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Education is a prominent modality for preparing the future workforce to engage as ethical practitioners in their future
careers and as good citizens within society. Thus, we need contextually valid ways of measuring individual’s civic growth
in higher education, especially in US engineering education where ethics is a required component for accreditation. The
primary objective of this study was to test and validate the Civic-Minded Graduate (CMG) Scale, an increasingly used
measure of civic-mindedness outside of STEM, with science and engineering students. In Phase 1, we used principal
component analysis to identify a potential factor structure of the CMG Scale based on responses from 434 first-year
engineering students. In Phase 2, we utilized confirmatory factor analyses and sought to confirm the Phase 1 extracted
solution with two distinct student samples. Based on these analyses, we were able to extract and confirm a five-factor
CMG solution. The novel factors included: (1) Valuing Community Engagement, (2) Confidence in Building Consensus,
(3) Civic Knowledge and Skills, (4) Empathic Interpersonal Communication, and (5) Civic Intentions and Obligations. In
the discussion, we unpack what these novel constructs represent. In addition, we argue for their alignment with broader
considerations in science and engineering education research and practice. Finally, we recognize future research that is

needed to further solidify these findings.
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1. Introduction

The concept of civics arguably traces its roots back
to the Ancient Greeks and the work of Aristotle [1].
In Nichomachean Ethics, Aristotle describes what it
means to be a good citizen, including what virtues
one will seek to cultivate and how one ought to
engage in society. In Politics, Aristotle further
discusses the relationship between the citizen and
the city, the city being ““a community of citizens in a
regime” [2]. Thus, the city arises from its citizens,
the citizens play a role in the functioning of said
city, and both city and its members affect one
another.

While Aristotle did not explicitly utilize the term
“civics,” his focus on the development of certain
virtues resembles modern day uses of the term civic
virtue. For example, Ramaley [3] defined civic
virtue as “both knowledge of the public good and
the sustained desire to achieve it” (p. 228). Likewise,
Podsakoff, et al. [4] defined “civic virtue” in the
context of the organization as, ‘“Behavior on the
part of an individual that indicates that he/she
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responsibly participates in, is involved in, or is
concerned about the life of the company.” Thus,
civic virtue describes the role and obligations of the
self within and in relation to a broader system. In
Podsakoff et al.’s [4] case, the system was the
organization, but other systems might include a
family, city, nation, religion, or profession, to
name a few examples.

Conversations of civics and civic virtue inevitably
tend towards the political domain. For Aristotle,
the highest individual virtues involve seeking excel-
lence through politics, wherein ‘““politics, properly
understood [in Aristotle’s sense], is form or order
consciously maintained and occasionally reformed
for the sake of forming the best human beings™ [2].
For Aristotle, the city manifests from a “political
order.” In other words, “‘the way in which a multi-
tude of human beings orders itself or maintains an
order is the definitive cause of the city” (p. 417).

Education serves as a primary modality for
preparing individuals to function in society. In
American discourses, Dewey [5] is often recognized
for revitalizing the modern focus pertaining to the
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role of education in preparing individuals to engage
in a democratic society. To this end, Dewey speaks
of “civic efficiency” as “good citizenship,” which
recognizes ‘‘the fact that the things which most need
to be done are things which involve one’s relation-
ships with others.” Thus, for Dewey, “civic activity
and civic excellence need the help of others; one
cannot engage in public life all by himself [sic.].”
Moreover, the role of education is to support
individual growth towards a democratic way of
living. As Hansen [6] describes:

“For Dewey, democracy constitutes something richer
and more generative than its electoral process and
system of political structures, as valuable as they are.
Rather, ‘democratic life’ constitutes another name for
a life of inquiring, communicating, and learning. In
Dewey’s outlook, democracy necessitates learning
about many things: other peoples’ views and hopes,
how to resolve problems as they surface, how to
anticipate and plan for possibilities, how to remain
modest in one’s claims to truth, how to think about
what is good for individuals, communities, and society
itself, and more. In reciprocal fashion, democracy as a
mode of associated living makes possible this very
process of interactive learning and understanding.”

Thus, in the context of education, Dewey [5] calls
for integrated education, wherein considerations
such as civics and social responsibility are
embedded within their all-too-often de-contextua-
lized technical or scientific content. These consid-
erations bear upon our perceptions of the concept
of civic mindedness, particularly when we situate
this concept in the context of science and engineer-
ing education. Civic mindedness calls forth con-
siderations of how one ought to engage within one’s
community and society, the relationships amongst
various actants therein, and the integration of
multiple considerations which are often disen-
tangled from the engineering discourse (e.g., poli-
tics, ethics). In agreement with Dewey, we theorize
that education serves as the primary modality for
preparing students to engage as good members of a
democratic society. Given this goal, we recognize a
need for contextually valid ways of measuring
individual’s civic growth in higher education.

2. Study Purpose

The primary objective of this study was to test and
assess the structural validity of the Civic-Minded
Graduate (CMG) Scale with science and engineer-
ing students. The study is comprised of two phases.
The first phase seeks to identify a potential factor
structure of the CMG via principal component
analysis when utilized with first-year engineering
students. The second phase seeks to confirm these
findings through confirmatory factor analyses
among two student samples (note: one sample

includes many of the same respondents from
Phase 1 but who completed the survey at a different
time point). The outcomes of this investigation will
enable us to evaluate the structural validity of the
CMG Scale when utilized with science and engi-
neering students, as well as additional considera-
tions for measuring civic mindedness in engineering
in a contextually valid manner.

3. Literature Review

This literature review is comprised of three parts.
First, we explore prior efforts at assessing civic-
related outcomes in higher education. Second, we
provide an overview of the CMG Scale and prior
validation studies. Finally, we briefly summarize
the review.

3.1 Measuring Civic Outcomes in Higher Education

Assessments of civic learning outcomes may focus
on civic knowledge, skills, attitudes or behaviors.
One way to distinguish assessments is civic compe-
tencies versus civic engagement [7]. Assessments
focused on civic competencies tend to feature
knowledge items (e.g., civic principles, government,
and democracy) as well as civic skills that support
active engagement in a community (e.g., dialogue,
interpersonal perspective taking, critical thinking)
[see 7, 8]. By contrast, assessments focused on civic
engagement are more concerned with civic values,
attitudes, and behavioral intentions, such as open-
mindedness, empathy, and diversity [7, 8].

Most research on civic outcomes in higher educa-
tion has examined non-behavioral outcomes, such
as knowledge, skills, and attitudes [9]. While civic
knowledge and skills can potentially be observed or
measured directly, civic attitudes generally, but not
exclusively, rely on self-report measures [10]. For
example, the Center for Service and Learning at
Indiana-University-Purdue University Indianapo-
lis (IUPUI) operationalized three related measures
for assessing the civic-minded graduate: (1) a 30-
item self-report instrument, (2) an interview proto-
col, and (3) a narrative prompt [11-13]. Of these
three strategies, the 30-item Civic-Minded Gradu-
ate Scale or CMG Scale [11] has become the most
oft-used measure of civic-learning.

The CMG Scale was designed to measure a
sampling of civic outcomes that exemplify the
qualities of a “civic-minded graduate,” or someone
who graduates from higher education with the
“capacity and desire to work with others to achieve
the common good” [11]. In this framework, civic-
mindedness can be understood as ‘“‘a person’s
inclination or disposition to be knowledgeable of
and involved in the community, and to have a
commitment to act upon a sense of responsibility
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as a member of that community” [11]. This defini-
tion of civic-mindedness encompasses civic knowl-
edge, dispositions, skills, and behaviors [13]. These
a priori operationalizations underpin the design of
the CMG Scale and thus underlie the factor ana-
lyses employed in this study.

3.2 CMG Scale Validation Studies

To assess the construct validity [14] of the CMG
Scale, including its domains and subdomains,
researchers have conducted factor analyses and
compared CMG responses to other scales measur-
ing related constructs.

Steinberg et al. [11] first conducted factor analysis
on the CMG Scale with a sample size of 86
participants. The extracted factor solution sug-
gested a single factor accounting for 45.7% of the
variance. They considered this single factor to be a
measure for civic mindedness. Steinberg et al. [11]
conducted another factor analysis with a larger
sample size of 606, wherein their findings further
supported a one-factor solution that accounted for
49.4% of variance. Based on these two analyses,
Steinberg et al. [11] concluded that the CMG Scale
is unidimensional. Next, Steinberg, et al. [11] qua-
litatively grouped items into the four domains and
sub-domains described above. Today, these ten
domains are often utilized in CMG studies [15, 16].

In addition to factor analyses, many studies of
the CMG Scale domains and subdomains have
sought convergent validity by ascertaining correla-
tions with other validated studies. For example,
since civic-mindedness is considered a positive
attribute, the research team tested for social desir-
ability bias in the responses using the Marlow-
Crowne Social Desirability Scale. They found a
nonsignificant correlation between students’
responses to the CMG Scale and the Marlow-
Crowne scale, providing positive evidence of con-
struct validity [17].

Bringle and Wall [15] administered the CMG
Scale alongside four other instruments, including
the Volunteer Functions Inventory, Civic Identity
Scale, Student Identity Scale, and Morton’s Typol-
ogy of Service Scale. With a sample size of 132
participants, Bringle and Wall [15] conducted
bivariate correlations and found that the CMG
Scale correlated strongly with the Civic Identity
Scale, interest in service programs, interest in advo-
cacy for social change, and three subscales of the
Volunteer Functions Inventory: Protective, Values,
and Understanding. They found weak correlations
between the CMG Scale and the Student Identity
Scale.

In another study, Bringle, et al. [16] administered
a questionnaire with the CMG Scale and four
additional scales: the Openness to Diversity and

Challenge Scale, Charity Scale and Social Change
Scale, Self-Efficacy Scale, and Principle of Care
Scale. Bringle, et al. [16] conducted bivariate corre-
lations and found large positive correlations
between the CMG Scale and openness to diversity,
interest in social change, and interest in volunteer-
ing through charity. They found moderate correla-
tions between the CMG Scale and the remaining
scales, including principles of care and self-efficacy.

Taken together, the studies by Bringle and Wall
[15] and Bringle et al. [16] provide supportive
evidence that the CMG Scale is correlated with
students’ interest and motivation for service, as
measured in the Volunteer Functions Inventory,
Morton’s Typology of Service Scale, and Charity
Scale. In addition, the findings from Bringle and
Wall [15] suggest a correlation between the CMG
Scale and students’ attitudes towards diversity.
While we did not employ similar convergent valid-
ity checks in this study, we would posit that the
factors of a novel factor structure, being comprised
of the same underlying items, would exhibit similar
correlations as these past studies.

3.3 Summary of Literature Review

As civic attitudes can be quite broad in scope,
measures of civic attitudes are often multi-faceted
[7]. Measurements of civic mindedness may distin-
guish between civic competencies and civic engage-
ment. The CMG predominantly focuses on the
latter, specifically on knowledge, skills, disposi-
tions, or behaviors. Prior validation work on the
CMG Scale has focused on providing evidence of
construct validity by comparing the CMG Scale to
related scales. Consequently, there is a gap in
additional validation work on the ten-domain
factor structure of the CMG Scale. Notably, in
the recent studies by Bringle and Wall [15] and
Bringle et al. [16], the CMG Scale was treated as
unidimensional in the bivariate correlation ana-
lyses. Also, no prior validation studies uniquely
focused on science and engineering students.
Thus, taken together, these present a need to
ascertain the factor structure of the CMG when
situated in science and engineering.

4. Research Design

In this study, we utilized the Civic-Minded Gradu-
ate (CMGQ) Scale [11]. In its original design, CMG
Scale items were grouped into four domains, each
with one to three sub-domains: (i) Knowledge —
Volunteer Opportunities (KVO), Academic
Knowledge and Technical Skills (KAK), and Con-
temporary Social Issues (KCSI); (ii) Skills — Listen-
ing (SL), Diversity (SD), and Consensus-Building
Skills (SCB), (iii) Dispositions — Valuing Commu-
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nity Engagement (DVCE), Self-Efficacy (DSE),
Social Trustee of Knowledge (DSTK), and (iv)
Behavioral Intentions (DBE). Appendix A provides
a summary of survey items by subdomain.

Our initial objective in this study was to confirm
the pre-defined sub-domains of the CMG. How-
ever, when we sought to confirm the structure of
these subdomains using Confirmatory Factor Ana-
lysis procedures [18, 19], we found that the factor
structures for each subdomain did not hold. Thus,
we theorized that an underlying latent factor struc-
ture might be distinct among engineering and
science students in comparison to the four subdo-
mains specified by Steinberg et al. [11]. Based on
this theory, this study begins with a Principal
Component Analysis, or PCA, which seeks to
identify a potential factor structure of the CMG.
Phase 2 seeks to confirm the Phase 1 findings.

4.1 Participant Overview

We disseminated the CMG to two large public mid-
western Universities. Surveys were disseminated
through select courses. For University 1, we dis-

seminated the CMG Scale to first-year engineering
students at the beginning and end of the Fall 2019
academic semester. Participants were from one of
five sections of an introductory engineering course.
University 1 participants received extra credit
worth up to 1% of their course grade. University 1
participants included 485 participants total, which
includes 419 students who completed the survey at
the start of the semester and 434 students who
completed the survey at the end of the semester.
Phase 1 of this study utilizes the beginning-of-
semester responses and Phase 2 Part 1 utilizes the
end-of-semester responses. In addition, Phase 2
Part 2 of this study includes students enrolled in a
Biomedical Engineering or Earth Science course at
a distinct university (University 2) in the Fall 2017,
Spring 2018, or Fall 2019 semester. Table 1 sum-
marizes participants by University.

5. Phase 1. Principal Component Analysis
5.1 Overview

This phase addresses the research question, “What

Table 1. Overview of Participants for Phase 1 (PCA) and Phase 2 (CFAI and CFA2)

Demographic Item University 1 University 2
Total Participants 485* 420
School

Engineering or Engineering & Technology 390 169
Science 0 130
Other 3 64
Undecided, Not Declared, or Not Specified 41 57
Academic Standing

Freshman 378 66
Sophomore 23 74
Junior 15 87
Senior 0 142
Graduate 6
Not Declared or Not Specified 18 45
Sex

Male 312 174
Female 104 205
Other Sex or Not Declared 18 41
Race/Ethnicity (participants may select multiple)

American Indian or Alaska Native 2 0
Asian 117 12
Black or African American 12 16
Hispanic or Latino 28 13
Native Hawaiian or Pacific Islander 2 0
White or Caucasian 271 281
Other Race/Ethnicity 4 31
Multi-Racial 33 19
Not Declared or Unknown 15 43
Age (M, SD) 18.4,0.62 21.6,4.3

* University 1 includes students who completed either the first or second survey. However, demographic data was only collected at the end
of the Fall 2019 semester. Hence, we are missing demographic data for 66 respondents from University 1.
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is a potential factor structure of the Civic Minded
Graduate Scale when utilized with first-year engi-
neering students?”’ To address this question, we
utilized Principal Component Analysis, or PCA.
PCA is a type of exploratory factor analysis utilized
to reduce a set of items to a subset of components or
potential factors. As Tabachnick and Fidell [19]
state, “The goal of PCA is to extract maximum
variance from the data set with each component”
(p. 688). To do this, “Principal component analysis
uses the correlations among the variables to
develop a small set of components that empirically
summarizes the correlations among the variables”
(p- 57). More specifically, PCA proceeds stepwise,
with the first component extracted striving to max-
imize variation (i.e., variance) captured by a com-
ponent. Each next component extracted utilizes the
residual correlations and seeks to extract “‘maxi-
mum variability uncorrelated with the first compo-
nent” (p. 688).

Some authors have suggested that PCA is the
most common type of EFA [18, 20], but PCA is
distinct from factor analysis [19]. The primary dis-
tinction is in the diagonal of the correlation matrix,
or the correlation between a given factor with itself.
In PCA, the correlation between a factor and itself'is
assumed to be 1.0, thereby distributing all variance
to components, “including error and unique var-
iance for each observed variable” (p. 687). In con-
trast, in factor analysis the ‘“‘variance that each
observed variable shares with other observed vari-
ables is available for analysis,” and this is estimated
by communalities (p. 687). Communalities, repre-
senting shared variance, are inserted into the diag-
onal and utilized to derive the factor structure. As
Tabachnick and Fidell [19] state succinctly, “PCA
analyzes variance; FA [factor analysis] analyzes
covariance (communality)” p. 688).

While variants of EFA exist, some scholars have
suggested that when a study contains a large set of
survey items (i.e., more than 30) and when many
communalities of the derived factor structure
exceed 0.60, the results tend to be similar whether
one utilizes PCA or a variant EFA [20]. Likewise,
Tabachnick and Fidell [19] advise, “PCA is the
solution of choice for the researcher who is primar-
ily interested in reducing a large number of vari-
ables down to a smaller number of components”
(p. 688). In this study, we utilized PCA, but post-
hoc, we also checked the PCA extracted solution
with a principal axes factor analysis solution and
found that the extracted solutions were similar. We
utilized Stata/IC 16 for all computations.

5.2 Validation Considerations

Instrument validation is an iterative and ongoing
process. As Douglas and Purzer [21] state, ““Validity

is never quite over. It is a goal we strive for, but
given the nature of educational variables, the pro-
cess of reevaluating the appropriateness of an
instrument’s use is ongoing” (p. 111, emphasis
from original article). Messick [14] identified six
distinct aspects of construct validity that, taken
together, support the construct validation process,
including: (1) content, (2) substantive, (3) struc-
tural, (4) generalizability, (5) external, and (6)
consequential. Douglas, et al. [22] expounded
upon these validity aspects in the context of engi-
neering education, including types of research ques-
tions and associated evidence for each aspect.
Structural validation checks are accomplished
through factor analysis and address questions
such as, “Is the internal structure of the instrument
congruent with the structure of the construct
domain?” (p. 1963).

Hence, in this work, we are not validating the
CMG Scale. Rather, we are looking at one aspect
(i.e., structural validity) of the broader construct
validation process. Findings from this structure
(e.g., a novel factor structure of the CMG Scale)
neither supports nor undermines the validation
approaches from prior CMG Scale validation stu-
dies. The derived factor structure may not be
unidimensional as in the Bringle and Wall [15] or
Bringle, et al. [16] studies; rather, these findings
clarify the nature of the conceptual domain under-
lying the scale within the context of engineering and
science education at two large public mid-western
universities in the United States.

5.3 PCA Assumptions

Prior to conducting PCA, we checked pertinent
assumptions regarding the potential factorability
of the data. First, respondents must have answered
all questions before proceeding with the survey.
Hence, there was no missing data. Second, we
checked the number of participants per question.
Nunnally [23] suggested that PCA include 10
respondents per question. As we had 434 responses
to 30 questions, we had 14.5 participants per ques-
tion, thus meeting this assumption. Third, we
checked skewness and kurtosis values of individual
variables for multivariate normality and we found
that all variables were approximately non-normal.
Despite this non-normality, we proceeded with
analysis, although we recognize this as a potential
weakness of the derived factors. In the subsequent
CFAs, we control for normality issues. Fourth, we
checked linearity among pairs of variables. As there
were 30 variables, we only reviewed scatterplots for
a subset of 15 randomly selected variable combina-
tions. All combinations appeared linear, thus
enhancing our confidence in the PCA output.
Fifth, we checked individual variables for outliers,
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defining outliers as falling three standard deviations
from the average response to a variable. This led to
the removal of 32 responses, thus retaining 402
responses for PCA. Note, we still had 13.4 partici-
pants per question due to outlier removal. Normal-
ity improved, with six of 30 variables being
approximately normal after removing outliers,
thus further improving our confidence in the
removal of these responses.

Next, we computed the inter-item correlation
matrix of the remaining 402 observations. Most
inter-item correlations (241 out of 435, or 55.4%)
were greater than 0.30 (see Appendix D), thus
supporting factorability of the data (see Tabach-
nick & Fidell, 2014, p. 667). Fourth, we computed
the Kaiser—-Meyer—Olkin [24] coefficient. The aver-
age KMO for CMG items was 0.92, thus suggesting
that the data factorability was “marvelous.” Fifth,
we calculated Bartlett’s test for sphericity. This
value was significant (p < 0.001) thus further
supporting data factorability. Finally, to determine
the appropriate rotation, we started by applying an
oblique rotation, direct oblimin with a delta of 0,
which is equivalent to a “direct quartimin’ rotation
[19]. Next, we checked the factor correlation matrix.
As many inter-factor correlations were above 0.32,
this decision was warranted, as this suggests ““‘there
is 10% (or more) overlap in variance among factors,
enough variance to warrant oblique rotation” [19].

5.4 PCA Factor Retention

First, we applied the eigenvalue rule to ascertain the
appropriate number of components. This poten-
tially suggested a six-component solution that
explained 60.9% of the variance, although Compo-
nent 6 was on the cut-off threshold with an eigen-
value = 1.00. Second, we utilized “Monte Carlo
PCA for Parallel Analysis” (Ed & Psych Associates
2011) as a further check. Comparing the actual
eigenvalues with the parallel eigenvalue criterion
suggested a four-component solution (i.e., Compo-
nent 5 eigenvalue of 1.19 is less than the parallel
criterion value of 1.32, see Table 2). Third, we
considered the variance explained by a four, five,
and six factor solutions. As the five-factor solution
adds 4.0% explanatory power, and as this was near

the parallel criterion cutoff but well above the
eigenvalue rule threshold of 1.0, we opted to con-
tinue with the five-factor solution. Table 2 shows
the actual eigenvalues, the proportional and cumu-
lative variance explained, and the parallel criterion.

Afterwards, to further check these decisions, we
computed and checked the potential component
items and the pattern coefficients of items on the
five potential components. Pattern coefficients
above 0.50 are considered “strong” [25]. In the
five-component solution, one pattern coefficient
was greater than 0.50, and 10 additional pattern
coefficients were above 0.40. In contrast, the poten-
tial four-factor solution did not contain any pattern
coefficients above 0.50 and only seven pattern
coefficients above 0.40. This final check solidified
our decision for a five-factor solution.

5.5 Results

The output of the PCA includes the variance
explained by principal components (i.e., potential
factors) in rotated and unrotated matrices, an
unrotated set of principal components and asso-
ciated item loadings, and a rotated set of principal
components and associated item loadings. Appen-
dix E shows the output of the unrotated factor
solution. In the rotated solution, component 1
explained 13.5% of the variance, component 2
explained an additional 12.5%, component 3
explained 11.8%, component 4 explained 10.0%,
and component 5 explained 9.6%. In total, these
five components explained 57.5% of the variation in
participants responses to the 30-items from the
original CMG.

Table 3 summarizes the component loadings (i.e.,
the correlation of individual items and the extracted
principal component), as well as the total amount of
unexplained variance for individual items based on
the extracted principal components. Note that the
unexplained variation is equal to the sum of squares
of loadings that were removed. Many loadings
suggested a moderate relationship (i.e., above
0.30) between the item and the component and
only a few loadings suggest a large or nearly large
relationship (i.e., above 0.50).

Based on the rotated solution matrix, we mapped

Table 2. PCA eigenvalues, variance explained by factors, and parallel criterion

Factor Eigenvalue Difference Proportion Cumulative Parallel Criterion
Compl 10.38 8.01 34.6% 34.6% 1.55
Comp2 2.36 0.52 7.9% 42.5% 1.47
Comp3 1.84 0.35 6.1% 48.6% 1.42
Comp4 1.48 0.29 5.0% 53.5% 1.36
Comp5 1.19 0.19 4.0% 57.5% 1.32
Comp6 1.00 0.09 3.4% 60.9% 1.28
Comp7 0.92 0.11 3.1% 63.9% 1.24




50

Justin L Hess et al.

Table 3. Principal Components (eigenvectors) in Rotated Solution

# Variable Compl Comp2 Comp3 Comp4 Comp5 Unexplained
KVO_01 0.05 -0.22 0.46 0.08 0.05 31.3%
2 KAK_01 0.01 0.07 0.45 -0.10 —-0.11 33.8%
3 SD_01 0.06 -0.06 0.13 0.30 —-0.02 57.4%
4 KAK_02 —0.10 0.13 0.39 0.00 —0.02 39.3%
5 BI_01 —0.07 —0.01 0.04 0.08 0.49 32.0%
6 SCB_01 -0.21 0.33 0.18 0.07 -0.01 50.6%
7 KVO_02 0.01 -0.09 0.28 0.17 0.11 50.9%
8 SL_01 —-0.04 -0.01 0.06 0.46 0.05 33.1%
9 DSE_01 0.02 0.12 0.24 0.13 -0.08 47.3%
10 KAK_03 0.05 —0.05 0.21 0.21 0.01 56.9%
11 DSTK_01 0.46 -0.09 0.02 0.01 —0.01 29.8%
12 DVCE_01 0.33 —0.01 0.10 —0.04 0.07 33.9%
13 KCSI_01 0.00 -0.02 0.04 -0.04 0.51 24.6%
14 DVCE_02 0.43 -0.08 -0.01 -0.01 0.04 38.0%
15 KVO_03 0.09 0.05 0.26 -0.18 0.09 55.5%
16 SL_02 0.00 0.00 -0.03 0.46 0.05 36.9%
17 BI_02 0.01 0.13 0.01 —0.10 0.37 40.1%
18 SD_02 0.05 0.17 -0.10 0.31 0.00 47.6%
19 BI_03 0.25 0.12 —0.02 —0.04 0.02 58.2%
20 DSTK_02 0.34 0.03 0.01 0.01 0.00 43.3%
21 KCSI_02 0.03 0.29 0.07 -0.24 0.15 42.0%
22 KCSI_03 -0.03 0.20 0.21 -0.19 0.17 45.0%
23 DSE_02 -0.05 0.46 -0.04 -0.06 0.01 42.4%
24 SCB_02 —0.05 0.32 —0.15 0.19 0.11 44.9%
25 DSTK_03 0.33 0.19 —0.07 —0.04 —0.06 38.1%
26 DVCE_03 0.29 0.13 0.03 0.07 —0.12 38.4%
27 DSE_03 0.12 0.37 -0.02 0.00 -0.11 39.7%
28 SCB_03 0.00 0.29 -0.03 0.24 -0.10 44.2%
29 SD_03 0.13 0.11 0.01 0.12 0.07 59.8%
30 DVCE_04 0.10 -0.04 —0.18 0.10 0.45 39.7%

potential items to potential factors (see Table 4).
While we recognize that loadings above 0.30 are
ideal for consideration in the final factor structure,
conservatively, we documented any loadings above
0.20 in Table 4. As a result, we recognized that the
factor solutions tested in Phase 2 might require
substantive revisions or removal of items, particu-
larly those with weaker loadings.

6. Phase 2. Confirmatory Factor Analyses

6.1 Overview

This phase addresses two research questions. First,
“Using the derived exploratory component struc-
ture, can we find a structurally robust set of CMG
factors for first-year engineering students?”
Second, “Are the CMG factor structures confirmed
with first-year engineering students acceptable
when utilized with a distinct sample of engineering
and science students?” While PCA utilizes correla-
tions among variables to identify a potential set of
components, factor analysis focuses on the struc-

tural alignment of measured variables when
reduced to a factor. As Tabachnick and Fidell [19]
explain, “In PCA, all the variances in the observed
variables are analyzed. In FA, only shared variance
is analyzed; attempts are made to estimate and
eliminate variance due to error and variance that
is unique to each variable” (p. 662). As with the
Phase 1 PCA, we utilized Stata/IC 16 for all
computations.

6.2 Validity Considerations

Prior to performing CFA for each of the potential
factors, we checked a series of assumptions. CFA
assumes that each observed or measured variable
(i.e., an individual’s response to a survey question)
has two causes: the factor (or latent variable) and an
error term. The primary assumption for CFA is that
each potential factor includes at least three mea-
sured variables. Based on the PCA results from
Phase 1, potential factors included between four
and eight potential items (i.e., items with factor
loadings above 0.20 on a respective component),
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Table 4. Overview of Potential Factor Groupings Based on Principal Component Analysis

# | Item Item Description Coefficient

1 DSTK_01 I want to dedicate my career to improving society. 0.46
DVCE_02 I would say that the main purpose of work is to improve society through my career. 0.43
DSTK_02 I feel a deep conviction in my career goals to achieve purposes that are beyond my own self- 0.34

interest.
DVCE_01 I like to be involved in addressing community issues. 0.33
DSTK_03 I believe that I have a responsibility to use the knowledge that I have gained to serve others. 0.33
DVCE_03 I have a sense of who I am, which includes a sincere desire to be of service to others. 0.29
BI_03 I intend to be involved in volunteer service after I graduate. 0.25

2 | DSE_02 I am convinced that social problems are not too complex for me to help solve. 0.46
DSE_03 I believe that having an impact on community problems is within my reach. 0.37
SCB_01 I have often been able to persuade others to agree with my point of view. 0.33
SCB_02 Other students who know me well would describe me as a person who can discuss controversial | 0.32

social issues with civility and respect.
KCSI_02 I am prepared to write a letter to the newspaper or community leaders about a community issue. | 0.29
SCB_03 ‘When members of my group disagree on how to solve a problem, I like to try to build consensus. | 0.29
3 | KVO_01 I know a lot about opportunities to become involved in the community. 0.46
KAK _01 I am able to plan or help implement an initiative that improves the community. 0.45
KAK_02 I have the professional knowledge and skills that I need to help address community issues. 0.39
KVO_02 I am very familiar with clubs and organizations that encourage and support community 0.28
involvement for college students.

KVO_03 I would say that most other students know less about community organizations and volunteer | 0.26
opportunities than I do.

DSE_01 I can contribute to improving life in my community. 0.24

KAK_03 I feel confident that I will be able to apply what I have learned in my classes to solve real problems | 0.21
in society.

KCSI_03 I am aware of a number of community issues that need to be addressed. 0.21

4 | SL_02 I am a good listener, even when peoples’ opinions are different from mine. 0.46
SL_01 I listen to others and understand their perspective on controversial issues. 0.46
SD_02 I am able to respond to others with empathy, regardless of their backgrounds. 0.31
SD_01 I appreciate how my community is enriched by having some cultural or ethnic diversity. 0.30
SCB_03 ‘When members of my group disagree on how to solve a problem, I like to try to build consensus. | 0.24
KAK_03 I feel confident that I will be able to apply what I have learned in my classes to solve real problems | 0.21

in society.

5 | KCSI_01 I stay up to date on the current political issues in the community. 0.51
BI_01 I intend to stay current with the local and national news. 0.49
DVCE_04 It is important for me to vote and be politically involved. 0.45
BI_02 I plan to participate in advocacy or political action groups after I graduate. 0.37

thus meeting this assumption. Table 4 shows an
overview of potential items per each factor. As
Table 4 shows, one item (SCB_03) potentially
loaded onto multiple factors. We tested model
variations based on this finding. Second, we
checked data for normality. As most statistics
were approximately non-normal, we utilized a
Satorra-Bentley (SB) modification. Third, we
checked for outliers. We found 31 outliers, which
we defined as responses falling outside of 3 standard
deviations on any individual variable. We chose to
retain outliers for statistical power concerns, but
post-hoc, we checked the factor solutions with and
without outliers.

We checked the sample size with the remaining
data and its alignment with statistical power con-
cerns. We used suggested cutoffs for a statistical

power of 0.80 [26]. Our most complex model
included eight observed variables and 20 degrees
of freedom, which requires 435 participants. Hence,
we note that we are near but have slightly less
statistical power than the sought 0.80 threshold in
our most complex model. Importantly, as we
remove variables, the degrees of freedom in the
model declines, which corresponds with a reduction
in statistical power. For example, a model with 10
degrees of freedom requires 782 participants for a
statistical power of 0.80.

We utilized model-fit statistics and cutoff criteria
based on a literature synthesis by Schreiber, et al.
[27]. The first, and primary test of interest was the
chi-square test and the associated level of signifi-
cance. The objective in analysis is to fail to reject the
null hypothesis of the chi-square (x?) test, as this
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hypothesizes that data are significantly different
from the constructed model. Second, we sought a
Tucker- Lewis Index (TLI) greater than 0.95 and a
root mean square error approximation (RMSEA)
statistic less than 0.08 (or more ideally, below 0.06).
Given the non-normality assumption, all statistics
that we report are SB-modified.

While we assume error terms are independent,
when seeking improved model fit, we can more
closely scrutinize variables and test potential inter-
dependence (i.e., correlation) of error terms. In
turn, we can see if correlating error terms leads to
an improved model fit. This re-evaluation begins
with a re-examination of the chi-squared statistic in
any new model when compared to its predecessor,
followed by other fit indices. As Schreiber et al. [27]
state, “If a model has been modified and reana-
lyzed, one should provide evidence that the mod-
ified model is statistically superior to the original
model with a chi-square test” (p. 327).

Potential validity concerns arise when we make
significant model revisions, specifically as it
enhances the likelihood of committing a Type 1
error. As Tabachnick and Fidell [19] state, moder-
ate revisions to a factor structure is navigating
towards exploratory factor analysis techniques,
and “appropriate steps need to be taken to protect
against inflated Type I error levels” (p. 737). In such
instances, they recommend that “significance levels
are viewed cautiously and cross-validation with
another sample is performed” (p. 737). Hence, we
seek to reduce concerns of the low sample size and
statistical power in these measurement models by
cross-validation of findings with two samples.
Furthermore, by conducting a CFA with many of
the same participants but at a different time point,
we will be seeking internal replicability; by cross-
validating these findings with a distinct set of
participants, we will be seeking external replicabil-
ity [18].

6.3 Results

In this section, all factor loadings displayed repre-
sent standardized coefficients. Hence, in each mea-
surement model (Figs. 1-5), the values associated
with arrows moving from a latent variable to an
item represent changes in standard deviations
rather than changes along the original nine-point
Likert type-scale on which items were posed. Stan-
dardization of items allows us to see the relative
impact of individual items on factors and allows
direct comparison with other standardized mea-
surement models employed by other researchers
but with different scaling procedures (note, in our
use of the CMG we utilized a 9-point Likert-type
scale where 1 represented strong disagreement and
9 represented strong agreement). In addition, we

report chi-squared (x?) statistics, degrees of free-
dom (df), significance level (p), the Root Mean
Square Error Approximation (RMSEA), 90% Con-
fidence Interval (CI), and the Tucker Lewis Index
(TLI). All statistics are Satorra-Bentley modified
(SB) due to concerns of non-normality.

Factor 1

We initially generated a CFA model estimating
Factor 1 that included all seven potential items
(see Table 4). The model fit was unacceptable, x>
(14) = 73.08, p < 0.01, RMSEA = 0.100, 90% CI
[0.109, 0.153], TLI = 0.929. Hence, we removed
items with the smallest factor loading stepwise until
the model fit the specified objectives. First, we
removed BI_03, and the model improved but
remained unacceptable, y* (9) = 32.16, p < 0.01,
RMSEA = 0.078, 90% CI [0.077, 0.133], TLI =
0.965. Next, we removed DSTK_02; the model
slightly improved but remained unacceptable, x>
(5) = 27.22, p < 0.01, RMSEA = 0.103, 90% CI
[0.090, 0.164], TLI = 0.957. Finally, we removed
DVCE_03 and achieved an acceptable model fit, x°
(2)=0.67,p=0.72, RMSEA < 0.01, 90% CI [0.000,
0.077], TLI = 1.005. We sought to reproduce these
findings with students from University 2, and again
reached an acceptable model fit, x> (2) = 0.04, p =
0.98, RMSEA < 0.01, 90% CI [0.000, 0.000], TLI =
1.010. Fig. 1 shows a graphical depiction of results
from both analyses.

Factor 2
We initially generated a CFA model estimating
Factor 2 that included all six potential items (see
Table 6). The model fit was unacceptable, x* (9) =
49.29, p < 0.01, RMSEA = 0.103, 90% CI [0.103,
0.158], TLI = 0.879. First, we removed KCSI_02
and found that all fit indices improved, x> (5) =
19.6, p < 0.01, RMSEA = 0.084, 90% CI [0.114,
0.188], TLI = 0.935. Next, we correlated error terms
between DSE_02 and DSE_03, and the model was
still unacceptable, x* (4) =9.78, p = 0.044, RMSEA
=0.059,90% C1[0.034,0.122], TLI = 0.959. Finally,
we correlated error terms between SCB_01 and
SCB_03 and we reached an acceptable solution,
x> (3) =4.49, p = 0.21, RMSEA = 0.034, 90% CI
[0.000, 0.105], TLI = 0.989. Using the same factor
structure, we were able to find an acceptable model
fit with University 2 students, but we found that the
correlations between error terms were non-signifi-
cant. Hence, we removed these from this model, and
found improved model fit: x* (5) = 7.87, p = 0.16,
RMSEA = 0.055, 90% CI [0.006, 0.098], TLI =
0.973.

Post-hoc, we found that Factor 4 required
SCB_03. Thus, we removed SCB_03 from Factor
2. We were able to receive a robust solution with
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Fig. 1. CFA Models estimating Factor 1 with first-year engineering students (left) and students enrolled in engineering and science courses

at a distinct university (right).

University 1 with the inter-error correlation
between DSE_02 and DSE_03 retained, x° (1) =
1.86, p = 0.17, RMSEA = 0.045, 90% CI [0.000,
0.159], TLI = 0.982. We were able to replicate the
model with University 2, here with the inter-error
correlation removed, x* (2) = 1.62, p = 0.44,
RMSEA = < 0.01, 90% CI [0.000, 0.102], TLI =
1.004. Fig. 2 shows these final measurement models
estimating the latent variable, Factor 2.

Factor 3

We began by generating a CFA model estimating
Factor 3 that included all six potential items (see
Table 6). The model fit was unacceptable, x> (20) =
96.49, p < 0.01, RMSEA = 0.096, 90% CI [0.101,
0.139], TLI = 0.885. We removed KCSI_03; the Xz
statistic slightly improved x? (14) = 70.45, TLI
improved (0.898) but RMSEA slightly worsened
(0.098). Hence, we opted to keep KCSI_03 out of
the solution. Next, we removed KVO_03 and the >
statistic and TLI improved but the RMSEA sub-
stantially worsened, x> (9) = 57.37, p < 0.01,
RMSEA = 0.113, 90% CI [0.118, 0.173], TLI =
0.904. Hence, we chose to retain KVO_03 in the
model. We next removed DSE_01, and the model
was still unacceptable, x* (9) = 45.79, p < 0.01,
RMSEA = 0.099, 90% CI [0.096, 0.151], TLI =

DSE_02
DSE_03
SCB_01

.56

0.913. Next, we removed KVO_02; model indices
improved but remained unacceptable, x* (5) =
36.16, p < 0.01, RMSEA = 0.122, 90% CI [0.087,
0.161], TLI = 0.934. Next, we correlated error terms
between KAK_02 and KAK_03 and the model
improved and was nearly acceptable, x> (4) =
9.60, p = 0.047, RMSEA = 0.058, 90% CI [0.031,
0.119], TLI = 0.974. Finally, we correlated error
terms between KVO_01 and KAK_01 and we
achieved an acceptable model fit, x* (3) = 5.70, p
=0.13, RMSEA =0.046, 90% CI [0.000, 0.114], TLI
= 0.986. We sought to replicate this model with
University students, without correlations between
error terms, and we achieved an acceptable model,
x> (5) = 8.17, p = 0.15, RMSEA = 0.050, 90% CI
[0.000, 0.095], TLI = 0.986.

Factor 4

For Factor 4, we started with 4 of the 6 items from
Table 6. We did not initially include SCB_03 as it
was included in Factor 2 nor KAK 03 as it was
included in Factor 3. The model fit was acceptable,
x> (2) =4.29, p = 0.12, RMSEA = 0.052, 90% CI
[0.016,0.140], TLI =0.972. Initially, we were unable
to reproduce this model with University 2 students,
x> (2) =14.86,p=<0.01, RMSEA = 0.124, 90% CI
[0.131, 0.246], TLI = 0.848. We sought correlating
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Fig. 2. CFA Models estimating Factor 2 with first-year engineering students (left) and students enrolled in engineering and science courses

at a distinct university (right).
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Fig. 3. CFA Models estimating Factor 3 with first-year engineering students (left) and students enrolled in engineering and science courses

at a distinct university (right).
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Fig. 4. CFA Models estimating Factor 4 with first-year engineering students (left) and students enrolled in engineering and science courses

at a distinct university (right).

error terms and were unsuccessful. Thus, we re-
introduced SCB_03 to the model as it was the next
the next highest potential item (see Table 4). With
the five items, the model fit was still unacceptable.
Thus, we removed SD_01 and received an accep-
table model fit, x> (2) = 3.22, p = 0.20, RMSEA =
0.050, 90% CI [0.000, 0.120], TLI = 0.983. We
revisited the dataset with University 1 students
and utilized this new factor structure. We found
that the model was acceptable and superior to the
initial model, x* (2) = 1.83, p = 0.40, RMSEA <
0.001, 90% CI [0.000, 0.116], TLI = 1.001.

Factor 5

For Factor 5, the PCA results suggested four
potential items (see Table 6). With these four
items, the model fit was unacceptable, x* (2) =
7.94, p < 0.01, RMSEA = 0.084, 90% CI [0.053,
0.170], TLI = 0.961. Next, we sought to identify
similar items. Hence, we correlated error terms
between BI_01 and BI_02 and found an acceptable
model fit, x> (1) = 0.17, p = 0.68, RMSEA < 0.001,
90% CI1[0.000, 0.103], TLI = 1.011. We were able to
find an acceptable model fit with University 2
students, x> (1) = 0.12, p = 0.73, RMSEA < 0.01,
90% CI [0.000, 0.091], TLI = 1.011. Importantly,

while the error correlations were required to receive
a substantive model, this correlation was negative,
thus suggesting that the latent variable is not
accounting for an unknown (i.e., un-observed)
variable. This suggests that Factor 5, while accep-
table, might require slight improvements in future
use. Fig. 5 shows these final measurement models.

7. Discussion

This study sought to validate the CMG Scale when
utilized with engineering and science students. In
Phase 1, we began by utilizing principal component
analyses (PCA) which suggested a potential five-
factor solution. In Phase 2, through slight modifica-
tions to the extracted structure in Phase 1, we were
able to confirm a five-factor solution with two
distinct populations. This discussion features three
sub-sections. First, we conceptualize the novel five
factor solution by conceptualizing the core con-
struct components and comparing these factors
with original CMG subdomains. Second, we con-
textualize these findings and this study’s design with
other pertinent research in engineering and science
education. Finally, we suggest directions for future
research.
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7.1 Conceptualizing the Novel Factor Structure

As aresearch team, we engaged with the novel factor
structure via a series of conversations. The conver-
sations began by considering potential core attri-
butes or components of each factor. Throughout
this process, we considered the alignment of this new
factor structure with the original theory of the CMG
designers [11] and recent validation studies [15, 16].
The following sub-sections describe each factor.

Factor 1: Valuing Community Engagement

Factor 1 included four items, each from the Dis-
positions domain of the CMG. More specifically,
items represented two CMG subdomains: (1) Social
Trustee of Knowledge and (2) Valuing Community
Engagement. Taken together, these items express a
personal calling, desire, or sense of duty to be of
service to the betterment of the world, namely, one’s
community or society more broadly. As DSTK_03
states, “‘I believe that I have a responsibility to use
the knowledge that I have gained to serve others.”
Likewise, “DVCE_02 states, “I would say that the
main purpose of work is to improve society through
my career.”

The personal feeling that underlies these items
does not quite capture the entirety of the essence of
this factor. Rather, the items seem to indicate that
one must submit oneself to these callings or felt
duties and integrate such considerations into one’s
work, thus fulfilling one’s perceived obligation to
utilize one’s talents and capacities to serve. One’s
service to society/community is also something that
is “liked.” In other words, one may derive pleasure,
even joy, from such service. As DSTK_01 states, “I
want to dedicate my career to improving society.”
Likewise, DVCE_O01 states, I like to be involved in
addressing community issues.”

Factor 2: Confidence in Building Consensus

Factor 2 included four items across two sub-
domains of the original CMG. Two items
(DSE_02 and DSE_03) aligned with the Disposi-

tions: Self-Efficacy sub-domain and the remaining
two items (SCB_01 and SCB_02) aligned with the
Skills: Consensus-Building sub-domain. Taken
together, this factor assesses students’ confidence
in their knowledge and abilities to engage with
diverse others in complex community-oriented or
society-oriented issues. As DSE_02 and DSE_03
state, “I am convinced that social problems are not
too complex for me to help solve,” and “I believe
that having an impact on community problems is
within my reach.” Core foundational beliefs in one’s
abilities are especially apparent in these self-efficacy
items.

Interestingly, while these items involve commu-
nity-oriented considerations that traditionally fall
in the macro-ethics domain, the consensus-building
items in particular seem to emphasize one’s ability
to operate successfully in the interpersonal or
micro-ethics domain [see 28]. Hence, this factor
potentially measures students’ perceived ability to
make meaningful micro-level contributions that
have an impact at the macro-level. Notably, social
and community designations vary across these
items, which might imply variations in complexity
(i.e., social problems might tend towards more
complexity; community problems might tend
towards more localized and potentially solvable).
Thus, the construct seems to focus on the potential
societal (i.e., civic) impact one can have despite
variations in complexity.

Factor 3. Civic Knowledge and Skills

Factor 3 included five items, all from the Knowl-
edge domain of the original CMG. Three items were
from the Academic Knowledge subdomain
(KAK_01, KAK_02, and KAK_03), whereas two
items were from the Knowledge of Volunteer
Opportunities sub-domain (KVO_01, KVO_03).
While each item was knowledge-oriented, the
items express both confidence in one’s abilities to
enact that knowledge in practice as well as the
intention to do so. Most items were community-
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oriented (i.e., they explicitly used the term “com-
munity”’), but one item (KAK_03) referenced
society, more broadly. Thus, we feel that this
Factor primarily represents localized knowledge.

Some items (not all) also explicitly connect stu-
dents’ disciplinary knowledge to community and
societal problems. For example, KAK 02 and
KAK_03 state, “I have the professional knowledge
and skills that I need to help address community
issues,” and ‘I feel confident that I will be able to
apply what I have learned in my classes to solve real
problems in society.” Thus, this factor also seems to
indicate the extent to which one sees a potential
connection between their specialized (i.e., disciplin-
ary) knowledge and ways to enact that knowledge
in situ.

Factor 4: Empathic Interpersonal Communication
Factor 4 represents students grappling with con-
siderations of relationships and interpersonal
encounters. All items came from the Skills domain
of the original CMB Scale, but the four items
spanned three sub-domains: Consensus-Building,
Dispositions, and Listening. Taken together, these
items represent one’s confidence in engaging in
interpersonal contexts, including their propensity
to listen even when another’s perspective differs
from one’s own (e.g., SL_O1: “I listen to others
and understand their perspective on controversial
issues.”); as well as responding to others effectively
amidst disagreement (e.g., SCB_03: “When mem-
bers of my group disagree on how to solve a
problem, I like to try to build consensus.). This
factor was notably distinct from others in that items
were people-oriented rather than community or
society oriented. Thus, while we recognize that
effective engagement in relationships within a com-
munity are likely critical for enabling one to spark
prosocial change within one’s community, we
recognize that these items do not explicitly call
forth such considerations. We also feel that this
construct is well-aligned with myriad engineering
education objectives, such as teamwork, commu-
nication, and related interpersonal skills.

Factor 5: Civic Intentions and Obligations

While the previous four factors contain items from
only one or two CMG domains, Factor 5 uniquely
spans across more than two domains. In the CMG
framework, these four items were dispersed across
three domains: Behavioral Intentions, Disposi-
tions, and Knowledge. While items Factor 5
includes items from multiple domains, a closer
inspection of items reveals that, rather than describ-
ing a set of skills or knowledge, Factor 5 is orga-
nized around a specific arena of civic engagement —
politics.

Factor 5 captures students’ intentions and feel-
ings of obligation towards civic engagement,
namely, their intention to participate in political
processes. This construct includes three primary
features: (1) a sense of duty or civic obligations of
political engagement (DVCE_04: “It is important
for me to vote and be politically involved.”), (2) the
intention to actively participate in political pro-
cesses (BI_O1: “I intend to stay current with the
local and national news,” and BI_02: “I plan to
participate in advocacy or political action groups
after I graduate.”), and (3) an indication of current
actions that one currently partakes in to stay up-to-
date with current events (KCSI_01: “I stay up to
date on the current political issues in the commu-
nity.”).

7.2 Alignment with Science and Engineering
Education Discourses

Thus far in this study, we did not explicitly connect
these findings to science and engineering education
discourses. This is partly due to the limited explicit
engagement or applications of civic mindedness in
engineering education. Yet, we do not claim that
similar foci do not exist inside engineering and
science discourses. Potential areas of connection
included (1) spirituality, (2) ethics, (3) interpersonal
engagement, (4) wicked problems, and (5) politics.

First, as we reviewed Factor 1, we saw potential
connections to spirituality, an increasing discourse
in engineering education scholarly circles [29, 30].
Specifically, the word ““vocation” comes to mind
when considering the fundamental ideas underlying
this factor. Contemporary use of the word “voca-
tion” may evoke images of technical occupations
for which a person — properly trained through
“vocational education” — is well-suited. This, how-
ever, does not quite capture the “higher calling”
element arguably present within this service-
oriented factor. Rather, the components of this
factor hearken back to the Christian origins of the
vocation concept, which stresses the idea that one is
called to a particular kind of work (e.g., service) and
that one can find purpose and joy in fulfilling one’s
obligations to love and serve others.

Moreover, in Factor 1 we see some considera-
tions of civic virtues (e.g., awareness, responsibility,
judgment, inquiry, communication, etc.) and of
what it means to be a good citizen as described by
Dewey [5] and Aristotle [1, 2]. It is here that we
begin to see the entanglement of civics with ethics.
In Factor 1, the items speak to taking responsibility
for addressing larger communal issues and seeking
societal betterment. Drawing on recent scholarship
from Fore and Hess [31] and Nair and Bulleit [32],
this is the key concern of a pragmatic Deweyian
ethics, while also being profoundly relevant to the
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ordinary performances of technical engineering
knowledge and skills. Fore and Hess [31] describe
Dewey’s ethics as comprising a heuristic in which
“moral excellencies” (i.e., virtues) are utilized as a
democratic participant inquiries into reality by
developing their awareness of the moral situation,
crafting informed judgments, experimenting with
those judgments, and iterating on those judgments
and experiments as their awareness expands. Here,
we see a profound intermingling of disciplinary
expertise, civic considerations, and ethical engage-
ment.

Second, expanding upon the connections we see
between civics and ethics across the constructs, we
return to Factor 2, where we argue that the nature
of ethics and morality in civic education are inter-
twined. This sentiment is shared by Ehrlich [33]
who wrote, “Included in the core knowledge we
consider integral to moral and civic learning is
knowledge of basic ethical concepts and principles”
(p. xxvi). In addition, we recognized a potential
connection to the micro/macro ethics distinction
that has proliferated in engineering [28]. Specifi-
cally, aspects of Factor 2 seemed to span the micro/
macro divide, and thus potentially connected the
two. Moreover, we posited that this factor might
also correlate with students’ perception to mean-
ingful ways to have a community-impact that are
not captured here, thus connecting to the engineer-
ing education discourses on social responsibility
and public welfare [34].

Third, as we reviewed factors, we began to
consider variations in the complexity of social
issues in which students might grapple with over
the course of a semester. One particular area that we
considered was the emergence of a focus of wicked
problems in engineering [35, 36]. Wicked problems
are, by definition, not solvable [i.e., we discuss
responses rather than solutions, see 37] — rather,
we talk of responses than solutions to wicked pro-
blems. Hence, after participating in a course that
discusses such complexities [e.g., 38], student
changes could also reflect a firmer grasp of com-
plexity rather than a reduction in self-efficacy.

Fourth, an emphasis on assessing interpersonal
communication skills is one domain of interest by
the National Academies [39]. We recognized that
Factor 4 did not explicitly utilize the terms commu-
nity or society, making it unique from other factors.
Thus, while this factor did not explicitly call forth
connections between interpersonal communication
and community-engagement, we recognize that
positive interpersonal skills align with civic-engage-
ment skills and dispositions, such as the ability to
work with diverse others [40], trust and credibility
[41], and the tendency to listen [42]. Importantly,
fostering interpersonal communication also

requires the practice of several antecedent capaci-
ties, such as empathy [43].

Finally, the central theme of political engage-
ment in Factor 5 calls forth considerations about
the alignment between civics and politics. Morgan
et al. [44] suggested that civic engagement differs
from political engagement, wherein the former
“tends to deal with apolitical responses to the
inequitable distribution of power and capital in a
society” and the latter is “much more restrictive”
and “risky” (p. 109). Regardless of whether one
deems Factor 5 a component of or corollary to civic
engagement, we note that Factor 5 in its current
state does not capture potentially important varia-
tions in how students understand the political
process. The survey items reflect democratic
values underlying the American political system,
but students’ responses may reflect their respective
nationalities and cultures. For example, student’s
nationality may inform how they defined “local and
national news” in BI_01 or their attitudes towards
voting in DVCE_04. Depending on the context, the
influence of nationality on responses may be an
important consideration for future researchers who
administer the CMG Scale.

7.3 Implications, Future Research, and Limitations

This validation study is a component of a larger
investigation that seeks to transform STEM ethics
instruction across curriculum towards more purpo-
seful engagement with civic-related outcomes
[anonymized for peer review]. That work theorizes
that STEM programs must concern themselves
with the development of civic-related skills and
dispositions. Through the project, faculty learning
communities are designed to foster faculty’s self-
efficacy in integrating community-engaged learning
with ethical reflection. Thus, in that work, we
theorize that community-engaged pedagogy is
ideal for promoting ethical becoming [45]. That
work faces its own challenges and barriers, includ-
ing disciplinary norms that might make civic-
engagement antithetical to the primary goals of
STEM programs. Thus, this validation study will
help make salient how this intervention can help
reduce other troubling trends found in engineering
programs [34].

In this study, we leave unexplored questions of
low and high scorers, as well as whether the
responses capture herein indeed represent “low”
and “‘high” civic mindedness on associated factors.
We also recognize that civic mindedness in engi-
neering and science education might involve addi-
tional considerations that were not pronounced in
the design of the original CMG Scale. For example,
different views of community and stances on poli-
tics might factor into individual results. Thus, one



58

Justin L Hess et al.

of our next research objectives is to qualitatively
explore survey respondents’ perceptions of civic
mindedness, thereby providing an additional vali-
dation check of this work and potential considera-
tions for future efforts at assessing civic mindedness
in higher STEM education.

There are a few noteworthy limitations of this
study that warrant consideration and future study.
First, ideally, the CFAs (Phase 2) would have
involved no modification from the PCA (Phase 1),
which was not the case here. Thus, we have concerns
of Type I error, particularly on factors that required
substantive modifications between Phase 1 and 2.
Second, the degrees of freedom in the final factor
structures tended to be low, thus presenting con-
cerns pertaining to Type II error and statistical
power [see 26]. Third, several measurement models
involved correlating error terms. This issue was
most problematic for Factor 5, which included a
negative error term, thus suggesting this measure-
ment model is not accounting for all variation in the
dataset. Finally, Bringle et al. [15, 16] found that the
CMG Scale was unidimensional. We cannot either
confirm or deny this claim. Such a consideration
would involve a larger sample size and nesting either
all 30-items into a single factor and utilizing this
factor structure and aligning it with a single factor.

8. Conclusion

In this study, we were able to achieve a structurally
robust five-factor structure for the CMG Scale that
we confirmed among two student samples. Follow-
ing the original CMG Scale design, the authors
inductively generated a four-domain structure con-
sisting of knowledge, skills, dispositions, and beha-
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Appendix A: Civic Minded Graduate Scale Items

# Item Description
1 KVO_01 I know a lot about opportunities to become involved in the community.
2 KAK _01 T am able to plan or help implement an initiative that improves the community.
3 SD_01 I appreciate how my community is enriched by having some cultural or ethnic diversity.
4 KAK_02 1 have the professional knowledge and skills that I need to help address community issues.
5 BI_01 Iintend to stay current with the local and national news.
6 SCB_01 I have often been able to persuade others to agree with my point of view.
7 KVO_02 T am very familiar with clubs and organizations that encourage and support community involvement for college
students.
8 SL_01 1 listen to others and understand their perspective on controversial issues.
9 DSE_01 I can contribute to improving life in my community.
10 KAK_03 1 feel confident that I will be able to apply what I have learned in my classes to solve real problems in society.

11 DSTK_01

I want to dedicate my career to improving society.

12 DVCE_01

1 like to be involved in addressing community issues.

13 KCSI_01 1 stay up to date on the current political issues in the community.

14 DVCE_02 I would say that the main purpose of work is to improve society through my career.

15 KVO_03 I would say that most other students know less about community organizations and volunteer opportunities than I do.
16 SL_02 T am a good listener, even when peoples’ opinions are different from mine.

17 BI_02 I plan to participate in advocacy or political action groups after I graduate.

18 SD_02 I am able to respond to others with empathy, regardless of their backgrounds.

19 BI_03 I intend to be involved in volunteer service after I graduate.

20 DSTK_02 I feel a deep conviction in my career goals to achieve purposes that are beyond my own self-interest.

21 KCSI_02 I am prepared to write a letter to the newspaper or community leaders about a community issue.

22 KCSI_03 I am aware of a number of community issues that need to be addressed.

23 DSE_02 I am convinced that social problems are not too complex for me to help solve.

24 SCB_02 Other students who know me well would describe me as a person who can discuss controversial social issues with civility

and respect.

25 DSTK_03

1 believe that I have a responsibility to use the knowledge that I have gained to serve others.

26 DVCE_03

I have a sense of who I am, which includes a sincere desire to be of service to others.

27 DSE_03 1 believe that having an impact on community problems is within my reach.
28 SCB_03 When members of my group disagree on how to solve a problem, I like to try to build consensus.
29 SD_03 I prefer to work in settings in which I interact with people who are different from me.

30 DVCE_04

It is important for me to vote and be politically involved.

Appendix B: Cronbach’s Alpha Across Data Sets

Cronbach’s Alpha Statistics for Original Civic-Minded Graduate Scale Constructs

Construct # of items PCA CFA 1 CFA2
KVO: Knowledge — Volunteer Opportunities 3 0.67* 0.73 0.75
KAK: Knowledge — Academic Knowledge and Technical Skills 3 0.70 0.78 0.67*
KCSI: Knowledge — Contemporary Social Issues 3 0.73 0.75 0.77
SL: Skills — Listening 2 0.79 0.76 0.68*
SD: Skills — Diversity 3 0.62* 0.67* 0.73
SCB: Skills — Consensus-Building 3 0.63* 0.70 0.65*
DVCE: Dispositions — Valuing Community-Engagement 4 0.70 0.77 0.73
DSE: Dispositions — Self-Efficacy 3 0.70 0.72 0.69*
DSTK: Dispositions — Social Trustee of Knowledge 3 0.78 0.83 0.84
BI: Behavioral Intentions 3 0.65* 0.64 0.66*

* Indicates That Cronbach’s alpha is below 0.70, the sought threshold (see DeVellis, 2011).

Cronbach’s Alpha for Refined Constructs

University 1 University 2
Construct # of items PCA CFA CFA
Factor 1: Service as a Vocation or Calling 4 0.84 0.89 0.87
Factor 2: Confidence in Building Consensus 4 0.73 0.73 0.73
Factor 3: Civic Knowledge and Skills 5 0.78 0.83 0.77
Factor 4: Empathic Interpersonal Communication 4 0.81 0.82 0.74
Factor 5: Civic Intentions and Obligations 4 0.81 0.80 0.80
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Appendix C: Civic-Minded Graduate Scale Items and Descriptive Statistics by Phase

Item Item Description Phase 1 (n =434) | Phase 2 Part 1 Phase 2 Part 3
M SD M SD M SD

KVO_01 I know a lot about opportunities to become involved in | 5.80 1.68 6.11 1.74 6.13 2.00
the community.

KAK _01 I am able to plan or help implement an initiative that | 5.30 1.80 5.96 1.78 5.86 2.04
improves the community.

SD_01 I appreciate how my community is enriched by having | 7.09 1.65 7.08 1.60 6.91 1.96
some cultural or ethnic diversity.

KAK_02 I have the professional knowledge and skills that I need | 5.54 1.93 6.35 1.61 6.20 1.83
to help address community issues.

BI_01 T intend to stay current with the local and national 6.36 1.97 6.56 1.87 6.49 1.99
news.

SCB_01 I have often been able to persuade others to agree with | 6.32 1.58 6.72 1.49 6.44 1.68
my point of view.

KVO_02 I am very familiar with clubs and organizations that 5.61 1.83 6.03 1.84 6.12 2.03
encourage and support community involvement for
college students.

SL_01 I listen to others and understand their perspective on | 7.40 1.35 7.43 1.30 7.27 1.45
controversial issues.

DSE_01 I can contribute to improving life in my community. | 6.87 1.52 6.91 1.38 6.96 1.61

KAK_03 I feel confident that I will be able to apply what I have | 6.86 1.71 6.76 1.65 6.90 1.65
learned in my classes to solve real problems in society.

DSTK_01 | I want to dedicate my career to improving society. 7.02 1.78 6.98 1.70 7.11 1.92

DVCE_01 | Ilike to be involved in addressing community issues. | 6.44 1.78 6.58 1.63 6.48 1.92

KCSI_01 I stay up to date on the current political issues in the | 5.62 2.15 5.89 2.06 5.84 2.27
community.

DVCE_02 | I would say that the main purpose of work is to 6.38 1.86 6.67 1.76 6.63 1.94
improve society through my career.

KVO_03 I would say that most other students know less about | 4.43 1.74 5.04 1.83 5.00 2.12
community organizations and volunteer opportunities
than I do.

SL_02 I am a good listener, even when peoples’ opinions are | 7.46 1.45 7.52 1.44 743 1.47
different from mine.

BI_02 1 plan to participate in advocacy or political action 4.44 2.26 5.05 2.19 5.32 2.36
groups after I graduate.

SD_02 Iam able to respond to others with empathy, regardless | 7.32 1.52 7.46 1.37 7.34 1.70
of their backgrounds.

BI_03 I intend to be involved in volunteer service after I 6.34 2.03 6.52 1.86 6.79 2.04
graduate.

DSTK_02 | I feel a deep conviction in my career goals to achieve | 6.70 1.84 6.84 1.67 7.18 1.74
purposes that are beyond my own self-interest.

KCSI_02 I am prepared to write a letter to the newspaper or 4.52 2.26 4.95 2.18 5.17 2.49
community leaders about a community issue.

KCSI_03 I am aware of a number of community issues that need | 5.01 2.01 5.79 1.97 5.82 2.13
to be addressed.

DSE_02 I am convinced that social problems are not too 5.61 1.88 6.12 1.75 5.90 2.00
complex for me to help solve.

SCB_02 Other students who know me well would describe me as | 6.61 1.75 6.80 1.70 6.67 1.81
a person who can discuss controversial social issues
with civility and respect.

DSTK_03 | I believe that I have a responsibility to use the 6.73 1.73 6.84 1.65 6.84 1.88
knowledge that I have gained to serve others.

DVCE_03 | I have a sense of who I am, which includes a sincere 6.59 1.75 6.77 1.74 6.90 1.86
desire to be of service to others.

DSE_03 I believe that having an impact on community 6.56 1.62 6.76 1.50 6.47 1.74
problems is within my reach.

SCB_03 When members of my group disagree on how to solvea | 7.04 1.43 7.26 1.35 6.74 1.65
problem, I like to try to build consensus.

SD_03 I prefer to work in settings in which I interact with 6.35 1.76 6.80 1.55 6.31 1.96
people who are different from me.

DVCE_04 | It is important for me to vote and be politically 6.60 2.21 6.73 2.02 6.60 2.14
involved.
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Appendix E: Principal Components (eigenvectors) in Unrotated Solution

# Variable Compl Comp2 Comp3 Comp4 Comp5 Unexplained
1 KVO_01 0.16 -0.10 0.40 0.02 0.26 31%
2 KAK_01 0.17 -0.03 0.43 -0.04 -0.10 34%
3 SD_01 0.15 -0.25 0.02 0.08 0.14 57%
4 KAK_02 0.19 —0.03 0.34 0.13 —0.11 39%
5 BI_01 0.17 0.27 —0.07 0.28 0.26 32%
6 SCB_01 0.16 —0.02 0.11 0.27 —0.28 51%
7 KVO_02 0.18 -0.09 0.19 0.12 0.19 51%
8 SL_01 0.17 -0.30 -0.09 0.26 0.15 33%
9 DSE_01 0.20 —0.15 0.15 0.05 —0.08 47%
10 KAK_03 0.17 -0.17 0.12 0.07 0.13 57%
11 DSTK_01 0.21 —0.05 —0.06 —-0.37 0.17 30%
12 DVCE_01 0.23 0.05 0.02 -0.24 0.11 34%
13 KCSI_01 0.17 0.36 —0.05 0.18 0.26 25%
14 DVCE_02 0.20 0.01 -0.09 -0.34 0.18 38%
15 KVO_03 0.16 0.17 0.24 -0.08 -0.01 56%
16 SL_02 0.16 -0.29 —0.19 0.22 0.15 37%
17 BI_02 0.17 0.34 —0.06 0.12 0.05 40%
18 SD_02 0.17 —0.19 -0.23 0.12 —0.05 48%
19 BI_03 0.18 0.05 -0.08 -0.18 -0.05 58%
20 DSTK_02 0.21 -0.02 -0.07 -0.26 0.05 43%
21 KCSI_02 0.17 0.31 0.04 -0.01 -0.21 42%
22 KCSI_03 0.17 0.26 0.18 0.06 -0.12 45%
23 DSE_02 0.18 0.12 —0.10 0.09 —0.39 42%
24 SCB_02 0.18 0.00 —0.26 0.20 —0.17 45%
25 DSTK_03 0.21 0.01 —0.15 —0.27 —0.12 38%
26 DVCE_03 0.22 -0.13 -0.06 -0.21 -0.08 38%
27 DSE_03 0.21 -0.02 —-0.09 -0.07 -0.32 40%
28 SCB_03 0.18 -0.20 —-0.15 0.11 -0.21 44%
29 SD_03 0.19 -0.03 -0.09 0.00 0.01 60%
30 DVCE_04 0.14 0.23 —-0.29 0.11 0.29 40%
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