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Examining Gender-Based Differences in Students’ Attitudes
toward Engineering and Sociotechnical Understanding:
A Structural Equation Modeling Study

Abstract

This research study uses structural equation modeling (SEM) to explore the relationships among
undergraduate engineering students’ attitudes toward and perceptions of engineering and their
understanding and appreciation of engineering’s broad, sociotechnical aspects, with a particular
focus on examining how these relationships vary with respect to student gender and exposure to
sociotechnical engineering coursework. Subjects were 314 undergraduate students at one small
technically-focused research university, who completed Likert-type surveys in spring 2022. A
factor structure previously determined through exploratory and confirmatory factor analysis
revealed five latent variables that align with a framework proposed by Fila et al. [1] for teaching
engineering within a humanistic lens to help students develop a sense of belonging and their
engineering identity. Our SEM analysis showed that for all students, academic self-confidence
and self-efficacy and a broad understanding of engineering both have a significant positive
influence on their sense of belonging, which in turn has a significant influence on their attitudes
toward persisting and succeeding in engineering. Appreciating the importance of non-technical
skills in engineering had no significant influence on most students’ sense of belonging with the
exception of male students with more than one sociotechnical course, where the influence was
negative. The relationships among the latent constructs varied according to student gender and
exposure to sociotechnical coursework, and are described in detail in the study. In essence, the
findings point to the important connections between students’ sense of belonging and their
attitudes toward persisting and succeeding in engineering, which was more important for female
students compared to male students and was stronger for those female students who were
exposed to more sociotechnical engineering coursework. Furthermore, providing students’
educational opportunities to bolster their self-confidence and self-efficacy, and improve their
understanding of the breadth of engineering, will positively influence their sense of belonging.
The study findings are limited by the small sample sizes and the reliance on students’ self-
reported exposure to sociotechnical engineering coursework.

Introduction and Background

Today’s complex and interdisciplinary challenges require an engineering workforce equipped
with the ability to apply sociotechnical thinking [2],[3], which involves understanding and
appreciating the social context of engineering and the broader societal implications of the
engineer’s work. These challenges also demand an engineering workforce comprised of a
breadth of perspectives and diverse experiences [2],[4]-[6]. While these needs have been
discussed and debated for years (e.g. [7]-[9]), little has changed among engineering curricula or
within the engineering education culture [10].

The current landscape of undergraduate engineering curricula in the U.S. focuses on developing
students’ technical knowledge and skills, with less attention given to cultivating their
understanding and appreciation of the societal implications of engineering work [4],[11]. This
can create a culture of disengagement where students fail to grasp the importance of social
responsibility in engineering [11],[12]; instead they “identify engineering as something that [is]
more related to technical abilities than to a social purpose” [13], p. 5. It can also prevent students



who do value the social aspects of engineering from identifying as engineers [14] and, worse,
can keep them from persisting in their engineering studies [15],[16]. Moreover, students are
often left to learn more of the social and cultural aspects of engineering organizations, including
working on teams and communicating with others, as they transition into working in industry
[17],[18].

Coursework that exposes students to the importance of engineering’s broader social aspects can
have multiple benefits. First, showcasing the social and contextual elements of engineering may
help attract and retain female students in the field [16],[19],[20]. Relative to their male peers,
female students tend to view the social aspects of engineering as more important [21],[22],
understand the sociotechnical nature of engineering better [23], are more interested in solving
social issues [24] and helping people [25], and are more likely to pursue engineering because of
social motivations [5],[26]. Women are typically more interested in engineering disciplines that
provide more real-world, contextualized learning opportunities [27], so engineering courses that
highlight the social aspects of engineering may help female students to see engineering as a
suitable career for them. Second, engineering graduates would better understand the importance
of considering the social aspects of engineering and the societal implications of engineering
work. This would better prepare them for a career industry where they will be (1) making
decisions that impact people [1] and (2) interacting and collaborating with others [28]-[30].

One curricular strategy that has gained recent interest and attention for strengthening students’
sociotechnical thinking is the incorporation of sociotechnical content into existing engineering
coursework, where both technical and non-technical aspects of engineering are highlighted in the
engineering curriculum. Sociotechnical material has been integrated into engineering science
courses (e.g., [31]-[35]) as well as other more technical engineering courses, such as an
introduction to computing course [36], a feedback systems control course [37], and a computer
vision technology course [38]. Courses have also been created to focus on a sociotechnical
engineering framework (e.g., [39],[40]), including first-year introduction to engineering courses
(e.g., [41]-[43]) and second-year introduction to design courses [44]. Finally, senior design
(capstone) courses, particularly those with real-world aspects, are known to incorporate
sociotechnical dimensions [4],[45].

Previous research has shown that exposing students to sociotechnical engineering coursework
can strengthen their sociotechnical thinking and their understanding of the broad nature of
engineering [36],[38],[44],[46]-[49]. Yet few have investigated the influence of sociotechnical
coursework on students’ attitudes toward or perceptions of engineering, let alone the possible
gender-related differences. Students’ perceptions of the social and technical aspects of
engineering can influence women’s and men’s sense of belonging in engineering differently
[50]. Furthermore, students’ attitudes toward engineering, including their sense of belonging and
academic self-confidence, are key indicators of whether female students decide to stay in or
leave engineering [51]. Thus, efforts to improve our understanding of the relationships among
these factors, and the influence of sociotechnical engineering coursework - particularly with
respect to male/female differences - will help foster educational experiences that benefit all
students.



This paper explores relationships among undergraduate engineering students’ attitudes toward
and perceptions of engineering and their understanding and appreciation of engineering’s broad,
sociotechnical aspects, at one small research-based university. We examine in particular how
these relationships vary with respect to student gender and exposure to sociotechnical
engineering coursework. The study is guided by the following research questions:

1. What is the relationship between undergraduate engineering students’ attitudes toward
engineering (i.e., sense of belonging, academic self-confidence/self-efficacy, and
persisting/succeeding in engineering) and their perceptions of the broader, non-technical
aspects of engineering?

2. How do these relationships differ depending on students’ gender identification and
exposure to sociotechnical engineering coursework?

We quantitatively explore these research questions through SEM using student questionnaire
responses. SEM is an analytical approach that allows us to examine complex relationships
among multiple variables simultaneously and is commonly employed in social science research,
including psychology, sociology, and education. The method involves both measurement and
structural models, enabling the study of how variables are related to each other and how they
contribute to the development of latent constructs or concepts. SEM is particularly useful for
exploring intricate patterns and causal pathways within a theoretical framework [52]. The
research presented in this paper is part of a larger on-going mixed-methods study exploring the
relationships among students’ attitudes toward and perceptions of engineering based on their
gender and exposure to sociotechnical engineering coursework.

Conceptual Framework

Fila et al. [1] proposed a three-dimensional framework that situates engineering within a
sociotechnical context called engineering for, with, and as people. This framework provides a
lens to view and teach engineering humanistically. The engineering for people dimension
acknowledges the non-technical aspects of engineering, including the importance of considering
and serving society when making engineering design decisions [4],[41],[53]. Engineering with
people recognizes the teamwork component of engineering work; engineers work with many
others, including stakeholders, colleagues, and communities, when developing designs
[28],[29],[54],[55]. The engineering as people dimension considers engineers as individuals who
bring their own skills, values, beliefs, knowledge, and experiences (i.e. characteristics) to the
engineering field [1]. A variety of characteristics are important for an engineering student. Of
particular interest is a students’ belief in their abilities to learn and perform well in their
academics, also known as their academic self-efficacy [56]. Academic self-efficacy can play a
vital role among engineering students’ academic achievement and persistence in their studies
[57]-[59]. Students’ confidence in their academic abilities is also important, since a lack of
academic self-confidence can contribute to students’ decisions to leave their engineering major
(e.g., [60],[61]. These characteristics can also influence students’ sense of belonging in
engineering [62]. A strong sense of belonging among students majoring in science, technology,
engineering and math (STEM) disciplines has been shown to help advance academic persistence,
success, and interest in the field [63],[64], while a decreased sense of belonging can weaken
students’ persistence in the field and ultimately lead them to leave engineering [65]-[67]. Thus,



students’ sense of belonging, academic self-confidence and self-efficacy, and attitudes toward
persisting and succeeding in engineering are all linked to the engineering as people dimension.

According to Fila et al. [1], applying this framework to engineering education can foster an
environment that enhances students’ sense of belonging and non-technical skills. Given the
framework’s focus on a humanistic approach to engineering education, it is a suitable framework
to evaluate the impact of sociotechnical engineering courses (i.e., a humanistic approach to
engineering education) on students’ attitudes toward and perceptions of engineering.
Furthermore, this framework explicitly describes and explains the possible connections between
students’ attitudes toward and perceptions of engineering, making it appropriate for a study
interested in exploring these relationships. The framework has been used to guide how we
conceptualize sociotechnical engineering. The instrument used for this study included items and
constructs that align with all three dimensions of Fila et al.’s [1] framework.

Methods

Survey responses collected from undergraduate engineering students were analyzed using
exploratory factor analysis (EFA) to expose latent factors related to students’ attitudes toward
and perceptions of engineering, which align with the conceptual ‘engineering for, with, as
people’ framework proposed by [1]. Building on that work, which is described briefly below and
more fully in [68], SEM was used to examine the relationships among those latent factors, and to
explore how these relationships may change depending on students’ gender and exposure to
sociotechnical engineering coursework. The subsequent sections detail the study's instrument,
participants, analysis, and limitations.

Instrument

The instrument used in this study included Likert-type items from two previously validated
instruments. Eight items asking students about the importance of various professional skills in
engineering were selected from the Engineering Professional Responsibility Assessment (EPRA)
tool [69]; these item responses were on a 7-point scale, ranging from “very unimportant” to
“very important.” Twenty-one items asking students about their attitudes toward feeling a sense
of belonging, their academic abilities, and the engineering discipline were adapted from the
Engineering Attitudes Questionnaire [46],[70]; these responses were based on a 5-point scale,
ranging from “strongly disagree” to “strongly agree.” Psychometric analysis was conducted on
the instrument [68]. A six-factor structure that aligns with Fila et al.’s [1] engineering for, with,
and as people framework was determined through exploratory factor analysis. Three factors
align with the engineering as people dimension, describing students’ attitudes related to their: (1)
sense of belonging in engineering (6 items); (2) academic self-confidence and self-efficacy (6
items); and (3) attitudes toward persisting and succeeding in engineering (3 items). The other
three factors captured students’ perceptions of engineering. Two factors aligned with both the
engineering for and with people dimensions, focusing on students’: (4) understanding of the
broad nature of engineering (3 items) and (5) appreciation of the importance of non-technical
skills in engineering (9 items). The final factor focused on students’ (6) appreciation of technical
skills in engineering (2 items). Internal consistency reliability coefficient (i.e., Cronbach’s alpha)
values for the entire instrument (0.909) and all six factors (ranging from 0.751 to 0.878) were
above the minimum acceptable level for social science questionnaires [71].



In addition to the Likert-type items, students were asked a series of demographic questions and
were invited to complete several free-response questions, including one which described the
definition of a sociotechnical course and asked them to self-report any courses they had
previously or were currently taking that they believed were sociotechnical.

Participants

All undergraduate engineering students enrolled at a small, private, research-based technical
university in the U.S. were invited to complete the questionnaire at the end of the spring 2022
semester. Once the data were cleaned using a procedure described by [72], 314 responses
remained. Relevant sample characteristics are described in Table 1.

According to ABET requirements [73], engineering students at this university undergo exposure
to sociotechnical engineering, either through specific courses or by encountering sociotechnical
content in other engineering classes. A first-year engineering course that primarily focuses on
sociotechnical themes is required for all engineering majors except those enrolled in the
university’s honors curriculum, which in and of itself addresses sociotechnical themes through a
series of required courses. Notably, 221 students reported taking at least one sociotechnical
engineering course, including senior capstone design, the first-year engineering course, and
elective courses in specific subdisciplines, while 81 students responded that they had not taken
any sociotechnical coursework. After examining these 81 questionnaires more closely, given the
required first year sociotechnical engineering course, a decision was made to assume that all had
misunderstood the question and had, indeed, been exposed to one sociotechnical course. For
analysis, two exposure levels were established: those with one course (S=1), including the 81
misreporting students (n = 279: 94 female, 179 male), and those with more than one course (S>1;
n = 35: 13 female, 21 male).

Table 1: Sample Characteristics - Gender and Exposure to Sociotechnical Engineering Courses

Gender (total) Exposure to Sociotechnical Courses
S=1 S>1 S>1
upsampled*
Male (200) 179 21 50
Female (107) 94 13 60
Prefer not to say (7)** ok ok %
Total (314) 279 35

Table notes:

*Given the large difference in sample size between students who took one and those who took more than one
sociotechnical engineering course, a statistical procedure called ‘Synthetic Minority Over-sampling Technique’ was
used to artificially increase the sample size. This procedure is described and justified below.

**Because so few students were in this category, we confined our study to those who described themselves as either
male or female.



Upsampling:

After filtering the data for male or female students with more than one sociotechnical course, the
number of observations becomes fewer than the number of variables. This prevents us from
utilizing SEM for these two subgroups. To address this limitation, we used the Synthetic
Minority Over-sampling Technique (SMOTE) [74] to enlarge the size of the data in each of these
subgroups. SMOTE generates synthetic samples by interpolating between the minority cases and
their nearest neighbors to upsample the existing data. More comprehensive illustrations of
SMOTE and its application in social sciences and biological studies can be found [75]-[78]. In
this study SMOTE was utilized to adjust the sample sizes for both subgroups of male and female
students with more than one sociotechnical course and increased the size of each group to 50 and
60 students, respectively. Technically speaking, we upsampled more than the minimum number
required for a SEM analysis to ensure that our analysis not only meets the foundational
prerequisites for SEM but also provides a greater margin of confidence in the structural
relationships observed within the male and female groups.

SMOTE is a well-accepted method for upsampling in machine learning and data science, but it's
important to note that it adds some artificial observations into the dataset. While generating some
"fake" data allows for the effective utilization of SEM in this study and we can still interpret the
results, SMOTE may not precisely represent true observations. Therefore, we should be mindful
of the inherent artificial nature of the added data.

Analysis

EFA is a common technique in multivariate statistics to discover the latent (unobserved)
components and correlations between observed data to better understand the underlying structure
of the model. EFA classifies observed variables into groups (unobserved variables), such that
these groups influence the observed variables as shown in Figure 1. As we can see in Figure 1,
these relationships exist between the unobserved variables and the observed variables [79]. The
first step in EFA is identifying the number of unobserved variables (i.e., factors). The estimated
number of factors is determined through the scree plot. The scree plot is created by computing
the eigenvalues of the correlation matrix sorted from largest to smallest. The second step is
identifying the relationship between each unobserved variable and the observed variables and are
computed by their regression coefficients. These relationships between each unobserved variable
and observed variable are depicted as arrows, and they can be quantified by their regression
coefficients.

EFA assumes that unobserved variables do not influence each other. This may not be an
appropriate assumption since the latent variables may exhibit some interconnection in real-world
problems. To address this limitation, we can utilize SEM, which extends the capabilities of EFA
by not only considering the factor loadings in the measurement model but also estimating the
relationships among the unobserved variables [80]. SEM provides the estimation of relationships
between latent variables, as well as an evaluation of the overall model fit, along with the
statistical evidence for the validity of the hypothesized relationships [81]. This extension enables
hypothesis testing and model validation in a single analytical framework to dig deeper than
through an entire exploratory analysis.
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Figure 1: EFA model. Each unobserved variable influences the observed variable by a loading
factor, shown as an arrow. There are no interrelationships between the unobserved variables.

SEM is a system of equations that expresses the relationships between observed variables and
also unobserved variables. Let Y be a vector of observed variables, X be a matrix of latent
variables, B be a vector of coefficients, and E be a vector of error terms. Mathematically, the
structural model is represented as Y = BX + E and is characterized by two key components: (i)
the measurement model, which shows the relationships between unobserved and observed
variables by factor loadings, and (ii) the structural model, which defines the relationships among
unobserved variables [80]. The model is estimated through iterative procedures that involve
techniques such as the maximum likelihood estimation [81]. The flexibility of SEM makes it a
powerful statistical method to specify intricate relationships and validate complex theoretical
substructure in many fields [82].

In this study, five of the six latent factors underlying different facets of students' perceptions and
attitudes toward engineering and sociotechnical understanding that were extracted previously
through EFA, listed below and described more fully in [68], provided the starting point for the
SEM analysis.

fl1 Importance of Non-Technical Skills in Engineering

f2 Sense of Belonging in Engineering

f3 Academic Self-Confidence and Self-Efficacy

f4 Understanding of the Broad Nature of Engineering

f5 Attitudes toward Persisting and Succeeding in Engineering
f6 Importance of Technical Skills in Engineering



Factor 6, Importance of Technical Skills in Engineering, was omitted from the SEM analysis
primarily because only two survey items loaded onto this factor. While there is no strict rule for
the minimum number of items that should be in each factor, a commonly suggested guideline is
to have at least three items per factor to ensure more stability and reliability in factor analysis,
which helps to retain more robust and interpretable results [83]. Moreover, the topic of factor 6, a
students’ recognition of the importance of technical skills in engineering, was deemed somewhat
superfluous to this current study.

Recognizing the complexity inherent in these factors, we have utilized SEM for a more
sophisticated analytical framework to examine not only the interrelations among latent constructs
but also to dig deeper into the differences that may exist between male and female students in
their attitudes toward engineering and sociotechnical understanding. This transition is motivated
by a goal to move beyond purely descriptive analysis and gain a more comprehensive
understanding of the factors influencing how both male and female students perceive engineering
and its sociotechnical aspects. We first applied SEM to the entire sample of 314 student
responses, to develop a model that aligned with our conceptual framework and other theoretical
understandings. We subsequently fit this model to subgroups of our sample to examine the
differences between limited and more expansive sociotechnical exposure on both male and
female students. The analysis would reveal unique patterns of associations that characterized
how students of different genders interpret, internalize, and respond to the complex interplay of
factors shaping their perspectives on engineering.

Limitations

We recognize this study involves a few limitations. First, this study is limited by the case-based
nature of the data that were used; data were collected from only one university, which limits the
generalizability and replicability of our findings. Second, the procedure used to determine
students’ exposure to sociotechnical engineering coursework was somewhat ambiguous because
of students’ unfamiliarity with the term “sociotechnical” and its definition; a more robust
approach should be used in future research. Third, due to the instrument’s design, we were not
able to capture possible relationships involving students’ perceptions of the technical aspects of
engineering; this should be addressed in future research, considering the potential insight that
could be obtained from gathering this information, including how students’ perceptions of the
technical aspects of engineering fare in relation to the non-technical aspects of engineering when
considering these constructs’ relationships with students’ attitudes. Finally, since the sample
sizes were low for both groups who took more than one sociotechnical engineering course, we
needed to adjust the sample sizes using an oversampling technique in order to be able to create
the models given the requirements for SEM. Thus, the results should be interpreted with this
caveat in mind.

Results and Discussion
Figure 2 presents the path diagram that provides a visual representation of our SEM model,
derived using the entire sample of 314 responses. Computed fit-indices, which are indicators for
evaluating the goodness of fit in the SEM to assess the extent of agreement between the model
and the observed data, are provided below:

e Comparative Fit Index (CFI), 0.866;

e Tucker-Lewis Index (TLI), 0.852;



e Root Mean Square Error of Approximation (RMSEA), 0.071;

e Standardized Root Mean Square Residual (SRMR), 0.072.
Interpretation of the goodness-of-fit measures of SEM involves consideration of commonly
accepted thresholds. While the absence of universal standards makes these thresholds somewhat
context-dependent, some established guidelines offer a basis for the model assessment. In terms
of CFI and TLI, our model falls just below the minimum value of 0.95 which is generally
considered indicative of a well-fitting model. However, an RMSEA often suggests acceptable fit
when below 0.08, and an SRMR below 0.08 is commonly deemed acceptable [84]-[86]. Thus,
while conventional guidelines propose specific recommended values for goodness-of-fit
measures, it is pivotal to consider these recommendations as adaptable benchmarks rather than
rigid criteria [81]. Despite a slight deviation of CFI and TLI from the suggested levels, they still
fall within reasonable bounds. Moreover, our attention should pivot towards the broader context
of our study. Acknowledging the intricate nature of real-world data, our emphasis is placed on
the primary objective of our study — comparing male and female students — rather than fixating
excessively on precise fit values.
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Figure 2. The diagram visually represents the relationship among latent factors and questionnaire items. Each
latent factor — Importance of Non-Technical Skills in Engineering (f1), Sense of Belonging in Engineering (2),
Academic Self-Confidence and Self-Efficacy (f3), Understanding of the Broad Nature of Engineering (f4), and
Attitudes toward Persisting and Succeeding in Engineering (f5) — is depicted as an oval, and the relationships
between them are indicated by directional arrows.

The path diagram in Figure 2 illustrates the relationships among the five latent factors derived
from the EFA, and highlights the relationships between these latent factors and the observed
items. It provides a comprehensive visual representation of the intricate network of associations



underpinning students' perceptions and attitudes in engineering. As shown in Figure 2, students’
sense of belonging in engineering (factor 2) is influenced by their perceptions of engineering
(factor 1), academic self-confidence and self-efficacy (factor 3), and understanding of the broad
nature of engineering (factor 5). Students’ attitudes toward persisting and succeeding in
engineering (factor 5) are subsequently impacted by their sense of belonging in engineering
(factor 2).

Table 2 shows the regression coefficients and p-values for each relationship, allowing us to make
comparisons between various groups of students, including all male (M) vs all female (F)
students, and then each gender who took one sociotechnical course (S=1) vs those who took
more than one (S>1).

Table 2: Regression coefficients between latent factors for the four groups: female students who have taken one
sociotechnical course (F,S=1), female students who have taken more than one sociotechnical course (F,S>1), male
students who have taken one sociotechnical course (M,S=1), and male students who have taken more than one
sociotechnical course (M,S>1).

Factors Estimate (p-value)
All students Female Students Male Students
Female Male =1 S>1 S=1 S>1
n=107 n=200 n=94 n*=60 n=179 n*=50

Sense of Belonging in Engineering (f2) ~

Importance of Non-Technical 0.047 0.101 0.043 -0.128 0.105 -0.583
Skills in Engineering (f1) (0.738) (0.166) (0.774) (0.296) (0.200) (0.000)
Academic Self-Confidence and 0.636 0.509 0.644 0.900 0.495 1.438

Self-Efficacy (3) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Understanding of the Broad Nature 0.387 0.359 0.371 0.335

of Engineering (4) (0.001) (0.000) (0.003) (0.007) (0.000) (0.000)

Attitudes toward Persisting and Succeeding in Engineering (f5) ~

Sense of Belonging in Engineering 0.403 0.556 0.366 0.780 0.595 0.173
(f2) (0.000) (0.000) (0.000) (0.000) (0.000) (0.002)

Table notes:

n* denotes the sample size after up-sampling

The pairs with statistically significant differences at the 0.10 level are distinguished by different colors, in bold, for
clarity and empbhasis. These differences are explained as follows and discussed in context below:

— Among students who took more than one sociotechnical course, there was a significant male/female difference
regarding the influence of the “Importance of Non-Technical Skills” on their “Sense of Belonging” and their
“Understanding of the Broad Nature of Engineering.”

— Regardless of their exposure to sociotechnical coursework, the difference between male and female students was
significant regarding the influence of their “Sense of Belonging” on their “Attitudes toward persisting and
succeeding in Engineering.”



The results of the SEM analysis indicate that academic self-confidence and self-efficacy and
understanding of the broad nature of engineering significantly influenced all students’ sense of
belonging in engineering. Compared to their male counterparts, female students’ sense of
academic confidence and self-efficacy has a stronger impact on fostering a sense of belonging in
engineering. The larger estimate for female students implies that academic self-confidence and
self-efficacy may play a particularly pivotal role in shaping the sense of belonging for women in
engineering. This implies that efforts to bolster self-confidence and self-efficacy among female
students may help them feel more welcome in the classroom. Similarly, female students may
derive a slightly higher sense of belonging from their understanding of the broad nature of
engineering compared to their male counterparts, although the difference is only slight. Faulkner
[50] also found that gender-related differences in how engineers perceive the social and technical
aspects of engineering could influence their sense of belonging in engineering differently.

For both male and female students, the effect of academic self-confidence and self-efficacy on
their sense of belonging was greater for students who took more than on sociotechnical course
(S>1) compared to those who took only 1 (S=1). This difference between S=1 and S>1 was
larger for male students than female students, although the difference was not significant. Also
interesting to note is that, among students who took only one sociotechnical course, the
relationships were stronger for the female group, yet the opposite was true for students who took
more than one sociotechnical course. Our findings overall suggest that as students are exposed to
greater amounts of sociotechnical engineering coursework, their sense of belonging is more
strongly impacted by their academic self-confidence and self-efficacy. In light of previous
research demonstrating increases in students’ self-confidence after taking a sociotechnical
engineering course [43],[46],[87], we might expect that exposure to sociotechnical engineering
coursework would in turn positively influence students’ sense of belonging in the field, for both
male and female students.

Differences in the relationship between students’ understanding of the broad nature of
engineering and their sense of belonging as students are exposed to more sociotechnical
coursework seems to differ according to gender, with the effects increasing for male students and
slightly decreasing for female students. In fact, among students who took more than one
sociotechnical course, the effects of students’ understanding of engineering’s breadth on their
sense of belonging was significantly greater for male vs female students. Previous research has
shown that sociotechnical engineering courses can improve students’ understanding of the broad
nature of engineering (e.g., [36],[44],[46],[47]). With this in mind, the male students in our study
who took more than one sociotechnical course may have gained a better understanding of the
broader aspects of engineering, helping them to obtain a more holistic view of engineering,
which leads to an increase in their sense of belonging in engineering. However, among female
students in our study, sense of belonging in engineering was not influenced as much by their
understanding of the broad nature of the field. This finding is surprising given that other
researchers have determined that female students tend to place more importance on the social
and contextual aspects of engineering than their male peers [21]-[23],[50]. Thus, we would
expect that as female students are made more aware of the broader, social aspects of engineering
through their coursework, it would strengthen the positive influence their sense of belonging in
the field. Nevertheless, the positive relationship between students’ understanding of engineering
as a broad field, and their sense of belonging in the field, is indisputable, regardless of their
gender or their exposure to sociotechnical coursework.



The impact of students’ appreciation of the importance of non-technical skills on their sense of
belonging in the field is somewhat variable. The relationship is negative for both male and
female students who have taken more than one sociotechnical course, although the effect for
female students is not significant, while the negative effect for their male counterparts is
significant, and significantly stronger than for the female group. The negative effect for students
with more sociotechnical coursework may result, in part, to the relative age of the two groups of
students - by default, the sample of students who took more than one sociotechnical course was
more heavily comprised of upperclassmen, compared to those who took only one sociotechnical
course. It is known that students’ awareness of and concern for the societal aspects of
engineering decreases over the course of their engineering education [11],[16],[88], which may
be a result of the technical focus of their curriculum (e.g. [4],[11],[89]). Thus, they likely believe
that engineers perform more technical engineering work from the nature of their coursework. As
they develop a greater appreciation of the importance of non-technical skills (teamwork,
communication, writing) in engineering, their sense of belonging decreases because this does not
align with their perception of engineering as a highly technical profession. The fact that the
effect is so much more pronounced for male students could speak to the generally accepted,
albeit stereotypical understanding that men tend to be drawn to the technical aspects of
engineering (see for example [50]) with less appreciation for the societal context (e.g., [23]),
while women are known to have more prosocial motivations for studying engineering [5],[26].

Finally, the influence of students’ sense of belonging in engineering on their attitudes toward
persisting and succeeding in engineering was significant for all students. This suggests that a
positive sense of belonging will contribute toward a positive mindset towards persistence and
success in the field, a finding that aligns with previous research (e.g. [63]-[67]). Interestingly, the
impact of exposure to sociotechnical courses on this relationship is opposite for male students
compared to female students. Sense of belonging had a stronger influence on attitudes toward
persisting in engineering for female students who took more than one sociotechnical engineering
course compared to those who only took one, while the opposite was true for male students.
Moreover, the strength of the relationship between these two latent factors was significantly
different across all groups: for students who took only 1 sociotechnical course, the influence was
significantly greater for male vs female students; for students with more than one sociotechnical
course, the influence was significantly greater for female vs male students. Sociotechnical
coursework, which aligns with Fila et al’s [1] engineering as, for, with framework for
engineering education, fosters an environment that enhances students’ sense of belonging - in
part by providing opportunities to improve their academic self confidence. These findings
suggest that for women, greater amounts of exposure to coursework that emphasizes the
sociotechnical aspects of engineering may further strengthen their attitudes toward persisting and
succeeding in engineering.

Given the strong and significant relationship between students’ sense of belonging and their
attitudes toward persisting and succeeding in engineering, the implications for the engineering
education community point to the importance of providing welcoming educational experiences
that foster students’ sense of belonging, both in the classroom as an engineering student, and
potentially as a practicing professional in the field. The results of this study indicate that
providing opportunities to improve students’ academic self-confidence and self-efficacy, and
help them understand the broad nature of engineering, will contribute toward a positive sense of



belonging in engineering for all students, regardless of gender. Sociotechnical coursework can
help strengthen the connections between all students’ sense of belonging and their academic self-
confidence and self-efficacy, and for male students, can help strengthen the relationship between
their sense of belonging and their understanding of engineering’s broad nature. In effect, this
study has demonstrated that students who are given multiple opportunities to engage in
sociotechnical engineering coursework experience benefits that contribute toward a greater sense
of belonging and positive attitude toward persisting and succeeding in engineering.

Conclusions and Future Work

This study used SEM to explore the relationships among undergraduate engineering students’
attitudes toward and perceptions of engineering, as well as how these relationships differ given
students’ gender and exposure to sociotechnical engineering coursework. Not surprisingly, our
model shows that students’ sense of belonging in engineering contributes positively toward their
attitudes to persist and succeed in engineering. Their sense of belonging, in turn, is influenced
by their academic self-confidence and self-efficacy, their understanding of the broad nature of
engineering, and to a lesser extent by their recognition of the importance of non-technical skills
in engineering. As students experience greater amounts of sociotechnical coursework, their
recognition of the importance of non-technical skills appears to negatively impact their sense of
belonging, especially among male students.

Differential impacts according to gender and exposure to sociotechnical coursework were
somewhat mixed. For example, sense of belonging had a stronger influence on attitudes toward
persisting in engineering for female students who took more than one sociotechnical engineering
course compared to those who only took one, while the opposite was true for male students. The
influence of academic self-confidence and self-efficacy on sense of belonging was stronger for
female vs male students, and was stronger for students who took greater amounts of
sociotechnical coursework regardless of their gender. Although students’ understanding of the
broad nature of engineering significantly impacted their sense of belonging across all groups, the
impact of more extensive sociotechnical coursework varied by gender — for female students, the
strength of relationship between these two latent factors was fairly constant, while for male
students it was was much stronger, and significantly greater than for their female counterparts.
Thus as male students are exposed to more sociotechnical coursework, a thorough understanding
of the breadth of engineering will contribute greatly to their sense of belonging, perhaps even
more so than for female students. Gender differences were also found in the relationship between
students’ appreciation of non-technical skills in engineering and their sense of belonging. The
relationship between these two factors is significantly negative for male students with more
exposure to sociotechnical coursework, suggesting that as they become more aware of the
importance of non-technical skills (i.e. professional skills such as communication, writing,
creativity) they may feel less like they belong in the engineering profession.

Previous findings have indicated that coursework highlighting the broader social aspects of
engineering can help attract and retain women, who view the social aspects of engineering as
more important than do their male peers. While we found strong positive relationships among
self-confidence, understanding the broad nature of engineering, sense of belonging in
engineering, and attitudes toward persisting and succeeding in engineering for all students
regardless of their exposure to sociotechnical coursework, our findings suggest that more



extensive exposure increases the influence of academic self-confidence on their sense of
belonging and, for female students, the influence of sense of belonging on attitudes to persist in
engineering.

The findings of this study are limited by the study group, which consisted of undergraduate
students at one university during one academic semester. Also limiting was the relatively small
sample size for students who enrolled in more than one sociotechnical course, which required
implementation of statistical procedures to artificially increase sample sizes so a reliable analysis
could be performed. These circumstances no doubt hampered our ability to achieve a ‘well-
fitting” SEM model. Nevertheless, the study sheds light on initial relationships among these
variables. Future work will involve a revised questionnaire with additional items to improve the
model fit, as well as a more straightforward and reliable method of collecting information
regarding students’ exposure to sociotechnical engineering coursework. Combining this
quantitative analysis with a thematic analysis of students’ free responses to open-ended questions
in this same survey will provide a deeper understanding of the various factors shaping students’
attitudes and perceptions toward engineering.

References

[1] N. D. Fila, J. Hess, A. Hira, C. H. Joslyn, D. Tolbert, and M. M. Hynes, “The people part of engineering:
Engineering for, with, and as people,” in 2014 IEEE Frontiers in Education Conference (FIE) Proceedings,
Oct. 2014, pp. 1-9. doi: 10.1109/FIE.2014.7044106.

[2] C. D. Mote, D. A. Dowling, and J. Zhou, “The Power of an Idea: The International Impacts of the Grand
Challenges for Engineering,” Engineering, vol. 2, no. 1, pp. 4-7, Mar. 2016, doi:
10.1016/J.ENG.2016.01.025.

[3] M. J. Martin et al., “The Climate Is Changing. Engineering Education Needs to Change as Well,” Journal
of Engineering Education, vol. 111, no. 4, pp. 740-746, 2022, doi: 10.1002/jee.20485.

[4] J. A. Leydens and J. C. Lucena, Engineering Justice: Transforming Engineering Education and Practice.
John Wiley & Sons, 2017.
[5] I. J. Busch-Vishniac and J. P. Jarosz, “Can diversity in the undergraduate engineering population be

enhanced through curricular change?,” JWM, vol. 10, no. 3, 2004, doi:
10.1615/JWomenMinorScienEng.v10.i3.50.

[6] National Academy of Engineering, Educating the engineer of 2020: Adapting engineering education to the
new century. Washington, D.C.: National Academies Press, 2005. doi: 10.17226/11338.

[7] National Academy of Engineering, The engineer of 2020: Visions of engineering in the new century.
Washington, D.C.: National Academies Press, 2004. doi: 10.17226/10999.

[8] American Society for Engineering Education Deans Council and Corporate Roundtable, “The Green

Report: Engineering Education for a Changing World,” American Society for Engineering Education,
Washington, DC, 1994.

[9] A. L. Pawley, “‘Asking questions, we walk’: How should engineering education address equity, the climate
crisis, and its own moral infrastructure?,” Journal of Engineering Education, vol. 108, no. 4, pp. 447452,
2019, doi: 10.1002/jee.20295.

[10] E. Godfrey, “Understanding Disciplinary Cultures: The First Step to Cultural Change,” in Cambridge
Handbook of Engineering Education Research, A. Johri and B. M. Olds, Eds., Cambridge: Cambridge
University Press, 2014, pp. 437-456. doi: 10.1017/CB0O9781139013451.028.

[11] E. A. Cech, “Culture of Disengagement in Engineering Education?,” Science, Technology, & Human
Values, vol. 39, no. 1, pp. 42—72, Jan. 2014, doi: 10.1177/0162243913504305.

[12] A. R. Bielefeldt and N. E. Canney, “Changes in the Social Responsibility Attitudes of Engineering Students
Over Time,” Sci Eng Ethics, vol. 22, no. 5, pp. 1535-1551, Oct. 2016, doi: 10.1007/s11948-015-9706-5.

[13] J. Huff, B. K. Jesiek, C. B. Zoltowski, K. D. Ramane, and W. C. Oakes, “Social and Technical Dimensions
of Engineering Identity,” presented at the 2016 ASEE Annual Conference & Exposition, Jun. 2016.



https://doi.org/10.1109/FIE.2014.7044106
https://doi.org/10.1109/FIE.2014.7044106
https://doi.org/10.1016/J.ENG.2016.01.025
https://doi.org/10.1016/J.ENG.2016.01.025
https://doi.org/10.1016/J.ENG.2016.01.025
https://doi.org/10.1002/jee.20485
https://doi.org/10.1002/jee.20485
https://doi.org/10.1615/JWomenMinorScienEng.v10.i3.50
https://doi.org/10.1615/JWomenMinorScienEng.v10.i3.50
https://doi.org/10.1615/JWomenMinorScienEng.v10.i3.50
https://doi.org/10.17226/11338
https://doi.org/10.17226/11338
https://doi.org/10.17226/10999
https://doi.org/10.17226/10999
https://doi.org/10.1002/jee.20295
https://doi.org/10.1002/jee.20295
https://doi.org/10.1017/CBO9781139013451.028
https://doi.org/10.1017/CBO9781139013451.028
https://doi.org/10.1177/0162243913504305
https://doi.org/10.1177/0162243913504305
https://doi.org/10.1007/s11948-015-9706-5
https://doi.org/10.1007/s11948-015-9706-5

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]
[29]

[30]

Accessed: Jan. 18, 2024. [Online]. Available: https://peer.asee.org/social-and-technical-dimensions-of-
engineering-identity

M. H. Hwang, E. Trueblood, and S. A. Claussen, “Engineering Identity, Perceptions of Sociotechnical
Education, and Views of Engineering Practice in Undergraduate Students,” in 2022 IEEE Frontiers in
Education Conference (FIE), Oct. 2022, pp. 1-10. doi: 10.1109/FIE56618.2022.9962377.

S. Niles, S. Contreras, S. Roudbari, J. Kaminsky, and J. L. Harrison, “Resisting and assisting engagement
with public welfare in engineering education,” Journal of Engineering Education, vol. 109, no. 3, pp. 491—
507, 2020, doi: 10.1002/jee.20323.

G. Rulifson and A. Bielefeldt, “Motivations to Leave Engineering: Through a Lens of Social
Responsibility,” Engineering Studies, vol. 9, no. 3, pp. 222-248, Sep. 2017, doi:
10.1080/19378629.2017.1397159.

B. Lutz and M. C. Paretti, “Exploring the social and cultural dimensions of learning for recent engineering
graduates during the school-to-work transition,” Engineering Studies, vol. 13, no. 2, pp. 132—157, May
2021, doi: 10.1080/19378629.2021.1957901.

S. R. Brunhaver, R. F. Korte, S. R. Barley, and S. D. Sheppard, “Bridging the Gaps between Engineering
Education and Practice,” in US Engineering in a Global Economy, University of Chicago Press, 2018, pp.
129-163. Accessed: Jan. 12, 2024. [Online]. Available: https://www.nber.org/books-and-chapters/us-
engineering-global-economy/bridging-gaps-between-engineering-education-and-practice

K. Litchfield and A. Javernick-Will, “I Am an Engineer AND’: A Mixed Methods Study of Socially
Engaged Engineers,” Journal of Engineering Education, vol. 104, no. 4, pp. 393-416, 2015, doi:
10.1002/jee.20102.

J. Bossart and N. Bharti, “Women in Engineering: Insight into Why Some Engineering Departments Have
More Success in Recruiting and Graduating Women,” American Journal of Engineering Education, vol. 8,
no. 2, pp. 127-140, Dec. 2017.

D. Kilgore, C. J. Atman, K. Yasuhara, T. J. Barker, and A. Morozov, “Considering Context: A Study of
First-Year Engineering Students,” Journal of Engineering Education, vol. 96, no. 4, pp. 321-334, 2007,
doi: 10.1002/.2168-9830.2007.tb00942 x.

E. Cech, “Engineers and Engineeresses? Self-conceptions and the Development of Gendered Professional
Identities,” Sociological Perspectives, vol. 58, no. 1, pp. 56—77, Mar. 2015, doi:
10.1177/0731121414556543.

M. Swartz, J. A. Leydens, K. Johnson, and J. D. Walter, “Is Sociotechnical Thinking Important in
Engineering Education?: Survey Perceptions of Male and Female Undergraduates,” presented at the 2019
ASEE Annual Conference & Exposition, Jun. 2019. Accessed: Jan. 18, 2024. [Online]. Available:
https://peer.asee.org/is-sociotechnical-thinking-important-in-engineering-education-survey-perceptions-of-
male-and-female-undergraduates

T. Shealy et al., “Career Outcome Expectations Related to Sustainability among Students Intending to
Major in Civil Engineering,” Journal of Professional Issues in Engineering Education and Practice, vol.
142, no. 1, p. 04015008, Jan. 2016, doi: 10.1061/(ASCE)EI.1943-5541.0000253.

M. Orr, Z. Hazari, P. Sadler, and G. Sonnert, “Career Motivations Of Freshman Engineering And Non
Engineering Students: A Gender Study,” presented at the 2009 Annual Conference & Exposition, Jun.
2009, p. 14.306.1-14.306.10. Accessed: Jan. 18, 2024. [Online]. Available: https://peer.asee.org/career-
motivations-of-freshman-engineering-and-non-engineering-students-a-gender-study

A. Godwin and G. Potvin, “Fostering female belongingness in engineering through the lens of critical
engineering agency,” International Journal of Engineering Education, 2015, Accessed: Jan. 18, 2024.
[Online]. Available: https://www.semanticscholar.org/paper/Fostering-female-belongingness-in-
engineering-the-Godwin-Potvin/8a229508¢c4373bc3d49331e699¢1516123ac981e

D. B. Knight, L. R. Lattuca, A. Yin, G. Kremer, T. York, and H. K. Ro, “An exploration of gender diversity
in engineering programs: A curriculum and instruction-based perspective,” JWM, vol. 18, no. 1, 2012, doi:
10.1615/JWomenMinorScienEng.2012003702.

J. Trevelyan, “Technical Coordination in Engineering Practice,” Journal of Engineering Education, vol. 96,
no. 3, pp. 191-204, 2007, doi: 10.1002/1.2168-9830.2007.tb00929.x.

J. Trevelyan, “Reconstructing engineering from practice,” Engineering Studies, vol. 2, no. 3, pp. 175-195,
Dec. 2010, doi: 10.1080/19378629.2010.520135.

H. J. Passow and C. H. Passow, “What Competencies Should Undergraduate Engineering Programs
Emphasize? A Systematic Review,” Journal of Engineering Education, vol. 106, no. 3, pp. 475-526, 2017,
doi: 10.1002/jee.20171.



https://peer.asee.org/social-and-technical-dimensions-of-engineering-identity
https://peer.asee.org/social-and-technical-dimensions-of-engineering-identity
https://peer.asee.org/social-and-technical-dimensions-of-engineering-identity
https://doi.org/10.1109/FIE56618.2022.9962377
https://doi.org/10.1109/FIE56618.2022.9962377
https://doi.org/10.1002/jee.20323
https://doi.org/10.1002/jee.20323
https://doi.org/10.1080/19378629.2017.1397159
https://doi.org/10.1080/19378629.2017.1397159
https://doi.org/10.1080/19378629.2017.1397159
https://doi.org/10.1080/19378629.2021.1957901
https://doi.org/10.1080/19378629.2021.1957901
https://www.nber.org/books-and-chapters/us-engineering-global-economy/bridging-gaps-between-engineering-education-and-practice
https://www.nber.org/books-and-chapters/us-engineering-global-economy/bridging-gaps-between-engineering-education-and-practice
https://www.nber.org/books-and-chapters/us-engineering-global-economy/bridging-gaps-between-engineering-education-and-practice
https://doi.org/10.1002/jee.20102
https://doi.org/10.1002/jee.20102
https://doi.org/10.1002/jee.20102
https://doi.org/10.1002/j.2168-9830.2007.tb00942.x
https://doi.org/10.1002/j.2168-9830.2007.tb00942.x
https://doi.org/10.1177/0731121414556543
https://doi.org/10.1177/0731121414556543
https://doi.org/10.1177/0731121414556543
https://peer.asee.org/is-sociotechnical-thinking-important-in-engineering-education-survey-perceptions-of-male-and-female-undergraduates
https://peer.asee.org/is-sociotechnical-thinking-important-in-engineering-education-survey-perceptions-of-male-and-female-undergraduates
https://peer.asee.org/is-sociotechnical-thinking-important-in-engineering-education-survey-perceptions-of-male-and-female-undergraduates
https://peer.asee.org/is-sociotechnical-thinking-important-in-engineering-education-survey-perceptions-of-male-and-female-undergraduates
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000253
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000253
https://peer.asee.org/career-motivations-of-freshman-engineering-and-non-engineering-students-a-gender-study
https://peer.asee.org/career-motivations-of-freshman-engineering-and-non-engineering-students-a-gender-study
https://peer.asee.org/career-motivations-of-freshman-engineering-and-non-engineering-students-a-gender-study
https://www.semanticscholar.org/paper/Fostering-female-belongingness-in-engineering-the-Godwin-Potvin/8a229508c4373bc3d49331e699c1516123ac981e
https://www.semanticscholar.org/paper/Fostering-female-belongingness-in-engineering-the-Godwin-Potvin/8a229508c4373bc3d49331e699c1516123ac981e
https://www.semanticscholar.org/paper/Fostering-female-belongingness-in-engineering-the-Godwin-Potvin/8a229508c4373bc3d49331e699c1516123ac981e
https://doi.org/10.1615/JWomenMinorScienEng.2012003702
https://doi.org/10.1615/JWomenMinorScienEng.2012003702
https://doi.org/10.1615/JWomenMinorScienEng.2012003702
https://doi.org/10.1002/j.2168-9830.2007.tb00929.x
https://doi.org/10.1002/j.2168-9830.2007.tb00929.x
https://doi.org/10.1080/19378629.2010.520135
https://doi.org/10.1080/19378629.2010.520135
https://doi.org/10.1002/jee.20171
https://doi.org/10.1002/jee.20171

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

E. A. Reddy, B. Przestrzelski, S. M. Lord, and 1. Khalil, “Introducing Social Relevance and Global Context
into the Introduction to Heat Transfer Course,” presented at the 2018 ASEE Annual Conference &
Exposition, Jun. 2018. Accessed: Jan. 19, 2024. [Online]. Available: https://peer.asee.org/introducing-
social-relevance-and-global-context-into-the-introduction-to-heat-transfer-course

J. D. Stolk, “The Impacts of Societal Context on Student Motivation and Engagement,” MRS Online
Proceedings Library, vol. 1532, no. 1, p. 102, Mar. 2013, doi: 10.1557/0pl.2013.427.

S. M. Lord, B. Przestrzelski, and E. Reddy, “Teaching Social Responsibility in a Circuits Course,”
presented at the 2019 ASEE Annual Conference & Exposition, Jun. 2019. Accessed: Jan. 19, 2024.
[Online]. Available: https://peer.asee.org/teaching-social-responsibility-in-a-circuits-course

D. A. Chen and S. Wodin-Schwartz, “Contextualizing Statics: Our Process and Examples,” presented at the
2019 ASEE Annual Conference & Exposition, Jun. 2019. Accessed: Jan. 19, 2024. [Online]. Available:
https://peer.asee.org/contextualizing-statics-our-process-and-examples

J. L. Huff, “Humanizing Signals and Systems: A Reflective Account,” presented at the 2015 ASEE Annual
Conference & Exposition, Jun. 2015, p. 26.866.1-26.866.15. Accessed: Jan. 19, 2024. [Online]. Available:
https://peer.asee.org/humanizing-signals-and-systems-a-reflective-account

D. Ozkan and C. Andrews, “Perspectives of Seven Minoritized Students in a First-Year Course Redesign
toward Sociotechnical Engineering Education,” presented at the 2022 ASEE Annual Conference &
Exposition, Aug. 2022. Accessed: Jan. 19, 2024. [Online]. Available: https://peer.asee.org/perspectives-of-
seven-minoritized-students-in-a-first-year-course-redesign-toward-sociotechnical-engineering-education

J. A. Leydens, K. E. Johnson, and B. M. Moskal, “Engineering student perceptions of social justice in a
feedback control systems course,” Journal of Engineering Education, vol. 110, no. 3, pp. 718-749, 2021,
doi: 10.1002/jee.20412.

M. Cote and A. Branzan Albu, “Teaching socio-cultural impacts of technology in advanced technical
courses: a case study,” European Journal of Engineering Education, vol. 44, no. 5, pp. 688-701, Sep.
2019, doi: 10.1080/03043797.2018.1551329.

G. D. Hoople, D. A. Chen, S. M. Lord, L. A. Gelles, M. Meysami, and J. A. Mejia, “An Integrated
Approach to Energy Education in Engineering,” Sustainability, vol. 12, no. 21, Art. no. 21, Jan. 2020, doi:
10.3390/su12219145.

J. DeWaters, S. Powers, and F. Bilow, “An Introductory Energy Course to Promote Broad Energy
Education for Undergraduate Engineering Students,” Sustainability, vol. 13, no. 17, Art. no. 17, Jan. 2021,
doi: 10.3390/sul13179693.

B. Cohen, J. S. Rossmann, and K. L. S. Bernhardt, “Introducing Engineering as a Socio-technical Process,”
presented at the 2014 ASEE Annual Conference & Exposition, Jun. 2014, p. 24.807.1-24.807.14.
Accessed: Jan. 03, 2024. [Online]. Available: https://peer.asee.org/introducing-engineering-as-a-socio-
technical-process

J. L. Huff, D. W. Lawrence, and A. Coleman, “Reauthoring Engineering Identities as Belonging to a
Community Engaged Profession,” presented at the 2020 ASEE Virtual Annual Conference Content Access,
Jun. 2020. Accessed: Jan. 19, 2024. [Online]. Available: https://peer.asee.org/reauthoring-engineering-
identities-as-belonging-to-a-community-engaged-profession

J. C. Moosbrugger, J. DeWaters, M. C. Richards, and E. A. Chapman, “A Course on Engineering and
Society for First-year Engineering Students and Non-majors,” presented at the 2012 ASEE Annual
Conference & Exposition, Jun. 2012, p. 25.34.1-25.34.18. Accessed: Jan. 19, 2024. [Online]. Available:
https://peer.asee.org/a-course-on-engineering-and-society-for-first-year-engineering-students-and-non-
majors

C. H. Joslyn and M. M. Hynes, “Using transformative learning theory to explore student points of view in a
second-year mechanical engineering design course: A collaborative action research approach,” European
Journal of Engineering Education, vol. 47, no. 5, pp. 698-711, Sep. 2022, doi:
10.1080/03043797.2022.2031894.

L. R. Lattuca, P. Terenzini, D. Knight, and H. K. Ro, “2020 Vision: Progress in Preparing the Engineer of
the Future,” Jun. 2014. Accessed: Jan. 19, 2024. [Online]. Available:
https://www.semanticscholar.org/paper/2020-Vision%3 A-Progress-in-Preparing-the-Engineer-of-Lattuca-
Terenzini/822d8e8c9f4c8b6e194a7074e53ddf83919376

J. DeWaters, J. Halfacre, J. Moosbrugger, E. Chapman, and E. Wultsch, “Enhancing the experience of first-
year engineering students with an entry-level STS course: Science-technology-society,” in 2015 IEEE
Frontiers in Education Conference (FIE), Oct. 2015, pp. 1-8. doi: 10.1109/FIE.2015.7344285.



https://peer.asee.org/introducing-social-relevance-and-global-context-into-the-introduction-to-heat-transfer-course
https://peer.asee.org/introducing-social-relevance-and-global-context-into-the-introduction-to-heat-transfer-course
https://peer.asee.org/introducing-social-relevance-and-global-context-into-the-introduction-to-heat-transfer-course
https://doi.org/10.1557/opl.2013.427
https://doi.org/10.1557/opl.2013.427
https://peer.asee.org/teaching-social-responsibility-in-a-circuits-course
https://peer.asee.org/teaching-social-responsibility-in-a-circuits-course
https://peer.asee.org/contextualizing-statics-our-process-and-examples
https://peer.asee.org/contextualizing-statics-our-process-and-examples
https://peer.asee.org/contextualizing-statics-our-process-and-examples
https://peer.asee.org/humanizing-signals-and-systems-a-reflective-account
https://peer.asee.org/humanizing-signals-and-systems-a-reflective-account
https://peer.asee.org/humanizing-signals-and-systems-a-reflective-account
https://peer.asee.org/perspectives-of-seven-minoritized-students-in-a-first-year-course-redesign-toward-sociotechnical-engineering-education
https://peer.asee.org/perspectives-of-seven-minoritized-students-in-a-first-year-course-redesign-toward-sociotechnical-engineering-education
https://peer.asee.org/perspectives-of-seven-minoritized-students-in-a-first-year-course-redesign-toward-sociotechnical-engineering-education
https://doi.org/10.1002/jee.20412
https://doi.org/10.1002/jee.20412
https://doi.org/10.1080/03043797.2018.1551329
https://doi.org/10.1080/03043797.2018.1551329
https://doi.org/10.3390/su12219145
https://doi.org/10.3390/su12219145
https://doi.org/10.3390/su12219145
https://doi.org/10.3390/su13179693
https://doi.org/10.3390/su13179693
https://peer.asee.org/introducing-engineering-as-a-socio-technical-process
https://peer.asee.org/introducing-engineering-as-a-socio-technical-process
https://peer.asee.org/introducing-engineering-as-a-socio-technical-process
https://peer.asee.org/reauthoring-engineering-identities-as-belonging-to-a-community-engaged-profession
https://peer.asee.org/reauthoring-engineering-identities-as-belonging-to-a-community-engaged-profession
https://peer.asee.org/reauthoring-engineering-identities-as-belonging-to-a-community-engaged-profession
https://peer.asee.org/a-course-on-engineering-and-society-for-first-year-engineering-students-and-non-majors
https://peer.asee.org/a-course-on-engineering-and-society-for-first-year-engineering-students-and-non-majors
https://peer.asee.org/a-course-on-engineering-and-society-for-first-year-engineering-students-and-non-majors
https://peer.asee.org/a-course-on-engineering-and-society-for-first-year-engineering-students-and-non-majors
https://doi.org/10.1080/03043797.2022.2031894
https://doi.org/10.1080/03043797.2022.2031894
https://doi.org/10.1080/03043797.2022.2031894
https://www.semanticscholar.org/paper/2020-Vision%3A-Progress-in-Preparing-the-Engineer-of-Lattuca-Terenzini/822d8e8c9f4c8b6e194a7074e53ddf839f9f3f76
https://www.semanticscholar.org/paper/2020-Vision%3A-Progress-in-Preparing-the-Engineer-of-Lattuca-Terenzini/822d8e8c9f4c8b6e194a7074e53ddf839f9f3f76
https://www.semanticscholar.org/paper/2020-Vision%3A-Progress-in-Preparing-the-Engineer-of-Lattuca-Terenzini/822d8e8c9f4c8b6e194a7074e53ddf839f9f3f76
https://www.semanticscholar.org/paper/2020-Vision%3A-Progress-in-Preparing-the-Engineer-of-Lattuca-Terenzini/822d8e8c9f4c8b6e194a7074e53ddf839f9f3f76
https://doi.org/10.1109/FIE.2015.7344285
https://doi.org/10.1109/FIE.2015.7344285

[47]

(48]

[49]

[50]

[51]

[52]
[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

M.H. Forbes, S.M. Lord, G.D. Hoople, D.A. Chen, J.A. Mejia. (2022). What is engineering and who are
engineers? Student reflections from a sustainability- focused energy course. Sustainability, 14(6).
https://doi.org/10.3390/su14063499

N. A. Andrade and D. Tomblin, “Engineering and Sustainability: The Challenge of Integrating Social and
Ethical Issues into a Technical Course,” presented at the 2018 ASEE Annual Conference & Exposition,
Jun. 2018. Accessed: Jan. 19, 2024. [Online]. Available: https://peer.asee.org/engineering-and-
sustainability-the-challenge-of-integrating-social-and-ethical-issues-into-a-technical-course

N. Andrade and D. Tomblin, “What Are They Talking About? Depth of Engineering Student
Sociotechnical Thinking in a Technical Engineering Course,” presented at the 2019 ASEE Annual
Conference & Exposition, Jun. 2019. Accessed: Jan. 19, 2024. [Online]. Available:
https://peer.asee.org/what-are-they-talking-about-depth-of-engineering-student-sociotechnical-thinking-in-
a-technical-engineering-course

W. Faulkner, “*Nuts and Bolts and People’: Gender-Troubled Engineering Identities,” Soc Stud Sci, vol.
37, no. 3, pp. 331-356, Jun. 2007, doi: 10.1177/0306312706072175.

S. G. Brainard and L. Carlin, “A Six-Year Longitudinal Study of Undergraduate Women in Engineering
and Science*,” Journal of Engineering Education, vol. 87, no. 4, pp. 369-375, 1998, doi: 10.1002/].2168-
9830.1998.tb00367..x.

R. B. Kline, Principles and practice of structural equation modeling. Guilford publications, 2023.

K. Johnson ef al., “The Development of Sociotechnical Thinking in Engineering Undergraduates,”
presented at the 2022 ASEE Annual Conference & Exposition, Aug. 2022. Accessed: Jan. 12, 2024,
[Online]. Available: https://strategy.asee.org/the-development-of-sociotechnical-thinking-in-engineering-
undergraduates

K. J. B. Anderson, S. S. Courter, T. McGlamery, T. M. Nathans-Kelly, and C. G. Nicometo,
“Understanding engineering work and identity: A cross-case analysis of engineers within six firms,”
Engineering Studies, vol. 2, no. 3, pp. 153—-174, Dec. 2010, doi: 10.1080/19378629.2010.519772.

B. K. Jesiek, N. T. Buswell, A. Mazzurco, and T. Zephirin, “Toward a typology of the sociotechnical in
engineering practice,” presented at the 8th Research in Engineering Education Symposium (REES), Cape
Town, South Africa, 2019. Accessed: Jan. 18, 2024. [Online]. Available:
https://researchbank.swinburne.edu.au/file/f7dc13a7-67bc-4628- aeb2-e38d2a07005¢/1/2019-jesiek-
toward a_typology.pdf

A. Bandura, Self-efficacy: The exercise of control. New York, NY, US: W H Freeman/Times Books/ Henry
Holt & Co, 1997, pp. ix, 604.

S. D. Brown, R. W. Lent, and K. C. Larkin, “Self-efficacy as a moderator of scholastic aptitude-academic
performance relationships,” Journal of Vocational Behavior, vol. 35, no. 1, pp. 64-75, Aug. 1989, doi:
10.1016/0001-8791(89)90048-1.

G. Hackett, N. E. Betz, J. M. Casas, and I. A. Rocha-Singh, “Gender, ethnicity, and social cognitive factors
predicting the academic achievement of students in engineering,” Journal of Counseling Psychology, vol.
39, no. 4, pp. 527-538, 1992, doi: 10.1037/0022-0167.39.4.527.

R. W. Lent, S. D. Brown, and K. C. Larkin, “Self-efficacy in the prediction of academic performance and
perceived career options,” Journal of Counseling Psychology, vol. 33, no. 3, pp. 265-269, Jul. 1986, doi:
10.1037/0022-0167.33.3.265.

O. Eris et al., “Outcomes of a Longitudinal Administration of the Persistence in Engineering Survey,”
Journal of Engineering Education, vol. 99, no. 4, pp. 371-395, 2010, doi: 10.1002/].2168-
9830.2010.tb01069.x.

M. Meyer and S. Marx, “Engineering Dropouts: A Qualitative Examination of Why Undergraduates Leave
Engineering,” Journal of Engineering Education, vol. 103, no. 4, pp. 525-548, 2014, doi:
10.1002/jee.20054.

B. B. Mclntyre, D. Verdin, R. A. Baker, A. Godwin, and T. Milton, “Uncovering Latent Diversity: Steps
Towards Understanding ‘“What Counts’ and ‘Who Belongs’ in Engineering Culture,” presented at the 2018
ASEE Annual Conference & Exposition, Jun. 2018. Accessed: Jan. 18, 2024. [Online]. Available:
https://peer.asee.org/uncovering-latent-diversity-steps-towards-understanding-what-counts-and-who-
belongs-in-engineering-culture

K. Rainey, M. Dancy, R. Mickelson, E. Stearns, and S. Moller, “Race and gender differences in how sense
of belonging influences decisions to major in STEM,” Int J STEM Educ, vol. 5, no. 1, p. 10, 2018, doi:
10.1186/s40594-018-0115-6.



https://doi.org/10.3390/su14063499
https://doi.org/10.3390/su14063499
https://doi.org/10.3390/su14063499
https://peer.asee.org/engineering-and-sustainability-the-challenge-of-integrating-social-and-ethical-issues-into-a-technical-course
https://peer.asee.org/engineering-and-sustainability-the-challenge-of-integrating-social-and-ethical-issues-into-a-technical-course
https://peer.asee.org/engineering-and-sustainability-the-challenge-of-integrating-social-and-ethical-issues-into-a-technical-course
https://peer.asee.org/what-are-they-talking-about-depth-of-engineering-student-sociotechnical-thinking-in-a-technical-engineering-course
https://peer.asee.org/what-are-they-talking-about-depth-of-engineering-student-sociotechnical-thinking-in-a-technical-engineering-course
https://peer.asee.org/what-are-they-talking-about-depth-of-engineering-student-sociotechnical-thinking-in-a-technical-engineering-course
https://peer.asee.org/what-are-they-talking-about-depth-of-engineering-student-sociotechnical-thinking-in-a-technical-engineering-course
https://doi.org/10.1177/0306312706072175
https://doi.org/10.1177/0306312706072175
https://doi.org/10.1002/j.2168-9830.1998.tb00367.x
https://doi.org/10.1002/j.2168-9830.1998.tb00367.x
https://doi.org/10.1002/j.2168-9830.1998.tb00367.x
https://strategy.asee.org/the-development-of-sociotechnical-thinking-in-engineering-undergraduates
https://strategy.asee.org/the-development-of-sociotechnical-thinking-in-engineering-undergraduates
https://strategy.asee.org/the-development-of-sociotechnical-thinking-in-engineering-undergraduates
https://doi.org/10.1080/19378629.2010.519772
https://doi.org/10.1080/19378629.2010.519772
https://researchbank.swinburne.edu.au/file/f7dc13a7-67bc-4628-%20aeb2-e38d2a07005c/1/2019-jesiek-toward_a_typology.pdf
https://researchbank.swinburne.edu.au/file/f7dc13a7-67bc-4628-%20aeb2-e38d2a07005c/1/2019-jesiek-toward_a_typology.pdf
https://researchbank.swinburne.edu.au/file/f7dc13a7-67bc-4628-%20aeb2-e38d2a07005c/1/2019-jesiek-toward_a_typology.pdf
https://researchbank.swinburne.edu.au/file/f7dc13a7-67bc-4628-%20aeb2-e38d2a07005c/1/2019-jesiek-toward_a_typology.pdf
https://doi.org/10.1016/0001-8791(89)90048-1
https://doi.org/10.1016/0001-8791(89)90048-1
https://doi.org/10.1016/0001-8791(89)90048-1
https://doi.org/10.1037/0022-0167.39.4.527
https://doi.org/10.1037/0022-0167.39.4.527
https://doi.org/10.1037/0022-0167.33.3.265
https://doi.org/10.1037/0022-0167.33.3.265
https://doi.org/10.1037/0022-0167.33.3.265
https://doi.org/10.1002/j.2168-9830.2010.tb01069.x
https://doi.org/10.1002/j.2168-9830.2010.tb01069.x
https://doi.org/10.1002/j.2168-9830.2010.tb01069.x
https://doi.org/10.1002/jee.20054
https://doi.org/10.1002/jee.20054
https://doi.org/10.1002/jee.20054
https://peer.asee.org/uncovering-latent-diversity-steps-towards-understanding-what-counts-and-who-belongs-in-engineering-culture
https://peer.asee.org/uncovering-latent-diversity-steps-towards-understanding-what-counts-and-who-belongs-in-engineering-culture
https://peer.asee.org/uncovering-latent-diversity-steps-towards-understanding-what-counts-and-who-belongs-in-engineering-culture
https://peer.asee.org/uncovering-latent-diversity-steps-towards-understanding-what-counts-and-who-belongs-in-engineering-culture
https://doi.org/10.1186/s40594-018-0115-6
https://doi.org/10.1186/s40594-018-0115-6
https://doi.org/10.1186/s40594-018-0115-6

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]
[75]

[76]

[77]

[78]

[79]

[80]

[81]
[82]

[83]

A. Master and A. N. Meltzoff, “Cultural Stereotypes and Sense of Belonging Contribute to Gender Gaps in
STEM,” International Journal of Gender, Science and Technology, vol. 12, no. 1, Art. no. 1, Apr. 2020.

B. N. Geisinger and D. R. Raman, “Why They Leave: Understanding Student Attrition from Engineering
Majors,” International Journal of Engineering Education, 2013, Accessed: Jan. 18, 2024. [Online].
Available: https://www.semanticscholar.org/paper/Why-They-Leave%3A-Understanding-Student-
Attrition-Geisinger-Raman/89d9fb50408b4d7cf18a573178134e4e28163b01

R. M. Marra, K. A. Rodgers, D. Shen, and B. Bogue, “Leaving Engineering: A Multi-Year Single
Institution Study,” Journal of Engineering Education, vol. 101, no. 1, pp. 6-27, 2012, doi: 10.1002/].2168-
9830.2012.tb00039.x.

B. A. Danielak, A. Gupta, and A. Elby, “Marginalized Identities of Sense-Makers: Reframing Engineering
Student Retention,” Journal of Engineering Education, vol. 103, no. 1, pp. 844, 2014, doi:
10.1002/jee.20035.

F. Bilow, M. Meysami, J. DeWaters, “Development of a Questionnaire to Measure Students’ Attitudes and
Perceptions of Sociotechnical Engineering,” presented at the 2023 ASEE Annual Conference & Exposition,
Jun. 2023. Accessed: Jan. 08, 2024. [Online]. Available: https://peer.asee.org/development-of-a-
questionnaire-to-measure-students-attitudes-and-perceptions-of-sociotechnical-engineering

N. E. Canney and A. R. Bielefeldt, “Validity and Reliability Evidence of the Engineering Professional
Responsibility Assessment Tool,” Journal of Engineering Education, vol. 105, no. 3, pp. 452477, 2016,
doi: 10.1002/jee.20124.

J. DeWaters, J. C. Moosbrugger, and P. Sharma, “Development and Application of a Questionnaire to
Measure Student Attitudes Toward and Understanding of Engineering,” presented at the 2017 ASEE
Annual Conference & Exposition, Jun. 2017. Accessed: Jan. 08, 2024. [Online]. Available:
https://peer.asee.org/development-and-application-of-a-questionnaire-to-measure-student-attitudes-toward-
and-understanding-of-engineering

J. Benson and F. Clark, “A guide for instrument development and validation,” Am J Occup Ther, vol. 36,
no. 12, pp. 789-800, Dec. 1982, doi: 10.5014/aj0t.36.12.789.

D. J. Leiner, “Too Fast, too Straight, too Weird: Non-Reactive Indicators for Meaningless Data in Internet
Surveys,” Survey Research Methods, vol. 13, no. 3, Art. no. 3, Dec. 2019, doi:
10.18148/srm/2019.v1313.7403.

Accreditation Board for Engineering and Technology (ABET), (2021). Criteria for accrediting engineering
programs, 2022-2023. Accessed: Jan. 21, 2024. [Online].
Available:https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-
programs-2022-2023/

Chawla, V. Nitesh., K. Bowyer, L. Hall, W.P. Kegelmeyer, "SMOTE: synthetic minority over-sampling
technique." Journal of artificial intelligence research 16 (2002): 321-357.

V. Flores, S. Heras, and V. Julian, "Comparison of predictive models with balanced classes using the
SMOTE method for the forecast of student dropout in higher education." Electronics 11, no. 3 (2022): 457.
M. Revathy, S. Kamalakkannan, and P. Kavitha, "Machine Learning based Prediction of Dropout Students
from the Education University using SMOTE." In 2022 4th International Conference on Smart Systems
and Inventive Technology (ICSSIT), pp. 1750-1758. IEEE, 2022.

S. Wang, Y. Dai, J. Shen, and J. Xuan, "Research on expansion and classification of imbalanced data based
on SMOTE algorithm." Scientific reports 11, no. 1 (2021): 24039.

M. Meysami, V. Kumar, M. Pugh, S.T. Lowery, S. Sur, S. Mondal, J. Greene, "Utilizing logistic regression
to compare risk factors in disease modeling with imbalanced data: a case study in vitamin D and cancer
incidence." Frontiers in Oncology 13 (2023).

A. Field, J. Miles, and Z. Field, Discovering statistics using R. W. Ross MacDonald School Resource
Services Library, 2017.

J.B. Schreiber et al, “Reporting Structural Equation Modeling and Confirmatory Factor Analysis Results: A
Review,” The Journal of Educational Research, vol. 99, no. 6, pp. 323-338, 2006, doi:
10.3200/JOER.99.6.323-338

C. Halsch, D. Salcido, and A. Grele, “Intro to structural equation modeling,” RPubs, Feb. 2023, doi:
https://rpubs.com/Agrele/SEM

T.N. Beran and C. Violato, "Structural equation modeling in medical research: a primer." BMC research
notes 3, no. 1 (2010): 1-10.

Albano, A. (2018). Introduction to educational and psychological measurement using R. (2018)
http://www.thetaminusb.com/intro-measurement-r/index.html#license.



https://www.semanticscholar.org/paper/Why-They-Leave%3A-Understanding-Student-Attrition-Geisinger-Raman/89d9fb50408b4d7cf18a573178134e4e28163b01
https://www.semanticscholar.org/paper/Why-They-Leave%3A-Understanding-Student-Attrition-Geisinger-Raman/89d9fb50408b4d7cf18a573178134e4e28163b01
https://www.semanticscholar.org/paper/Why-They-Leave%3A-Understanding-Student-Attrition-Geisinger-Raman/89d9fb50408b4d7cf18a573178134e4e28163b01
https://doi.org/10.1002/j.2168-9830.2012.tb00039.x
https://doi.org/10.1002/j.2168-9830.2012.tb00039.x
https://doi.org/10.1002/j.2168-9830.2012.tb00039.x
https://doi.org/10.1002/jee.20035
https://doi.org/10.1002/jee.20035
https://doi.org/10.1002/jee.20035
https://peer.asee.org/development-of-a-questionnaire-to-measure-students-attitudes-and-perceptions-of-sociotechnical-engineering
https://peer.asee.org/development-of-a-questionnaire-to-measure-students-attitudes-and-perceptions-of-sociotechnical-engineering
https://peer.asee.org/development-of-a-questionnaire-to-measure-students-attitudes-and-perceptions-of-sociotechnical-engineering
https://doi.org/10.1002/jee.20124
https://doi.org/10.1002/jee.20124
https://peer.asee.org/development-and-application-of-a-questionnaire-to-measure-student-attitudes-toward-and-understanding-of-engineering
https://peer.asee.org/development-and-application-of-a-questionnaire-to-measure-student-attitudes-toward-and-understanding-of-engineering
https://peer.asee.org/development-and-application-of-a-questionnaire-to-measure-student-attitudes-toward-and-understanding-of-engineering
https://peer.asee.org/development-and-application-of-a-questionnaire-to-measure-student-attitudes-toward-and-understanding-of-engineering
https://doi.org/10.5014/ajot.36.12.789
https://doi.org/10.5014/ajot.36.12.789
https://doi.org/10.18148/srm/2019.v13i3.7403
https://doi.org/10.18148/srm/2019.v13i3.7403
https://doi.org/10.18148/srm/2019.v13i3.7403
https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-programs-2022-2023/
https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-engineering-programs-2022-2023/
https://www.tandfonline.com/doi/abs/10.3200/JOER.99.6.323-338
https://rpubs.com/Agrele/SEM
http://www.thetaminusb.com/intro-measurement-r/index.html#license

[84]

[85]

[86]

[87]

[88]

[89]

L. Hu & P.M. Bentler, "Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria
versus new alternatives," Structural Equation Modeling: A Multidisciplinary Journal, vol. 6, no. 1, pp. 1-55,
1999, doi: 10.1080/10705519909540118

R.C. MacCallum, M.W. Browne, and H.M. Sugawara, "Power Analysis and Determination of Sample Size
for Covariance Structure Modeling," Psychological Methods, vol.1, no. 2, pp. 130-49, 1996.

J.H. Steiger, "Understanding the limitations of global fit assessment in structural equation modeling,"
Personality and Individual Differences, 42 (5), 893-98. 2007.

F. Bilow, J. DeWaters, G. Hoople, “Work In Progress: Examining the Impacts of a Sociotechnical
Approach to Energy Education on Engineering Students’ Sense of Belonging and Attitudes Toward
Engineering.” In: Proceedings of the 128" Annual ASEE Virtual Conference & Exposition, July 2021.
Paper ID #33174.

C.J. Atman et al., “Enabling Engineering Student Success: The Final Report for the Center for the
Advancement of Engineering Education. CAEE-TR-10-02,” Center for the Advancement of Engineering
Education, 2010. Accessed: Jan. 18, 2024. [Online]. Available: https://eric.ed.gov/?1d=ED540123.

E. A. Cech and H. M. Sherick, “Depoliticization and the Structure of Engineering Education,” in
International Perspectives on Engineering Education: Engineering Education and Practice in Context,
Volume 1, S. H. Christensen, C. Didier, A. Jamison, M. Meganck, C. Mitcham, and B. Newberry, Eds., in
Philosophy of Engineering and Technology, Cham: Springer International Publishing, 2015, pp. 203-216.
doi:_10.1007/978-3-319-16169-3_10.



https://eric.ed.gov/?id=ED540123
https://eric.ed.gov/?id=ED540123
https://doi.org/10.1007/978-3-319-16169-3_10

