) have taken the survey in research studies and
online (PersonalityPad.org). Several versions of the survey are currently in use, including the versions
that will be presented in Studies 2 and 3. The first study presented in this paper (Study 1) used the
original 50-item survey with a population of solely engineering students. The survey instrument
changed from study to study as items were removed, modified, or split based on the results of factor
analysis (see Table 1).

For all studies in this paper, students responded to two versions of the survey—Real and Ideal.
First, in the Real part, students were asked to respond to statements about themselves (e.g., “I am
a person who is comfortable with close personal relationships”). In the Ideal portion of the survey,
identical statements were used; however, each statement began with “Ideally” (e.g., “Ideally, I am a
person who is comfortable with close personal relationships”). Students were given instructions for
the Ideal part that pointed out the different expectation. For the first study, students were asked to
consider their “ideal self” or how they would like to be ideally. For Studies 2 and 3, students were
asked to think of the “ideal engineer” when responding to these statements. In all cases, students
were shown a statement and asked to select the point on the scale that indicated the extent to which
he/she agreed or disagreed with that statement. Responses were on a 7-point Likert scale ranging
from Strongly Disagree to Strongly Agree.
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Table 1. Evolution of the Individual Sustainability survey over Studies 1, 2, and 3.

Item # (Study 1) Item # (Study 2) Item # (Study 3) Stem Factor (Study 1) Factor (Study 3)

1 1 1 I am a person who owns a lot of electronic devices. Economic Economic

2 - - I am a person who is careful when budgeting financial resources. Economic -

3 - - I am a person who finds it important to keep bills and payments current. Economic -

4 - - I am a person who tends to spend money impulsively. Economic -

5 2 2 I am a person who admires wealth. Economic Economic

6 3 3 I am a person who considers earning capacity the central factor in career choice. Economic Economic

7 4 4 I am a person who feels the need to have a lot of material possessions. Economic Economic

8 5 - I am a person who needs to have the “top of the line” when purchasing a product. Economic -

9 6 6 I am a person who believes that having a lot of money will make me happy. Economic Economic

10 7 7 I am a person who makes many decisions based on money. Economic Economic

11 8 8 I am a person who talks to my friends and family about the characteristics and qualities of our
relationship. Social Social/Intellectual

12 9 9 I am a person who expresses myself with appropriate warm physical contact with friends. Social Social/Intellectual

13 - - I am a person who is comfortable interacting in groups of people. Social -

14 - - I am a person who behaves in ways that reflect my values. Social -

15 10 10 I am a person who finds it important to balance my social time with my personal time. Social Social/Intellectual

16 - - I am a person who prefers to be with other people rather than spending time alone. Social -

17 11 11 I am a person who chooses to interact directly with other people rather than socialize via
electronic devices. Social Social/Intellectual

18 12 12 I am a person who demonstrates openness, acceptance, and respect in my relationships. Social Social/Intellectual

19 - - I am a person who likes to be the center of attention when interacting with others. Social -

20 13 13 I am a person who is comfortable with close personal relationships. Social Social/Intellectual

21 14 14 I am a person who considers myself to be intellectually inclined. Intellectual Social/Intellectual

22 - - I am a person who uses thinking and reasoning strategies to solve problems and generate ideas. Intellectual -

- 15 15 (I am a person who uses critical thinking to solve problems.) Social/Intellectual

- 16 16 (I am a person who uses creative thinking to generate ideas.) Social/Intellectual

23 17 17 I am a person who seeks out thoughtful conversations. Intellectual Social/Intellectual

24 - - I am a person who likes to argue. Intellectual -
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Table 1. Cont.

Item # (Study 1) Item # (Study 2) Item # (Study 3) Stem Factor (Study 1) Factor (Study 3)

25 18 18 I am a person who likes to consider multiple sides of an issue. Intellectual Social/Intellectual

26 19 19 I am a person who talks with others about issues that are important to our society. Intellectual Social/Intellectual

27 - - I am a person who considers school a good source of intellectual stimulation. Intellectual -

28 20 20 I am a person who is inquisitive. Intellectual Social/Intellectual

29 - - I am a person who tends to spend more time “doing” rather than “thinking.” Intellectual -

30 - - I am a person who actively seeks new knowledge. Intellectual -

31 21 21 I am a person who talks a lot about myself when I am with others. Emotional Emotional

32 22 22 I am a person who has moods that vary widely. Emotional Emotional

33 23 23 I am a person who often lets emotions dictate my thoughts and actions. Emotional Emotional

34 24 24 I am a person who misdirects my anger on to others. Emotional Emotional

35 - - I am a person who takes on the emotional state of others. Emotional -

36 - - I am a person who is sensitive to the emotions of others. Emotional -

37 25 25 I am a person who considers my emotional well-being important. Emotional Social/Intellectual

38 - - I am a person who has friends I can talk with about emotional issues. Emotional -

39 26 (edited) 26 I am a person who frequently experiences significant stress in my life. (I am a person who
experiences emotional stress.) Emotional Emotional

- 27 27 (I am a person who actively addresses emotional health concerns.) Social/Intellectual

40 28 28 I am a person who has strong reactions to both positive and negative events. Emotional Emotional

41 29 (edited) 29 I am a person who is careful to get the amount of sleep I need most nights. (“most nights”
removed for Study 2) Health Health

42 30 (edited) 30 I am a person who actively pursues good eating habits, including avoiding fast foods.
(“including avoiding fast foods” removed for Study 2) Health Health

- 31 31 (I am a person who eats a lot of processed foods, like fast food.) Health

43 32 32 I am a person who experiences physical discomfort sometimes caused by stress
and anxiety. Health Emotional

44 33 - I am a person who often uses over-the-counter or prescription drugs. Health -

45 34 33 I am a person who actively pursues good physical health habits and activities. Health Health

46 - - I am a person who paces my activity levels, concentrates, and focuses on a single task. Health -
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Table 1. Cont.

Item # (Study 1) Item # (Study 2) Item # (Study 3) Stem Factor (Study 1) Factor (Study 3)

47 35 (edited) 34 I am a person who actively addresses health concerns when they occur. (I am a person who
actively addresses physical health concerns.) Health Health

48 36 36 I am a person who is often sick. Health Emotional

49 - - I am a person who has a tendency to multi-task and be scattered in accomplishing tasks. Health -

50 - - I am a person who is aware of the holistic nature of human health and well-being. Health -

Note. In the “Ideal” version of the survey, all items begin with “Ideally” followed by a comma. Items that are bold-faced are reverse scored prior to computing subscales. Items in ( ) were
added or edited for Studies 2 and 3.
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Table 2 summarizes differences across the three studies and the participants for each study.
The following sections describe each study and its results.

Table 2. Methods for the three studies.

Participants Survey Questions Real vs. Ideal

Study 1 (Fall 2014) Junior engineering students at
mid-sized public university (n = 91)

50 items, same order
for all Real self, Ideal self

Study 2 (Fall 2015)
Freshman through senior
engineering students at mid-sized
public university (n = 247)

36 items,
randomized order Real self, Ideal engineer

Study 3 (Fall—Spring 2016)
Undergraduate engineering
students at four different
institutions (n = 267)

34 items,
randomized order Real self, Ideal engineer

Following the Sustainable Personality Survey, students were directed to reflect upon their
responses in a post-survey question or reflection assignment. Depending on the study, students
responded to one of the following prompts:

1. Comparing your real and ideal survey results, identify one area you would like to improve and
develop a plan for change.

2. Consider your responses for the characteristics that an ideal professional engineer should possess.
Discuss one area you’d like to improve on as you work toward becoming a professional engineer.

This paper only reports on the quantitative aspects of the studies from students’ responses to
the Likert-style survey questions for both Real and Ideal. The qualitative results are being analyzed
in-depth and will be reported in future publications that compare responses to different types of
reflection prompts and triangulate quantitative and qualitative results. Preliminary qualitative analysis
of Study 1’s results revealed that most junior engineering students in the test sample identified
one or more areas of dissonance from their responses to the Real Self and Ideal Engineer surveys,
and developed an appropriate change plan for the remaining five to six weeks of the semester.
Using the dissonance between real and ideal self to identify opportunities for change and motivate
personal/professional development has been an effective practice with other student populations
across multiple studies (e.g., Reference [45]).

Study students were awarded a small amount of course credit (equal to a homework assignment)
for simply completing the study, regardless of their involvement in the study or quality of their
participation. In general, students seemed interested in the study since the focus was on personal
or professional development. For this reason, we consider students’ responses and narrative essays
mostly authentic. The study was conducted with no class discussion about the survey, apart from
clarifying instructions. All students opted into having their responses included in the research project
by completing a consent form. Receiving completion credit was in no way contingent on opting into
the research; and the processing of consent forms and data analysis was conducted by a researcher
with no connection to any of the classes.

While the instrument and its application in this study is novel, our methodology is not new to
engineering research, as a similar approach was used in Nagel et al. (2014) to assess engineering
students’ group behaviors [46]. Others have researched what constitutes valuable skills in engineering,
focusing on personality research [47] and the connection between personality and productivity,
using a survey and interview methodology [48]. Stephens and colleagues suggested that engineering
education be “based on the premise that sustainable behavior should start with oneself” [49] (p. 321).
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3. Results

This section describes the specific method and results for each of the three validation studies.

3.1. Study 1 Method and Results

Participants. We collected data on the Ideal and Real surveys from 96 junior-level engineering
students at a mid-sized public university in the mid-Atlantic United States. The surveys were
administered via an online survey delivery platform in the fall of 2014. The student population
was approximately 18% female and 82% male. Students received completion credit in one of their
engineering courses for completing the survey, but were given the option of choosing to not have their
data included in the current study. Ultimately, 91 students completed both surveys and opted in to
having their data included.

Analysis. Prior to conducting any analyses, we screened the data for outliers and assessed
non-normality using Mardia’s test via the mardiaTest function in the MVN package [50] in R v3.2.2 [51].
The factor structure of the Individual Sustainability survey was evaluated in two stages. First,
a confirmatory factor analysis (CFA) was performed to assess the fit of the hypothesized five-factor
model (see Figure 1) to both the Ideal and Real survey data. A modified five-factor structure was also
fit to the data that allowed two items (1 and 8) to cross-load on the intellectual factor. Although there
were some missing data, the CFA model employed full-information maximum likelihood in the lavaan
R package [52]. All missing data were assumed to be at least missing at random (MAR).
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Figure 1. Originally hypothesized factor structure, which was tested in the first confirmatory factor
analysis (CFA) in Study 1. For the second CFA in Study 1 (called “modified 5-factor”), items 1 and 8
were allowed to cross-load on the intellectual factor.

When evaluating model-data fit, better fit indicates that the model does well at explaining the
relationships among the variables. More specifically, the model-implied variance-covariance structure
is similar to the variance-covariance structure of the data. Several fit indices exist in CFA models,
but four were used to inform this study: The chi-square test of model fit, the comparative fit index
(CFI), the root mean square error of approximation (RMSEA), and the standardized root mean residual
(SRMR). A large CFI and small RMSEA and SRMR values are indicative of good model-data fit.
Although fit is continuous, cut-offs for these values have been suggested to be 0.95 or higher for
CFI, 0.06 or smaller for RMSEA, and 0.08 or smaller for SRMR [53]. Relative fit was assessed via the
chi-square difference test.

Due to the poor fit of these models (see Study 1 Results in Table 3), a second stage of the analysis
was run. Exploratory factor analyses (EFA) were conducted to shed light on the unknown factor
structure. A parallel analysis [54] was performed for each dataset separately. In a parallel analysis,
the eigenvalues of the observed data are compared to several random matrices of the same size. In this
comparison, eigenvalues that are greater than the mean of the simulated eigenvalues are indicative of
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potentially meaningful factors rather than random noise. The fa.parallel function in the psych package
in R [55] was used to conduct the parallel analysis. The fa function in the psych package was then
used to produce the suggested solution for each dataset. Maximum likelihood estimation was used
to estimate the factor solution and an oblique rotation (promax) was specified to allow the factors
to correlate.

3.1.1. Study 1 Results

See the supplementary material for means, standard deviations, skew, and kurtosis for each item.
When screening the data for outliers, none were found.

Multivariate normality. According to the Mardia’s test of multivariate normality, neither the
Ideal nor Real data were multivariate normal. As seen in the supplementary material, the skew of
individual items on the Ideal survey ranged (in terms of absolute value) from 0.00 (item 1) to −2.61
(item 49); kurtosis ranged from −0.19 (item 34) to 7.49 (item 49). For the Real survey, skew ranged from
0.00 (item 1) to −1.37 (item 39), and kurtosis ranged from 0.00 (item 13) to 3.67 (item 4). As a result
of the non-normality, the Satorra-Bentler correction was applied to adjust the model fit statistics [56].
These adjusted values are presented throughout.

Confirmatory factor analysis. CFA global model fit indices are presented in Table 3. Because
RMSEA values may be inaccurate with sample sizes of less than 250 [57], we primarily focused on the
SRMR and CFI. Both models resulted in poor fit to the data for both the Real and Ideal versions of
the survey, suggesting that items within the same factor do not covary similarly within each survey.
The modified five-factor model did fit better relative to the five-factor model for the Ideal and Real
surveys, but this model still fit poorly in an absolute sense.

Table 3. Global Model and Relative Fit Indices for CFA.

Study 1

Ideal Real

Original 5-factor

CFI 0.666 0.319
RMSEA 0.096 0.112
SRMR 0.110 0.137

Overall χ2 χ2 (1165) = 1962.95 * χ2 (1165) = 2119.40 *

Modified 5-factor

CFI 0.668 0.324
RMSEA 0.096 0.112
SRMR 0.107 0.136

Overall χ2 χ2 (1163) = 1954.84 * χ2 (1163) = 2110.34 *

5-factor vs. Modified 5-factor χ2 (2) = 9.17, p = 0.01 χ2 (2) = 6.80, p = 0.03

Study 2

Ideal Real

Original 5-factor

CFI 0.766 0.716
RMSEA 0.063 0.066
SRMR 0.090 0.109

Overall χ2 χ2 (584) = 1090.59 * χ2 (584) = 1173.53 *

1-factor

CFI 0.587 0.399
RMSEA 0.083 0.095
SRMR 0.097 0.120

Overall χ2 χ2 (594) = 1489.27 * χ2 (594) = 1842.83 *

5-factor vs. 1-factor χ2 (10) = 211.86 * χ2 (10) = 1640.50 *
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Table 3. Cont.

Study 3

Ideal Real

New 4-factor

CFI 0.838 0.692
RMSEA 0.052 0.065
SRMR 0.078 0.085

Overall χ2 χ2 (521) = 894.82 * χ2 (521) = 1118.30 *

Original 5-factor

CFI 0.762 0.619
RMSEA 0.063 0.072
SRMR 0.115 0.111

Overall χ2 χ2 (517) = 1066.95 * χ2 (517) = 1255.47 *

1-factor

CFI 0.563 0.214
RMSEA 0.085 0.103
SRMR 0.108 0.125

Overall χ2 χ2 (527) = 1538.25 * χ2 (527) = 2052.28 *

4-factor vs. 1-factor χ2 (6) = 117.50 * χ2 (6) = 7126.80 *

5-factor vs. 1-factor χ2 (10) = 169.01 * χ2 (10) = 886.55 *

Note 1. All models were estimated using full-information maximum likelihood in lavaan. CFI = comparative fit
index; RMSEA = root mean squared error of approximation; SRMR = standardized root mean residual. Typically
accepted cutoff values for SRMR < 0.08 (0.07 when violating multivariate normality), CFI > 0.90 (0.95 when violating
multivariate normality), and RMSEA < 0.08 (0.06 when violating multivariate normality). Note 2. The Satorra-Bentler
correction was used to adjust the chi-square for all models [56]. Note 3. For Study 3, the chi-square difference test
was not conducted for the 4- vs. 5-factor models as they are not nested. * p < 0.001.

Exploratory factor analysis. Due to the poor fit of the five-factor model to the data, an exploratory
factor analysis (EFA) was conducted to uncover the unknown factor structure. We also examined
the scree plots to inform the decision about the number of factors to extract. The two separate
parallel analyses and scree plots suggested four- and seven-factor solutions for the Ideal and Real
data, respectively. The factor solutions based on the parallel analysis for each survey are found in
the supplementary material. Loadings of 0.3 or above were considered meaningful and are bolded.
Percent variance accounted for by the final model was 49.2% for the Ideal survey and 45.3% for the
Real survey.

Economic factor. Items 1 and 5–10, designed to be part of the economic factor, hung together
fairly cleanly for both the Ideal (Factor 3) and Real (Factor 1) surveys. Items 2–4, however, exhibited
some cross-loading and, in the case of item 3, did not load at all for the Real survey, thus the decision
was made to remove these items and retain the others.

Social factor. Items 11–20, designed as the social factor, hung together well on both the Ideal
(Factor 1) and Real (Factor 5) surveys, with the exception of item 19—which cross-loaded on two other
factors—and item 14, which cross-loaded on its intended factor and another factor in both surveys.
Additionally, items 13 and 16 were removed because they overlapped conceptually with item 15.
There was also some concern regarding “socially desirable” responding with these items; this means
social norms dictate an expected “positive” behavior for those items and thus students would be
unlikely to report a contrary behavior.

Intellectual factor. Items 21–30, designed to be the intellectual factor, hung together well for the
Ideal survey (Factor 1), although there was some cross-loading for items 22, 27, 28 and 30. Additionally,
although they loaded together on Factor 1, Factor 1 also consisted of the items designed to form the
social factor. For the Real survey, items 21–26, 28 and 30 loaded primarily on Factor 6 (with item
25 cross-loading on Factor 7), but items 27 and 29 did not load on any factors for the Real survey.
In contrast to the Ideal survey, the intellectual items did not load on the same factor as the social items
for the Real survey. As a result, we decided to keep the two factors (social and intellectual) separate.
We decided to remove items 27 and 29, given that they did not load on any factors for the Real survey.
We also removed item 24 because of a concern for socially desirable responding, and 30 because it was
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similar to item 28. We split item 22 into two items because it was double-barreled (i.e., addressed two
separate concepts).

Emotional factor. For the Ideal survey, items 31–40, designed as the emotional factor, primarily
loaded on Factor 2, with the exception of items 37 and 38, which loaded on Factor 1. In the Real survey,
these items loaded primarily on Factor 2 as well, with the exception of item 36 (Factor 7), 37 (Factor 3)
and 39 (Factor 3). The decision was made to remove items 35, 36 and 38. Items 36 and 28 displayed
some cross-loading. For item 35 (“I am a person who takes on the emotional state of others”), there was
some concerns about item wording being confusing. We also edited item 39, which originally read
“I am a person who frequently experiences significant stress in my life.” In order to make it more
emotionally focused, we changed it slightly to read “I am a person who experiences emotional stress.”

Health factor. Items 41–43, 45–47 and 50, designed to be the health factor, loaded primarily on
Factor 1 for the Ideal survey. This factor also contained many of the items designed as the social and
intellectual factors. Items 44, 48 and 49—also designed as the health factor—loaded primarily on
Factor 2. For the Real survey, none of the health items hung together in any meaningful way, but were
rather distributed among Factors 2–5. Item 50 did not load at all for the Real survey, and was therefore
removed. Items 46 and 49 were also removed because item 46 was triple-barreled, and neither item
specifically focused on physical health. In an effort to clarify wording, items 41, 42, and 47 were edited
slightly (see Table 1).

3.1.2. Study 1 Discussion

For the confirmatory factor analysis, our sample size of 91 was much smaller than the typically
recommended 250 [57]. In fact, given the complexity of our model and the large number of items,
a sample size even larger than 250 would be preferred. Such a small sample size can impact the stability
of fit statistics as well as the accuracy of the Satorra-Bentler correction. As a result, the parameter
estimates must be interpreted with extreme caution. Given that the CFA models exhibited poor fit,
however, we deemed it appropriate to continue with exploratory factor analyses, to be followed up in
a second study with a larger sample and additional CFAs.

The exploratory factor analysis did not result in particularly clean solutions for any of the factors.
Additionally, for the Ideal survey, it appeared that the social and intellectual factors may work best
if combined (though this was not the case for the Real survey). Based on the results of the EFA
and an examination of item wording, the decision was made to retain the five-factor structure but
remove 14 items for a revised 36-item scale (see Table 1). This 36-item scale was administered to a new,
larger sample and the factor structure tested again in Study 2, as described next.

3.2. Study 2 Method and Results

Participants. For Study 2, both the Ideal and Real versions of the Individual Sustainability survey
were administered to undergraduate engineering students in the fall of 2015. Participants were students
from the same mid-sized public university in the mid-Atlantic United States as was used in Study
1. The Ideal and Real surveys were once again administered via an online survey delivery platform.
Sophomore and junior students received completion credit in one of their engineering courses if they
completed the survey; freshmen and senior students were sent the link and simply asked to participate.
We received 246 complete responses for the Ideal survey, and 247 for the Real survey.

Analyses. To assess the factor structure of the scale, we ran a series of confirmatory and
exploratory factor analyses. As before, we assessed multivariate non-normality using the mardia
function [50] and examined the data for outliers, and all CFAs were conducted using the lavaan
package [52] in R v3.2.2 [51]. We began by testing the theorized five-factor structure for the Ideal
and Real surveys using a CFA model; in this model, all factors were allowed to correlate, and the
item/factor relationships were specified as theorized (see Figure 2). Next, we tested a one-factor model
in which all items loaded on a single factor to ensure that the construct we were measuring was not
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actually unidimensional. We assessed the fit of both models based on the RMSEA, CFI, and SRMR fit
indices discussed for Study 1, as well as the chi-square difference test.
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Due to a lack of fit for the tested CFA models (see Study 2 Results in Table 3), we subsequently ran
a set of EFA to further examine the factor structure. As in Study 1, we conducted a parallel analysis [54]
using the fa.parallel function in the R psych package [55] to determine the number of factors potentially
existing in the Ideal and Real data. We also examined the scree plots to inform the decision about
the number of factors to extract. We then used the fa function in the psych package to produce the
suggested solution for each dataset. As before, maximum likelihood estimation was used to estimate
the factor solution and an oblique rotation (promax) was specified to allow the factors to correlate.

3.2.1. Study 2 Results

See the supplementary material for means, standard deviations, skew, and kurtosis for each item.
When screening the data for outliers, none were found.

Multivariate normality. Mardia’s test of multivariate normality indicated that data were not
multivariate normal. As seen in the supplementary material, the skew of individual items on the
Ideal survey ranged (in terms of absolute value) from 0.03 (item 6) to −2.01 (item 15); kurtosis ranged
from −0.04 (item 20) to 6.98 (item 15). For the Real survey, skew ranged from 0.00 (item 32) to −1.49
(item 18), and kurtosis ranged from −0.05 (item 9) to 3.55 (item 18). Due to the lack of multivariate
normality, the Satorra-Bentler correction was applied [56].

Confirmatory factor analysis. The original five-factor and one-factor models resulted in poor fit
to the data (see Table 3). For each model, the Ideal version of the survey fit slightly better than the Real.
In terms of relative model fit, the one-factor fit statistically significantly worse than the five-factor for
both the Real and Ideal surveys.

Exploratory factor analysis. Due to the lack of ideal fit of these models, we also ran EFA to further
examine the factor structure. The parallel analyses and scree plots suggested five-factor solutions for
both the Ideal and Real data. The factor solutions based on the parallel analysis can be seen in the
supplementary material.

As in Study 1, loadings of 0.3 or above were considered meaningful. Given this criteria, there were
two distinct factors for the Ideal and Real surveys. By and large, items 1–7—designed as the economic
subscale—hung together (Factor 2); this was particularly clear for the Real survey. Additionally, items
8–20—designed as the social (items 8–13) and intellectual (items 14–20) subscales —hung together
fairly cleanly (Factor 1). Items 21–28—designed as the emotional subscale—were split between Factor
1 and Factor 3. In both the Ideal and Real surveys, items 21–24, 26 and 28 hung together on Factor
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3, but items 25 and 27 loaded primarily on Factor 1. Finally, items 29–36—designed as the health
subscale—did not hang together in any meaningful way.

Several individual items appeared to be behaving poorly. Items 5 and 33 loaded on their own
two-item factor for the Ideal survey, although item 5 loaded acceptably on its intended factor for the
Real survey. Item 33 loaded fairly low on all factors for the Real survey. In addition to items 5 and
33, item 11 did not load on any factor in the Ideal survey, and had a fairly low loading for the Real
survey. As a result, the decision was made to remove items 5 and 33. However, item 11 (“I am a
person who chooses to interact directly with other people rather than socialize via electronic devices.”)
was retained because we were interested in examining demographic differences across age groups.
This item was also retained because of the larger dissonance aim of the survey, as discussed briefly in
the literature review.

After removing items 5 and 33, we ran an EFA on the data once more. Parallel analysis
suggested extracting five factors for both the Ideal and Real surveys. As can be seen from the
supplementary material, in the case of the Real survey, the fifth factor appeared to primarily be a
result of cross-loading for items primarily loading on other factors; additionally, only 3 items loaded
without strong cross-loading on this factor. Because of this, and because we wanted to prioritize
the Real survey in the determination of a factor solution, a four-factor solution was also extracted.
This solution resulted in much cleaner loadings for the Real survey, although the loadings for items 8
and 9 were lower in the four-factor solution than they were in the five-factor solution, and item 1 did
not load strongly on any factors for the Real survey (see Table 4). The four-factor solution was fairly
clean for the Ideal survey as well, and the pattern of loadings largely mirrored that of the Real survey.
As a result, we decided to move forward with the four-factor solution (see the column labeled “Factor
(Study 3)” in Table 1 for the final solution). For the Ideal survey, the four factors together accounted for
41.3% of the variance; for the Real survey, they accounted for 39%.

Table 4. Individual Survey four factor exploratory factor analyses (EFA) solutions without items 5 and
33: Study 2.

Ideal Real

Item 1 2 3 4 1 2 3 4

1 −0.22 0.38 −0.11 0.34 −0.17 0.29 −0.05 0.29
2 0.13 0.73 0.06 0.06 0.00 0.80 −0.05 0.06
3 0.06 0.62 0.03 −0.05 0.08 0.68 −0.12 −0.06
4 0.15 0.59 0.07 −0.03 0.15 0.61 0.14 −0.09
6 0.21 0.73 −0.01 −0.06 0.06 0.77 0.02 0.01
7 0.00 0.73 −0.03 0.00 −0.04 0.59 0.04 0.06
8 0.59 0.10 −0.20 0.04 0.55 −0.01 −0.09 0.12
9 0.50 0.05 −0.14 0.02 0.49 −0.10 −0.04 0.06

10 0.41 −0.01 0.10 −0.10 0.51 0.00 −0.01 −0.05
11 0.25 −0.09 0.02 0.13 0.35 −0.03 0.26 0.17
12 0.61 0.05 0.03 −0.03 0.64 −0.01 0.17 −0.16
13 0.60 −0.04 −0.04 −0.09 0.50 −0.08 0.13 −0.03
14 0.50 −0.08 0.09 0.08 0.47 −0.03 0.02 −0.03
15 0.58 −0.03 0.04 −0.12 0.64 −0.01 −0.05 −0.14
16 0.71 0.03 0.11 −0.16 0.64 0.05 0.13 −0.12
17 0.54 0.01 −0.07 0.02 0.68 0.02 −0.07 −0.01
18 0.59 0.03 0.20 −0.11 0.49 −0.01 0.23 −0.14
19 0.61 0.13 0.02 −0.03 0.56 0.18 −0.15 0.05
20 0.53 0.03 0.06 −0.02 0.52 −0.05 −0.11 −0.07
21 0.07 −0.03 0.43 0.28 0.02 0.13 0.34 −0.02
22 −0.13 −0.11 0.77 0.09 0.03 −0.07 0.70 −0.04
23 0.02 0.12 0.54 0.05 0.02 0.10 0.64 −0.06
24 0.29 0.01 0.54 −0.02 0.16 −0.08 0.61 −0.07
25 0.60 0.07 −0.12 0.01 0.56 0.07 −0.12 0.06
26 −0.11 0.04 0.75 0.06 −0.27 −0.01 0.69 0.16
27 0.54 0.15 −0.25 0.21 0.50 0.16 −0.07 0.05
28 −0.28 0.12 0.44 −0.04 −0.24 0.04 0.43 −0.04
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Table 4. Cont.

Ideal Real

Item 1 2 3 4 1 2 3 4

29 0.30 −0.04 0.10 0.42 0.08 −0.07 0.10 0.50
30 0.27 −0.10 −0.08 0.69 0.23 −0.05 −0.04 0.68
31 −0.01 0.06 0.16 0.66 −0.06 0.11 0.08 0.70
32 0.08 0.06 0.62 −0.06 −0.10 0.00 0.73 0.07
34 0.31 −0.16 0.07 0.47 0.31 −0.14 −0.02 0.57
35 0.42 0.00 −0.07 0.29 0.32 0.03 0.02 0.37
36 0.22 0.00 0.48 −0.02 0.12 0.06 0.39 0.02

Factor
Correlations

1.00 1.00
0.24 1.00 0.10 1.00
0.39 0.42 1.00 0.17 0.28 1.00
0.36 0.34 0.30 1.00 0.28 0.12 0.02 1.00

Note: Standardized factor pattern coefficient ≥0.30 or ≤−0.30 are bolded. Due to rounding, some values appear to
be 0.00 when they are, in fact, smaller than the second decimal; Percent variance accounted for by model for Ideal
survey: 41.3%. Percent variance accounted for by model for Real survey: 39%.

3.2.2. Study 2 Discussion

As mentioned in the discussion for Study 1, given the complexity of our model and the large
number of items, our sample size of 246 and 247 for Study 2 is still likely not large enough to produce
stable parameter estimates. Given the small sample size, the presented results should be interpreted
with care. However, the small size of the engineering department at the university of study makes
a larger n extremely difficult to achieve. Thus, we proceeded cautiously with an interpretation of
the results.

Although the survey from Study 1 was edited based on the EFA results, the hypothesized
five-factor model still did not fit well in Study 2. Based on the CFA results for Study 2, the hypothesized
five-factor model still did not fit the data well in an absolute sense. The one-factor model also fit
poorly, though, lending support to the idea that the construct of Individual Sustainability is in fact
multidimensional. This idea was further borne out by the subsequent EFAs, which suggested multiple
factors for both the Real and Ideal surveys.

The careful observer will note that for the four-factor solution we championed based on the EFA,
Factors 1 and 3 are composed entirely of negatively worded items and Factors 2 and 4 are composed
primarily of positively worded items. This begs the question of whether the factor solution represents
wording effects rather than meaningful constructs. Note, however, in Table S4, that there is virtually
no cross-loading of items across Factors 1 and 3 or 2 and 4, suggesting that what separates these factors
is more than a simple wording effect. It was our hope that testing out this new four-factor structure
using a CFA on a new sample would further bear this out. To that end, we conducted a third study,
described next.

3.3. Study 3 Method and Results

Participants. For study 3, we administered the revised version of the survey (i.e., the version
without items 5 and 33; see Table 1) to engineering students at four different universities on the East
Coast of the United States in Fall Semester 2016. We also administered the survey at one of the same
universities in Spring Semester 2016. In total, 267 students completed all items on the Ideal survey,
and 275 students complete the Real version of the survey.

Analysis. For study 3, we ran several confirmatory factor analysis models. As before, we assessed
multivariate non-normality using the mardia function [50] and examined the data for outliers, and all
CFAs were conducted using the lavaan package [52] in R v3.2.2 [51]. We began by testing the same
theorized five-factor structure for the Ideal and Real surveys using a CFA model (see Figure 2). Next,
we tested a one-factor model in which all items loaded on a single factor. Finally, we tested the new
four-factor model from study 2 (see Figure 3). In this model, all factors were allowed to correlate.
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We assessed the fit of the models based on the RMSEA, CFI, and SRMR fit indices discussed for Study 1,
in addition to the chi-square difference test.Sustainability 2018, 10, x FOR PEER REVIEW  19 of 24 

 

Figure 3. Hypothesized factor structure using the shortened 34-item survey in Study 3. 

3.3.1. Results 

Multivariate normality. Mardia’s test of multivariate normality indicated that data were not 
multivariate normal. As seen in Table 5, the skew of individual items on the Ideal survey ranged (in 
terms of absolute value) from 0.02 (item 31) to −1.61 (item 14); kurtosis ranged from −1.36 (item 29) to 
6.00 (item 14). For the Ideal survey, skew ranged from −0.04 (item 5) to −2.24 (item 14), and kurtosis 
ranged from −0.05 (item 9) to 3.55 (item 18). Due to the lack of multivariate normality, the Satorra-
Bentler correction was applied [56]. 

Table 5. Item descriptive statistics: Study 3. 

 Ideal Real 
 Mean SD Skew Kurtosis Mean SD Skew Kurtosis 

Q1 3.12 1.36 0.70 0.20 3.12 1.46 0.72 −0.19 
Q2 3.82 1.52 0.36 −0.66 3.53 1.45 0.54 −0.31 
Q3 4.02 1.62 0.14 −0.93 3.80 1.51 0.36 −0.78 
Q4 4.72 1.47 −0.40 −0.65 4.43 1.50 −0.17 −0.97 
Q5 4.39 1.69 −0.04 −1.12 4.10 1.65 0.09 −0.97 
Q6 3.67 1.55 0.30 −0.82 3.46 1.45 0.60 −0.42 
Q7 4.99 1.41 −0.64 −0.14 4.52 1.54 −0.55 −0.50 
Q8 4.93 1.35 −0.64 0.25 4.78 1.53 −0.67 −0.24 
Q9 5.62 1.19 −1.38 2.34 5.64 1.25 −1.38 2.13 
Q10 5.62 1.26 −1.28 1.93 5.58 1.25 −1.06 1.27 
Q11 6.13 1.04 −2.18 7.07 5.96 0.93 −1.29 3.12 
Q12 5.71 1.18 −1.61 3.67 5.68 1.22 −1.46 2.51 
Q13 5.83 1.10 −1.51 3.82 5.61 1.10 −1.24 2.41 
Q14 6.29 0.94 −2.24 7.95 6.01 0.85 −1.60 6.00 
Q15 6.06 1.06 −1.79 4.98 5.74 1.01 −1.29 3.14 
Q16 5.88 1.16 −1.48 2.73 5.61 1.25 −1.33 2.06 
Q17 6.32 0.89 −2.11 7.94 6.00 0.89 −1.44 4.55 
Q18 5.70 1.19 −1.26 2.13 5.27 1.22 −1.04 1.32 
Q19 5.86 1.19 −1.42 2.72 5.53 1.18 −1.11 1.55 
Q20 4.92 1.46 −0.63 −0.32 4.64 1.36 −0.38 −0.59 
Q21 4.91 1.65 −0.70 −0.43 4.56 1.69 −0.56 −0.77 
Q22 5.11 1.59 −0.78 −0.23 4.51 1.56 −0.13 −1.10 
Q23 5.59 1.52 −1.18 0.73 5.17 1.46 −0.66 −0.40 
Q24 5.74 1.12 −1.30 2.57 5.52 1.27 −1.21 1.55 
Q25 4.23 1.70 −0.11 −1.06 3.61 1.71 0.32 −1.16 
Q26 5.13 1.46 −0.94 0.44 4.64 1.49 −0.61 −0.34 

Figure 3. Hypothesized factor structure using the shortened 34-item survey in Study 3.

3.3.1. Results

Multivariate normality. Mardia’s test of multivariate normality indicated that data were not
multivariate normal. As seen in Table 5, the skew of individual items on the Ideal survey ranged
(in terms of absolute value) from 0.02 (item 31) to −1.61 (item 14); kurtosis ranged from −1.36
(item 29) to 6.00 (item 14). For the Ideal survey, skew ranged from −0.04 (item 5) to −2.24 (item 14),
and kurtosis ranged from −0.05 (item 9) to 3.55 (item 18). Due to the lack of multivariate normality,
the Satorra-Bentler correction was applied [56].

Table 5. Item descriptive statistics: Study 3.

Ideal Real

Mean SD Skew Kurtosis Mean SD Skew Kurtosis

Q1 3.12 1.36 0.70 0.20 3.12 1.46 0.72 −0.19
Q2 3.82 1.52 0.36 −0.66 3.53 1.45 0.54 −0.31
Q3 4.02 1.62 0.14 −0.93 3.80 1.51 0.36 −0.78
Q4 4.72 1.47 −0.40 −0.65 4.43 1.50 −0.17 −0.97
Q5 4.39 1.69 −0.04 −1.12 4.10 1.65 0.09 −0.97
Q6 3.67 1.55 0.30 −0.82 3.46 1.45 0.60 −0.42
Q7 4.99 1.41 −0.64 −0.14 4.52 1.54 −0.55 −0.50
Q8 4.93 1.35 −0.64 0.25 4.78 1.53 −0.67 −0.24
Q9 5.62 1.19 −1.38 2.34 5.64 1.25 −1.38 2.13

Q10 5.62 1.26 −1.28 1.93 5.58 1.25 −1.06 1.27
Q11 6.13 1.04 −2.18 7.07 5.96 0.93 −1.29 3.12
Q12 5.71 1.18 −1.61 3.67 5.68 1.22 −1.46 2.51
Q13 5.83 1.10 −1.51 3.82 5.61 1.10 −1.24 2.41
Q14 6.29 0.94 −2.24 7.95 6.01 0.85 −1.60 6.00
Q15 6.06 1.06 −1.79 4.98 5.74 1.01 −1.29 3.14
Q16 5.88 1.16 −1.48 2.73 5.61 1.25 −1.33 2.06
Q17 6.32 0.89 −2.11 7.94 6.00 0.89 −1.44 4.55
Q18 5.70 1.19 −1.26 2.13 5.27 1.22 −1.04 1.32
Q19 5.86 1.19 −1.42 2.72 5.53 1.18 −1.11 1.55
Q20 4.92 1.46 −0.63 −0.32 4.64 1.36 −0.38 −0.59
Q21 4.91 1.65 −0.70 −0.43 4.56 1.69 −0.56 −0.77
Q22 5.11 1.59 −0.78 −0.23 4.51 1.56 −0.13 −1.10
Q23 5.59 1.52 −1.18 0.73 5.17 1.46 −0.66 −0.40
Q24 5.74 1.12 −1.30 2.57 5.52 1.27 −1.21 1.55
Q25 4.23 1.70 −0.11 −1.06 3.61 1.71 0.32 −1.16
Q26 5.13 1.46 −0.94 0.44 4.64 1.49 −0.61 −0.34
Q27 3.59 1.48 0.39 −0.48 3.49 1.48 0.54 −0.41
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Table 5. Cont.

Ideal Real

Mean SD Skew Kurtosis Mean SD Skew Kurtosis

Q28 5.00 1.75 −0.76 −0.52 4.16 1.77 −0.15 −1.17
Q29 5.49 1.27 −1.03 1.24 4.91 1.40 −0.60 −0.14
Q30 4.92 1.61 −0.46 −0.72 4.27 1.62 −0.08 −1.02
Q31 4.72 1.67 −0.38 −0.92 3.99 1.68 0.02 −1.16
Q32 5.75 1.15 −1.36 2.91 5.40 1.32 −0.93 0.50
Q33 5.57 1.22 −1.25 1.91 5.17 1.19 −0.95 1.26
Q34 5.83 1.39 −1.59 2.21 5.59 1.46 −1.51 1.87

|Max| 6.01 1.77 −1.60 6.00 6.01 1.77 −1.60 6.00
|Min| 3.12 0.85 −0.02 −0.14 3.12 0.85 −0.02 −0.14

Confirmatory factor analysis. See Table 3 for fit information from the study 3 CFA. The new
four-factor model fit the data best out of all the models. The RMSEA and SRMR values were acceptable
for the four-factor model in both the Real and Ideal surveys, though the SRMR was slightly high for the
Real survey. The CFI was low for both surveys; however, this is unsurprising given the low inter-item
correlations. Specifically, the CFI compares the observed correlations to those from an independence,
or null, model. If the observed correlations are low, they will not look much “better” in comparison
to the independence model’s correlations. This likely explains the low CFI values seen here, as the
typical correlation among any two items—even within a subscale—was only around 0.3. As a result,
we chose to champion the new four-factor model.

3.3.2. Study 3 Discussion

Based on the confirmatory factor analysis described here, the new four-factor model fit acceptably,
and certainly fit the best out of all the models tested throughout this study. The low inter-item
correlations do, however, pose a concern from a statistical and theoretical viewpoint, as they indicate
that even items written to be on the same subscale are not very highly related to one another.
The reasons for this are unclear, but future research on the theoretical structure of the construct
of Individual Sustainability may shed light on this issue.

The championed model was based on a sample of students from several different schools, versus
students all from the same school as was the case in studies 1 and 2. This provides support for the
generalizability of the factor structure, but as always more work is needed. The scale should be
administered to additional samples of students from other schools and CFAs conducted on data from
these samples as well. If this factor structure holds across different samples and time points, a stronger
argument can be made for its validity.

4. Discussion

Based on the results of the three studies, Individual Sustainability (as applicable for undergraduate
engineering students) can be described and measured using four constructs of values and behaviors:
(1) Economic, (2) social/intellectual, (3) emotional, and (4) health. The model was originally theorized
to contain 50 items across five constructs. However, iterations of instrument deployment to different
engineering student populations, confirmatory and exploratory factor analysis, and deliberations
over theoretical underpinnings for individual items resulted in the current form with 34 items and a
four-factor model.

4.1. Evolution of the Subscales

The economic subscale was unique in that it held together throughout our studies, although
individual items were removed at each phase, resulting in a cleaner model overall. The most obvious
difference between the original theorized model and the current version of the instrument (see Table 1)
is the combination of the social and intellectual subscales. We can argue that social and intellectual
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items capture two dimensions of the same construct; the former is outward looking (i.e., outside the self)
and the latter is inward looking (i.e., self and introspection). When combined, the social/intellectual
items reflect relationships with self and others.

A subtler difference between the original and revised instrument is refinement of the emotional
and health subscales. Structurally, emotional and health appear in both the original and revised
instruments; however, our conceptualizations of these subscales did shift as a result of EFA and CFA
and ensuing deliberations over specific items. In summary, the distinction between the emotional
and health subscales is that health refers specifically to physical attributes and behaviors whereas
the emotional subscale captures feelings, emotions, and mental health. Further, items in the health
subscale exhibit a more active, behavioral orientation whereas the emotional items are more passive.
An interesting example of this shift is “stress” which appeared in both subscales originally. In the
final version, the explicit stress items hung together in emotional because the source of “stress” is
often emotional but can result in physical reactions or effects (like difficulty sleeping or adopting
unhealthy eating and drinking behaviors) that belonged in the health subscale. Stress culture is a
predominant concern in both engineering education and the engineering profession [58,59] and thus
it is not surprising that multiple items related to stress were retained throughout the instrument’s
evolution and received relatively high agreement scores across iterations of the survey (see tables of
descriptive statistics).

From a statistical standpoint, the final factor structure from Study 3 is not clean. However, in
repeated tests using different contexts, the four-factor structure performed somewhat consistently.
The four-factor model is further supported by the theoretical and practical foundations of Individual
Sustainability. Low correlations may suggest that there are really more than four or five subscales that
make up Individual Sustainability (although early tests of a seven-factor model did not perform well)
or that individual variability of participants may continue to affect model fit regardless of the number
of new constructs added or number of factors being tested.

4.2. Importance of Research Results

Why is this instrument, in its current form, valuable to other faculty or researchers? The construct
of Individual Sustainability [16], is a novel framework with both theoretical and practical significance
for engineering educators and educators more broadly. Individual Sustainability is not a definitive
end-point; rather, the process of seeking harmony and balance in oneself and in relationship with
the world requires monitoring/reflection, intentional change and self-development. Throughout our
studies, responses to the “Ideal” version of the survey resulted in better model fit than results from
the “Real” version. This is a logical result, given that students working toward the same professional
degree will more closely share a vision of an “ideal engineer” than demonstrate the same “real” values
and behaviors. Some level of variability across participants is to be expected and should also be
embraced in the interest of supporting a diverse engineering workforce and promoting professional
development. A primary purpose of this project is to develop instruments that lead to reflection and
self-directed change that can be sustained. Thus, internal inconsistencies and individual variability
among engineering students are an important consideration when validating a generalized model of
Individual Sustainability.

4.3. Limitations and Future Work

An important limitation of our validation efforts was the small sample sizes, particularly for Study
1. Future work should focus on exploring new factor structures and testing invariances using larger
sample sizes. To assist with future validation efforts, the 34-item Individual Sustainability instrument
has been deployed via the online platform Personality Pad, described earlier, which allows individuals
to self-assess and solicit 360-degree feedback from friends, family, co-workers, etc. on how closely that
individual’s Real and Ideal selves match. As individuals test the instrument using Personality Pad
or other faculty deploy the instrument in their classes, we can complete additional statistical testing
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using larger and more diverse student samples, which may lead to better model fit. Another likely
outcome is that samples of different majors or professions would result in slightly different subscales
as conceptualizations of what an “ideal professional” embodies can differ across disciplines.

5. Conclusions

As our completed studies and on-going analysis demonstrate, engineering student responses to a
34-item survey measuring Individual Sustainability resulted in statistically different ratings in Real
vs. Ideal for some items, with more variability across participants for the “Real” version. Statistically
speaking, the Individual Sustainability instrument achieved stability across different engineering
student populations with a four-factor structure, although additional validation is needed. Practically
speaking, the instrument in its current form is an effective way to identify dissonance between one’s
Real and Ideal conceptualizations of self and thus help individual engineering students identify
opportunities for personal change and professional growth. We encourage other researchers to test the
constructs of Individual Sustainability with different student or professional populations and share
their findings with the community. We also encourage teachers and faculty to introduce the Individual
Sustainability instrument to their students as a tool for self-reflection and intentional change.
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