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Exploring Civil Engineering and Construction Management
students’ perceptions of Equity in Developing Infrastructure
Resilience

Abstract

Recent years have seen a substantial shift in the field of civil engineering (CE) and construction
management (CM) education and workforce development, with an increased emphasis on
sustainability and resilience. Sustainability considers economic, ecological, and social aspects
while addressing problems pertaining to human welfare, the environment, and community
impact. Resilient infrastructure maintains both structural and functional integrity while
supporting interdependent social, transportation, water, and energy systems, even after
catastrophic disasters. Although many civil engineering programs address sustainability,
resiliency is rarely discussed in these courses. Furthermore, it is critical to look into how CE and
CM students comprehend the relationships between social justice and our infrastructure systems,
considering the increasing significance of these issues in our society. Comparing the awareness
of societal inequalities within resilient infrastructure systems between CE and CM students can
help identify potential gaps in knowledge and understanding within these distinct disciplines.
Therefore, this study aims to address the following research questions: (1) Which majors/group
between CE or CM students, demonstrates a greater awareness of societal inequalities within
resilient infrastructure systems? (2) Is there any relation between the understanding and
awareness of infrastructure resilience inequality and the students being in various majors (CE
and CM)? (3) Which majors/group between CE or CM students are more driven to promote
systemic change as future engineering professionals? The study surveyed 51 students who were
enrolled in a sustainable approach to construction course in the Fall 2023 semester. The survey
gathered data for the study measuring students’ awareness of equity in resilient infrastructure
systems, their desire to promote systemic change and relevant demographics. The results showed
that CE students were more aware of infrastructure disparities as well as they had a higher
motivation to work toward systemic change compared to CM students. This study highlights the
disparities in awareness of equitable infrastructure resilience between CE and CM students
which can motivate the educators to develop targeted strategies and educational modules,
ensuring that students in both CE and CM possess the essential knowledge and perspectives to
develop equitable, sustainable, and resilient infrastructures. Since this study was limited to one
educational institution, the findings might not apply to other settings. Nonetheless, this study
offers a model of a methodology that can be implemented at other institutions to discover gaps
and disparities amongst student groups and inspire relevant institution-specific approaches to
address these gaps and disparities.

Introduction and Background
Communities across the United States are increasingly experiencing the devastating impacts of

extreme weather events and changing climate conditions. The National Oceanic and Atmospheric
Administration reports that in 2021 alone, there were 20 weather disaster events causing losses



exceeding $1 billion each [1]. Such disasters lead to damaged structures and infrastructure
systems disrupting social services and resulting in massive financial losses. Therefore,
communities ought to consider resilience actions ahead of disasters, including preparing
resources, response, and recovery activities [2]. Moreover, extreme weather events and other
natural disasters can have a disproportionately negative impact on low-income communities,
Indigenous populations, and communities of color due to decades of discriminatory policies and
practices. For example, low-income and communities of color in Houston were
disproportionately affected by Hurricane Harvey's floods [3]. Therefore, engineers and
construction professionals must consider marginalized communities and underrepresented groups
in the resilient infrastructure development processes associated with hazard risks. Enhanced
equality has the potential to boost community adaptability and lessen the unequal allocation of
losses and damages resulting from extreme events.

The concept of resilience has gained significant attention focusing on effectively managing
disruptions, challenges, and shocks within systems, particularly in disaster risk management [4].
It involves the ability to plan for, absorb, recover from, and adapt to adverse events [5].
However, communities of color and other marginalized and socially vulnerable groups frequently
lack the resources and expertise necessary to participate in risk mitigation, planning, and
reduction, or are overlooked in planning by governments and other policy and decision-makers.
Additionally, well-established institutions, like state and federal agencies, local government
officials, public planners, and infrastructure development companies, can be inherently biased
toward inequality. These institutions often fail to acknowledge these biases which eventually
leads to failure in creating equitable infrastructure resilience [6]. Recognizing the injustices that
have developed over years of practice, it is necessary to address the basic social inequalities
through resilience education, particularly for civil engineering (CE) and construction
management (CM) students, which can, in turn, help to improve community resilience and
adaptability equitably in the future.

Traditional approaches to resilience often concentrate on immediate services, security, and
infrastructure without addressing underlying systemic inequalities. In order to attain equitable
resilience, CE and CM professionals need to challenge and transform the systemic structures that
perpetuate vulnerabilities within communities [7]. This means eliminating discriminatory
practices, addressing social and economic disparities, and ensuring that resilience strategies
benefit all segments of society. In order to enable systemic change, governance innovations,
foresight processes, knowledge transfers, and learning-by-doing are required [8]. Additionally,
skills and capacity building within a workforce can create systemic change that carries over to
future projects [9]. There is also a need to learn from past approaches and past failures so that
resilience can deliver genuine systemic change that empowers and benefits poor and
marginalized people [10]. Without embracing systemic change, the risk remains of reinforcing
existing vulnerabilities and failing to address the root causes that leave certain populations
disproportionately exposed to the impacts of crises and disasters. Thus, the call for systemic
change should be paramount for future CE and CM workforce in the pursuit of building resilient
and equitable infrastructure for the benefit of all.



The Accrediting Board for Engineering and Technology (ABET) exclusively accredits
engineering programs, while the accreditation of construction management (CM) programs is
conducted by the American Council for Construction Education (ACCE). Traditionally,
construction education in the United States focused on managerial, technical, and procedural
aspects. However, in the past decade, the industry's environmental impact has gained
recognition, prompting owners to demand the integration of sustainability in the construction
process [11]. Acknowledging this shift, construction programs are now incorporating
sustainability-related courses into their curricula [12]. ACCE standards mandate that construction
management graduates understand the basic principles of sustainable construction [13].
Likewise, recent changes in ABET Engineering Accreditation Criteria (EAC) underline the
importance of sustainability, risk, resilience, diversity, equity, and inclusion in addressing civil
engineering (CE) challenges [14]. To meet these evolving criteria, design solutions must now
consider risk assessment, societal and environmental impacts, relevant codes, standards,
regulations, sustainability, and resilience [15]. Therefore, it is crucial to understand and enhance
the awareness of CE and CM students about equity in developing sustainable and resilient
infrastructure. Such awareness of equity ensures that these professionals consider the diverse
needs, vulnerabilities, and priorities of all community members, promoting fairness and
inclusivity in infrastructure development.

A review of the literature highlights that resilience teaching efforts often prioritize designing
resilient systems such as an urban area, infrastructure, or community, that are affected by hazards
or threats [16]. Some studies investigating challenges and gaps in civil engineering and
construction students’ knowledge of sustainability and resilience concluded that engineering
curricula did not sufficiently integrate these topics, leading to insufficient understanding and
knowledge regarding community and infrastructure resilience [17], [18]. However, very few
literature focused on integrating the social aspect of resilience within engineering education.
McDermott and Nadolski [19] presented a tool to the systems engineering students addressing
both individuals’ and communities’ resilience. Lucena [20] focuses on the structural issues that
poor communities face, which include hunger, violence, and climate change. Bielefeldt and
Silverstein [21] provided various approaches for incorporating environmental justice themes
such as systemic racism and community resilience into environmental and civil engineering
courses where students were required to examine the organizational, social, economic, and
technical aspects of the resilience of various system components. Nonetheless, there exists a
literature gap concerning how students in CE and CM perceive the connections between social
justice and infrastructure resilience. Addressing this gap ensures that individuals in both CE and
CM fields possess a thorough understanding of social equity issues as well as contribute to the
cultivation of professionals who are well-rounded and socially conscious in their respective
disciplines.

Sustainability and resilience are becoming more important for both students and the employers
hiring them upon graduation. especially in programs such as CE and CM. The focus on social,
economic, and environmental justice is growing rapidly due to heightened awareness, and ethical
considerations. While the efforts at the curriculum level to promote sustainability and resilience



have been increasing, it is not yet fully determined how effective these approaches are in
advancing the awareness of social equity of the CE and CM students. This study aims to address
the following research questions: (1) Which majors/group between CE or CM students,
demonstrates a greater awareness of societal inequalities within resilient infrastructure systems?
(2) Is there any significant relationship between the understanding and awareness of
infrastructure resilience inequality and the students being in various majors (CE and CM)? (3)
Which majors/group between CE or CM students are more driven to promote systemic change as
future engineering professionals? To achieve these goals, this study surveyed and compared the
awareness of social equity of CE and CM major students studying in a public university. The
findings of this research can contribute to identifying gaps in social equity awareness between
CE and CM major students which can guide the development of targeted educational modules,
ensuring that both CE and CM students are well-equipped with the necessary knowledge and
perspectives of equitable infrastructure resilience.

Methodology

This research investigated how CE and CM students comprehend the relationships between
social justice and infrastructure systems in the context of developing disaster resilience. To
achieve this objective, the study surveyed students who were enrolled in a Sustainable Approach
to Construction course under the construction management program in the Fall 2023 semester.
Sustainable construction is a cross-listed 3-credit elective course offered to both undergraduate
and graduate level students. An online surveying tool, Qualtrics, was used to prepare and
distribute the survey among the participants. The survey was divided into three parts. In part one,
the survey presents the students with a story concerning a social problem that focuses on inequity
in infrastructure resilience. After the story, there were two open-ended questions to evaluate
students’ understanding of the problem which included: (1) What issue do you believe is
illustrated in this scenario? and (2) What measures can be taken to overcome this problem? In
part two, the survey asked five-point Likert scale questions related to students’ awareness of
equitable infrastructure resilience and their interest in systemic change. In part three, the students
were asked questions related to their socio-demographic information.

Survey data was collected for the current study through convenience sampling. Participants in
this method were chosen according to their convenience and accessibility. In particular, those
who took part in the study were registered students for the Fall semester of 2023 in the cross-
listed Sustainable Approach to Construction course. This indicates that participants were selected
from among the students who decided to enroll in that course for that particular academic year.
The Institutional Review Board (IRB) at the university reviewed the survey and deemed the
survey exempt beyond the initial review. All students were informed that the survey was
optional, and they could choose to withdraw at any time without penalty.

Table 1 demonstrates socio-demographic backgrounds, including gender, age, origin, ethnicity,
highest level of education, current class standing, current GPA and employment status of the
total participants as well as the break-up of the CE and CM students. These sociodemographic
questions included multiple-choice responses. Table 1 includes the categories of



sociodemographic factors, the questions included in the survey, the multiple-choice options, and
the proportion of survey respondents who identified with each factor. Fifty-one CE and CM
students from different backgrounds participated in the study, according to the findings of the
survey. Among the total participants, 63% declared themselves as Hispanic, whereas 37% were
non-Hispanic students. Moreover, almost 8% of the respondents were identified as African
American, 63% as white, 16% as Asian, and 12% as other ethnicities. Among the CE students,
70% students had bachelor’s degree, 60% had GPA ranging 3.5-3.99 and 60% had full time job.
Among the participating CM students, 46% had bachelor’s degree and 73% were working full
time during the time of the survey took place.

Table 1: Socio-demographics of the participants (n=51)

. Response Count
Category Survey Question options
Total CE CM
Majors Majors
With what gender Male 37 6 31
Gender do you identify? Female 13 3 10
] Other 1 1 0
18 -24 25 1 24
25-34 21 8 13
Age What is your age? 35-44 3 1 2
45-54 2 0 2
55 or older 0 0 0
Hispanic, Are you of Yes 32 7 25
Latino, or . . .
Spanish Hlspam'c, La‘Flr}o,
pan or Spanish origin? No 19 3 16
origin
White 32 6 26
Black or Afrlcan 4 1 3
American
How would you American
describe your Indian or Alaska 1 1 0
Ethnicity ethnicity? Please Native
select all that Asian 8 1 7
apply. Native
Hawaiian or 0 0 0
Pacific Islander
Other 6 1 5
Some high 0 0 0
What is the school or less
Highest level | highest level of High school 3 1 )
of Education education you diploma or GED
have completed? Some college,
7 0 7
but no degree




Associates or
technical degree 8 0 8
Bachelor’s 26 7 19
degree
Graduate or
professional 7 2 5
degree
Prefer not to say 0 0 0
Freshman 0 0 0
. Sophomore | 0 1
Current class Whatis }iour Junior 2 0 2
standing cul‘;rercllt‘ ¢ e;ss Senior 18 0 18
Standing’ Graduate 30 10 20
Other 0 0 0
. 4.0 or above 3 3 0
What is your 3.5-3.99 26 6 20
Current GPA | curent GPA 3.0-3.49 14 0 14
(Grade Point
Average)? Below 3.0 5 1 4
Prefer not to say 3 0 3
Employed full
What is your time 36 6 30
Employment current Employed part 5 1 4
status employment time
status? Student 8
Self-employed 2 1 1

The study conducted a mixed-method analysis of the collected survey responses. Qualitative
content analysis was performed on open-ended responses. The content analysis involved manual
keyword search analysis which included keywords such as equity/ inequity/ racism/ disparity/
fair/ unfair/ prioritization/ equality/ segregation/ preferences/ negligence/ bias/ discrimination/
overlooked/ socio-economic advantage/ inequality to find instances of equitable resilience in the
responses. Furthermore, this study utilized binary logistic regression to examine the correlation
between awareness of equitable resilience and the academic majors of the study participants,
aiming to assess and compare the level of awareness between CE and CM students. The majors
of the students were regarded as a binary variable, with (1) denoting CM majors and (0) denoting
CE majors. A binary logistic regression analysis was selected since it analyzes a dependent
variable with two possible values (i.e., CE/CM) represented by indicator variables. This study
has binary variables as indicator variables where the values are either 1 or 0. For this study, the
parameters are defined as follows: Xw is the Major of the participants; V1 to V10 are ten
statements related to awareness of equitable infrastructure resilience. Afterwards, the SPSS tool
was used to estimate the values of regression coefficients and the p-value from the t-test.

The binary logistic regression model utilizes these parameters through the following equation:



XM=Po+ 1Vl + [2xV2+ 3xV3 + [axV4 + B5+V5 + Lex V6 + f7xV7 + 8
*V8 + f9 x VO+ 10 x V10+ ¢ (1)

B0, to B10 in the above equation are regression coefficients that correlate between each
parameter and the participants’ Majors. The p-value indicates the confidence level, in terms of
correlation, of each variable with the dependent variable. The confidence interval in the analysis
is assumed to be 90% for this study. Moreover, literature has demonstrated the effectiveness of
boxplots for presenting Likert Scale survey responses [22], [23]. Hence, this study utilized
boxplots to analyze the 5-point Likert scale survey responses to demonstrate and compare the
interest of CE and CM students toward contributing to systemic change.

Results

This section presents the results of the survey responses collected through this research. The
authors manually analyzed the two open-ended questions to determine the ability of the CE and
CM students to recognize issues related to inequity. The responses having one or more of the
keywords mentioned in the Methodology section were considered as “Presence of inequity
issue”. If none of these keywords were found in the responses, then the answers were considered
as “Absence of inequity issue”. Figure 1 shows the responses of both CE and CM majors. The
bar chart shows that all ten CE students could identify the inequity issue whereas 31 out of 41
CM students (75%) could identify the inequity issue. This may indicate that CE students are
more aware of existing inequity issues compared to CM students.

35
31

Number of Students
= e ) o s
= »n S G =y

w

0

Civil engineering majors Construction management majors

H Presence of inequity issue ~ ® Absence of inequity issue

Figure 1. Ability of Civil Engineering (CE) and Construction Management (CM) majors to
recognize issues related to inequity



A binary logistic regression model was performed to determine which independent variables
(statements related to equitable infrastructure resilience) have a statistically significant effect on
the dependent variable (CE/CM Majors). The results highlighted that variables 3 and 8 have a
significance value of less than 0.1 as shown in Table 2. The regression coefficient (B) values for
variables 3 and 8 are -3.696 and -2.699 respectively. These coefficients suggest that the
likelihood of possessing awareness regarding social injustices and inequities within infrastructure
projects, as well as engaging in the study of case studies emphasizing equity and social justice in
resilient infrastructure systems, is greater for CE students compared to CM students. These
results indicate that the educational background of CE students may contribute to a more
pronounced understanding of societal inequalities within infrastructure systems compared to CM
students.

Table 2. Values of Regression Coefficients and Significance Test for Binary Logistic
Regression Model

SI.

Variables

Sample
Error
(S.E.)

Wald

Degree
of
Freedom
(DF)

value

Exp (B)

V1

Awareness of
communities within
your region that are
more vulnerable to
natural disasters and

climate change impacts
(1 if more than
moderate, 0 otherwise)

2.283

1.622

1.98

0.159

9.806

V2

Aware of specific social
or economic factors that
make certain
communities more
susceptible to
infrastructure-related
vulnerabilities

-20.193

7784.06

0.998

V3

Awareness of social
injustices and inequities
within infrastructure
projects

-3.696

2.169

2.903

0.088

0.025

V4

Encountering situations
where social inequalities
influenced engineering
decisions during your
studies or work
experiences

1.816

1.562

1.353

0.245

6.149

V5

Ability to define
resilient infrastructure in

22.476

7784.061

0.998

5.77E+09




the context of natural
disasters

V6

Ability to provide
examples of resilient
infrastructure projects
that have successfully
addressed societal
inequalities in
vulnerable communities

-0.46

1.58

0.085

0.771

0.632

V7

Extent of civil
engineering/construction
management program
covering topics related
to equity in developing
resilient infrastructure

1.094

1.288

0.722

0.396

2.987

V8

Study of case studies or
projects that focus on
ensuring equity and
social justice in resilient
infrastructure systems

-2.699

1.439

3.517

0.061

0.067

V9

Importance to consider
social equity in the
planning and
implementation of
resilient infrastructure
projects

1.436

1.482

0.94

0.332

4.204

V10

Extent of the lack of
access to transportation
affects the overall
resilience of a
community during and
after a disaster

37.133

11587.81

0.997

1.34E+16

Constant

1.231

0.788

2.445

0.118

3.426

Furthermore, the study utilized boxplots to compare the CE and CM students’ responses related
to their interest in working toward systemic change as shown in Figure 2. The students were
allowed to rate their level of interest from 1 to 5 (1 = None at all, 2 = Slightly, 3 = Moderately, 4
= Greatly, 5 = Significantly) on eight statements. Boxplots were created using R-Studio to
showcase the participants’ level of interest. The findings highlighted that CE students’ responses
had a median value ranging from 4.5 to 5 for all the statements. On the other hand, CM students
had a median value of 4 for all the statements except S4, S5, and S8 which have a median value
of 3. This suggests that CE students are more inclined to specialize in engineering fields that
explicitly address social justice concerns, as indicated in S4. Additionally, CE students exhibit a
greater willingness to advocate for social justice within engineering projects and challenge
established practices, as evidenced by their responses to S5. Moreover, responses to S8




underscored that CE students feel more empowered to support such initiatives compared to their
CM counterparts. In summary, the findings suggest that CE students exhibit a greater readiness
to contribute to systemic change compared to CM students.

é w S1. Motivation to contribute to systemic
® change within the field of civil and
% < - r - - T . - construction engineering
s i i | i | : S2. Belief of civil and construction
é o - 4= 4 — —_ professionals having a role in promoting
5 systemic change in areas related to social
£ o justice and equity
& S3. Importance to work on projects that
s o« 4 have a positive social impact and address
© ’ : : ! ! : ' ' societal inequalities

B = 5 & = 8 SF S8 S4. Interest in specializing in areas of civil

Statements related to systemic change and construction engineering that
specifically focus on social equity and
justice

8 S5. Willingness to advocate for social
% justice and equity considerations in
n 2 B engineering projects, even if it requires
g ; i i i i challenging established practices
il : : ’ S6. Open to collaborating with community
[ organizations or advocacy groups to
é o T T ' : : 5 i : promote equitable engineering practices
e ; 5 5 ; | S7. Influence do you believe civil engineers
E o ; i ; S s have in promoting systemic change within
S i ; ; the profession and society
g T -_— - - o o ° ° < S8. Feel empowered to initiate or support
§ s1 2 s3 sS4 S5 S6 s7 S8 initiatives that challenge social injustices

within engineering projects
Statements related to systemic change
Figure 2. Boxplots comparing the CE and CM students’ responses related to their interest in
working toward systemic change (1 = None at all, 2 = Slightly, 3 = Moderately, 4 = Greatly, 5 =
Significantly)

Limitations and Future Works

This research acknowledges some limitations. Participants may provide responses based on self-
assessment, which can be influenced by personal perspectives, experiences, and perceptions.
Additionally, convenience sampling may impose some restrictions on how broadly the results
can be applied because it does not guarantee that the sample is representative of the total
population but rather only includes those who were most easily accessible or available to
participate in the study. Moreover, statistical significance in the binary logistic regression model
was marginal. Nonetheless, this study provides a novel insight into CE and CM students’
perceptions of equity in the infrastructure resilience context and can be used as a foundation for
future studies. Future studies can consider more data such as multiple years, more students and
more in-depth student demographic data such as family income or average income in home zip
code to provide a more comprehensive perspective on the state of the awareness of equitable and
resilient infrastructure. Future research can also investigate more in-depth questions to
understand the reason behind the difference between CE and CM students, along with utilizing



different other statistical analysis of the collected data to examine the observed perceptions
obtained in this research.

Conclusion

Infrastructure systems and buildings need to be both functional and resistant to hazards for a
community to thrive. It is becoming critical for universities to be active in sustainable and
resilient education as it empowers students to contribute to developing sustainable and resilient
infrastructure projects. Likewise, it is critical to enhance the awareness of future CE and CM
professionals about equity while developing such projects. Such knowledge and awareness can
allow them to gain the ability to offer valuable feedback to project teams and contribute to
decision-making processes while embracing equity. This study delivers value to both the industry
and academic community by highlighting the need to educate the CE and CM students to fortify
the foundation of infrastructure equity knowledge, particularly in the context of disaster
resilience. The results suggest that the students who had CE majors are more aware of equitable
and resilient infrastructure than their peers who have CM majors. Additionally, CE students are
more willing to work towards systemic change compared to CM students. Thus, it can be
concluded that CM curricula need to put a higher emphasis on incorporating equitable
sustainability and resilient courses to instigate enhanced awareness among students. In order to
promote such awareness, universities can focus on creating and implementing sustainable,
equitable, and resilient infrastructure-related courses in CE and CM curricula and ensure that
students are well-equipped to address societal inequalities within the domain of sustainable and
resilient infrastructure. This research was conducted in a single institution therefore the results
might not be transferrable to other institutions. However, this paper provides a model of an
approach that can be used at other institutions to identify gaps and disparities between groups of
students and motivate appropriate institution-specific strategies to address these gaps and
disparities.
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