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Abstract: The college impact model provides a valuable framework for explaining various college
student learning outcomes. However, few quantitative studies have examined the effectiveness of
college impact model in explaining engineering undergraduates” sustainability consciousness, a
critical learning outcome in engineering education. This study proposes a modified college impact
model to test the structural links among curriculum experiences, sustainable agency beliefs, and
engineering undergraduates’ sustainability consciousness, and to explore the moderating effect of
gender on the structural model. Data are collected from 1804 senior engineering students enrolled in
five traditional engineering disciplines at 14 first-class engineering universities in China. Structural
equation modeling was used for testing the research model. The results demonstrate that (1)
curricular emphasis has a significant direct impact on all three dimensions of students’” sustainability
consciousness, while instructional practice has a significant direct influence on the sustainability
knowingness dimension; (2) both curricular emphasis and instructional practice have a significant
indirect influence on sustainability consciousness through the full or partial mediation of sustainable
agency beliefs; and (3) gender moderates several paths in the structural model. Theoretical and
practical implications are provided, and suggestions for future research are offered.

Keywords: college impact model; sustainability consciousness; curricular emphasis; instructional
practice; sustainable agency beliefs; Chinese engineering undergraduates

1. Introduction

Given the crucial role of engineering and engineers in promotion of sustainable development,
facilitating the development of engineering students’ sustainability consciousness and preparing them
to be capable of serving in sustainable development in their future careers have been prioritized by
many engineering and technological universities, accreditation agencies, and professional societies
around the world. For example, aligned with the Washington Accord, the Chinese Engineering
Education Accreditation Association [1] has identified 12 criteria for engineering graduate outcomes,
at least three of which explicitly regulate the skills, attitudes, and behaviors directly related to the
sustainability engineering consciousness graduates need to possess, including Outcomes 3 (“an ability
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to design solutions for complex engineering problems and innovatively design systems, components or
process that meet specific needs with societal, public health, safety, legal, cultural and environmental
considerations”), 6 (“an ability to apply reasoning informed by contextual knowledge to assess
societal, health, safety, legal and cultural issues and consequent responsibilities relevant to professional
engineering practice”), and 7 (“an ability to understand and evaluate the impact of professional
engineering solutions in environmental and societal contexts and demonstrate knowledge of and need
for sustainable development”).

Sustainability consciousness is regarded as a significant learning outcome in engineering education
not only in China, but also in United States [2], United Kindom [3], Canada [4], Australia [5], Japan [6],
and many other countries with developed engineering education systems. However, there is only a
short history of research into the topic of incorporating sustainability and sustainable development
issues into engineering education since the first Engineering Education in Sustainable Development
Conference held in 2002 [7]. From a recent systematic and comprehensive literature review on this
topic [8], the endeavors of engineering education researchers can be classified in two major lines of
research. The first line or early research has mainly focused on introducing practices of institutions of
higher education and engineering programs in implementing approaches to sustainability integration.
The other line has shifted to evaluate the effectiveness of various curriculum and pedagogical methods
toward sustainability integration. Nonetheless, these studies are limited in several ways. First, most
existing research lacks a holistic and integrative view on students’ sustainability learning outcomes,
which should encompass the development in the cognitive, affective, and behavioral domains [9,10].
Second, most previous research has used small samples restricted to single engineering programs
within single institutions. Third, previous research or case studies have been mainly conducted in
Europe and North America, and little research exists on engineering students in developing countries
or areas, such as China, which has the largest scale of engineering education around the world [11].
The last, but maybe most notable, limitation of previous studies is the lack of a comprehensive empirical
framework used to explore the causal relationship between the introduction of sustainability into
engineering education and engineering students’ sustainability learning outcomes.

To address these limitations in existing studies, this study explicitly investigates the influences
of two aspects of engineering students’ curriculum experiences toward sustainability (i.e., curricular
emphasis and instructional practice), sustainable agency beliefs, and gender on their sustainability
consciousness (covering cognitive, attitudinal, and behavioral dimensions) based on a modified college
impact model. The college impact model proposed by Terenzini and Reason [12] may be one of the
most representative theoretical frameworks to explain the relationships among individual institutional
factors influencing undergraduates’ various skills and learning outcomes. It is necessary to study
engineering undergraduates’ sustainability consciousness by including sustainable agency beliefs in the
college impact model because previous studies have recommended that engineering undergraduates
be the agents of change, and they will be influenced by the sustainable problems that are rooted in
current human activities [13,14]. Moreover, the moderation role of gender on the relationship between
engineering students’ college experiences and several learning outcomes (e.g., contextual awareness,
design skills, and communication skills) have been tested in the United States [15,16]. However, there
is still a need to further investigate the gender gap in the relationships among college experiences and
sustainability learning outcomes [17].

Therefore, the main aim of this study is to utilize a modified college impact model to (1) test
the impacts of two aspects of curriculum experiences (i.e., curricular emphasis and instructional
practice) on engineering undergraduates’ sustainability consciousness; (2) examine the mediating
effect of sustainable agency beliefs in the relationship between curriculum experiences and engineering
undergraduates’ sustainability consciousness; and (3) explore the moderating role of gender on
the relationships among curriculum experiences, sustainable agency beliefs, and engineering
undergraduates’ sustainability consciousness. To our knowledge, this is the first study employing
a college impact model to evaluate students’ sustainability learning outcomes. The findings of the
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current study will contribute to expanding the application areas of the college impact model in
explaining sustainability learning outcomes and strengthen its content by incorporating sustainable
agency beliefs. Moreover, with a thorough understanding of factors influence the sustainability
consciousness of undergraduates in traditional engineering disciplines, our study can offer practical
insight for the reform and development of engineering education in China in the context of engineering
professional accreditation.

2. Theoretical Background and Research Hypotheses

2.1. Modified College Impact Model

After reviewing three decades of research on study outcomes of college students, Terenzini and
Reason [12] developed the college impact model as a refinement and extension of Astin’s [18]
input-environment-output model. The college impact model illustrates the influence of (1)
background characteristics and (2) college experiences, including organizational and program
context and peer environment, on student outcomes. The basic premise of the college impact
model is that students’ background characteristics shape various aspects of their experiences within
organizational and program contexts (e.g., organizational and program characteristics, structures,
practices, policies, and faculty cultures) and, in turn, experiences within peer environments (e.g.,
curricular, classroom, and out-of-class experiences), which directly relate to learning outcomes
(e.g., cognitive development, psychosocial and attitudinal change, and persistence). Several
subsequent studies have provided empirical support for the utility of the college impact model
since its proposal [19,20]. Focusing on the engineering context, several recent surveys performed
in the United States have contributed to understand the relationship between college impact model
components and engineering undergraduates’ core learning outcomes recognized by the Engineer of
2020 report [21], such as contextual competence, fundamental skills, design skills [22], engineering
leadership [23,24], interdisciplinary competence [25], teamwork skills, communication skills [24], and
ethical development [26]. Following these pioneering studies, it is appropriate to employ the college
impact model in the current study to effectively understand sustainability consciousness, which is also
deemed an increasingly vital consideration for engineering education around the world [27].

The term “sustainability consciousness” was proposed and defined by a Swedish research team
based on the extension of psychological research on environmental consciousness [10]. The group of
researchers defined sustainability consciousness as a set of knowingness, attitudes, and behaviors
regarding the three dimensions (environment, society, and economy) of sustainable development [28].
As a complex cognitive, affective, and behavioral learning outcome, the formation of sustainability
consciousness is the result of interactions among educational, motivational, cultural, and other personal
factors [29]. Bandura [30], in explaining the agentic aspects of social-cognitive theory, posited that
individuals are not passively reactive to external educational influences, but they are proactive and
self-reflective learners and agents. As a central theme of social-cognitive theory, agency beliefs are
critical for engineering students’ sustainability literacy development. Several recent studies have
pointed out that engineering students’ participation and learning in sustainability are fostered when
they believe engineering has a chance to advance the world as a more sustainable place [31].

College impact scholars have repeatedly asserted that college experiences can support students’
psychosocial, emotional, and motivational development [32-34], which in turn leads to a variety of
capacities and literacy development. Astin [35] suggested that the college experience “must elicit
sufficient student effort” (p. 522), which largely relies on “how motivated the student is” (p. 522).
However, there remains a demand for more clear evidence regarding the possible motivational and
psychosocial processes that underlie students’ college experiences and their capacity or literacy [36].
Although the college impact model has been proven to be a more comprehensive framework for
explaining students” outcomes, it may benefit from reasonable revision or expansion that makes it
suitable to various outcomes about literacy and capacity development within different contexts. From
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the agentic socio-cognitive perspective, students become both “products” and “producers” of their
learning environment [37,38]. In this sense, curriculum practices are important educational resources
for aiding students in achieving learning outcomes, but this does not mean that the possession of certain
curriculum experiences always leads to expected outcomes. Based on these perspectives, this study
was designed to incorporate sustainable agency beliefs into a college impact model as a psychological
mediator between learning and outcomes. In addition, with a sociocultural perspective on learning,
some researchers further explore the differential relationship between engineering students’ college
experiences and their learning outcomes by their background characteristics (e.g., race, ethnicity, and
gender) [15,16,39,40]. Therefore, we also operate gender as a moderating factor in the extended college
impact model. Based on the extended college impact model, the research framework of the current
study is shown in Figure 1.

Gender

Sustainability
knowingness

Instructional
practice
Curriculum
emphasis

Figure 1. Research framework.
2.2. Curriculum Experiences and Sustainability Consciousness

Curriculum experts pointed out that learning outcomes should be one of the first considerations
in the construction of a curriculum [41]. According to the college impact model, two aspects of student
curriculum experiences in college, including experiences of curricular emphasis and instructional
practice, might affect students’ learning outcomes. For several decades, universities have been involved
in integrating sustainability and sustainable development issues into engineering curriculum. As a
response, a sizable body of literature has documented the incorporation cases and summarized the
common approaches for diffusion and teaching of sustainable development in engineering education
around the world [8,42,43].

Previous empirical studies have shown how curricular emphasis toward sustainability can have
a positive influence on the knowledge and attitude components of the sustainability consciousness
of undergraduates. For example, at five public universities in Malaysia, Shing et al. [41] revealed
that compulsory courses specifically related to sustainability exert the highest influence on chemical
engineering undergraduates’ sustainability interest and knowledge compared to any other types of
courses. At the University of Toronto, Kennedy et al. [44] investigated 102 students and showed that the
implementation of several environmental and water resource engineering courses increased students’
environmental awareness. Kuo and Jackson [45] employed the New Ecological Paradigm (NEP) scale
to assess changes in student sustainability attitudes before and after an introductory environmental
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studies course in an engineering university, and the results demonstrated that, although engineering
students scored lower on the NEP than non-engineering students, the improvement in engineering
students’ scores was statistically significant after taking this environmental course. Bielefeldt [46]
reported that the early emphasis of sustainability in an introductory course for civil and environmental
engineering students influences their sustainability knowledge and attitudes. Tang [47] found that a
sustainable development course provided in Curtin University Malaysia yielded positive effects on
students’ sustainability beliefs, attitudes, and behavioral intentions. In a recent survey of 539 students
at Indiana University, Pizmony-Levy and Michel [48] demonstrated that the opportunity to learn
about sustainability and environmental issues, an indicator of curricular experience, has positive and
significant effects on undergraduates’ pro-environmental attitudes and behaviors.

Curriculum is not limited to “what is taught” (i.e., course emphasis), but also includes “how
should it be taught?” (i.e., instructional practice). The existing literature has identified the presence of
certain types of pedagogies, instructional approaches, and strategies to better deliver sustainability
content in courses and facilitate students’ sustainability consciousness, such as student-centered
instruction, project-based education, multidisciplinary and transdisciplinary approaches, and an
active-learning pedagogical approach [49]. According to the constructivism learning theory [50],
teaching sustainability is a matter of not only simply transmitting sustainability-related issues, contents,
or facts, but also encouraging engineering students in active learning, constructing sustainability
knowledge on the basis of their previous experiences and what they already know. Within the
engineering education context, for instance, by using the concept map technique, Segalas et al. [51]
found that a more constructive, active-learning and community-oriented method applied in courses
could increase engineering students’ general knowledge of sustainability across three European
universities. Similarly, Jollands and Parthasarathy [52] discovered that project-based learning as a
promising approach for promoting sustainability education significantly improved the understanding
of sustainability among chemical engineering students at the Royal Melbourne Institute of Technology,
Australia. Yusof et al. [53] revealed that cooperative problem-based learning positively enhanced
first-year engineering students’ sustainable behaviors.

Although previous studies have not tackled experiences of curricular emphasis and instructional
practice simultaneously, they have supported that various curricular and instructional opportunities
toward sustainability should be surveyed to understand engineering undergraduates’ sustainability
consciousness enhancement. Tang [47] claimed that “the information which the respondents received
from the course and additional efforts made in its delivery was expected to influence the respondents’
beliefs concerning sustainability” (p. 461), which may eventually result in the formation of consciousness
demonstrating sustainability traits. In line with the significance of curriculum experiences as suggested
by the college impact model, current research attempts to extend this research on the promotion of
engineering undergraduates’ sustainability consciousness to evaluate the relative importance of two
aspects of students’ formal curriculum experiences. We therefore posit the following hypothesis:

H1a: Curricular emphasis has a significant positive influence on the three aspects of sustainability consciousness,
namely, sustainability knowingness, attitudes, and behaviors.

H1b: Instructional practice has a significant positive influence on the three aspects of sustainability consciousness,
namely, sustainability knowingness, attitudes, and behaviors.

2.3. Mediating Role of Sustainable Agency Beliefs

Agency beliefs involve individuals believing that they have the capacity to intentionally choose,
implement, and control their own behaviors to acquire expected outcomes; it is a central concept in the
theory of social-cognitive theory presented by Bandura [37]. Within the engineering education context,
scholars [54-56] asserted that students’ engineering agency beliefs involve how students see and think
about engineering as a way to better the world, and proposed the concept and measurement of global
agency, which involves students’ beliefs in the capacity of engineering to have a beneficial impact on
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the world in a global sense. Following this view, sustainable agency beliefs are used here to indicate a
student’s perception of the ability of engineering to promote the sustainable development of the world
because sustainable development involves addressing complex global problems in essence.

It has been suggested that agency beliefs can enhance individual’s social responsibility sense,
social consciousness, and social action [57]. Studies such as that conducted by Sampaio et al. [58] have
shown that a high level of agency beliefs can result in more sustainability actions. In addition, based
on a representative sample of engineering undergraduates in the United States, a series of studies
have systematically measured agency belief, awareness, literacy, and action to address sustainable
development issues and have examined the effect of agency beliefs on the sustainability-related career
outcome expectations of students [31,54,56,59,60].

According to previous research, the use of certain types of instructional and pedagogical practices
foster the development of sustainability competencies (e.g., systems thinking, interdisciplinary
work, and critical and creative thinking) [49,61], which are critical to the creation of active change
agents with empowered global responsibility and to the development of individuals’ sustainability
consciousness [62]. To date, only a few studies have shed light on the understanding of the curriculum
experiences associated with sustainable agency beliefs in the context of engineering education.
For example, a longitudinal case study by Godwin and Potvin [63] described how high school
experiences helped a young woman build her agency beliefs and select an engineering major in
college, while her experiences of engineering education weaken the agency beliefs she built and
impelled her to quit engineering after her first year in college. Baugher et al. [64] further revealed
that international service learning through formal curricular experiences was closely correlated with
engineering students” agency beliefs.

Based on the modified college impact model and existing empirical evidence, we argue that
the curricular emphasis and instructional practice toward sustainability may first influence students
sustainable agency beliefs and then enhance their sustainable consciousness. Therefore, the following
hypotheses are developed:

7

H2a: Sustainable agency beliefs mediate the relationship between curricular emphases and aspects of sustainability
Consciousness.

H2b: Sustainable agency beliefs mediate the relationship between instructional practice and aspects of
sustainability consciousness.

2.4. Moderating Role of Gender

The male domination of engineering fields and numerical unbalance may lead to exclude females
from the “old boys’ networks” [65], and result in the women'’s lack of educational resources and
support in traditional engineering education areas as a result of the existing gender stereotypes [66].
In this sense, women are more likely than men to need agency beliefs to achieve expected learning
outcomes [63], especially in the engineering context. Integration of sustainability in curriculum might
be an important way to broaden females” engagement and diminish the gender gap in engineering
education. In other words, women students may benefit psychologically and behaviorally more
than men from education for sustainability [67]. For example, Klotz and colleagues [27] revealed
that sustainability topics in engineering education raise females’ interest in engineering, and female
engineering students also exhibit more interest in addressing sustainability issues in their future careers
than their male engineering peers. Existing literature has also demonstrated that girls show greater
sustainability consciousness, that is, acquire more sustainability knowledge, attitudes, and behavior
through education for sustainability [17]. However, to the best of our knowledge, there has not been a
direct test for gender differences in the relationship among educational and psychological factors and
sustainability consciousness.

The college impact model emphasized the interaction between individual factors and college
experiences on students’ learning outcomes. Consistent with previous research [33], sustainability
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7

consciousness as a critical learning outcome of engineering students might vary according to students
gender, particularly regarding different experiences, motivation, values, self-efficacies, self-concepts,
interests, and eventual participation in the sustainability learning process. Thus, female and male
undergraduates who attend the same courses and are exposed to similar instructional practices in
their engineering programs may nonetheless have difference in sustainability consciousness due to the
difference in how they perceive and value certain topics and pedagogical approaches utilized in their
classroom. The present study designs to test the impact of differences in gender on the link between
curriculum experiences and sustainability consciousness with sustainable agency beliefs as a mediating
variable because gender has been repeatedly emphasized as a critical consideration in engineering
education and sustainable education literature [68,69]. Hence, the following hypotheses are suggested:

H3: Gender moderates the relationships among curricular experiences, instructional practices, sustainable
agency beliefs, and sustainability consciousness.

3. Methodology

3.1. Sample

Data were collected from 14 first-class engineering and technology universities located in Beijing,
Shanghai, Tianjin, Nanjing, Xi’an, and Wuhan in China. This research targeted five engineering
disciplines (i.e., civil, electrical, mechanical, chemical, and materials engineering) because they represent
the most traditionally and commonly offered engineering disciplines in colleges and universities
throughout China. With the assistance of the student activities advisors of each targeted engineering
discipline, survey questionnaires were sent to 2100 engineering students at the beginning of their fourth
year of undergraduate study in October 2019. Before giving consent, all participants were informed
that the purpose of the survey, as well as the anonymity and voluntariness of their participation. 1987
questionnaires were collected in total. After eliminating 183 invalid questionnaires, 1804 responses were

finally utilized for statistical analysis. The characteristics of the survey respondents are summarized in
Table 1.

Table 1. Characteristics of survey respondents.

Characteristic Categories Number of Respondents Percentage (%)

civil engineering 222 12.3
electrical engineering 267 14.8
Engineering discipline mechanical engineering 685 38.0
chemical engineering 188 10.4
materials engineering 442 24.5
Female 589 32.6

Gender
Male 1215 67.4
.. Han 1706 94.6

Ethnicity
Other 98 5.4
. . Urban 946 524

Area of family residence

Rural 858 47.6
First-generation Yes 530 29.4

university student No 1274 70.6
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3.2. Measurement

The questionnaire was divided into two sections. Section one requested participants to report
their background characteristics, including engineering discipline, gender, ethnicity, area of family
residence, and status as first-generation university student. Part two was the measurement of variables
in our research model. All measures were adopted and revised from previous literature utilizing a
Likert type scale.

Eight items were used to measure two sets of curriculum experience variables, namely, curricular
emphasis and instructional practice. Four items of the curricular emphasis scale derived from
Lattuca et al. [25] were revised to assess how much sustainability-related knowledge and skills were
emphasized in engineering students’ formal courses, with answers ranging from “little emphasis” (1)
to “very strong” (5). For instructional practice, four items were adapted from the student-centered
teaching scales of Lattuca et al. [25] and Michel [70]. We asked engineering students to answer how
often they experienced different student-centered teaching techniques for sustainability throughout
their engineering programs in formal courses using a five-point Likert scale that ranges from “never”
(1) to “always” (5). The items were modified to fit the objectives of this study. For example,
“Explained new concepts by linking them to what students already know” was changed to “Explained
sustainability-related concepts by linking them to what students already know”.

A four-item sustainable agency belief scale revised from the global agency beliefs scale of
Godwin et al. [56] was used to evaluate engineering students’ beliefs about the potential for engineering
to contribute to the promotion of sustainable development. Responses were indicated on a five-point
Likert scale ranging from “strongly disagree” (1) to “strongly agree” (5). The items were modified to
apply to the context of engineering education. For example, “a country needs science and technology
to become developed” was changed to “A country needs engineering to become developed”.

A 15-item scale derived from the Chinese version sustainability consciousness scale developed by
Olssonetal. [71], and was used to measure engineering students’ sustainability knowingness (five items),
sustainability attitude (five items), and sustainability behavior (five items). Each subscale covers three
dimensions of sustainable development (i.e., environment, society, and economy). The participants
were asked to report the degree to which they agreed with the statements regarding sustainability, and
each of the items was rated on a five-point Likert-type scale ranging from “strongly disagree” (1) to
“strongly agree” (5).

Additionally, to examine the moderating role of gender on the hypothesized paths, we coded it as
a dummy variable in the study (0 = female, 1 = male).

Table 2 shows the mean, standard deviation, skewness, and kurtosis of the scale items. The mean
of the items ranged from 3.915 to 4.528, and their standard deviation ranged from 0.656 to 0.972.
Moreover, the absolute values of skewness were less than 3 (from 0.424 to 1.903), and the absolute values
of kurtosis were lower than 10 (from 0.061 to 6.319), implying that the survey data satisfied the criteria
of a multivariate normal distribution and that further statistical analyses could be performed [72].

Table 2. Questionnaire items and results of descriptive statistics.

Variables/Measurement Items Mean SD Skewness Kurtosis

Curricular emphasis (CE)

CEl: Generating and evaluating ideas about how to

: : : . 4.169 0.697 -0.783 1.546
solve an engineering problem in a sustainable way
CE2: The Valu(? of ggnder, ra(?lal/et.hmc, or cultural 3.933 0.848 _0.677 0.489
diversity in engineering
CE3: Sustainable issues in engineering practice 4124 0.717 —-0.693 1.016

CE4: Understanding how engineering solutions can be
shaped by environmental, cultural, economic, and 4.080 0.750 -0.716 1.015
other considerations
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Table 2. Cont.

Variables/Measurement Items Mean SD Skewness Kurtosis

Instructional practice (IP)

IP1: Used examples, cases, or metaphors to explain

sustainability-related concepts 3.929 0-807 0643 0-569
IP2: Introduced how st}stau}ablhty is connected 3.951 0.793 _0.621 0.583
to engineering
IP3: Explained sustainability-related concepts by B
linking them to what students already know 3:920 0825 0653 0.526
IP4: Provided support if and when students felt
challenged by the sustainability content 3915 0-836 0-716 0601
Sustainable agency belief (SAB)
SAB1: Engineering will provide g.reater opportunities 3.945 0.819 _0.424 ~0.061
for future generations
SAB2: A country needs engineering to 4003 0.853 ~0.860 1124
become developed
SAB3: Engineering make our lives healthier, easier, 3.984 0.867 ~0.862 1.059
and more comfortable
SAB4: The benefits of new engineering technologies
for sustainable development greatly outweigh the risks 4.080 0816 0-910 1.385
Sustainable knowledge (SK)
SK1: Respecting human rights is necessary for 4442 0.797 _1.784 3913

sustainable development

SK2: To achieve sustainable development, all the
people in the world must have access to 4.106 0.972 -1.001 0.449
good education

SK3: Sustainable development requires a fair

distribution of goods and services among people in 4.029 1.016 -0.924 0.226
the world
SK4: Wiping out poverty in the world is necessary for 4195 0.888 ~1.099 1.028
sustainable development
SK5: Sustainable development requires a shift to 4407 0.691 1512 4154

renewable natural resources

Sustainable attitude (SA)

SA1: I think that everyone ought to be given the
opportunity to acquire the knowledge, values, and 4.481 0.690 -1.726 4.822
skills that are necessary to live sustainably

SA2: I think that companies have a responsibility to

reduce the use of packaging and disposable articles 4.528 0.658 —1.903 6.319

SA3: I think that we who are living now should make
sure that people in the future enjoy the same quality of 4.460 0.717 —1.745 4.706
life as we do today

SA4: I think that people who pollute land, air, or water
should pay for the damage they cause to 4.480 0.675 -1.626 4.595
the environment

SAS5: I think that it is important to take measures
against problems which have to do with 4.503 0.656 -1.724 5.442
climate change
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Table 2. Cont.

Variables/Measurement Items Mean SD Skewness Kurtosis

Sustainable behavior (SB)

SB1: Where possible, I choose to cycle or walk when
I'm going somewhere, instead of travelling by 4.426 0.719 —-1.459 3.228
motor vehicle

SB2: When I use a computer or mobile to chat, to text,

to play games, and so on, I always treat others as 4.404 0.746 -1.614 3.921
respectfully as I would in real life
SB3: I do things that help poor people 4.225 0.771 —-0.947 1.376

SB4: I avoid buying goods from companies with a bad
reputation for looking after their employees and 4.274 0.769 -1.129 1.923
the environment

SB5: I have changed my personal lifestyle in order to

4.396 0.678 -1.280 3.207
reduce waste

3.3. Data Analysis

In this study, structural equation modeling (SEM) analysis with the maximum-likelihood estimation
method was conducted to examine the hypothesized relationships among curricular emphasis,
instructional practice, sustainable agency beliefs, and sustainability consciousness. Our analysis
followed the two-step strategy outlined by Anderson and Gerbing [73], namely, the measurement model
and structural model analyses. The indices that evaluated the model’s goodness of fit were the ratio of
chi-square to the degree of freedom (x?/df), goodness-of-fit index (GFI), adjusted goodness-of-fit index
(AGFI), comparative fix index (CFI), incremental fit index (IFI), Tucker-Lewis index (TLI), standardized
root mean square residual (SRMR), and root mean square error of approximation (RMSEA). For a good
fit, x%/df should be lower than 5; GFI, AGFI, CFI, IFI, and TLI should be greater than 0.90; and SRMR
and RMSEA should be lower than 0.08 [74]. To examine the mediating role of sustainable agency
beliefs, we used the bootstrapping procedure (2000 bootstrap samples) to calculate the indirect effects
of curriculum experience on sustainability consciousness (via sustainable agency beliefs) and their
associated 95% confidence intervals (CI). Significance of an indirect effect was determined if the 95%
bias-corrected bootstrap CI that does not include zero. The bootstrapping approach shows better
statistical property than the Sobel test or causal steps method while decreasing the probability of Type
1 error [75]. Furthermore, multigroup SEM analysis was used to test the moderating effect of gender
because it is a more commonly preferred and powerful technique to detect structural invariance [76].
All the above analyses were performed in Amos 23 software package.

4. Results

4.1. Measurement Model

Confirmatory factor analysis (CFA) was conducted to assess the fitness of the measurement model
to the research data before structural model analysis. The measurement model consisted of six latent
variables and 27 observed indicators. In the CFA, we permitted all latent variables to correlate with one
another, and observed indicators were constrained to load only on their respective latent constructs.
Figure 2 demonstrates the results of the CFA. The results suggested that the measurement model had a
satisfactory fit to the survey data (x2 = 1107.154; df = 309; x2/df = 3.583; GFI = 0.955; AGFI = 0.945;
CFI = 0.975; IFI = 0.975; TLI = 0.971; SRMR = 0.035; RMSEA = 0.038 [90% CI: 0.035, 0.040]). The
standardized factor loadings of all indicators were significant and greater than the threshold of 0.50
(from 0.656 to 0.955) [74].
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Figure 2. Results of confirmatory factor analysis (CFA).

In addition, Harman’s one-factor test were applied to determine the common method variance in
the data [77]. In doing so, we compared the fit of one-factor (common method) model with the six-factor
measurement model. The results showed that the single-factor model (all items were constrained to
load together on one latent construct) had a poor data fit (x? = 15314.926; df = 324; x2/df = 47.268;
GFI = 0.428; AGFI = 0.332; CFI = 0.528; IFI = 0.528; TLI = 0.488; SRMR = 0.142; RMSEA = 0.160 [90%
CI: 0.158, 0.162]. The chi-square statistic (Ax? = 14207.772, Adf = 15, p < 0.001) supported that the
six-factor model yielded a remarkably better fit to the data than the one-factor model, indicating that
common method variance was absent in this study.

After the CFA analysis, we calculated the Cronbach’s « coefficients and composite reliability
values to assess the reliability of the measures. As shown in Table 3, Cronbach’s « coefficients of
the scales ranged from 0.832 to 0.930, higher than the standard value of 0.700 [78]. The values for
composite reliability (CR) ranged from 0.837 to 0.930 and were greater than the threshold level of
0.700 [79]. Additionally, the average variance extracted (AVE) scores ranged from 0.507 to 0.770
and were greater than the recommended value of 0.50. These results suggested satisfactory internal
consistency reliability, composite reliability, and convergent validity of the measures in this study [80].

Table 3. The standard factor loading and reliability.

Variables Items Loading Cronbach’s o CR AVE

CE1 0.755

. . CE2 0.835

C 1 h CE

urricular emphasis (CE) CE3 0.816 0.887 0.890 0.668

CE4 0.861

1P1 0.875

. . P2 0.885

Instruct 1 t 1P

nstructional practice (IP) P3 0.896 0.930 0.930 0.770

1P4 0.853

SAB1 0.719

. . SAB2 0.906

Sustainabl belief (SAB

ustainable agency belief ( ) SAB3 0.885 0.908 0.911 0.722

SAB4 0.875

SK1 0.672

SK2 0.671
Sustainability knowingness (SK) SK3 0.748 0.832 0.837 0.507

SK4 0.712

SK5 0.754
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Table 3. Cont.

Variables Items Loading Cronbach’s a CR AVE
SA1 0.774
SA2 0.775
Sustainability attitude (SA) SA3 0.745 0.878 0.879 0.590
SA4 0.756
SA5 0.796
SB1 0.722
SB2 0.749
Sustainability behavior (SB) SB3 0.735 0.860 0.861 0.554
SB4 0.739
SB5 0.773

CR = composite reliability; AVE = average variance extracted.

Table 4 presents the correlation coefficients of all measures and the square roots of the AVEs.
As demonstrated in this table, correlations between variables ranged from 0.274 to 0.877 (p < 0.001).
Furthermore, the square roots of the AVEs for each measure were higher than their associated pair of
correlations, providing evidence for the discriminant validity of the measures in this study [80].

Table 4. Correlation and discriminant validity.

Variables 1 2 3 4 5 6
1. Curricular emphasis 0.817
2. Instructional practice 0.725 *** 0.877
3. Sustainable agency belief 0.445 *** 0.483 *** 0.850
4. Sustainability knowingness 0.322 *** 0.325 *** 0.274 *** 0.712
5. Sustainability attitude 0.336 *** 0.299 *** 0.299 *** 0.669 *** 0.768
6. Sustainability behavior 0.389 *** 0.362 *** 0.374 *** 0.612 *** 0.743 *** 0.744

Diagonal elements (in italics) are the square root of the average variance extracted (AVE). *** p < 0.001.

4.2. Structural Model

SEM analysis was performed to test the hypothesized relationships among variables. The SEM
results indicated that the structural model exhibited adequate fit (x? = 1107.154; df = 309; x%/df = 3.583;
GFI = 0.955; AGFI = 0.945; CFI = 0.975; IFI = 0.975; TLI = 0.971; SRMR = 0.035; RMSEA = 0.038
[90% CI: 0.035, 0.040]). The statistical significance of the direct paths among variables was examined.
First, both curricular emphasis ( = 0.185, t = 4.363, p < 0.001) and instructional practice (3 = 0.349,
t = 8.308, p < 0.001) had significant impacts on sustainable agency beliefs. Second, curricular emphasis
exerted significant impacts on all of the dimensions of sustainability consciousness (i.e., sustainability
knowingness: 3 = 0.200, t = 4.201, p < 0.001; sustainability attitude: = 0.274, t = 5.872, p < 0.001;
sustainability behavior: 3 = 0.288, t = 6.301, p < 0.001). Third, the direct influence of instructional
practice on sustainability knowingness was significant (3 = 0.140, t = 2.947, p < 0.01), while the
direct effects of instructional practice on both sustainability attitude (8 = 0.023, t = 0.491, p > 0.05)
and sustainability behavior (§ = 0.054, t = 1.205, p > 0.05) were not significant. Lastly, sustainable
agency beliefs had significant effects on sustainability knowingness (3 = 0.136, t = 4.575, p < 0.001),
sustainability attitude (3 = 0.180, t = 6.223, p < 0.001), and sustainability behavior (3 = 0.242, t = 8.447,
p < 0.001). Figure 3 shows the SEM results.

We further conducted a bootstrapping analysis to strictly examine the mediation role of sustainable
agency beliefs. As shown in Table 5, both the direct and indirect effect sizes of curricular emphasis
on the three dimensions of sustainability consciousness were significant. Similarly, the direct and
indirect effect sizes of instructional practice on sustainability knowingness were significant, indicating
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that sustainable agency beliefs exerted a partial mediating effect on these relationships. However, the
direct effect size of instructional practice on sustainability attitude and sustainability behavior was not
significant, indicating that sustainable agency beliefs fully mediated these two relationships. Thus,
Hla, H2a, and H2b are supported, whereas H1b is only partially supported.

0.77 0.78 0.80 0.73

| 1P1 || IP2 ” 1P3 || 1P4 |

& SK1

o

0.57 0.70 0.67 074 — 0.67 0.45
K Instructional 0.14 Sustainability 071 G
CE1 CE2 CE3 CE4 practice 4 \ knowmgn:ss 0.7 0.51
= » N
N 0 0.17 2%

N 0.76

Curriculum \ o
\ ~
027 VAR Y g 0 S
Sustainability
25 03 \ ‘ attitude o7 SA3 Iwo.56
29 \ 76y
“S0

% %

o
@
N

I
1
>

’
e
=N
o

o
o
S

0.19 AN 28, SA% Iwo.57
0157\ 5A5 [wo.63
.\ N\ 082
Sustainable \\ 0.52
0.26 agency belief \\ KO‘ZS Niid oo

0.24 075 0.56
Sustainability
j\f\' D % 0.74 SB3 |w .54

[sm”s

S S
\yf
(2]
H
=
<)
41}
@

=

[

x’i‘\om
| % f—s8°

0.60
o B A F
Figure 3. The results of structural equation modeling (SEM).
Table 5. The results of bootstrapping analysis.
Paths Bootstrapping 95% Bias-Corrected CI p
Effect Boot S. E. Boot LLCI Boot ULCI

CE—SK 0.200 0.055 0.097 0.311 0.001
CE—-SA 0.274 0.054 0.169 0.380 0.001
CE—SB 0.288 0.052 0.185 0.390 0.001
CE—SAB 0.185 0.057 0.071 0.297 0.003
IP—SK 0.140 0.050 0.039 0.233 0.012
IP—-SA 0.023 0.043 -0.070 0.104 0.661
IP—SB 0.054 0.047 -0.038 0.148 0.244
IP—SAB 0.349 0.053 0.246 0.452 0.001
SAB—SK 0.136 0.033 0.074 0.202 0.001
SAB—SA 0.180 0.036 0.112 0.255 0.001
SAB—SB 0.242 0.034 0.174 0.308 0.001
CE—SAB—SK 0.025 0.010 0.009 0.050 0.002
CE—SAB—5A 0.033 0.012 0.012 0.063 0.002
CE—SAB—SB 0.045 0.016 0.018 0.080 0.002
IP-SAB—SK 0.048 0.013 0.025 0.078 0.000
IP-SAB—SA 0.063 0.016 0.036 0.100 0.001
IP-SAB—SB 0.085 0.017 0.056 0.124 0.001

CE = curricular emphasis; IP = instructional practice; SAB = sustainable agency belief; SK = sustainability
knowingness; SA = sustainability attitude; SB = sustainability behavior.
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4.3. Moderating Effects

We conducted Multigroup SEM analyses to determine the moderating role of gender in the
research model. The sample was classified into female and male student subgroups using the
dichotomous variable of gender. Chi-square test was utilized to compare a constrained model (i.e., all
path coefficients were specified to be equal across the two groups) with an unconstrained model (i.e.,
all path coefficients were allowed to vary across the two groups). If the constrained model exerts a
greater chi-square coefficient than the constrained model, the moderating effect is supported [79]. In
each model, factor loadings between the two groups were kept constant to assure that the variables
were being measured equally across groups; however, error variances were permitted to vary across
groups [81]. The chi-square statistic demonstrated a significant difference (Ax? = 20.406, df = 11, p <
0.05) between the constrained (x? = 1715.090, df = 655) and unconstrained model (x? = 1694.684, df =
644), supporting a potential moderation effect of gender.

To discern the moderator effects on each relationship, a sequence of chi-square difference tests
were performed by comparing the constrained models with 11 different models respectively, each
permitting only one of the hypothesized structural relationships to be unconstrained. The results
illustrate that only four out of the 11 paths were significantly moderated by gender (see Table 6).
Specifically, the effect of curricular emphasis on sustainable agency beliefs was stronger for male
students (3 = 0.224, p < 0.001) than for female students (3 = 0.129, p < 0.05). Similarly, the influence of
instructional practice on sustainable agency beliefs was stronger for male students (3 = 0.390, p < 0.001)
than for female students (3 = 0.273, p < 0.001). On the other hand, female students (3 = 0.213, p < 0.001)
exhibited greater path coefficients than male students (3 = 0.140, p < 0.001) in the impact of instructional
practice on sustainability knowingness, and the effect of sustainable agency beliefs on sustainability
knowingness was also weaker for male students (3 = 0.102, p < 0.01) than for female students (3 = 0.216,
p < 0.001). Hence, H3 is partially supported.

Table 6. Results of the multigroup SEM analysis.

Standardized Coefficients

X% (df) Ax (Adf)
Female Male
Constrained model - - 1715.090 (655) -
CE—SAB 0.129 * 0.224 *** 1708.895 (654) 6.195*
IP—SAB 0.273 *** 0.390 *** 1708.174 (654) 6.915 **
IP—-SK 0.213 *** 0.140 *** 1710.936 (654) 4.153*
SAB—SK 0.216 *** 0.102 ** 1705.656 (654) 9.433 **

***p <0.001, *p <0.01, *p < 0.05.

5. Discussion

The purpose of this study was to examine the influencing factors of sustainability consciousness
among engineering undergraduates in China. With a modified college impact model, we examined the
hypothesized links among curriculum experiences, sustainable agency beliefs, and three dimensions
of sustainability consciousness, and tested the moderating role of gender on the relationships among
research variables. The results of a series of analyses provided support for most relations proposed
in the hypothesized model, and the main results are discussed below. Our study is a response to
scholars’ call for more empirical research on how sustainability education (e.g., curriculum experiences)
impacts the sustainability-related learning outcomes of undergraduates in the context of engineering
education [82].

In line with the college impact model, the current study emphasized the direct impact of curriculum
experience on the sustainability consciousness of engineering undergraduates. Our study revealed that
curricular emphasis has a significant, positive influence on all three dimensions of engineering students’
sustainability consciousness. These findings are supported by previous studies that demonstrated that
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the embedding of sustainability and sustainable development issues into formal courses benefits the
formation of engineering students’ sustainability consciousness [47]. A possible explanation for this
might be that the values and beliefs of engineering undergraduates are in a transitional state; thus,
the knowledge, skills, and information delivered in formal courses, such as sustainable thinking and
the influences of different dimensions of sustainable development on engineering, foster a positive
change in their values and beliefs toward sustainability [83], which play a fundamental role in guiding
sustainability knowingness, attitudes, and behaviors according to the value-belief-norm theory [84].

Consistent with previous studies [85], student-centered instructional practice was found to
significantly and positively influence sustainability knowingness. Contrary to expectations, however,
instructional practice has no significant direct effect on sustainability attitude and behavior in this
study. These findings may be explained by a consensus in the environmental education literature
that teaching sustainable issues would increase their sustainability knowledge level, whereas the
development of sustainability attitudes and behaviors is a more complex process that is determined by
the interactions among various individual and environmental factors, and unlikely to be automatically
achieved as a result of instruction [29]. Student-centered approaches have been generally regarded as a
feasible means of tackling the challenges of sustainability education [86]. However, the effectiveness of
such instructional practice can be largely dependent on the positive attitude and sufficient knowledge
of engineering faculty toward teaching sustainability [87]. In fact, it was not until China became the
formal member of Washington Accord in 2016 that a large number of engineering programs needing
accreditation began to integrate sustainability into their curricula. The idea and implementation of
sustainable education are rather new to some engineering faculty and instructors. Thus, instructors
in the current study delivered sustainability knowledge by using certain pedagogies, and they may
be inexperienced and reluctant to further facilitate students” active and meaningful learning about
sustainability due to the lack of necessary resources and support.

The results indicate that both curricular emphasis and instructional practice are significantly
related to sustainable agency beliefs, which in turn have a positive impact on three dimensions of
sustainability consciousness. The mediating effects of engineering students’ sustainable agency beliefs
in the relationship between the two aspects of curriculum experiences and sustainability consciousness
dimensions were supported through a bootstrapping test. Specifically, sustainable agency beliefs
partially mediate the relationship between instructional practice and sustainability knowingness
while fully mediating instructional practices and sustainability attitudes and behavior linkages; the
effects of curricular emphasis and three dimensions of sustainability consciousness are partially
mediated by sustainable agency beliefs. These results indicate that sustainable agency beliefs play a
critical role in bridging sustainability education and students’ sustainability learning outcomes. In
line with the perspective of Tang [47], with increasing emphasis on sustainability and appropriate
instructional methods in the curriculum, engineering students may be expected to contribute to
sustainable engineering practice, which requires them to have not only knowledge of sustainable
development, but also an agency belief toward sustainable development. That is, the accessibility
of external curricular and instructional support, resources, and information for sustainability might
lead to the enhancement of knowingness, attitude, and behavior toward sustainability by shaping a
positive environment needed for engineering undergraduates’ sustainable agency beliefs to flourish.

We found that both influences of curricular emphasis and instructional practice on sustainable
agency beliefs are significantly stronger among male undergraduates than among female
undergraduates. These findings indicate that the sustainable knowledge, skills, and information
taught by student-centered courses are critical for male students to develop sustainable agency
beliefs. However, for female students, curricular emphasis and instructional practice appear to
play a limited role in sustainability agency belief construction. A possible explanation might be
that curriculum experiences during college may not be as important for females’” agency beliefs
toward sustainability as they are for males because “women who decide to enter the field of STEM
show a very strong expectation that they can make the world a better place” [88] (p. 168). These
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results reveal that instructional practice and sustainable agency beliefs have stronger effects on female
students’ sustainability knowingness than on that of male students. Consistent with the findings of
Olsson and Gericke [17], the results in the present study imply that female students rely more on
instructional practice, such as a student-centered approach characterized by interactional participation
and intellectual stimulation, to acquire knowledge of the fundamentals of sustainable development.
Instead, male students may develop their sustainability knowledge from different sources because of
the male advantage in the engineering field.

6. Implications

The current study provides several theoretical implications. First, our study broadens the research
on engineering undergraduates’ sustainability learning outcomes from a college experiences view with a
modified college impact model. Although formal curriculum is known to be a critical educational factor
for fostering students’ sustainability consciousness, quantitative evidence on the association between
curriculum experiences and engineering undergraduates’ sustainability consciousness is limited. This
study investigates the direct impacts of two aspects of curriculum experiences, namely, curricular
emphasis and instructional practice, on the sustainability consciousness of engineering undergraduates
in China to bridge this void. The findings of this study demonstrate that the effects of curricular
emphasis and instructional practice vary in predicting three dimensions of students’ sustainability
consciousness. That is, curricular emphasis can significantly influence all three dimensions of
students’ sustainability consciousness, while instructional practice had a significant effect only on
the sustainability knowingness dimension of sustainability consciousness. The findings of this study
contribute to our understanding regarding student sustainability-related curriculum experiences in
the context of engineering professional accreditation and promoting sustainable engineering education
in China.

Second, to the best of our knowledge, this is the first report to offer empirical evidence on the
substantial role of sustainable agency beliefs in linking the association between curriculum variables
and undergraduates’ sustainability learning outcomes within the context of engineering education.
College impact theorists acknowledge that students may bring different quantities and forms of
psychological energy into their learning process, and therefore have different levels of participation [35].
However, agency beliefs are not explicitly considered in the college impact model as an explanatory
factor of learning outcomes. the majority of previous studies have dealt only with the direct relations
between the implementation of sustainable engineering education and engineering students’ learning
outcomes toward sustainability, neglecting the psychological and motivational mechanism between
them. Therefore, by incorporating sustainable agency beliefs in the college impact model, this
study provides evidence of the bridging role of sustainable agency beliefs in connecting curriculum
experiences and engineering undergraduates’ sustainability consciousness in the Chinese context.

Third, this study includes gender as a moderator into the college impact model, thus offering a
more holistic view of the impacting mechanism of curriculum experiences and sustainable agency
beliefs on sustainability consciousness within the engineering education context, and responding to the
call for further investigation of the gender gap in the relationships among sustainability consciousness
and its determinants, not only limited to testing the gender difference in sustainability consciousness
itself [17]. Furthermore, according to Ro and Knight [16], the male-dominated population in the
engineering context “washes out” the evidence that is unique to women. Therefore, testing the
moderating effects of gender may be helpful for identifying critical relationships that are present for
the female student population.

Additionally, the current study develops the effectiveness of the modified college impact model as
a sound theoretical lens for understanding engineering undergraduates” development. This research
extends the applying scope of the college impact model to the research field of awareness skills
development, thereby responding to the call for the college impact model to be used not only for
explaining engineering students’ process skills, such as communication skills and teamwork skills,
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but also for sustainability consciousness, as it is deemed a critical awareness skill for preparing
engineering undergraduates to better comprehend the influence of engineering solutions in a global,
economic, environmental, and societal context [89]. Moreover, college impact model is also a possibly
beneficial basic framework for future studies into engineering students” overall learning outcomes
under a diversified engineering education environment around the world due to its scalability and
versatility supported in the current study and previous studies.

The results of this study also highlight some important practical implications that may beneficial
for promoting the integration of sustainability into engineering education. First, the findings reveal
that instructional practice fails to significantly impact engineering undergraduates’ sustainability
attitudes and sustainability behaviors. This is not to say that instructional practice is unnecessary; in
fact, instructional practice can yield a crucial indirect effect on sustainability consciousness via students
agency beliefs about engineering to improve the sustainable development of the world. Teaching
and learning sustainability is essentially a student-centered process [61]. Perhaps universities and
engineering programs should construct a more efficient mechanism to invest in the instructional process
and further train teachers to master student-centered approaches toward facilitating and guiding
students’ active and meaningful learning. Second, policymakers and practitioners of engineering

7

education should pay more attention to engineering undergraduates’ agency belief enhancement,
which will assist undergraduates to determine which actions and goals to pursue. Agency beliefs
can be seen as a positive psychological construct that is open to management, intervention, and
change [90]. Thus, this study recommends that the engineering programs build platforms to offer
sustainable agency belief training to undergraduates to enable them to improve knowledge, attitudes,
and behaviors toward sustainable engineering. Third, on the basis of current and previous findings,
certain curricular and instructional operations that might implement more effectively for females or
males are suggested. We speculate that interventions that emphasize more sustainability-related skills
and values in courses and student-centered teaching approaches are especially helpful for enhancing
male students’ beliefs toward the capacity of engineering to bring beneficial outcomes to the world,
whereas female students’ sustainability knowingness may benefit more from the interventions of the
student-centered teaching method.

7. Limitations and Future Study

There are several limitations should be taken into consideration in future research. First, given
that curriculum experiences, sustainable agency beliefs, and sustainability consciousness may change
over a four-year period of time, a self-reported survey and cross-sectional design are used in this
study may limit the accurate and complete reflection of the contribution of engineering education on
undergraduates’ sustainability consciousness development. Therefore, a longitudinal study design
may be a beneficial way to assess the causal associations among factors in college impact models and
engineering undergraduates’ literacy development.

Second, the respondents of our study consisted of engineering undergraduates from the accredited
engineering programs of five traditional engineering disciplines in developed areas in China. China is
one of the formal members of the Washington Accord, which means the substantial equivalence of
approaches and systems for accrediting engineering programs between China and other members. In
this sense, the results of our study are comparable to other similar studies conducted on accrediting
engineering programs in other countries or areas. However, the current study is limited by its
generalizability to other non-accredited engineering programs or other engineering disciplines.
Therefore, future studies should be conducted to engineering with students from a broader scope of
engineering education programs, thus enhancing the generalizability and validity of research findings
or revising the framework utilized to understand the influential mechanism of environmental and
individual factors on engineering students’ sustainability consciousness.

Third, in this research, we examined only the role of curricular factors in shaping students’
consciousness, and future research needs to further test the effect of out-of-class experiences, which
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are also critical avenues for students to learn about sustainability issues. Moreover, we suggest that
other critical mediation and moderation mechanisms via which college experiences can influence
engineering students’ sustainability learning outcomes should be taken into account in future research
due to the complexity and transformation of engineering education around the world, thus producing
valuable and creative theoretical and practical outcomes and promoting research into increasing the
diversity of engineering education.
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