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Abstract

Despite the widely recognized necessity of integrating sustainability into Civil and Construction
Engineering (CCE), curricula emphasized by accreditation and professional bodies (ABET, ASCE), a
standardized and universally accepted definition of sustainable practice remains elusive within the
discipline. This ambiguity complicates educational efforts and hinders students’ ability to operationalize
sustainability in future professional roles. This research addresses this gap by systematically examining
the perceptions and teaching practices of CCE educators. Through a survey questionnaire distributed to
CCE faculty members across U.S. universities, data was collected on the extent of sustainability
integration, its perceived importance, and individual conceptualizations of the term. Analysis of the 64
completed faculty responses reveals a strong consensus (77% rating it as 'extremely' or 'very important')
on the necessity of sustainability education, yet a notable portion (28%) reported not integrating it into
their courses, indicating persistent challenges in curriculum adoption. Furthermore, while the majority
(72%) integrate sustainability, the predominant method is interwoven throughout the curriculum (49%),
suggesting a lack of dedicated, standardized course time. Crucially, content analysis of the faculty
definitions synthesized eight emergent themes that collectively define sustainability within CCE. The
most frequently cited themes were: Efficient Use of Resources (e.g., reuse, recycle), Minimizing
Environmental Impacts, and the necessity of Balanced Integration of the Three Pillars (Social,
Environmental, Economic). Other significant themes included Durability/Longevity and Life Cycle
considerations. These findings transcend the general Brundtland definition, providing a disciplinary-
specific conceptual foundation. This paper contributes a documented current state of sustainability
teaching and offers a thematic framework for CCE, facilitating a more cohesive, integrated, and

effective pedagogical approach for educating future engineers.
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1. Introduction
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The rapid pace of our contemporary, industrialized global society is outpacing the Earth’s natural
systems, leading to adverse outcomes such as climate change and energy shortage. Encompassing a
holistic perspective, the integration of design for sustainability is emerging as a central driving force
within the built environment, where substantial natural resources are consumed. Many scholars
acknowledge the vital role of higher education in equipping students and the academic community
with the professional skills and competencies necessary to address sustainability challenges
effectively [1], [2], [3]. Sustainability education in civil and construction engineering (CCE) is
particularly relevant as it addresses the complex interplay between human progress and the Earth’s
finite resources.

Similarly, many professional organizations such as American Society of Civil Engineers (ASCE),
American Society of Engineering Education (ASEE), the Accreditation Board for Engineering and
Technology (ABET) have emphasized sustainability education in their visions, body of knowledge,
missions, and criteria, etc. In response to this issue, a wealth of literature reports the varied methods
and case studies on the integration of sustainability in CCE programs [4]. However, there remains a
limited understanding of how sustainability is currently taught across CCE programs, highlighting the
need for more comprehensive research and standardized approaches to curriculum development in
this critical area.

In CCE disciplines, while sustainability is universally accepted, a lack of definitional clarity creates
ambiguity regarding what constitutes "sustainable" practices [5]. This issue is further complicated by
the diverse subdisciplines within civil engineering, structural, geotechnical, environmental,
transportation, and construction, which often lack a shared definition. For example, debates around
waste management illustrate this ambiguity: some advocate for rigorous recycling, while others
prioritize efficiency and cost-effectiveness, even if it generates more waste. Such varying
interpretations complicate communication and hinder students' ability to integrate sustainability into
their future work, emphasizing the necessity for a clear and holistic understanding of sustainability in
CCE [6].

This research addresses the existing gap by capturing the perceptions of CCE educators regarding
sustainability. Perceptions play a crucial role in shaping and refining definitions, particularly in the
social sciences, where collective perspectives influence the meanings attributed to specific terms [7],
[8]. Individual interpretations of sustainability, shaped by personal experiences, cultural backgrounds,
and political viewpoints, collectively contribute to a nuanced understanding of the concept. Although
substantial research explores engineering students’ perceptions of sustainability, there is a notable
lack of studies focusing on faculty perspectives [9]. Given that CCE educators significantly influence
students and their future professional practices, understanding faculty perceptions is crucial.

This research seeks to elucidate how sustainability is taught in CCE programs by systematically
collecting and analyzing the perceptions of 64 civil engineering faculty members from various U.S.
universities. Through this analysis, the study aims to identify the key themes of sustainability that are
emphasized in CCE programs, reflecting the unique perspectives of CCE scholars and practitioners.
This objective is pursued through the following goals:



e cxamine the current extent and approaches of sustainability teaching within CCE programs in
the U.S.

¢ investigate CCE educators’ perceptions of the importance and relevance of sustainability
integration in their teaching.

o synthesize the conceptual foundations and definitions of sustainability as collectively
understood by CCE educators.

e Identify key barriers and opportunities influencing the effective integration of sustainability
from the faculty perspective.

The main contributions of this article are twofold. First, it documents the current state of sustainability
teaching, offering insights that complement traditional curriculum analyses. By examining how
sustainability is taught across diverse U.S. universities, this study reveals a broader and more nuanced
perspective on sustainability education. Second, it extends prior work by identifying eight emergent
themes essential for understanding sustainability in CCE disciplines, offering opportunities for further
refinement and operationalization. These findings will facilitate constructive discourse on the
meaning of sustainability within CCE, contributing to a more cohesive understanding of how
sustainability is imparted to future engineers and supporting more effective and integrated
sustainability education within CCE disciplines.

2. Literature review

In the survey conducted by Murphy et al. [10] found that more than half of the top 100 US
universities reported some level of course activity related to sustainability. In the same study, the
authors outlined four primary pedagogical approaches in sustainability teaching for engineering
students: offering standalone courses that focus exclusively on sustainability engineering, integrating
sustainability principles into traditional engineering curricula, emphasizing technologies critical for
developing sustainable engineering solutions, and delivering courses in collaboration with non-
engineering departments to promote interdisciplinary engagement. A subsequent curriculum study by
Farnsworth et al. [11] found that 181 out of 307 accredited programs in civil engineering, construction
management, and construction engineering in the U.S. explicitly indicated sustainability in their
curricula. This integration has been categorized into two kinds: sustainability specific courses and
minor sustainability integration. Based on these distinctions, the authors developed three categories
for sustainability integration: course that is dedicated to sustainability, sustainability is taught in a
single module/unit, sustainability concept is woven throughout curriculum.

Furthermore, although there is much discussion related to the topic of sustainability, and agreement
across broad thematic aspects, the CCE community has yet to adopt a disciplinary-specific definition
of sustainability [12], [13]. Scholars and institutions, such as Burian [14], Tabrizikahou et al. [15] and
ASCE [16], have predominantly embraced the general definition from the Brundtland report: ‘meets
the needs of the present without compromising the ability of future generations to meet their own
needs’ [17]. To effectively implement this broad definition, the concept of sustainability has evolved
into two interchangeable paradigms: ‘three pillars of sustainability’ and ‘triple bottom line’, to
integrate environmental, economic, and social aspects of sustainability [18], [19]. In recent years, the
17 United Nation Sustainable Development Goals are also found to be a useful approach in civil



engineering [20], [21]. However, this definition and its varied forms have been criticized for lacking
specific contextualization or posing challenges to quantify [22], [23]. Similarly, peer disciplines, such
as public health, environmental science, and ecology, have begun developing context-specific
interpretations of sustainability, recognizing that a universal definition may overlook critical nuances
within each field [24], [25], [26].

The meaning of a term or a concept within a discipline is inherently shaped by the perceptions of its
members, who collaboratively contribute to a shared understanding. This dynamic process of
definition-shaping is particularly evident in the social sciences, where collective perspectives heavily
influence the meanings attributed to specific terms [7], [8]. In civil engineering, individual
interpretations of sustainability, shaped by personal experiences, cultural contexts, and political
viewpoints, contribute to a nuanced understanding of the concept [9]. This understanding is not static;
it evolves through ongoing discourse and consensus within the academic community.

While extensive research has focused on engineering students’ perceptions on sustainability, [27],
[28], [29], [30], [31], [32], [33], the perspectives of faculty has been comparatively underexplored.
Only a limited number of studies have investigated civil engineering educators’ views on
sustainability despite their critical role in shaping educational discourse [34] [35]. This research,
therefore, specifically focuses on CCE faculty perspectives on the definitions of sustainability across
various subdisciplines to enhance understanding of its meaning within civil engineering.

3. Research Method

This research investigated the perceptions of faculty members in CCE regarding the concept of
sustainability and its integration into teaching practices, employing survey questionnaires as the
primary data collection method. The use of surveys was selected for its ability to efficiently gather
data from a large sample within a short timeframe, thereby facilitating the analysis of patterns related
to sustainability education within CCE. The survey was distributed via email to CCE faculty members
through the American Society of Engineering Education (ASEE) Civil Division member group.
Supplementary outreach through professional networks was undertaken to encourage participation. A
total of 64 complete questionnaires were received. To maintain anonymity, the survey did not collect
detailed demographic information such as respondents' institutions or locations, thereby ensuring
participant privacy.

3.1 Survey design

A comprehensive survey questionnaire was developed in Qualtrics to capture data on the how the
concept of sustainability is understood and taught within CCE. The questionnaire aimed to evaluate
current perceptions of sustainability concept and its integration into teaching. Its design was informed
by existing literature and previous validated instruments, with modifications to suit the specific
context of this research. The survey questionnaire comprised ten questions. Two questions focused on
the respondents’ teaching background, including the subjects they teach and their teaching experience.
Three questions aimed to assess the perceived importance of sustainability in their teaching. Two
additional questions explored their experience with teaching sustainability. The final two questions
were open-ended and sought to understand how respondents define and perceive the concept of
sustainability. Table 3.1 presents the survey questions and sample answers.



Table 3.1 Survey questions and sample answer

Questions

Question Type

Answer sample

How long have you been teaching in higher
education?

Which sub-disciplines in civil engineering do
you teach courses and/or conduct research in?
How important is sustainability in civil
engineering and/or construction management
education to you?

How well do you feel principles of
sustainability are being taught in civil
engineering and/or construction management
education?

Compared to other institutions, how well does
your institution teach principles of
sustainability?

Do you specifically integrate sustainability into
any of the courses that you teach? If yes, please
list them.

What level of students have you incorporated
sustainability concepts in your teaching?

If you answered yes to above question, how is
sustainability integrated into your teaching
approach?

How would you describe sustainability as it
relates to civil engineering and/or construction
management?

Is there anything else you’d like to add or
discuss regarding sustainability education in
civil engineering and/or construction
management?

Multiple choice
Multiple
responses
Likert scale of
five

Likert scale of
five
Multiple choice

Yes and No

Multiple
responses
Multiple
responses

Open ended

Open ended

Less than 5 years, between 5 and 20
years, more than 20 years
Architectural, Coastal, Construction,
Environmental, Geotechnical, etc.
From extremely important to not at
all important

From it’s significantly
overemphasized to there is significant
room for improvement

Better, similar, or worse than others

Freshman, sophomore, junior, senior,
graduate

Interwoven sustainability throughout,
specific unit/module on
sustainability, the course theme is
about sustainability

Ability to use resources, design, and
build today in a way to not deprive
future generations.

Need materials/modules to better
integrate sustainability; workshops
on how to use state of the practical
modeling tools

3.2 Sampling and data collection

A stratified random sampling method was used to select participants from a pool of CCE educators in

the U.S., ensuring representation across major subdisciplines such as structural, construction, and

environmental engineering. The survey was distributed via email to CCE faculty through ASEE Civil

Division member group, supplemented by convenience sampling through professional and academic

networks to improve the response rate. An introductory email explaining the study’s purposes,

ensuring confidentiality, and providing a link and a QR code to the survey was sent to all selected

participants.

3.3 Data analysis

The survey responses were analyzed in two approaches, descriptive statistics and content analysis.

Descriptive statistics were calculated to summarize demographic characteristics and overall survey

responses. Content analysis was employed to systematically interpret and understand the nuanced

meaning of sustainability from two open-ended questions. This approach was selected for its

effectiveness in identifying, analyzing, and reporting patterns or themes within the data. Content

analysis involves a process of coding textual data, categorizing it into meaningful themes based on

frequencies, and interpreting patterns of themes to uncover underlying insights related to

sustainability definition in CCE teaching practices. Inspired by the themes from Sustainability

Definition Framework for civil and construction engineering disciplines [9], the authors developed a



codebook for content analysis as shown in Table 3.2. The analysis was conducted by two independent
human coders to ensure reliability and consistency in the identification of the themes. Each coder
assigned scores based on the presence of each theme in the responses. For example, if one respondent
describes sustainability as “Ability to use resources, design, and build today in a way to not deprive
future generations.” Coders identify two themes from this statement: efficient use of resources and
long lasting. Consequently, the scores would be one for efficient use of resources and one for

durability.
Table 3.2 Code book for content analysis
Topics/Themes Explanation
Efficient use of resources | Energy efficiency, minimize cost, reuse, recycle, repurpose
Durability Products, resources, systems can last long period of time
Meeting societal needs Provide service and space to strengthen human interaction

Minimizing environmental | Built environment interacts with and affects air, water, and soil
impacts
Life Cycle Planning and design, development and construction, operation
and maintenance, demolishing and repurposing

Balanced three pillars of Environmental, social, economic dimensions

sustainability
Ethics and stewardship A sense of responsibility
Need for improvement Highlight the importance of integrating sustainability into civil
engineering
Others Any other themes do not fall into any above topics/themes
4 Results

4.1 Demographic information related to teaching sustainability

Table 4.1 Descriptive statistics on sustainability integration in CCE education

Survey Question Options Count | Percentage
Less than 5 years 12 19%
Years of teaching Between 5 and 20 years 38 59%
More than 20 years 14 22%
Construction management 22 18%
Construction engineering 18 15%
Structural 17 14%
Water resources 15 12%
Environmental 13 11%
Geotechnical 11 9%
Transportation 9 7%
Focus area of teaching and Mate.rlals 8 %
research Architectural 2 2%
Costal 1 1%
Civil engineering education 1 1%
Infrastructure systems/management 1 1%
Utility engineering 1 1%
Land development 1 1%
Surveying 1 1%
Sustainability 1 1%
Nuclear 1 1%
Levels of students taught Freshman 16 10%
sustainability Sophomore 20 13%




Junior 44 28%
Senior 55 35%
Graduate 21 14%

The results indicate that a significant majority of faculty members (81%) who participated in the
survey hold senior positions. The areas of expertise represented reflect the diverse subdisciplines
within CCE. Sustainability concepts are integrated across various student levels, with the highest
frequency observed at the junior (28%) and senior levels (35%). This distribution aligns with the
typical progression of civil engineering education, where advanced students engage more deeply with
complex topics.

4.2 Teaching sustainability in CCE higher education

Table 4.2 Sustainability education in CCE: importance, integration, and quality

Survey Question Options Count | Percentage
Extremely important 24 38%
Perception on the importance | Very important 25 39%
of sustainability education in Moderately important 11 17%
CCE Slightly important 4 6%
Not at all important 0 0%
Integration of sustainability Yes 46 72%
into courses No 18 28%
e Interwoven throughout curriculum 39 49%
How sustainability is Specifi o qul 75 300
integrated into teaching PECTIIC UNTE Of MOCUe :
Primary theme of the course 15 19%
It is currently being taught well 7 11%
enough
There is room for improvement 45 70%
Perceived quality of There is significant room for 11 17%
sustainability teaching improvement
There is slightly more emphasis 1 2%
given than necessary
It is significantly overemphasized 0 0%
Better than others 11 17%
Compare to other institutions Similar to others 44 69%
Worse than others 9 14%

Perception on the importance of sustainability education: The results reveal that a majority of
respondents (77%) regard sustainability education in CCE as highly important. Specifically, 38% rated it as
"extremely important” and 39% as "very important." A smaller segment, 17%, considers it "moderately
important," while only 4% rate it as "slightly important,” and none view it as "not at all important." This
pattern highlights the widespread acknowledgment of the significance of sustainability education within
the CCE field. However, it is noteworthy that 28% of respondents reported not integrating sustainability
into their teaching, despite its recognized importance. This gap highlights the real challenges educators

face in incorporating sustainability into CCE curricula.

Integration Approaches: With a high percentage of faculty integrating sustainability into their
teaching (72%), it is important to explore how this integration is implemented. As this was a multiple-
response question, the results show that most faculty (49%) incorporate sustainability throughout the
curriculum, while 32% dedicate an entire unit or module to the topic. Additionally, 19% of



respondents consider sustainability an essential concept for CCE students, using it as the primary
theme of their courses.

Perceived Quality of Sustainability Teaching: While a majority of educators (86%) believe that the
teaching of sustainability is currently adequate or superior to that at other institutions, there is a strong
consensus (87%) that there is still room for improvement. This suggests that, despite the recognition
of sustainability's importance, many educators feel enhancements are necessary to further strengthen
its integration in the curriculum.

4.3 Synthesis of sustainability definition topics through content analysis

Five out of 64 respondents did not answer the two open-ended questions aimed at capturing nuanced
understandings of the concept of sustainability. Using the remaining 59 responses, the authors
conducted a content analysis to identify patterns and themes in their perspectives. The average overlap
rate was 93.3%, and Cohen’s Kappa reached 0.82, suggesting a high level of agreement between
coders and indicating that the coding can be considered reliable. The results are summarized in Table
4.3, which presents the findings of the content analysis on sustainability definitions.

Table 4.3 Content analysis of sustainability definitions

Topics/Themes Scores from Scores from Cohen Kappa | Overlapping
Coder 1 Coder 2 Rate
Efficient use of resources 23 25 0.70 85%
Minimizing environmental 18 19 0.93 97%
impacts
Balanced three pillars of 17 19 0.89 95%
sustainability
Durability 15 16 0.92 97%
Meeting societal needs 13 12 0.53 83%
Need for improvement 13 12 0.91 97%
Life Cycle 7 9 0.68 92%
Ethics and stewardship 5 5 1.00 100%

1. Efficient use of resources

A recurring theme across the responses was the importance of efficient resource use. Many
participants emphasized that civil engineers have a responsibility to design infrastructure that reduces
waste and maximizes resource efficiency throughout the entire life cycle of a project. The discipline
has a long history on emphasizing minimizing resource consumption, maximizing resource reuse, and
recycle in sustainability [36]. This orientation is particularly distinctive in that it does not advocate for
eliminating consumption entirely, but rather seeks to achieve a balance between production and
consumption. At its core, the philosophy is grounded in principles of optimization and respect for
limits, while simultaneously fostering technological advancement that aligns naturally with the
engineering discipline. Illustrative excerpts from participants’ responses are provided below:

1, Ability to use resources, design, and build today in a way to not deprive future generations.

2, Linking environmental, social, and economic aspects into the entire life cycle of a project to ensure
that the resources needed for the project don’t impact the availability of resources for future
generations.



3, It is about reducing our use of resources, using technology to enable the reuse of existing
infrastructure, and creatively and effectively managing our waste.

2, Minimizing environmental impacts

The responses revealed a strong consensus on the importance of minimizing environmental impacts in
CCE. This theme is distinct in that it rests on the assumption that CCE projects inevitably produce
adverse effects on natural systems. Such impacts may include pollution or disruptions to air, water,
and soil. In many cases, minimizing environmental impacts aligns closely with the efficient use of
resources, particularly through strategies such as energy efficiency, waste reduction, and the reuse of
existing infrastructure instead of constructing new facilities. The following excerpts illustrate this
theme:

1, Choose materials from an energy and re-use perspective, minimize energy consumption, minimize
environmental impacts.

2, Doing things in a way that reduces impacts on resources and environment. Optimizing energy use.
Designing for re-use.

3, Reducing the negative impacts of civil engineering outputs on the environment and society.

3. Balancing social, environmental, and economic pillars of sustainability

The theme of balanced three pillars of sustainability. which encompasses social, environmental, and
economic dimensions of sustainability, was a central element of many responses. Respondents
repeatedly emphasized the necessity of integrating these three pillars into civil engineering projects to
ensure balanced and responsible development. They noted that while three pillars of sustainability is
frequently acknowledged as a guiding principle, its practical application is often challenged by
industry pressures. In particular, the demands for cost efficiency, timely delivery, and quality
frequently overshadow sustainability concerns, which are seen as secondary in project prioritization.
Despite these obstacles, respondents recognized the three pillars of sustainability paradigm as
essential for addressing the complexity of sustainability in civil engineering and called for stronger
advocacy within the profession to ensure these dimensions are properly accounted for in project
planning and execution. Direct quotes are listed below:

1, Linking environmental, social, and economic aspects into the entire life cycle of a project to
ensure that the resources needed for the project don’t impact the availability of resources for future
generations.

2, Sustainability is the social, economic, and environmental components of a civil engineering
project. I think civil engineering education sometimes overemphasizes the environmental focus for
sustainability with much less consideration for the social and economic dimensions of sustainability.

3, The triple bottom line needs to be considered in all designs.

4, Durability

A dominant theme that emerged was the recognition of sustainability as a principle of
intergenerational responsibility, where respondents emphasized the need to balance meeting today’s
needs without compromising the ability of future generations to meet theirs. Many respondents
referenced long-term planning frameworks, such as the seven-generation theory, underscoring the



importance of making decisions that preserve environmental resources for future use. This theme
suggests that sustainability, as conceived by practicing engineers, transcends immediate project
outcomes and involves consideration of broader temporal impacts. The following quotes are some of
the examples:

1, We would use the seven-generation theory most commonly. Designing infrastructure in a way to
meet the needs of today without compromising the ability of future generations to meet their needs.

2, The selection of materials, design approaches and construction methods to minimize environmental
impacts, reduce energy consumption and increase longevity and resilience of infrastructure and
structures.

3, The quality of being — or the ability to be — sustained over an extended period of time. It relates to
the consumption and production of resources — if you consume more than you produce, eventually you

will run out.

5, Meeting societal needs

Many respondents highlight the fundamental role of CCE in addressing the requirements and
challenges faced by communities. They also highlight the necessity of engaging with stakeholders to
ensure that projects align with societal values and priorities, such as:

1, Meeting the present needs of society without infringing upon future societal needs. As well as,
striking a balance between environmental, societal, financial requirements.

2, I think sustainability is important for the environment. But also I think students benefit from
learning about sustainability as Market trend as well.

3, CE has the potential to create and connect communities, but without considering the
environmental impact..., we can(and have) really messed our air, soil, and water.

6, Need for improving

Responses emphasized the need for improvement in how sustainability is positioned within civil
engineering education and practice. Educators noted that sustainability should move from a secondary
consideration to a central guiding principle, placed alongside or even above client needs, serving as
the keystone of the discipline, and fully reflecting its societal and environmental impacts:

1, We need to do better and put sustainability at the front along with (perhaps higher than?) our
clients need.

2, It should be the keystone of civil engineering/construction management practices.

3, Sustainability is a critical element in both design and construction because of the impact that these
built environment aspects have on both society and the natural world around us.

7, Life cycle

The life cycle theme highlights the importance of accounting for a project’s entire lifespan, spanning
planning and design through construction, operation, and eventual decommissioning. It serves as a
critical lens for evaluating both environmental and economic impacts of materials and design choices
over time. By adopting this approach, engineers can better assess the cumulative consequences of
their decisions, from resource extraction to the end of a building’s or infrastructure’s service life.

10



Respondents particularly emphasized the importance of integrating sustainability considerations at
every stage of the CCE projects. Example quotes are the following:

1, We should really focus on life cycle analysis and how small changes across a sector can add up to
significant gains in sustainability.

2, Giving consideration to the environmental, social, and economic impacts of CE projects at all
stages of project planning, implementation (e.g., construction), and operation.

3, To me, sustainability in civil engineering involves designing, constructing, and maintaining

infrastructure that does not compromise the ability of future generations.

8, Ethics and Stewardship

Several respondents emphasized the role of civil engineers as stewards of both the built and natural
environments, noting that sustainability should be regarded as a core ethical responsibility of the
profession. Stewardship in this sense involves not only avoiding harm but also ensuring that
infrastructure contributes positively to environmental and social well-being. As respondents
described, sustainability is “inseparable” from the professional duty of civil engineers and represents
“the difference between minimal competency civil engineering and good civil engineering.” The
actual quotes are as follows:

1, Inseparable! It is our responsibility as stewards of the natural and the built environment.

2, The difference between minimal competency civil engineering and good civil engineering.

3, It is our responsibility in CM to use construction materials and methods, construction site
planning and execution, and waste management that incorporate sustainability principles, including
environmental, social, and economic aspects of sustainability.

5 Discussion

The integration of sustainability into civil engineering education and practice has become a critical
priority for preparing future engineers to address pressing challenges such as resource scarcity, social
justice, environmental degradation, and climate change. The survey results revealed that educators do
think sustainability is an important component in CCE education, but the obstacles and challenges are
not few.

Key themes in sustainability

The content analysis of civil engineering professionals’ responses highlights several key
considerations for both academia and industry in advancing sustainable infrastructure development.
While civil engineering design has traditionally emphasized meeting societal needs and market
demands, the increasing urgency of climate change, urban sprawl, and aging infrastructure highlights
the importance of embedding sustainability more systematically within curricula.

Themes identified in this study, including efficient use of resources, minimizing environmental
impacts, balancing the three pillars of sustainability, durability, meeting societal needs, and life cycle
assessment, align with the Sustainability Definition Framework (SDF) proposed by Wang et al. [9].
However, our analysis also revealed more nuanced themes, such as ethics, stewardship, and the need
for improvement, underscoring the multifaceted nature of sustainability in civil engineering education

11



and practice. These findings highlight the growing recognition that sustainability must be integrated
throughout the curriculum rather than treated as an isolated or secondary concern.

Challenge for integrating sustainability into curriculum:

Despite broad agreement (94%) on the importance of sustainability, significant challenges remain in its
integration as 28% of respondents reported not incorporating sustainability into their teaching. Notably,
87% indicated there is substantial room for improvement, pointing to an urgent need to strengthen
sustainability education in CCE. Several barriers hinder progress. Previous research shows that while many
faculty members attempt to integrate sustainability, they struggle with effective methods to revise curricula
and overcome institutional barriers [35]. Specific obstacles include limited institutional flexibility, time
constraints to revise syllabi [37], an already crowded curriculum, lack of faculty training, alignment
with industry needs, assessment methods [14], resource limitations [38], and student engagement.
Accreditation systems also play a significant role; for instance, sustainability integration often
depends on detailed requirements in discipline-specific courses and capstone projects. Current ABET
standards are broad and less outcome-driven, suggesting a potential need for updated accreditation
guidelines to better support sustainability integration [39].

A notable challenge is students’ pessimism regarding their ability to make an impact on global
sustainability issues. Some students perceive the scale of problems such as climate change as
overwhelming, which may reduce engagement with sustainability topics. Addressing this requires not
only technical instruction but also fostering an optimistic, solutions-oriented mindset [40]. Educators
can more effectively demonstrate the practical implications of sustainability in engineering design by
leveraging industry partnerships [41], incorporating case studies of successful implemented
sustainable projects [42], [43], [44], [45], and engaging professionals through mentorship or guest
lectures who can speak directly to the challenges and opportunities of applying sustainability
principles in practice.

In addition, open-ended responses from participants emphasized the need for cohesive and
interdisciplinary teaching approaches. Some respondents referenced frameworks and tools for
integrating sustainability, such as Envision [46] and Engineering for One Planet [47], indicating the
importance of systematically embedding sustainability principles into the core curriculum rather than
presenting them in a fortuitous way.

Sustainability integration should be early

Although sustainability is addressed at all student levels—from freshmen to graduate courses—most
curricula emphasize it during junior and senior years. This approach risks framing sustainability as an
advanced topic rather than a foundational principle. Research suggests that sustainability should be
introduced at the freshman level, allowing students to engage with the topic throughout their academic
journey [48]. Early exposure fosters critical thinking, promotes deeper understanding, and enables
students to apply sustainable practices in later coursework and projects. It also cultivates a holistic
mindset, preparing future engineers to address complex societal and environmental challenges.

Respondents also highlighted the importance of practical application, emphasizing the need for case
studies, real-world examples, and hands-on experiences. Bridging the gap between theoretical
knowledge and practical application is crucial for equipping students with the skills and confidence to

12



implement sustainable practices in professional contexts.

Overall, the findings from this study highlight both the progress made and the challenges that remain
in embedding sustainability into civil engineering education. While many educators recognize its
importance and are making efforts to incorporate sustainability concepts, persistent gaps in curriculum
design, faculty training, institutional support, and student engagement highlight the need for more
intentional and systematic approaches. By integrating sustainability early, reinforcing it across all levels
of education, and connecting it to real-world applications, civil engineering programs can better prepare
students to become leaders who design and manage infrastructure that is not only functional and resilient,
but also equitable and environmentally responsible [49]. These steps are essential to ensure that future
civil engineers are equipped to address the urgent and complex challenges of climate change, resource
scarcity, and social equity.

6 Discussion

This study represents one of the first investigations of sustainability education in the civil engineering
discipline across multiple institutions in the U.S. By mapping the current state of sustainability teaching,
the research establishes a baseline benchmark for assessing progress in engineering education. In
addition, it identifies gaps in current practices and provides actionable directions for enhancing
sustainability education and preparing future civil engineering graduates to address evolving social,
environmental, and technical challenges. Building on these identified gaps, literature offers concrete,
evidence-based strategies that directly address areas for improvement. Effective instruction extends
beyond isolated content delivery, with case-based and project-driven learning engaging students in
solving real-world engineering problems, thereby filling the gap in experiential learning [50], [S1], [52],
[53]. Embedding sustainability across multiple courses, rather than confining it to a single elective,
addresses the lack of continuous exposure and promotes systems thinking throughout the curriculum
[54]. Interdisciplinary collaboration and reflective exercises further strengthen students’ understanding
of the interconnectedness among natural, engineered, and social/governance systems, directly
responding to gaps in holistic understanding [55]. Successful implementation also requires faculty
development and institutional support, ensuring consistency and effective assessment of learning
outcomes [54], [56], [57]. Together, these strategies form a coherent framework for addressing the
shortcomings identified in this study and advancing sustainability education in civil engineering.

7 Conclusion

Sustainability has become an essential framework for addressing the growing pressures of resource
use and societal demand, making it particularly relevant to civil engineers engaged in designing and
developing the built environment. Unlike safety standards, however, sustainability lacks universally
accepted definitions or measures, making it more difficult to teach and standardize. To better
understand how it is addressed in higher education, this study surveyed 64 civil engineering
professors across 17 subdisciplines, most of whom (81%) had more than five years of teaching
experience. This survey enriches traditional curriculum evaluations, which are often limited by the
availability of course syllabi. Results show that while the vast majority of educators (94%) consider
sustainability a critical component of civil engineering education, most (87%) would like to improve
how it is currently taught. Among respondents, 49% reported integrating sustainability concepts
throughout their courses, 32% taught sustainability as a specific unit or module, and 19% identified it
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as the primary theme of their course. Additionally, through systematic content analysis with high
interrater agreement, eight themes emerged that reflect both common values and diverse perspectives
on sustainability. These themes highlight the importance of minimizing environmental impacts, using
resources efficiently, adopting life cycle thinking, and embracing stewardship as a professional
responsibility. Together, they provide a clearer picture of how sustainability can be more consistently
articulated and integrated across engineering education, research, and practice. Looking ahead, this
research reveals opportunities to embed the identified sustainability themes into curricula,
professional training, and project evaluation frameworks. Integrating these themes can enhance
engineers’ capacity to design and develop the built environment in ways that support social
environment and harmonize with natural environment [58]. Engaging with industrial professionals
through surveys or interviews could further guide curriculum development, ensuring that educational
content aligns with current industry practices and emerging sustainability challenges. Future research
should focus on developing curricula that systematically integrate sustainability principles and
leverage case studies to demonstrate their practical application, equipping students to incorporate
sustainability into design decisions, professional practice, and adaptive responses to emerging
challenges. By establishing a coherent and actionable approach to sustainability education, this study
positions future civil and construction engineers to lead in creating resilient, equitable, and
environmentally responsible infrastructure.

Data availability statement
Some or all data, models, or code that support the findings of this study are available from the
corresponding author upon reasonable request.

Reference

[1] 1. Franco, O. Saito, P. Vaughter, J. Whereat, N. Kanie, and K. Takemoto, “Higher education for
sustainable development: actioning the global goals in policy, curriculum and practice,” Sustain.
Sci, vol. 14, no. 6, pp. 1621-1642, Nov. 2019, doi: 10.1007/s11625-018-0628-4.

[2] H. Hyytinen et al, “Perceived interest in learning sustainability competencies among higher
education students,” /nt. J. Sustain. High. Educ., vol. 24, no. 9, pp. 118-137, Dec. 2023, doi:
10.1108/1JSHE-06-2022-0198.

[3] O.K. Sabri, “Rethinking sustainability in engineering education: a call for systemic change,” Front.
Educ., vol. 10, June 2025, doi: 10.3389/feduc.2025.1587430.

[4] M. Thurer, |. Tomasevi¢, M. Stevenson, T. Qu, and D. Huisingh, “A systematic review of the
literature on integrating sustainability into engineering curricula,” J Clean. Prod., vol. 181, pp.
608-617, Apr. 2018, doi: 10.1016/j.jclepro.2017.12.130.

[5] S. V. Freitas Netto, M. F. F. Sobral, A. R. B. Ribeiro, and G. R. D. L. Soares, “Concepts and forms
of greenwashing: a systematic review,” £nviron. Sci. Eur., vol. 32, no. 1, 2020.

[6] S.-A.Ram, D. Tihanyi, H. L. MacLean, and I. Daniel Posen, “Crafting a definition of sustainability
for engineering education and applying it to assess curriculum,” Sustain. Sci. Technol., vol. 2, no.
2, p. 024004, May 2025, doi: 10.1088/2977-3504/adcf28.

[7] S. M. Ortiz, “Trolling as a Collective Form of Harassment: An Inductive Study of How Online
Users Understand Trolling,” Soc. Media Soc., vol. 6, no. 2, p. 205630512092851, 2020.

[8] B. Zala, “Polarity Analysis and Collective Perceptions of Power: The Need for a New Approach,”

14



J. Glob. Secur. Stud., vol. 2, no. 1, pp. 2-17, 2017.

X. Wang, A. South, and C. Farnsworth, “Using Grounded Theory Analysis in Construction
Management and Civil Engineering Education: Integrating Perspectives to Shape a
Comprehensive View of Sustainability,” /nt. J. Constr. Educ. Res., vol. 20, no. 4, pp. 501-522, Oct.
2024, doi: 10.1080/15578771.2024.2404018.

C. F. Murphy= et al,, “Sustainability in Engineering Education and Research at U.S. Universities,”
Environ. Sci. Technol., vol. 43, no. 15, pp. 5558-5564, Aug. 2009, doi: 10.1021/es900170m.

C. Farnsworth, J. Hadfield, A. South, X. Wang, and M. Bown, “An Analysis of Sustainability within
Construction and Civil Engineering Curriculum,” presented at the Proceedings of 60th Annual
Associated Schools of Construction International Conference, 2024, pp. 139-129. doi:
10.29007/cf32.

K. W. Chau, “Incorporation of sustainability concepts into a civil engineering curriculum,” J. Prof.
Issues Eng. Educ. Pract., vol. 133, no. 3, pp. 188-191, 2007.

W. K. Chong, S. Kumar, C. T. Haas, S. M. Beheiry, L. Coplen, and M. Oey, “Understanding and
interpreting baseline perceptions of sustainability in construction among civil engineers in the
united states,” J. Manag. Eng., vol. 25, no. 3, 20009.

S. Burian, “Teaching Sustainability And Sustainable Engineering Practice In The Civil Engineering
Curriculum,” presented at the 2010 Annual Conference & Exposition, June 2010, p. 15.1188.1-
15.1188.11. Accessed: Dec. 02, 2025. [Online]. Available: https://peer.asee.org/teaching-
sustainability-and-sustainable-engineering-practice-in-the-civil-engineering-curriculum

A. Tabrizikahou, M. Kuczma, P. Nowotarski, M. Kwiatek, and A. Javanmardi, “Sustainability of civil
structure through the Application of Smart Materials: A review,” Materials, vol. 14, no. 17, 2021.
AS.CE, "ASCE’'s Roadmap to sustainable development: four priorities for change.” 2022.
[Online]. Available: https.//www.asce.org/communities/institutes-and-technical -
groups/sustainability/sustainability-roadmap

U. Nations, “Report of the World Commission on Environment and Development: Our Common
Future,” WCED, 1987, [Online]. Available:
https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf

H. Alhaddi, “Triple bottom line and sustainability: a literature review,” Bus. Manag. Stud., vol. 1,
no. 2, pp. 6-10, 2015.

M. Hajian and S. J. Kashani, “Evolution of the concept of sustainability. From Brundtland report
to sustainable development goals.” pp. 1-24, 2021.

D. J. Matthews, “The Role of Civil Engineering in Achieving Sustainable Development Goals,” Am.
J. Civ. Constr. Environ. Eng., vol. 5, no. 05, pp. 6-10, Oct. 2024.

A. L. Novaes, “Enhancing sustainability education in higher education through simulation-based
learning: integrating sustainable development goals,” /nt. J Sustain. High. Educ., Apr. 2025, doi:
10.1108/1JSHE-08-2024-0571.

C. S. Goh, H.-Y. Chong, L. Jack, and A. F. Mohd Faris, “Revisiting triple bottom line within the
context of sustainable construction: A systematic review,” J. Clean. Prod., vol. 252, p. 119884,
2020.

[23] B. Purvis, Y. Mao, and D. Robinson, “Three pillars of sustainability: in search of conceptual origins,”

[24]

Sustain. Sci., vol. 14, no. 3, pp. 681-695, 2019.
R. Kemp and P. Martens, “Sustainable development: how to manage something that is subjective
and never can be achieved? Sustainability: Science,” Pract. Policy, vol. 3, no. 2, pp. 5-14, 2007.

15



[25]

[26]

[30]

[31]

[39]

J. D. Marshall and M. W. Toffel, “Framing the Elusive Concept of Sustainability: A Sustainability
Hierarchy,” Environ. Sci. Technol., vol. 39, no. 3, pp. 673-682, 2005.

D. R. Walugembe, S. Sibbald, M. J. Le Ber, and A. Kothari, “Sustainability of public health
interventions: where are the gaps?,” Health Res. Policy Syst, vol. 17, no. 1, 2019, [Online].
Available:  https://health-policy-systems.biomedcentral.com/track/pdf/10.1186/s12961-018-
0405-y

A. M. Aleixo, S. Leal, and U. M. Azeiteiro, “Higher education students’ perceptions of sustainable
development in Portugal,” J Clean. Prod., vol. 327, p. 129429, 2021.

l. J. Navarro, A. J. Sanchez-Garrido, and V. Yepes, in 2021-03-01). ENGINEERING AND
ARCHITECTURE POSTGRADUATE STUDENT'S PERCEPTIONS ON SUSTAINABLE DESIGN.
INTEDZ2021 Proceedings, 2021.

Z. Aginako, M. B. Pefia-Lang, M. T. Bedialauneta, and T. Guraya, “Analysis of the validity and
reliability of a questionnaire to measure students’ perception of inclusion of sustainability in
engineering degrees,” /nt. J. Sustain. High. Educ., vol. 22, no. 6, pp. 1402-1420, June 2021, doi:
10.1108/1JSHE-09-2020-0355.

A. Biancardi, A. Colasante, |. D’Adamo, C. Daraio, M. Gastaldi, and A. F. Uricchio, “Strategies for
developing sustainable communities in higher education institutions,” Sci. Rep., vol. 13, no. 1, p.
20596, Nov. 2023, doi: 10.1038/541598-023-48021-8.

W. G. Lavey, “Sustainability evolved for experts but students fell behind: teaching interrelated
social, economic and environmental goals,” /nt. J. Sustain. High. Educ., vol. 25, no. 6, pp. 1180-
1197, Jan. 2024, doi: 10.1108/1JSHE-07-2023-0327.

I.S. Rampasso et al, “Analysis of the perception of engineering students regarding sustainability,”
J. Clean. Prod., vol. 233, pp. 461-467, Oct. 2019, doi: 10.1016/j.jclepro.2019.06.105.

C. Tasdemir and R. Gazo, “Integrating sustainability into higher education curriculum through a
transdisciplinary perspective,” J Clean. Prod., vol. 265, p. 121759, Aug. 2020, doi:
10.1016/].jclepro.2020.121759.

S. Brown, F. Bornasal, S. Brooks, and J. P. Martin, “Civil Engineering Faculty Incorporation of
Sustainability in Courses and Relation to Sustainability Beliefs,” J Prof. Issues Eng. Educ. Pract.,
vol. 141, no. 2, p. C4014005, Apr. 2015, doi: 10.1061/(ASCE)EI.1943-5541.0000225.

R. D. Burke et al, “Faculty Perspectives on Sustainability Integration in Undergraduate Civil and
Environmental Engineering Curriculum,” J Prof. Issues Eng. Educ. Pract, vol. 144, no. 3, p.
04018004, July 2018, doi: 10.1061/(ASCE)EI.1943-5541.0000373.

Y. Miyatake, “Technology Development and Sustainable Construction,” J. Manag. Eng., vol. 12,
no. 4, pp. 23-27, July 1996, doi: 10.1061/(ASCE)0742-597X(1996)12:4(23).

|. Alvarez, P. Etxeberria, E. Alberdi, H. Pérez-Acebo, I. Eguia, and M. J. Garcia, “Sustainable Civil
Engineering: Incorporating Sustainable Development Goals in Higher Education Curricula,”
Sustainability, vol. 13, no. 16, p. 8967, Jan. 2021, doi: 10.3390/5u13168967.

C. M. D. Wilson et al, “Teaching Social Justice in Infrastructure: A Community of Practice
Framework for the use of Case Studies,” presented at the 2024 ASEE Annual Conference &
Exposition, June 2024, Accessed: Dec. 02, 2025. [Online]. Available:
https://peer.asee.org/teaching-social-justice-in-infrastructure-a-community-of-practice-
framework-for-the-use-of-case-studies

L. Gutierrez-Bucheli, A. Reid, G. Kidman, and J. Lamborn, Civil Engineering Curricula and
Sustainability Education: An International Cross-Case Analysis of Alignments and Gaps. 2023.

16



[49]

[50]

[51]

[52]

[53]

[54]

doi: 10.18260/1-2--43203.

C. Hickman et al, “Climate anxiety in children and young people and their beliefs about
government responses to climate change: a global survey,” Lancet Planet. Health, vol. 5, no. 12,
pp. e863-e873, Dec. 2021, doi: 10.1016/52542-5196(21)00278-3.

R. Shah and A. L. Gillen, “A systematic literature review of university-industry partnerships in
engineering education,” Eur. J. Eng. Educ., vol. 49, no. 3, pp. 577-603, May 2024, doi:
10.1080/03043797.2023.2253741.

S. Atabay, A. Pelin Gurgun, and K. Koc, “Incorporating BIM and Green Building in Engineering
Education: Assessment of a School Building for LEED Certification,” Pract. Period. Struct. Des.
Constr., vol. 25, no. 4, p. 04020040, Nov. 2020, doi: 10.1061/(ASCE)SC.1943-5576.0000528.

J. T. Kevern, “Green Building and Sustainable Infrastructure: Sustainability Education for Civil
Engineers,” J. Prof. Issues Eng. Educ. Pract, vol. 137, no. 2, pp. 107-112, Apr. 2011, doi:
10.1061/(ASCE)EI.1943-5541.0000048.

J. Woo, H. W. Kim, and E. R. Goetz, “Student Construction Sustainability Evaluations: A LEED Lab
Case Study,” presented at the 2020 ASEE Virtual Annual Conference Content Access, June 2020.
Accessed: Dec. 03, 2025. [Online]. Available: https://peer.asee.org/student-construction-
sustainability-evaluations-a-leed-lab-case-study

N. Cosme, M. Z. Hauschild, C. Molin, R. K. Rosenbaum, and A. Laurent, “Learning-by-doing:
experience from 20 years of teaching LCA to future engineers,” /nt. J. Life Cycle Assess., vol. 24,
no. 3, pp. 553-565, Mar. 2019, doi: 10.1007/511367-018-1457-5.

Envision, “About Envision - Institute for Sustainable Infrastructure.” Accessed: Dec. 02, 2025.
[Online]. Available: https://sustainableinfrastructure.org/envision/about/

“EOP,” Engineering for One Planet. Accessed: Dec. 02, 2025. [Online]. Available:
https:.//engineeringforoneplanet.org/

W. Leal Filho et al, “Sustainable Development Goals and sustainability teaching at universities:
Falling behind or getting ahead of the pack?,” J Clean. Prod., vol. 232, pp. 285-294, Sept. 2019,
doi: 10.1016/j.jclepro.2019.05.309.

E. C. Otto et al/, “Infusing Sustainability Across the Curriculum,” in Making the Sustainable
University: Trials and Tribulations, K. Leone, S. Komisar, and E. M. Everham lll, Eds., Singapore:
Springer Nature, 2021, pp. 79-98. doi: 10.1007/978-981-33-4477-8_6.

J. Birdman, A. Wiek, and D. J. Lang, “Developing key competencies in sustainability through
project-based learning in graduate sustainability programs,” /nt. J. Sustain. High. Educ., vol. 23,
no. 5, pp. 1139-1157, Oct. 2021, doi: 10.1108/1JSHE-12-2020-0506.

F. Ozis, S. L. . Parks, D. L. Sills, M. Akca, and C. Kirby, “Teaching sustainability: does style matter?,”
Int. J. Sustain. High. Educ., vol. 23, no. 8, pp. 194-210, May 2022, doi: 10.1108/1JSHE-09-2021-
0392.

V. Sukacké et al, “Towards Active Evidence-Based Learning in Engineering Education: A
Systematic Literature Review of PBL, PjBL, and CBL,” Sustainability, vol. 14, no. 21, p. 13955, Jan.
2022, doi: 10.3390/5u142113955.

L. Wijnia, G. Noordzij, L. R. Arends, R. M. J. P. Rikers, and S. M. M. Loyens, “The Effects of Problem-
Based, Project-Based, and Case-Based Learning on Students’ Motivation: a Meta-Analysis,”
Educ. Psychol. Rev., vol. 36, no. 1, p. 29, Feb. 2024, doi: 10.1007/s10648-024-09864-3.

M. Weiss, M. Barth, and H. von Wehrden, “The patterns of curriculum change processes that
embed sustainability in higher education institutions,” Sustain. Sci.,, vol. 16, no. 5, pp. 1579-1593,

17



Sept. 2021, doi: 10.1007/511625-021-00984-1.

[55] J. Horowitz Gassol, “Interdisciplinary and systems thinking solutions for complex challenges: a
paradigm shift in undergraduate entrepreneurship education,” Discov. £duc., vol. 4, no. 1, p. 295,
Aug. 2025, doi: 10.1007/s44217-025-00693-2.

[56] I. I. Berchin, A. R. de Aguiar Dutra, and J. B. S. O. de A. Guerra, “How do higher education
institutions promote sustainable development? A literature review,” Sustain. Dev., vol. 29, no. 6,
pp. 1204-1222, 2021, doi: 10.1002/sd.2219.

[57] J. Holst, “Towards coherence on sustainability in education: a systematic review of Whole
Institution Approaches,” Sustain. Sci, vol. 18, no. 2, pp. 1015-1030, Mar. 2023, doi:
10.1007/s11625-022-01226-8.

[58] X. Wang, A. South, C. Farnsworth, and B. Hashimoto, “From three-pillars to three-environments:
Shifting the paradigm of sustainability in civil and construction engineering,” Clean. Eng.
Technol., vol. 20, p. 100748, June 2024, doi: 10.1016/j.clet.2024.100748.

18



	Abstract

