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Abstract  
Integration of sustainability into engineering design courses provides an opportunity for students to put 
their knowledge of sustainability into application and prepares them for responsible and ethical 
engineering practices in the future. There are, however, challenges associated with such integration. 
Convincing students of the value of sustainability considerations in engineering design and 
transitioning from the usual one-dimensional decision-making to an inclusive approach is not a trivial 
task. The trade-offs and uncertainties inherent in sustainable design may also create additional 
complexities. This work was aimed at overcoming some of these challenges by incorporating a multi-
stakeholder scenario that mimicked the dynamics of a real-life project. The goal was to facilitate 
students’ implementation of a holistic approach to decision-making by providing a real-world context to 
the project. This paper will describe the details of this approach and the adjustments made to course 
deliverables and the assessment process. The results and improvements to students’ experience will 
be discussed and future directions and plans for further developments will be presented.  
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1 INTRODUCTION  
With the increasing need for sustainable development, engineers of the 21st century are required to 
evaluate the sustainability of their solutions and consider the implications of their decisions on society 
and environment. Engineering education plays a crucial role in preparing students for responsible 
engineering practices in the future.  As a result, there has been a growing number of works on the 
integration of sustainability into engineering curricula over the past several years [1, 2]. An engineering 
design course, in particular, can be an ideal forum for integrating sustainability and providing an 
opportunity for students to practice critical thinking and ethical responsibility while focusing on the 
design problem. There are, however, difficulties associated with such integration in terms of students’ 
attitude and interest. Convincing undergraduate students of the importance of sustainability 
considerations in engineering practices can be challenging [3-5]. The ambiguities and uncertainties 
inherent in sustainability can also create additional complexities [5, 6].   

Introducing a stakeholder scenario into the design project could stimulate students’ interest in the topic 
of sustainability by giving insight into the real world of engineering. A multi-stakeholder scenario that 
identifies environmental, social, and economic needs of a project can bring to light the requirements of 
a real engineering project and emphasize the significance of sustainability considerations in 
engineering design. Providing real-world context to engineering projects through stakeholder 
involvement has been proven effective in improving students’ learning experience [7, 8]. Although 
there are advantages to involving real stakeholders, cost and time constraints can pose obstacles and 
the associated pedagogical risks can compromise the course objectives [7, 9]. A fictitious stakeholder 
scenario, if carefully crafted, can simulate a real-world situation while maintaining the integrity of the 
course and its learning outcomes.  

ELEC 291, “Electrical Engineering Design Studio I”, is a second-year project-based course in the 
Department of Electrical and Computer Engineering at the University of British Columbia (UBC). In the 
summer section of the course, which runs intensively over six weeks, students work in groups to 
design and build a robot capable of performing certain tasks. The project is divided into three modules 
and the course is concluded with a final demo, an oral presentation, and a final report. The goal of this 
work was to improve the integration of sustainability into the course by incorporating a multi-
stakeholder scenario into the project.  
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2 METHODOLOGY 
One way of incorporating sustainability into an engineering design course is by considering the triple 
bottom line (TBL) criteria (social, environmental, and economic) in the decision-making process of the 
design. To avoid sacrificing the technical components of the course and deviating from the established 
learning objectives, a fourth bottom line (functional) can be added to encompass the course technical 
criteria. This quadruple bottom line (QBL) approach can be used with a weighted decision matrix 
(WDM) to make design choices that not only satisfy the technical requirements of the project but also 
take into account the sustainability measures [5].  In a WDM, project criteria are listed and given 
weights based on their relative importance. The design options are scored (according to their 
performance) against each weighted criterion. Combining QBL with the decision matrix allows for 
sustainability requirements to be included in evaluating the design options and determining the most 
suitable choice.  

In summer of 2017, QBL and WDMs were used in combination to incorporate sustainability into the 
course. An initial challenge faced was resistance from students to including sustainability criteria in 
their decision-making, as they were overly interested in building a working robot and mainly concerned 
about the technical aspect of the project. Although a positive change of attitude was observed over the 
course of the semester, transitioning from the traditional one-dimensional decision-making to an 
inclusive approach was not a trivial task and directing students’ focus from the end results to the 
design process required persistence and patience. Another challenging area for students was 
identifying the relevant sustainability indicators. To provide an opportunity for critical thinking, students 
had been given the liberty of choosing the criteria for each QBL aspect and their weights. Dealing with 
ambiguities and uncertainties of such a task proved to be difficult for students and some groups 
struggled with selecting the relevant design requirements (particularly for the social aspect) or 
justifying their weights [5].   

To overcome some of the mentioned challenges, a multi-stakeholder scenario was presented to 
students in summer of 2018 with the goal of providing real-world context to the project and assisting 
students in identifying the project requirements. The fictitious scenario mimicked a real-life situation 
and specified the needs and priorities of stakeholders corresponding to the four aspects of QBL. Table 
1 shows the list of stakeholders, their weights and criteria, and how they corresponded to each of the 
QBL aspects. In this scenario, designers (students) are hired by the company to devise a solution for 
the client. Client is an entity that will purchase the design and user is the person within the entity who 
will work with the device. Local government as a stakeholder is concerned about the environmental 
effects of the operation of the device. To limit the number of variables and criteria, this scenario was 
purposely chosen to be simplistic and stakeholders’ requirements were selected in a way that each 
stakeholder corresponded to one aspect of QBL.  It was highlighted in class that a real-world scenario 
could be more complex, with stakeholders’ needs and interests overlapping or conflicting and no clear-
cut way to determine their weights.   

Table 1. Stakeholders’ weights and criteria for the project 

Stakeholder Weight Criteria Corresponding 
QBL aspect 

Company 50% Accurate, reliable, and fast Functional 

Client 20% Low product and maintenance cost  Economic 

User 10% Compact and light Social 

Local Government 20% Low CO2 emission Environmental 

For each project module, students were instructed to consider sustainability measures by taking into 
account the stakeholders’ criteria in their decision-making process. Module reports required justifying 
the design choices with WDMs, accompanied by discussions that validated the assessment of design 
options in each decision matrix. Table 2 shows an example of a decision matrix that could be used by 
students, with the QBL criteria and their weights being consistent with stakeholders’ expectations.  
Students had the freedom of choosing the weights of criteria within each aspect, with justification. The 
score of design options for each criterion had to be determined through testing, calculations, and 
literature search. The most suitable design choice was determined based on the total point, calculated 
as a weighted sum of scores in each column. To ensure consistency and enforce the inclusion of 
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stakeholder requirements in decision-making, grading criteria for the final demo were chosen to be in 
line with stakeholders’ expectations and weights. Not all the criteria could be used for evaluating 
individual parts of the project. As a result, grading criteria were adjusted for individual modules.   

Table 2. Example of a weighted decision matrix with QBL criteria 

Criteria Weight Design 
Option 1 

Design 
Option 2 

Design 
Option 3 

Functional 50%    
Accuracy      
Reliability      
Speed     
Economic  20%    
Product Cost     
Maintenance Cost     
Social 10%    
Size     
Weight      
Environmental 20%    
Co2 Emission     
Total Score 100%    

For the final presentation of the course, students were required to present their results in front of a 
group consisting of the course instructor and teaching assistants, playing the role of stakeholders. The 
goal was to encourage a holistic approach to decision-making by having students be accountable for 
their design decisions and justify their choices to all stakeholders.  The final report provided an 
opportunity for groups to discuss their decision-making process in detail and elaborate further on the 
functionality and sustainability of their robot. Similar to last year, a section of the report was dedicated 
to environmental assessment and estimating the CO2 emission from the full operation of the robot. 

3 RESULTS 
In the previous iteration of the course in 2017, most groups did not consider, or failed to correctly 
include, sustainability measures in their decision-making for the first module of the project. Through 
further discussions, it was revealed that students did not understand and appreciate the importance of 
such considerations. In contrast, students of 2018 summer term showed little resistance to including 
sustainability requirements in their decision-making. Analysis of the reports for the first module 
confirmed that all groups had a good understanding of how to use the TBL criteria along with the 
functional requirements in their decision matrices. This positive change could be partly attributed to 
the insertion of the multi-stakeholder scenario in the project and shedding light on the importance of 
an inclusive approach to decision-making.  

Module one reports also showed that students not only considered stakeholders’ requirements but 
also included additional criteria in their decision matrices. For example, “noise” and “aesthetics” were 
listed under the social aspect and used for evaluating design options. While this indicated that 
students were eager to account for sustainability factors in their decision-making, it also implied that 
the connection between the stakeholder scenario and project requirements was not clear to some 
students. The importance of sticking to stakeholders’ criteria was stressed in every module through 
feedback on reports and in-class discussions, and a significant improvement to students’ compliance 
with stakeholders’ requirements was noticed in the final reports.  

Comparison of the final reports with those from the previous year also showed a noticeable increase in 
students’ attention and commitment to considering sustainability measures in their design.  An 
interesting observation, however, was that “speed” was missing from the decision matrices of most 
groups despite the fact that one of the stakeholder requirements for functionality of the robot was high 
speed. A possible explanation for this could be that individual project modules were not evaluated 
based on speed, and therefore, “speed” was not considered as a grading criterion until the final demo 
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of the project. This, again, points out the need for more clarification on the connection between 
stakeholders’ expectations and the decision-making criteria. In a real-world project, such confusions 
can be avoided through regular communication with stakeholders, an element that was missing in our 
approach.  

In the final presentation of the project, which was done in front of the course instructor and teaching 
assistants playing the role of stakeholders, students explained their decision-making process and 
justified their design choices based on the needs and expectations of all the stakeholders involved. 
Meaningful discussions around the sustainability of design choices were formed between students and 
stakeholders after each presentation. One group took an interesting approach to this presentation and 
compared their design against the most economic and the most environmentally friendly options to 
demonstrate the balance they achieved in their design for meeting the needs of all stakeholders. The 
contrast with the previous year’s presentations, which mainly focused on the technical aspects of the 
projects, verifies the effectiveness of the stakeholder scenario in promoting critical and holistic thinking 
in students.  

Overall, the comparison of students’ results with the ones from the previous year indicated a more 
systematic and inclusive approach to decision-making and more sustainable design choices, as a 
result. Informal feedback gathered at the end of the course suggested that students appreciated a 
project with realistic requirements and the significance of considering the sustainability aspects in the 
design process. Some students, however, expressed that they needed more guidance on certain 
sustainability assessments, such as estimating the amount of CO2 emission from the robot.  

4 CONCLUSIONS 
Despite the mentioned challenges, incorporating a multi-stakeholder scenario appeared to be an 
effective way for improving students’ implementation of sustainability measures in decision-making. 
Specifying the environmental, social, and economic requirements of the design through a stakeholder 
scenario can provide insight into the real engineering world and motivate students to consider the 
implications of their design choices.  Further improvements can be made to the course by adding 
instructional modules on sustainability assessments and activities that throw light on the direct 
connection between the design criteria and stakeholder requirements.  
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