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Abstract 

Engineering education faces growing demands to prepare graduates capable of addressing complex 
sustainability challenges, public safety concerns, and ethical responsibilities. However, sustainability 
and ethical education are often delivered as supplementary content, limiting their integration with 
core engineering instruction. This study examines and evaluates a curriculum reform of a Building 
Water Supply and Drainage Engineering course that systematically integrates sustainability, ethical 
responsibility, and human-centered values into technical teaching through a CDIO-oriented 
approach. A quasi-experimental pre–post design was employed with a full cohort of 100 
undergraduate engineering students. Data were collected using a sustainability-oriented 
questionnaire, project-based assessment rubrics, and student reflection reports. Quantitative data 
were analyzed using paired-sample t-tests and effect size calculations, while qualitative data were 
thematically coded to support interpretation of the results. The findings demonstrate statistically 
significant and practically meaningful improvements in students’ sustainability awareness, ethical 
responsibility, human-centered design thinking, and systems thinking. Project assessment results 
further reveal students’ ability to apply sustainability principles and ethical considerations in 
engineering design tasks. These results provide empirical evidence that value integration within core 
engineering courses enhances both technical competence and professional responsibility. This study 
contributes empirical evidence to Education for Sustainable Development in engineering education 
by demonstrating a transferable pedagogical model that embeds sustainability and ethics into 
discipline-specific engineering instruction without increasing curricular load. 

Keywords: sustainability-oriented engineering education; Education for Sustainable Development; 
CDIO; engineering ethics; curriculum reform 
 

1. Introduction 

Engineering education worldwide is facing increasing demands to prepare graduates capable of 
addressing complex sustainability challenges, public safety concerns, and ethical responsibilities 
[1,2]. In the context of rapid urbanization, climate change, and growing resource constraints, 
engineers are no longer expected to function solely as technical problem-solvers but also as 
professionals who demonstrate ethical judgment, systems thinking, and sustainability awareness 
[7,8]. Consequently, higher education institutions are being urged to rethink traditional engineering 
curricula and to explore integrated educational approaches that combine technical competence with 
value-oriented learning [9,21]. 
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Building Water Supply and Drainage Engineering is a core course in civil and environmental 
engineering programs and plays a critical role in connecting municipal infrastructure systems with 
building-scale water environments. The course is closely related to public health protection, efficient 
water resource utilization, and environmental sustainability. However, conventional teaching 
practices in this course have predominantly emphasized formula-based calculations and technical 
code interpretation, often overlooking the ethical, social, and environmental implications inherent in 
engineering decisions [16,17]. Such an approach may limit students’ ability to recognize the broader 
impacts of engineering systems and to make responsible decisions in complex real-world contexts. 

Previous research in sustainability-oriented engineering education has highlighted the 
importance of integrating ethical responsibility and sustainability into professional training [7,8]. 
Nevertheless, in many engineering curricula these elements are still delivered as standalone modules 
or supplementary content, resulting in weak alignment between value education and core technical 
instruction [6,20]. This separation may hinder students from internalizing sustainability principles as 
an integral component of engineering practice. 

In response to these challenges, embedding sustainability and ethical considerations directly 
into core engineering courses has emerged as a promising educational strategy. By situating value-
oriented learning within authentic engineering problem-solving processes, students can engage with 
issues of sustainability and professional responsibility through experiential learning rather than 
abstract instruction [5,23]. This approach is consistent with the principles of Outcome-Based 
Education and emphasizes coherence among learning outcomes, instructional activities, and 
assessment methods [15,22]. 

Against this background, this study examines how a sustainability-oriented curriculum reform 
can be implemented in a Building Water Supply and Drainage Engineering course and evaluates its 
impact on student learning outcomes. By providing empirical evidence from a full cohort of 
undergraduate engineering students, this research contributes to international discussions on 
Engineering Education for Sustainable Development and offers a transferable pedagogical model for 
sustainability-integrated engineering education. Recent syntheses and calls for systemic 
transformation further emphasize the need for integrated sustainability learning in engineering 
curricula [8]. 

2. Conceptual Framework and Course Design 

The curriculum reform was guided by Outcome-Based Education (OBE) principles and 
implemented through a CDIO (Conceive–Design–Implement–Operate) pedagogical framework 
[5,15]. Sustainability awareness, ethical responsibility, systems thinking, and human-centered design 
were identified as key learning outcomes and systematically embedded into course content and 
teaching activities based on widely recognized sustainability competency frameworks [7,8]. (Table 
1). Table 1 was developed by the authors to illustrate the constructive alignment between intended 
learning outcomes, teaching activities, and assessment evidence under the OBE and CDIO 
framework. The four learning-outcome dimensions were informed by widely used sustainability 
competency frameworks and engineering ethics education literature. 

Table 1. OBE-Aligned Mapping of Learning Outcomes, Teaching Activities, and Questionnaire Items. 

Learning 
outcome 

dimension 

Key teaching 
activities (examples) 

Assessment 
evidence 

Questionnaire 
item codes 

Example item focus 

Sustainability 
Awareness 

Water-saving design; 
reclaimed water; 

energy-efficient hot 
water strategies 

Pre–post 
questionnaire; 
design project 

SA1–SA4 
Awareness of water 

resource efficiency and 
environmental impacts 
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Ethical & 
Professional 

Responsibility 

Failure case analysis; 
safety risk discussion; 
code-based reasoning 

Pre–post 
questionnaire; 

reflection report 
ER1–ER4 

Professional duty, 
safety responsibility, 
and ethical reasoning 

Systems Thinking 

System-level trade-off 
evaluation; integrated 
design; multi-criteria 

decision-making 

Pre–post 
questionnaire; 
project rubric 

ST1–ST4 

System interaction 
awareness and 

decision-making under 
constraints 

Human-Centered 
Design 

Public health 
scenarios; user-
oriented design 

requirements; service-
oriented thinking 

Pre–post 
questionnaire; 
project rubric; 

reflection 

HD1–HD4 

User wellbeing, 
accessibility, and 

human-centered design 
considerations 

Note: Item codes (SA/ER/ST/HD) were defined by the authors for reporting clarity; each dimension contained 
four Likert-scale items. 

Figure 1 presents the conceptual framework of the sustainability-oriented curriculum reform. 
As shown in Figure 1, sustainability-oriented learning outcomes are achieved through value-
integrated pedagogical strategies and a structured learning process that supports the internalization 
of professional responsibility and sustainability thinking. 

 

Figure 1. Conceptual framework of the sustainability-oriented curriculum reform. The framework illustrates 
how learning outcomes related to sustainability, ethics, systems thinking, and human-centered design are 
achieved through CDIO-based pedagogical strategies and value-integrated learning processes. 

3. Methods 

3.1. Research Design and Participants 

A quasi-experimental pre–post design was adopted to examine the effects of the curriculum 
reform. A mixed-methods approach was employed to triangulate evidence from questionnaire data, 
project-based assessment, and student reflection reports [12]. 

Participants were 100 third-year undergraduate students majoring in Water Supply and 
Drainage Engineering at Yan’an University. The sample represented a full cohort of students enrolled 
in the course during the academic year. (Table 2). 
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Table 2. Participants and Course Context. 

Item Description 
Institution Yan’an University 

Program/Major Water Supply and Drainage Engineering 
Student level Undergraduate (Year 3) 
Sample size n = 100 (full cohort) 
Course title Building Water Supply and Drainage Engineering 

Course duration 16-week semester 
Weekly contact hours 4 hours/week 

Total contact hours 64 hours (theory) + 12 hours (practice) 
Teaching format Lectures + case-based learning + project-based learning 

Core project task 
Building-level water supply and drainage system design with 

sustainability and ethics integration 

3.2. Teaching Intervention 

The reformed course integrated sustainability and ethical considerations through multiple 
strategies, including case-based ethical learning, CDIO-based project learning, field-based 
experiential learning, and technology-enhanced instruction [5,9,26,27]. The overall intervention 
structure and its alignment with the semester schedule are summarized in Figure 2. 

 

Figure 2. Structure of the CDIO-based teaching intervention aligned with the 16-week course schedule. 

3.3. Data Collection Instruments 

Data were collected using (1) a sustainability-oriented questionnaire measuring four learning 
outcome dimensions; (2) a project assessment rubric evaluating technical accuracy, sustainability 
performance, ethical responsibility, human-centered design, and systems thinking; and (3) student 
reflection reports capturing learning experiences and value internalization [14]. All questionnaire 
items were rated on a 5-point Likert scale (1 = strongly disagree; 5 = strongly agree). Dimension scores 
were computed as the mean of the corresponding items. 

3.4. Data Analysis and Ethical Considerations 

Quantitative data were analyzed using descriptive statistics, paired-sample t-tests, and effect 
size calculations (Cohen’s d) [13]. Qualitative data were analyzed using thematic coding [11]. 

Participation was voluntary and data were collected anonymously. Students were informed that 
their responses would be used for research purposes only and would not affect course grades. 
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Quantitative data were analyzed using descriptive statistics (mean and standard deviation) and 
paired-sample t-tests to compare students’ pre-test and post-test scores across the four learning 
outcome dimensions. Paired-sample t-tests were performed based on student-level matched pre–post 
responses. Statistical significance was determined at p < 0.05. In addition, Cohen’s d was calculated 
to evaluate the practical magnitude of the observed changes. While the paired-sample t-test examines 
whether the pre–post differences are statistically significant, Cohen’s d indicates the educationally 
meaningful effect size of the intervention. 

4. Results and Discussion 

4.1. Reliability of the Questionnaire 

Prior to further analysis, the reliability of the questionnaire was examined. The results showed 
good internal consistency across all dimensions. Cronbach’s alpha coefficients ranged from 0.82 to 
0.91, indicating satisfactory reliability of the measurement instrument. These findings support the 
appropriateness of the questionnaire for assessing students’ sustainability-oriented learning 
outcomes. 

4.2. Changes in Students’ Sustainability-Oriented Learning Outcomes 

To evaluate the effectiveness of the curriculum reform, paired-sample t-tests were conducted to 
examine differences between pre-test and post-test scores for each learning outcome dimension 
(Figure 3 and Table 3). The results indicate statistically significant improvements across all four 
dimensions (p < 0.001), suggesting that the observed gains were unlikely to be aĴributed to random 
variation. Cohen’s d values further demonstrated medium-to-large effect sizes, indicating that the 
intervention produced not only statistically significant changes but also practically meaningful 
improvements in students’ sustainability-oriented competencies. These findings demonstrate that 
integrating sustainability, ethical responsibility, and human-centered values into a core engineering 
course can lead to measurable gains in students’ professional competencies. 

Table 3. Pre–Post Comparison of Sustainability-Oriented Learning Outcomes (n = 100). 

Dimension Pre-test Mean 
± SD 

Post-test 
Mean ± SD 

t p Cohen’s 
d 

Effect 
level 

Sustainability Awareness 3.06 ± 0.53 4.21 ± 0.40 16.46 <0.001 1.65 Large 
Ethical & Professional 

Responsibility 3.31 ± 0.57 4.20 ± 0.40 12.65 <0.001 1.26 Large 

Systems Thinking 3.23 ± 0.60 4.06 ± 0.42 11.02 <0.001 1.10 Large 
Human-Centered Design 3.35 ± 0.54 4.07 ± 0.46 9.55 <0.001 0.95 Large 

Note: Effect size levels follow common interpretation thresholds (Cohen’s d: 0.2 = small, 0.5 = moderate, 0.8 = 
large). 
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Figure 3. Pre–post comparison of learning outcomes (n = 100). 

4.2.1. Engineering Ethics and Professional Responsibility 

Students’ perceptions of engineering ethics and professional responsibility increased notably 
after the course. The mean score rose from M = 3.28 (SD = 0.54) in the pre-test to M = 4.15 (SD = 0.47) 
in the post-test. The difference was statistically significant (p < 0.001), with a large effect size (Cohen’s 
d = 1.26). This improvement suggests that embedding ethical reasoning within technical learning and 
case-based activities can strengthen students’ awareness of professional responsibility. 

4.2.2. Sustainability Awareness and Environmental Responsibility 

The greatest improvement was observed in sustainability awareness. The mean score increased 
from M = 3.06 (SD = 0.53) to M = 4.21 (SD = 0.40), indicating a statistically significant change (p < 0.001) 
with a large educational effect (Cohen’s d = 1.65). This result provides evidence that sustainability 
competencies can be effectively cultivated when sustainability considerations are integrated into 
engineering design tasks rather than presented as supplementary content. 

4.2.3. Human-Centered and Socially Responsible Design 

Students demonstrated significant gains in human-centered and socially responsible design 
thinking. The pre-test mean score of M = 3.35 (SD = 0.54) increased to M = 4.07 (SD = 0.46) in the post-
test (p < 0.001), with a large effect size (Cohen’s d = 0.95). This improvement indicates that connecting 
technical design decisions with user needs and public well-being can enhance students’ human-
centered engineering perspective. 

4.2.4. Systems Thinking and Engineering Decision-Making Ability 

Improvements were also observed in systems thinking and decision-making ability. The mean 
score increased from M = 3.23 (SD = 0.60) to M = 4.06 (SD = 0.42) (p < 0.001), with a large effect size 
(Cohen’s d = 1.10). These findings highlight the value of project-based learning and iterative 
evaluation cycles in strengthening students’ ability to make system-level decisions under multiple 
constraints. 

4.3. Project-Based Assessment Results 

Project-based assessment results (Table 4) further demonstrated students’ applied learning 
outcomes. A total of 44% of teams achieved ‘good’ or ‘excellent’ performance in sustainability criteria. 
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Most teams explicitly incorporated water-saving technologies, water reuse systems, energy-efficient 
hot water strategies, or human-centered considerations into their final designs. These outcomes 
provide additional evidence that students were able to translate sustainability and ethical principles 
into practical engineering decisions. The distribution of rubric performance levels across dimensions 
is further illustrated in Figure 4. 

Table 4. Project-Based Rubric Assessment Results (Team Performance Summary, n = 100). 

Rubric dimension Mean ± SD Excellent (%) Good (%) Pass (%) 
Needs 

improvement 
(%) 

Technical Accuracy 80 ± 5 20 30 40 10 
Sustainability Performance 78 ± 3 16 28 32 24 

Ethical & Safety 
Responsibility 

85 ± 2 30 30 30 10 

Human-Centered Design 80 ± 3 12 28 40 20 
Systems Thinking 78 ± 3 10 30 35 25 
Note: Performance categories are mutually exclusive and based on a 100-point rubric scoring system. 

 

Figure 4. Distribution of project-based rubric performance levels (n = 100 teams). 

4.4. Qualitative Insights from Student Reflection Reports 

Qualitative analysis of student reflection reports revealed themes consistent with the 
quantitative findings. Many students reported a shift in their understanding of engineering practice, 
recognizing that engineering design involves not only technical calculations but also ethical 
responsibility and sustainability considerations. These reflections further support the interpretation 
that value-integrated instruction contributes to students’ professional identity development and 
sustainability-oriented decision-making. 

4.5. Implications for Engineering Education for Sustainable Development 

The findings of this study offer several implications for Engineering Education for Sustainable 
Development (EESD). First, the results suggest that sustainability competencies can be effectively 
cultivated within discipline-specific core courses rather than relying solely on standalone 
sustainability or ethics modules. Embedding sustainability and ethical responsibility into technical 
problem-solving activities allows students to perceive these dimensions as integral components of 
engineering practice rather than external requirements. 
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Second, the CDIO-based instructional framework provides a practical mechanism for 
operationalizing EESD principles. By engaging students in the full cycle of conceiving, designing, 
implementing, and operating engineering systems, the course created opportunities for students to 
confront trade-offs among technical performance, environmental impact, safety, and social 
responsibility. This process-oriented learning experience supports the development of systems 
thinking and ethical judgment, which are widely recognized as essential competencies for sustainable 
engineers. 

Third, the alignment of learning outcomes, teaching activities, and assessment criteria played a 
critical role in reinforcing sustainability-oriented learning. The use of sustainability-focused rubrics 
and reflective activities ensured that what was taught was also meaningfully assessed, thereby 
strengthening students’ motivation to engage with sustainability and ethical considerations 
throughout the design process. 

From a broader perspective, this study demonstrates that sustainability-oriented curriculum 
reform does not necessarily require additional instructional hours or curricular expansion. Instead, 
thoughtful pedagogical redesign can enable existing courses to fulfill both technical and 
sustainability-related educational objectives. This insight is particularly relevant for engineering 
programs facing constraints related to curriculum load and accreditation requirements. 

4.6. Limitations and Future Research Directions 

Despite the positive findings, several limitations of this study should be acknowledged. First, 
the research was conducted within a single institution and focused on one specific engineering 
course, which may limit the generalizability of the results. Future studies involving multiple 
institutions and diverse engineering disciplines would help to further validate the proposed teaching 
model. 

Second, the evaluation focused primarily on short-term learning outcomes measured at the end 
of the course. Longitudinal studies are needed to examine whether the observed improvements in 
sustainability awareness, ethical responsibility, and systems thinking are sustained over time and 
influence graduates’ professional practice. 

Finally, while this study employed a mixed-methods approach, future research could 
incorporate additional objective performance indicators or comparative control-group designs to 
strengthen causal inference. Addressing these limitations would contribute to a more comprehensive 
understanding of the long-term impact of sustainability-oriented curriculum reform in engineering 
education. 

4.7. Comparison with Related Studies in Sustainability-Focused Engineering Education 

The present findings align with recent scholarship in sustainability-focused engineering 
education that highlights the effectiveness of active and experiential learning strategies in developing 
sustainability competencies [8,26,27]. For instance, recent literature reviews emphasize that project-
based learning (PBL) can foster meaningful engagement, professional skills development, and real-
world problem-solving capacity when learning tasks are grounded in authentic engineering contexts 
[26]. The gains observed in sustainability awareness and systems thinking in this study are consistent 
with this broader evidence base [8]. 

Moreover, empirical studies adopting CDIO- or project-based approaches have reported that 
iterative design cycles, team-based tasks, and multi-criteria evaluation activities support students’ 
integration of technical knowledge with sustainability considerations [27]. In this study, the emphasis 
on value-informed decision-making and sustainability-oriented rubrics may help explain the 
observed improvements across multiple learning outcomes. 

In addition, recent calls for systemic transformation in engineering education have emphasized 
that sustainability education should be embedded in core disciplinary learning rather than treated as 
an external add-on [8]. The present curriculum reform responds to this call by integrating 
sustainability and ethical responsibility within a core course closely tied to public health and 
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environmental protection. By demonstrating measurable learning gains without expanding 
instructional hours, this study provides further evidence supporting the feasibility of sustainability 
integration under realistic curricular constraints. 

Overall, the comparison with related work suggests that the proposed model contributes to the 
growing international evidence that sustainability-oriented pedagogy can enhance not only students’ 
knowledge and skills but also their professional identity development and responsibility awareness, 
which are essential outcomes for Engineering Education for Sustainable Development. 

5. Conclusion 

This study investigated the implementation and effects of a sustainability-oriented curriculum 
reform in a Building Water Supply and Drainage Engineering course. By integrating sustainability, 
ethical responsibility, and human-centered values into technical instruction through a CDIO-based 
teaching model, the course achieved significant improvements in students’ professional 
competencies. 

The findings provide empirical evidence supporting the effectiveness of embedding 
sustainability and ethics within core engineering courses. The proposed teaching framework offers a 
practical and transferable model for engineering programs seeking to advance Education for 
Sustainable Development without increasing curricular burden. 

Future research may explore longitudinal impacts of such reforms, comparative studies across 
disciplines, and the relationship between sustainability-oriented education and professional identity 
development among engineering students. 
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