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Abstract 

Educating engineering students for sustainable development and environmental stewardship is an 

important preparatory foundation for addressing global complex problems. However, the 

necessary knowledge and learning for sustainability in engineering education may not be sufficient 

to meet these challenges. The research in this dissertation is investigating how engineers are being 

equipped to be sustainably responsible in their personal lives and professional practice. This 

research is multi-disciplinary including engineering, environmental, and education concepts. The 

undergraduate engineering students and curriculum at the University of Toronto (UofT) are 

featured as case studies. UofT is appropriate as the institution trains one of the largest cohorts of 

engineers in Canada, offering opportunities for engineering students to contribute positively to 

sustainability as future engineers in Canada.  

The three substantive studies represent the personal, professional and blended aspects of 

sustainability for undergraduate engineering students. In Study 1 ï The Complex Relationship 

between Carbon Literacy and Pro-Environmental Actions among Engineering Students ï I 

investigated studentsô pro-environmental knowledge and actions pertaining to emissions and the 

relationship between them. I developed a survey and life cycle assessment-based methodology to 

estimate carbon footprint. The results indicated an overall weak relationship, but believing an 
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action has high impact was associated with lower carbon footprint. In Study 2 ï Crafting a 

Definition of Sustainability for Engineering Education and using it to Assess Curriculum ï I 

developed a framework to describe sustainability in engineering and methodology to assess 

curriculum, then evaluated content in the undergraduate engineering curriculum at UofT by 

performing a qualitative analysis and surveying instructors. The results indicated that sustainability 

pillars tend to be taught in isolation rather than integrated. In Study 3 ï Changes in Engineering 

Studentsô Sustainability Perceptions and Engagement through Reflective Statements ï I analyzed 

studentsô personal statements from a sustainability related course. The results indicated a more 

balanced view of sustainability at the end of the course and development of broader societal 

thinking. Together these studies form a body of work that can be used to assess sustainability and 

be used to inform or recommend future plans in undergraduate engineering education programs. 

In addition, the instruments and generalizable methods can be extended to other institutions. 
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 Introduction 

1.1 Research Overview 

A sustainable future is necessary for the environmental, social and economical longevity of 

the earth and the engineering field can influence and lead sustainability efforts. Engineers have 

disciplinary knowledge about how things work and perhaps rather sophisticated knowledge that 

contribute to deepening their understanding and awareness of sustainability, including climate 

change, which encompasses global warming. Addressing sustainability and climate change 

requires technological innovation, policy that supports sustainable targets and collective individual 

measures [1], [2]. As architects of our physical world, engineers can play a role in these aspects.  

Given the importance of the engineer's role in sustainability, including climate change 

mitigation and adaptation ï perhaps the most urgent issues to tackle to achieve a sustainable future 

on earth ï it is important to understand the type of sustainability knowledge engineering students 

are exposed to in the curriculum and how this disciplinary knowledge interacts with their general 

literacy and pro-environmental actions to potentially advance sustainability. This PhD is 

attempting to understand these topics within undergraduate engineering at the University of 

Toronto (UofT) in Canada. The doctoral research begins with a focus on how undergraduate 

engineering students understand and act to mitigate climate change from a personal perspective. 

However, recognizing, that sustainability is a complex and multi-faceted topic, much of the 

dissertation then adopts a broader stance, focusing on the more general topic of sustainability in 

engineering education at UofT. Thus, the research looks at how engineering students at UofT are 

shaped to be complete engineers by being sustainably responsible in their personal lives and in 

their professional practice. This multi-disciplinary project includes engineering, environmental, 

education and psychology components. UofT is a relevant institution to conduct this work because 

it has the highest ranked engineering program in Canada [3], trains one of the largest engineering 

cohorts [4], and Toronto is the most populous city in Canada [5], providing numerous opportunities 

for both sustainable engineering applications and greenhouse gas (GHG) emissions reductions, as 

Canada needs to significantly reduce emissions due to the relatively high per capita emissions. 

My research was conducted in three (3) studies. The connecting thread for all three studies is 

the attainment of sustainability knowledge and then the subsequent application of that knowledge, 

either personally or professionally. Study 1 focused on the personal domain ï specifically with 

respect to climate change and covered the aspects of knowledge and actions as well as the 

relationships between them. Study 2 focused on the professional training domain and covered the 
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knowledge aspect only ï via curriculum analysis, while investigating relationships among different 

sustainability concepts. Study 3 blended Studies 1 and 2 covering both personal and professional 

domains across both aspects: knowledge and actions while again exploring interconnections across 

these topics (Figure 1.1). 

 
 

Figure 1.1: Studies in this PhD depicting the domains (personal, professional) and aspects 

(knowledge, actions) covered by each study. For each study, a relationship is explored. In study 

1 the relationship between pro-environmental knowledge and actions, in Study 2 the relationship 

of the knowledge associated with the sustainability concepts, and in Study 3 the relationship 

among the domains and aspects. 

 

In Study 1, I investigated students' environmental knowledge (carbon literacy: CL) and pro-

environmental actions (PEA) pertaining to GHG emissions. I collected data in spring 2021 using 

a survey that was guided by high, medium and low impact actions individuals can take, based on 

meta-analyses focused on developed countries [6], [7] (Sections 2.4.1, 3.3.2) to reduce carbon 

footprint. This study explored whether the knowledge of the impact or effectiveness of pro-

environmental actions are related to a greater propensity for action [8]. Since greater knowledge 

has been associated with more pro-environmental actions (Section 3.3.3) and given that 

engineering students are more exposed to science than the general public, i.e. the general public 

literacy is likely different from engineers around climate change understanding, this study 

measured their carbon literacy, corresponding pro-environmental actions, the relationship between 

them, and compared the results to the general public. This study is relevant given that there are 

known misconceptions about the impact personal actions have in reducing greenhouse gas 

emissions and the results may help illuminate possible pathways for pro-environmental action. 
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In Study 2, I developed a framework to describe sustainability in engineering and used this 

framework to assess the studentsô training in sustainability by performing a qualitative analysis of 

the undergraduate engineering curriculum coupled with an instructor survey, to determine the 

sustainability  content. The analysis determined to what extent sustainability is being addressed 

within the engineering curriculum by sustainability pillar: environment, social, economic, 

professional responsibility, and their associated sub-themes. This study also explored whether the 

sustainability pillars are connected to provide a more holistic approach to sustainability in 

engineering education. Seminal studies related to engineering education suggest that technical 

knowledge, application of that knowledge, continuous networking of that knowledge throughout 

the curriculum with increasing depth, while preparing engineers to face challenges in practice after 

their formal training are key pedagogical approaches for transforming engineering education [9], 

[10]. These concepts relate directly to preparing current engineering students to face the 

sustainability obstacles ahead. This study is relevant because challenges exist in defining and 

operationalizing sustainability for engineering and assessing sustainability integration in 

engineering education (Sections 2.4.2, 4.2.2). Also, choosing the curriculum analysis and 

connections among the pillars means that this study is considering system level thinking by looking 

at the discipline itself, extending into the professional domain, but with potential consequences for 

how this translates into personal knowledge by linking back to Study 1.  

In Study 3, I analysed studentsô personal sustainability statements to determine if there were 

changes in sustainability perspectives after experiencing a sustainability related course. In these 

statements, the students were asked to define Sustainable Development and Environmental 

Stewardship and relate these terms to their personal and professional responsibilities and 

engagement. The students were encouraged to use reflection in their statements as there is evidence 

that this practice can enhance their thinking and learning [11]ï[13] (Sections 2.4.3, 5.2.3). The 

qualitative analysis included deductive and inductive coding to assess studentsô perceptions and 

engagement at the beginning and the end of the course by both type of content and type of 

reflection. Assessing by type of content included the sustainability topics they mention. Assessing 

by type of reflection included perspectives on event(s) or activities to broader consideration like 

society, culture, politics. The deductive analysis was completed using the frameworks developed 

in Studies 1 and 2 of this dissertation, along with a reflection framework (Section 5.3.4.3). The 

inductive coding complemented the deductive coding by uncovering emerging themes. This study 

is relevant because few studies have been completed looking at engineering, sustainability, and 
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reflective practice from pre-post qualitative approaches and explored the nature of change in the 

types of reflections by students. 

Potential benefits from this PhD include informing the path of sustainability education from 

the professional and personal side. Examples could be using the developed frameworks and 

methods for assessing sustainability at institutions and potentially advising pedagogical 

approaches to enhance engineering education in an effort to advance sustainability personally and 

professionally. In addition to academic benefits, I anticipate that stakeholders outside of academia 

who are focused on sustainability might be interested to better understand how such topics are 

covered when training engineers, and what knowledge to expect from graduates of the program. 

1.2 Dissertation Outline 

This dissertation comprises six (6) chapters and four (4) appendices. This first chapter 

provides an overview of the research and the logistics of the dissertation. Chapter 2 delves deeper 

into the motivation and literature for the research. Chapters 3, 4 and 5 details studies that have 

either been published, have been submitted for publication or are being prepared to submit for 

publication. Chapter 6 provides a summary of the dissertation, future work, recommendations and 

concluding remarks. The appendices contain supplementary information. Specific details for the 

three (3) main studies in this dissertation (Chapters 3, 4 and 5) are provided as follows: 

1.2.1 Study 1 (Chapter 3) 

Study 1 is entitled: The complex relationship between carbon literacy and pro-environmental 

actions among engineering students. This study focused on the personal aspects of sustainability. 

A survey instrument was administered to the undergraduate engineering students at the University 

of Toronto and used to collect data on their knowledge (carbon literacy) about environmentally 

impactful actions and their corresponding personal performance of those pro-environmental 

actions. These two constructs were then compared to determine whether there was a relationship 

between carbon literacy and pro-environmental actions. The research questions answered were: 

 

S1 RQ1: Are students knowledgeable about the level of impact consumption choices have in 

reducing GHG emissions? 

S1 RQ2: What are the pro-environmental actions of the survey participants? 

S1 RQ3: How is knowledge about consumption choices related to participantsô pro-

environmental actions in reducing GHG emissions? 
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The contributions made by this study were the creation of an instrument with appropriate 

variables to estimate a personôs carbon footprint, a method to calculate that person's carbon 

footprint by utilizing a life cycle assessment approach, and a measure to score a personôs carbon 

literacy. The study also contributed to the body of existing knowledge around carbon literacy, pro-

environmental behaviour, corresponding misconceptions and the relationship between them within 

the engineering community. The survey and analytic methods to estimate carbon footprint and find 

the relationship between knowledge and action can be used at UofT for extended or longitudinal 

studies or by other institutions. 

The Publication citation (IEEE) for this study is:  

S. A. Ram, H. L. MacLean, D. Tihanyi, L. Hannah, and I. D. Posen, ñThe complex relationship 

between carbon literacy and pro-environmental actions among engineering students,ò Heliyon, 

vol. 9, no. 11, p. e20634, 2023, doi: https://doi.org/10.1016/j.heliyon.2023.e20634. 

1.2.2 Study 2 (Chapter 4) 

Study 2 is entitled: Crafting a Definition of Sustainability for Engineering Education and 

using it to Assess Curriculum. This study focused on the professional training of engineering 

students in sustainability. The challenge of defining sustainability for engineering was tackled by 

amalgamating prevalent themes in the literature into a framework. This framework was used to 

assess curriculum using a newly developed method in the study. The new method enhanced and 

combined standalone methods previously used in the literature, enabled the analysis of more than 

one data source, and triangulated among them. The research questions answered were: 

 

S2 RQ1: How can sustainability be defined for course-based engineering programs in 

academia? 

S2 RQ2: What can we learn from the different curriculum materials in assessing sustainability 

content? What are the similarities and differences in sustainability content from course 

descriptions (CDs), syllabi (SYL), and instructor survey (IS)? 

S2 RQ3: What relationship(s) exists among the key sustainability pillars within the courses 

offered in the undergraduate engineering program at the University of Toronto? 

 

The contributions made by this study were the development of a sustainability in engineering 

framework to assess engineering curriculum, a method that incorporates different aspects of the 

curriculum including course descriptions, syllabi and faculty perceptions to ascertain sustainability 

in the curriculum both by category and by depth, and an assessment of the sustainability in the 

engineering curriculum at UofT. The framework and assessment method are both generalizable 

https://doi.org/10.1016/j.heliyon.2023.e20634
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and are potential tools for institutions wanting to assess their curriculum for sustainability. This in 

turn may aid in refreshing curriculum and pedagogical approaches. 

This paper was submitted to Sustainability Science and Technology, part of the IOP 

Publishing Company, in April 2024. 

1.2.3 Study 3 (Chapter 5) 

Study 3 is entitled: Changes in Engineering Studentsô Sustainability Perceptions and 

Engagement through Reflective Statements. This study focused on three (3) areas that are not 

widely connected in the literature: engineering, sustainability, and reflective practice. The purpose 

was to determine whether sustainability perceptions by 3rd year mechanical engineering students 

changed from the beginning to the end of a sustainability related course and the nature of that 

change. The research questions answered were: 

 

S3 RQ1: How do 3rd year mechanical engineering studentsô perceptions of sustainability change 

on an aggregate level from the beginning to the end of a core sustainability-related course? 

S3 RQ2: What was the nature of the change among the students (if any) in content and reflection 

type? Was there an evolution of sustainability thinking in perceptions and engagement by the 

students from the beginning to the end of the course? 

 

The contributions made by this study were building on the current body of literature by 

providing an analysis of studentsô reflections through a qualitative approach in areas of engineering 

and sustainability. The approach of analysing the statements from the beginning to the end of the 

course allowed me to glean the nature of change of studentsô sustainability perceptions both on 

content and reflection development and on a personal and professional level. The outcomes of the 

analyses in this study may showcase the relevance of both a sustainability related course and 

reflective practice in altering engineering studentsô perceptions and engagement in sustainability. 

This study is currently in preparation for submission to a peer-reviewed journal.  

1.2.4 Supplementary Results 

In addition to the three studies and their respective chapters outlined in this PhD dissertation, 

there are supplementary results. These supplementary results did not form part of the Study 1 

published peer-reviewed article. For Study 1, I compiled results related to studentsô general climate 

change knowledge and how carbon literacy and pro-environmental action are related to students' 

demographics, values, beliefs and confidence in their literacy (Appendices B.3.5, B.3.6).  
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1.2.5 Author and Additional Contributions 

This research was supported by contribution from several authors (Table 1.1). The 

contributions follow the CrediT format from Elsevier [14] and definitions are provided in 

Appendix A.1. The full names of authors are Sherry-Ann Ram, I. Daniel Posen, Heather L. 

MacLean, Deborah Tihanyi. Abbreviations S1, S2 and S3 represent Studies 1, 2 and 3 respectively. 

In addition to the authors mentioned in the table, Liam Hannah also contributed to Study 1 by 

advising certain statistical methods and validating the results. There was also support that was not 

credited through authorship in the development of qualitative codebooks and coding validation for 

Studies 1 and 2, and expert advice from sustainability experts in finalizing the sustainability in 

engineering framework in Study 2. 

Table 1.1: Author contribution by type and study. 
 

Author Ą Ram Posen MacLean Tihanyi 

Contributions Ć       Study Ą S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

Conceptualization V V V V V V V    V V 

Methodology V V V V V V V V   V V 

Investigation V V V          

Data Curation V V V          
Formal analysis V V V          

Validation V V V          

Visualization V V V          

Project administration V V V          
Writing - Original Draft V V V          

Writing - Review & Editing V V V V V V V   V V V 

Supervision    V V V V V   V V 

Funding acquisition V V V V V V       

1.3 Research Ethics 

All three of the studies in this dissertation included the participation of human participants. 

The studies were reviewed and approved by the Research Ethics Board (REB) at UofT. Studies 1 

and 3 involved undergraduate engineering students at UofT and is approved under Protocol 

Number 40378. Study 2 involved surveying undergraduate engineering instructors and was 

approved under Protocol Number 44630. The participants provided informed consent to participate 

in the study and publication of their anonymized data. 

All survey data was collected completely online via REDCap (Research Electronic Data 

Capture), there were no hard copies of the surveys. The REDCap surveys and data storage system 

requires multi-factor authentication for access, which is an added level of security. The surveys 

were hosted on REDCap web server and the survey responses were stored on the REDCap data 

server behind a firewall which provided independence in that should the web server fail, the survey 
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data collected would remain intact. The data was backed-up daily. Data analysis was performed 

and stored on a separate server at UofTôs Department of Civil and Mineral Engineering. 

Permission was not provided to publicly share the data collected for these studies. All the data 

collection and storage were on a Canadian server, hence there were no issues for participants to 

participate from countries that had U.S. Embargo status. This is relevant as data collection for 

Study 1 was during COVID-19 and many students were attending school remotely and/or from 

another country. 

My research advisors I. Daniel Posen, Deborah Tihanyi, Heather MacLean, and I have a 

relationship with the University of Toronto Faculty of Applied Science & Engineering, including 

employment and funding grants, where the surveys for the studies were administered. I. Daniel 

Posen, Heather MacLean, Deborah Tihanyi are professors and I, Sherry-Ann Ram, am a PhD 

student at the University of Toronto within the Faculty of Applied Science and Engineering. 

1.4 Statement of Positionality  

I was born and grew up on the Caribbean Island of Trinidad. After postsecondary school, I 

pursued an undergraduate degree in Mechanical Engineer and before graduation was recruited by 

Schlumberger Oilfield Services, where I worked for over 13 years. This employment provided 

opportunities to experience a remarkable personal and professional life. Professionally, I 

progressed through quite a few job functions globally, starting as a field engineer and ending in 

management. Personally, I got the chance to immerse myself in new cultures and languages. 

Schlumberger also provided a scholarship to earn a masterôs degree in petroleum engineering. 

Schlumberger focused heavily on safety and training. It is through this education I recognized the 

dangers the oil and gas industry posed for the environment. In addition, the company culture was 

fast-paced and results oriented where profits, promotion and capitalism were important. As my 

career in Schlumberger progressed, I began to carefully ponder my future in that industry given 

that my values were aligned with the environment and did not align with the company culture.  

Eventually, working in the oil industry and the culture weighed heavily on my mind and I 

could no longer be complicit. Due to a convergence of several personal events, including the arrival 

of my children, I made the fundamental shift to exit the industry by parting ways with 

Schlumberger and diverting my efforts towards my children, investing time in their nurturing, 

environmental awareness and education. My life totally transformed into one that would support 

the earth, hoping my children would appreciate my worldview and adopt. After my children started 
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school, I slowly transitioned to working again, staying true to my personal and environmental 

values. As I built a new network of colleagues, acquaintances, friends, I noticed a lack of pro-

environmental choices personally and professionally. I also had unanswered questions about what 

was good for the environment and my contribution to the world. I wanted to delve deeper into 

peopleôs motivations to determine what was driving their behavior.  

As I pondered the three topics that I am most passionate about: Sustainability, Engineering, 

and Education, becoming a scholar served as a logical bridge, synergising my engineering and 

education backgrounds with sustainability. I recognize the influence the engineering field has in 

the world, and the significant leadership role engineering can play in sustainability. This led to one 

of the few carefully contemplated and deliberate decisions Iôve made in my life, to pursue graduate 

research in engineering education focusing on sustainability. In Study 1, I wanted to contribute to 

reducing climate change and thought education might be a path, hoping to see a strong correlation 

between sustainability knowledge and pro-environmental action. In Study 2, I expected 

sustainability to be central within the curriculum and courses taught but also looked for potential 

gaps to recommend ways to enhance the approaches within curriculum. In Study 3, similar to 

Study 1, I was optimistic that education could help and expected a change in student perceptions 

and more intent to engage with sustainability after experiencing the sustainability related course. 

The results of these studies were enlightening and brought some renewed hope for sustainability 

in engineering. 

We all have a distinct perspective. I carry insights about many cultures and a broad skill set 

through employment, inside and outside the home. Additionally, my paths in industry, education 

and the environment have been unconventional, and I feel very fortunate to have this extraordinary 

purview. I understand my position is rare and this affords me a special place, through my story, to 

empower humans in the objective of seeking more sustainability for future generations. These 

special lenses I possess will hopefully allow me to guide a route that is authentic and original with 

this research and future endeavours. 

1.5 Statement of Bias 

My passion for sustainability may bring biases in the research design, recruiting participants, 

data collection/analysis and publication selection [15], [16]. I am bringing my values about 

sustainability to this research as I feel sustainability is central and should be a major focus of 

engineers both in their professional practice and in their personal lives. These biases need to be 
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addressed during the research. Strategies that have been used to minimize the biases include using 

the existing literature as the foundation to build on and strengthen the research, being transparent 

about the process and any results of the research, having expert researchers provide guidance and 

input, testing and reviewing instruments with impartial participants, utilizing independent coders 

for analyses and relying on research advisors and committee members to provide feedback. 

1.6 Declaration on use of Generative Artificial Intelligence (AI) 

No generative artificial intelligence (AI) was used for writing assistance or creating graphics 

and tables in this dissertation 
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 Research Literature and Design 

2.1 Sustainability in Education, Engineering and Canada 

Sustainability is commonly held to encompass three pillars: Environmental, Social and 

Economics. In order to fulfil the different facets of these three pillars, the United Nations have 

defined 17 Sustainable Development Goals (SDGs) (listed in Appendix A.2) [17] as a potential 

path for operationalizing the commonly used definition of sustainability: ñmeeting the needs of 

the present without compromising the ability of future generations to meet their own needsò. While 

the SDGs alone will not ensure a sustainable future for our planet [18], they do provide a guide for 

actions going forward for sustainable development and environmental stewardship. 

Thinking about the SDGs and sustainability from a higher education perspective, there have 

been projects at universities to implement applicable SDGs. At the University of Toronto, one of 

the Institutional Strategic Initiatives (ISI) is Sustainability and two committees have been formed 

to encourage trans/interdisciplinary research, engagement and curriculum enhancements that are 

centred around the SDGs. These include the SDG Steering Committee and SDG Student Advisory 

Committee. These committees usually include faculty, staff and students from various disciplines 

including engineering and environmental studies. 

Thinking about the SDGs and sustainability from an engineering perspective, engineering in 

Canada has begun to rally around the SDGs and have started projects to include more SDGs within 

the profession. One such project is the Canadian Engineering Grand Challenges [19]. Regarding 

engineering practice in Canada, many of the requirements to become a professional engineer fall 

under the concept of sustainability as outlined by the SDGs and the three pillars of sustainability 

(environment, social, economic). In addition to the three pillars, an important area of sustainability 

in engineering practice in Canada is through professional responsibility. To practice engineering 

in Canada, one must become a professional engineer through licensure. The  licensing process is 

strictly regulated, requiring an engineering degree recognized by the Canadian Engineering 

Accreditation Board (CEAB) [20], typically additional law and ethics training and engineering 

experience under a licenced engineer for a number of years [21]. With the practice of engineering 

being so highly scrutinized around professional responsibility, and engineers possibly having tools 

and ability to advance sustainability efforts, sustainability in engineering could include four pillars: 

environmental, social, economics, and professional responsibility.  
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The studies in this dissertation focus on these four pillars of sustainability through the 

undergraduate engineering lens as engineering education is the preparatory stage for engineering 

practice. 

2.2 Overview of GHG Emissions, Global and Canadaôs 

While all pillars of sustainability and the SDGs are important, the urgency of global warming 

and greenhouse gas emissions reduction currently attracts substantial attention in policy and 

professional practice. Thus, this section provides additional context for Canada's major sources of 

GHG emissions by location and sectors, especially as background for Study 1 (Chapter 3), but also 

applicable for professional practice domain in Study 2 (Chapter 4) and Study 3 (Chapter 5). 

Canada has relatively high production (territorial) GHG emissions per capita (information on 

emissions nomenclature is included in Appendix A.3.1). Figure 2.1 reveals that North America 

(which includes Central America) and Oceania leads in emissions per capita at about 10.5 tCO2e. 

Of the countries in North America, Canada and the USA are ~14tCO2e per capita which is more 

than triple that of Mexico (~4tCO2e), and double that of Europe, the 2nd highest contributor of 

emissions by region [22]. USA, Mexico and Canada are mentioned specifically for North America 

because these countries have the largest populations at 335, 129 and 39 million respectively. This 

per capita of ~14tCO2e for Canada is well beyond a per capita target suggested by Ivanova et.al. 

of ~2.8tCO2eq by 2030 [23]. Note that aiming for this per capita target can be via both professional 

practice and personal actions. 

 

Figure 2.1: GHG Emissions per Capita in 2022 by region (tCO2e) [22]. The red line indicates 

the per capita target according to Ivanova et.al [23]. 
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Within Canada, the production of GHG emissions vary widely by province/territory with 

Alberta and Ontario leading in total emissions and Alberta and Saskatchewan leading in per capita 

emissions (Figure 2.2, Figure 2.3) [24]ï[26]. These statistics demonstrate that Canada has room to 

reduce GHG emissions across all provinces and especially in Alberta, Saskatchewan and Ontario. 

Data Tables are available in Appendix A.3.2. 

 
Figure 2.2: Greenhouse gas emissions (total) by province and territory, Canada (tCO2e)  

 

 
Figure 2.3: Greenhouse gas emissions (per capita) by province and territory, Canada (tCO2e) 

Figure 2.4 shows a side-by-side comparison of production GHG emissions at an aggregate 

level for the world (2016, left) and Canada (2018, right) [27], [28] (data tables Appendix A.3.3). 

For both the world and Canada, more than 70% of emissions come from energy related activities. 

Globally, about ~18% of emissions are derived from agriculture while in Canada, 4% of emissions 

are from agriculture. In contrast, for Canada ~26% are due to industrial processes including 

extraction of natural resources while globally, industrial processes account for ~5% of emissions. 

Also notable for Canada is the portion of emissions attributed to transportation (~29%) and 

buildings (~24%) compared to the global percentages (~12% and ~18% respectively). Statcan  [29] 

reported that in Ontario and Quebec, direct GHG emissions from residential homes, including 

gasoline use in cars and energy for heating, accounted for the highest source of emissions at 32% 

and 33% respectively. Therefore, GHG emissions can be reduced by managing energy 
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requirements, through transportation, buildings and industry, possible both on a professional level 

through engineering practice and on a personal level.  

         

Figure 2.4: GHG emissions percentage by sector and sub-sector: Global in 2020 (left), Canada 

in 2020 (right) [27], [28] 

2.3 Pathways to Sustainability in Engineering Education  

The following sections will explore the role of sustainability knowledge in engineering 

education, and briefly discuss how they relate to associated pro-environmental actions considering 

psychology, social and cultural factors to inform a personôs receptiveness to sustainability 

knowledge and affinity to pro-environmental behaviour. These topics are positioned within the 

studies they support in this dissertation. Stakeholders and decision makers seeking to understand 

human behaviour would need to explore what shapes motivations to determine a path, if any, to 

encourage pro-environmental action, either in engineersô personal lives or professional practice. 

An extended discussion of pro-environmental knowledge and actions and a potential conceptual 

model is presented in Appendix A.4.  

2.3.1 Role of Engineering Education 

The information deficit model [30] asserts that a lack of understanding and information, i.e. a 

deficit in knowledge, may lead to public skepticism or resistance toward science and technology. 

The model suggests better informed humans may have attitudes and behaviors more aligned with 

scientific consensus. There are mixed messages regarding the information deficit model. There are 

studies claiming that the information deficit model is not useful in altering behaviour [30]ï[32]. 

Global Canada 
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Conversely, there are studies that indicate effectiveness of the information deficit model if 

integrated using contemporary methods [33], [34].  

Expanding and going beyond the notion of sustainability knowledge deficit or attainment, is 

the concept of the structure of knowledge [8]. The Knowledge Structure Model comprises 

declarative knowledge which is related to facts, and procedural knowledge which is related to 

competencies that can reshape factual knowledge into actions. Declarative knowledge has three 

components: system, action and effectiveness knowledge. System knowledge is general 

sustainability knowledge while action and effectiveness knowledge are related to actions and their 

related impact. The declarative knowledge concept maintains that an individual may act in a pro-

environmental manner based on the level of impact of an activity, that is, the action and 

effectiveness knowledge components of declarative knowledge. This means that persons may have 

a propensity for pro-environmental actions if they believe the action has a high impact or 

effectiveness. Further procedural knowledge can complement declarative knowledge in that if 

someone is aware of the impact of an action and have the skills to fulfill that action, then that can 

further encourage pro-environmental action. In Study 1, I leaned on declarative knowledge, 

specifically action and effectiveness, by gathering information on the knowledge base (carbon 

literacy) students possess around personal pro-environmental actions in the climate change space, 

and related their knowledge to how they act based on the effectiveness the of pro-environmental 

actions. There may also be a link to procedural knowledge in Studies 2 and 3 to explore how 

sustainability knowledge attained via curriculum can be transformed into action in their 

professional practice and personal lives. 

Both knowledge and skills (application of knowledge) are beneficial to advance sustainability 

in engineering education according to the literature [9], [10], [35]ï[37], along with holistic 

approaches to teaching [38], [39]. Further, the seminal work by Sheppard et al. [10] highlights the 

need to transform engineering education by connecting and networking this technical knowledge 

towards application of that knowledge and building of professional identity. This transformation 

in engineering education pedagogy could be applied to sustainability and its pillars. Several studies 

indicate that finding a different pedagogical approach to sustainability education is important [40]ï

[44] and will likely entail veering away from the traditional pedagogical methods, such as the 

banking model of education [45], where the classroom is teacher-centred, and students passively 

receive information, i.e., the teacher deposits information for the student like a bank. Approaches 

like active learning and universal design for learning (UDL) [44], [46]ï[48] might be effective in 
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aiding in that transformation of engineering education for sustainability. In Study 2, I explored the 

prevalence of the sustainability pillars in the curriculum and the relationships among them. By 

understanding the amount and content of sustainability knowledge students are exposed to and 

how that knowledge is being networked or woven throughout the curriculum can help educators 

determine strategies to further advance sustainability training for engineering students. 

Another important aspect of sustainability is translating the knowledge (education) and skills 

into actions, then learn (gain further knowledge) from those actions by assessing or evaluating the 

outcomes, then critically thinking about the next action. One way to do this is through reflective 

practice. Thus, in addition to considering the structure of the knowledge which covers actions and 

effectiveness, and introducing pedagogical approaches that network the knowledge to advance 

sustainability in engineering education, including reflective practice may offer additional 

advantages and expand studentsô thinking. Reflective practice is promising because it asks students 

to deeply ponder their own values, experiences and biases and then relate them to the larger system 

[11]ï[13]. This can strengthen their understanding of their role and responsibilities as a person and 

practicing engineer towards planetary preservation and the difficult, complicated and nuanced 

choices that are involved. In Study 3, I leaned on reflective practice by gathering information on 

the knowledge base of the students at the beginning of a sustainability related course and noted 

any changes towards the end of the course to ascertain any broadening of their knowledge and 

intent to act towards sustainability. A brief introduction to the evolution of reflective practice is 

presented in Appendix A.7. 

2.3.2 Role of Psychology, Social and Cultural Influence/Factors 

In addition to the role of engineering education, factors like psychology, society and culture 

can play an important role in sustainability to encourage pro-environmental actions. Humans who 

have knowledge about pro-environmental actions, how effective these actions are, and they 

possess the skills to act, but have little or no interest or intent to act pro-environmentally may need 

additional methods for motivation. Motivating factors could include highlighting co-benefits, 

removing barriers, and leveraging social norms [49]ï[58]. Understanding the motivations 

characterizing a person's behaviour and acknowledging their culture, background and affiliations 

can aid in tackling the complex problems of sustainability to encourage pro-environmental actions 

[55]ï[58]. While these factors are important, and we did gather data to investigate possible 

psychology, social and cultural influences in Study 1, my work in this PhD focuses on knowledge, 
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so the results for these additional factors were not published as part of the study but are included 

in Appendix B.3.6. In addition, more details around psychology, social and cultural norms are 

provided in Appendices A.5, A.6. For these sections in the appendices, I draw primarily on 

literature related to climate action and personal pro-environmental actions owing to its greater 

prominence in the literature, and the study population being undergraduate engineering students, 

so their actions are restricted to the personal domain for now compared to professional. Further, 

although these factors are most relevant for Study 1, the concepts may be extended more generally 

across pro-environmental behaviors, including professional practice. 

2.4 Research Design and Frameworks 

The research design in this PhD includes aspects of knowledge, action and relationships from 

personal and professional domains via three distinct but connected studies. The research theoretical 

perspective takes a post-positivist viewpoint. Post-positivism maintains that truth exists and can 

potentially be measured but only imperfectly and our understanding is incomplete or evolving 

[59]. This theoretical perspective view relates to Studies 1, 2 and 3. In each of these studies there 

is truth regarding the meaning of sustainability and how this meaning is applied to the studies. 

However, sustainability and its meaning are evolving. In this section, I provide an overview of the 

design for each study including the frameworks used. 

2.4.1 Study 1 

This study focused on the personal domain around sustainability knowledge, actions and the 

relationship between them among undergraduate engineering students at UofT and considered the 

environmental sustainability pillar, specifically GHG emissions reductions. The goals of this study 

were to discern whether there were correlations (relationships) between an individual's carbon 

literacy (knowledge) and their lifestyle choices (actions) with respect to the resulting GHG 

emissions and draw inferences around misconceptions about the impacts of specific individual 

choices related to GHG emissions. Learning the extent of the knowledge-action gap and 

misconceptions may inform solution pathways to encourage pro-environmental action. 

The research questions for this study were: 

S1 RQ1: Are students knowledgeable about the level of impact consumption choices have in 

reducing GHG emissions? 

S1 RQ2: What are the pro-environmental actions of the survey participants? 

S1 RQ3: How is knowledge about consumption choices related to participantsô pro-

environmental actions in reducing GHG emissions? 
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Individual consumption accounts for about two thirds of GHG emissions globally [23]. These 

emissions are not evenly distributed among continents with North America producing the largest 

quantity of emissions per capita (Section 2.2). Reducing GHG emissions from personal 

consumption can be achieved at a global, Canadian, provincial and regional levels. 

North America is a net importer of carbon dioxide (CO2) emissions [60]ï[63]. A net importer 

of CO2 emissions refers to incurring additional GHG emissions as a result of importing more goods 

and services than exporting, in addition to the direct emissions attributed to transportation and 

heating (further explanation of nomenclature is provided in Appendix A.3.1). In Canada, factoring 

in both the direct and indirect emissions, major sources of GHG emissions related to consumption 

include households which produced 42% of the total GHG emissions in 2015 [64]. Although trends 

indicate that consumption GHG emissions are growing among developing countries [63], [65], 

managing the current high consumption of GHG emissions in a developed country like Canada 

should be considered to reach emissions reduction targets under the 2015 Paris agreement [66] 

Thus, individual consumption reduction has the potential to assist in reducing emissions in Canada. 

There are opportunities for large GHG emissions reductions by individuals through specific 

actions or activities. In 2017, a meta-analysis by Wynes et.al. examined the potential reductions in 

GHG emission through personal actions [6]. The analyses were based on 187 sources including 

peer-reviewed journal articles that adopted LCA, government reports and gray literature. The 

geographical focus was developed countries. The findings suggest that there are high, moderate 

and low impact actions to reduce GHG emissions by individuals, with the high impact actions 

including having one fewer child, taking one fewer transatlantic flight, switching to a diet with no 

animal products, living without a personal gasoline car and using renewable energy sources, 

thereby eliminating the dependence on fossil fuel [6]. As an illustrative example, Canada's per 

capita emissions in 2022 was ~14 tCO2e, so if an individual lives in Canada without a car, they 

can potentially reduce their personal GHG emissions by ~2 tCO2e or 14%. More details beyond 

this illustrative example can be found in Appendix B.1.1. This number aligns with the nearly 12% 

of emissions attributed to passenger vehicles in Canadaôs reported greenhouse gas inventory in 

2021 [67], with the minor differences most likely attributable to the year of the data and the 

inclusion of upstream emissions in Wynes et al. [6]. More information about the personal shifts 

individuals can make to reduce GHG emissions with varying levels of effectiveness can be found 

in Appendix B.1.1. 
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This study explored the relationship between carbon literacy (CL) and pro-environmental 

actions (PEA) related to the personal actions identified by Wynes et al [6]. For this study, 

engineering students in Canada were chosen because fewer studies focused on this demographic 

[68]ï[70] compared to K-12 students [71]ï[79], general public [7], [80]ï[89] and post-secondary 

students [90]ï[98]. In terms of studies specifically aimed at engineering students, three peer-

reviewed articles, conducted in the USA and Turkey, were found [68]ï[70]. The study by Bakaç 

from Turkey [68] focused on engineering students' broad perceptions about climate change rather 

than carbon literacy and attitudes. The study by Rosen from the USA [69] involved both 

engineering students and engineers and looked at how sustainability is adopted in engineering 

design at school and the workplace. The study by Milovanovic et al. from the USA [70] uncovered 

climate change misconceptions among engineering students. While the study by Rosen [69] did 

explore engineers' propensity to act pro-environmentally in their personal lives, these three studies 

did not pursue research on the relationship between carbon literacy and pro-environmental action 

among engineering students in their personal lives. 

This study uses the declarative knowledge framework in the study design (see Section 2.3.1). 

and leans on the action and effectiveness knowledge components of the declarative model 

suggesting that people may choose to act in an environmentally friendly manner based on the 

perception of how impactful that the action [8]. This leads to a conceptual model of estimating 

Carbon Literacy (effectiveness) and Pro-Environmental Action (action) and analyzing the 

relationship between them (Figure 2.5, detailed version of Figure 1.1 for Study 1), through 

deductive approaches using the pro-environmental actions described by Wynes et al. [6], and 

inductive approaches though student open responses to glean additional insights. Thus, I include 

quantitative and qualitative methods with a survey comprising close-ended and open-ended 

questions. Section 2.4.4 provides more information on methodology and methods for this study. 

Study 1 
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Figure 2.5: Research Design Study 1 
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Prior studies have shown that there are misconceptions about which actions are the most 

effective in reducing GHG emissions with participants often overemphasizing the effects of the 

moderate and low impact action and vice versa [6], [99]. More detailed information about these 

studies can be found in Appendix B.1.2. Prior studies have also shown, for the most part, a positive 

relationship between carbon literacy and pro-environmental action [100]ï[109] and advocate for 

advancing PEA education. A subset of studies on the PEA/CL relationship are provided in 

Appendix B.1.3, and the detailed literature review for Study 1 will be provided as part of the 

published study in Chapter 3. Additional information on social structures and influences 

specifically beliefs, values, confidence and demographics, that may provide insights into personal 

motivations, was not part of the published study but was evaluated and is provided in Appendix 

B.3.6.   

2.4.2 Study 2 

This study focused on the professional domain around sustainability knowledge and the 

relationship among the four sustainability pillars: environment, social, economic and professional 

responsibility, within the undergraduate engineering curriculum at UofT, as opposed to Study 1 

which focused on one sustainability pillar: environment. The goals of this study were the 

development of a sustainability in engineering framework, a method to assess curriculum using 

multiple data sources, and examination of the current engineering curriculum to determine the 

sustainability content (knowledge) and interactions (relationship) among the pillars. The purpose 

of this study was to advance the science on how this kind of analysis could be completed and 

reveal where there may be opportunities for augmenting the engineering curriculum with the hope 

of fostering greater sustainability attitudes within engineering education and for engineering 

practice after graduation. With UofT enrolling one of the highest numbers of undergraduate 

engineering students in Canada, it is important to ascertain how engineers are being prepared to 

practice and advance sustainability efforts. 

The research questions for this study were: 

S2 RQ1: How can sustainability be defined for course-based engineering programs in 

academia? 

S2 RQ2: What can we learn from the different curriculum materials in assessing sustainability 

content? What are the similarities and differences in sustainability content from course 

descriptions (CDs), syllabi (SYL), and instructor survey (IS)? 

S2 RQ3: What relationship(s) exists among the key sustainability pillars within the courses 

offered in the undergraduate engineering program at the University of Toronto? 
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Before deciding on the research design for this study, I completed two preliminary curriculum 

analyses. The first analysis summarized the SDG content within the undergraduate engineering 

course descriptions in the Faculty of Applied Science and Engineering (FASE) at UofT (Appendix 

C.1). This summary was facilitated by using the data from the Committee on the Environment, 

Climate Change, and Sustainability (CECCS) office and based on a UofT study by Brugmann et 

al. in 2019 [110] that checked for the presence of SDGs across all courses (course descriptions 

only) offered at the University. This analysis revealed that the SDGs were not sufficiently 

operationalizing sustainability for engineering. The second analysis was a sample mapping and 

calculation of the presence of the twelve (12) CEAB attributes [111] (Appendix A.7) within the 

curriculum to see the relative weightings (Appendix C.1). Of the 12 CEAB attributes, 1 ï 5 seem 

to be associated with technical prowess, while 6 ï 12 cover professional skills. Sustainability 

within the engineering curriculum may be through CEAB attributes like 9. Impact of Engineering 

on Society and Environment and 10. Ethics and Equity. Other CEAB attributes may be related to 

sustainability but perhaps less direct like 4. Design, 8. Professionalism, 11. Economics and Project 

Management, and 12. Lifelong Learning. This curriculum mapping provided broad rather than 

deep results pertaining to sustainability in the curriculum. These initial analyses indicated that a 

more comprehensive method was required to define sustainability for engineering and to assess 

the curriculum. 

An attempt was made to find frameworks for defining sustainability in engineering. I found 

several studies that used frameworks to define sustainability to assess curriculum specifically for 

engineering. One study conducted in 1999 (over 20 years ago) by Vanderberg et.al. [112] at UofT 

analyzed the sustainable content within the engineering curriculum. The study explored how 

technology in engineering address matters pertaining to human life, natural ecology, and the 

society using context issues. The context issues included socio-technical interactions, ethical 

consideration, non-technical components of engineering education and professionalism, but there 

was no differentiation of these type of context issues within the results in the paper. Another study 

by Hoffman et al. at Purdue University in 2011 [113] aggregated engineering literature to define 

sustainability within engineering and outlined six broad themes: traditional environmental goals, 

resource protection, design criteria, social/societal goals, business perspectives, and ethics/guiding 

values. Finally, several recent studies done at a University in Spain looked at sustainability in 

higher education and engineering based on the Turing Project with 28 criteria, and 5 for the 

sustainability dimensions [114], [115] including gender equality, ethics, social, civic, diversity, 
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culture and environmental conservation. While these frameworks to define sustainability to assess 

curriculum contained important themes, what was missing was a comprehensive framework that 

represented all the themes. Further, it is uncertain whether the aspects of sustainability used to 

assess the curriculum in 1999 by Vanderburg is relevant today. It seemed apt for this study to 

develop a framework to define sustainability to analyse curriculum content considering the 

contemporary situation and using a combination of engineering specific and perhaps incorporate 

general and widely used frameworks like the SDGs where applicable. 

I reviewed past methods (non-exhaustive) employed to assess curriculum. A general method 

was the academic plan model [116] which looks at curriculum from several perspectives including 

the content, how student learning happens, assessing whether the required learning takes place, 

how the curriculum is influenced by internal and external factors and using information gathered 

as a feedback loop for improvement. The academic plan model is often used in education research. 

In addition, a couple of Canadian curriculum analysis tools developed by the University of Calgary 

and the University of Toronto [117]ï[119] introduced methods to map and renew the curriculum. 

The methods to map curriculum used a process similar to what I completed in my preliminary 

analysis and compares curriculum material (e.g. courses) with certain attributes (e.g. course 

outcomes). The course renewal takes a more holistic and cyclical approach that looks at the vision 

and outcomes for the program, establishes what is currently being done though mapping and 

analysis, plans for implementation, assesses the program and then starts the cycle again. Since I 

had already completed a curriculum mapping and perhaps the all the components of the academic 

plan model and curriculum renewal were too extensive of an undertaking for this study, I decided 

that looking at curriculum from the content perspective was at the appropriate level.  

An initial thought for curriculum assessment method was to build on the work completed at 

UofT by Vanderburg 1999 [112] and Brugmann in 2019 [110]. The Vanderburg study qualitatively 

analysed sustainability content in material provided to CEAB by UofT for the engineering 

curriculum using naïve coding and an ordinal scale to rank the context issues explained earlier in 

the section. The Brugmann study checked for the presence of SDGs in course descriptions in all 

courses offered at UofT looking for keywords assigned to each SDG through programming in 

Python. However, the Vanderburg study analysed for depth using multiple data sources but without 

a clear definition of sustainability in engineering and the Brugmann study analysed sustainability 

content (no depth) using a single data source. I then looked at other past studies that evaluated 

curricula content [113]ï[115], [120]ï[125] but there did not seem to be any investigating content, 
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depth, and across multiple data sources. Developing a method to assess curriculum for 

sustainability that goes further from prior studies became the next opportunity for this study. 

In addition to defining sustainability and developing a method to assess curriculum, this study 

evaluated how the sustainability pillars interact with each other. This interaction among pillars 

may aid in solving the complex, ñwickedò problems engineers might face and enable sustainability 

competence among engineering students [35], [36], [126]. 

This study used a theoretical framework that emphasizes not only the technical and structured 

knowledge acquisition that is typical and a cornerstone for the engineering discipline, but also how 

that technical knowledge around the sustainability pillars are interacting [9], [10]. The conceptual 

framework comprises the creation of the sustainability in engineering framework and an analysis 

method to assess content and depth using multiple data sources (Figure 2.6, detailed version of 

Figure 1.1 for Study 2). The developed framework and method were then together used to assess 

the UofT engineering curriculum and the interaction of sustainability pillars within curriculum. 

The methods included deductive qualitative analysis of course descriptions, syllabi and 

quantitative analysis of instructor survey responses. Section 2.4.4 provides more information on 

methodology and methods for this study. 
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Figure 2.6: Research Design Study 2 
 

Prior studies have shown some integration of sustainability at various levels depending on the 

institution [127] but there is room for improvement [128], [129]. Prior studies also indicate an 

emphasis on the environmental pillar compared to the other pillars of sustainability [112], [113], 

[120], [127], [130]. These results are prompting educators to evaluate what must be done in the 

future to prepare engineering students to tackle sustainability challenges. Note that these results 

are typically based on a single data source for analysis and not accounting for depth. A summary 

table of relevant articles for this study is presented in Appendix C.2. The detailed literature review 

for Study 2 will be provided as part of the study submitted for publication in Chapter 4. 
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2.4.3 Study 3 

This study focused on the professional and personal domains of sustainability knowledge, 

actions and relationship and continued Study 2 thread by considering all pillars of sustainability. 

Study 3 aimed to discern whether a sustainability related core third year undergraduate mechanical 

engineering course can alter perceptions and engagement among students through analysis of 

personal statements that were completed by the students at the beginning of and end of the course. 

Study 3 brought together aspects of Studies 1 and 2 by using the frameworks from Studies 1 and 

2 to analyze the personal statements. In Study 1, the relationship between personal carbon literacy 

and pro-environmental actions was investigated. In Study 2, a framework and method to assess 

sustainability in engineering was developed and curriculum was evaluated. Study 3 is related to 

Study 1 because the students were asked to report on their sustainability engagement (action) at 

the beginning and end of the course and this engagement included the personal and professional 

domains. As such we get a glimpse into how their personal and professional engagement choices 

in sustainability may be connected (relationship). Study 3 is related to Study 2 through the 

sustainability in engineering framework developed in Study 2. We used this framework to assess 

any changes (relationship) in perceptions (knowledge) from the beginning to the end of the course. 

The sustainability related course in Study 3 was assessed in Study 2 and covers all the themes in 

the framework at varying levels of depth, as per the course instructor. Therefore, it would be 

interesting to see if the studentsô thinking about sustainability topics altered and what this could 

mean going forward for renewing curriculum to accommodate more sustainability concepts. This 

study also evaluated the types of reflections by the students at the beginning and the end of the 

course. The types of reflections in the personal statements provided insights into the studentsô 

thinking process and backgrounds. These insights can help determine if exercises like reflective 

practice are useful pedagogical tools that reveals shift in perceptions and actions by contemplating 

choices, which may in turn aid in sustainability. 

The research questions for this study were: 

S3 RQ1: How do 3rd year mechanical engineering studentsô perceptions of sustainability change 

on an aggregate level from the beginning to the end of a core sustainability-related course? 

S3 RQ2: What was the nature of the change among the students (if any) in content and reflection 

type? Was there an evolution of sustainability thinking in perceptions and engagement by the 

students from the beginning to the end of the course? 
 

In this study, three components: reflective practice, sustainability and engineering are 

investigated. Existing literature has rarely examined these three components together. Studies that 
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considered two of the three topics include: reflective practice and sustainability [131]ï[138], 

reflective practice and engineering [139]ï[149], and sustainability and engineering [35], [36], [38], 

[39], [126], [150]. Studies in engineering that considered sustainability in an engineering program 

or the impact of a specific course have completed analyses using quantitative methods [151]ï[158] 

and qualitative methods [159]ï[164]. The qualitative studies using reflective practice had a variety 

of topics that were considered under the umbrella of sustainability such as the effect of courses in 

design [164], professional skills [159] or art course [163], along with overall perception of 

sustainability [160]ï[162]. These last three studies asked students questions along similar lines of 

the studentsô conceptions of sustainability and/or the application in their personal and professional 

lives. The majority of the qualitative studies were cross-sectional and only two had a before and 

after component [163], [164], with only one of those being from a similar design for the 

environment course [164] investigating design thinking. This study aims to add to the body of 

work in qualitive analysis of reflective statements. 

Study 3 theoretical framework employed reflective practice [11]ï[13]. Reflective practice 

encourages examination of assumptions, values, biases, experiences, and its relationship to the 

society. The personal statements students completed at the beginning and end of the course asked 

students to deeply and critically think about their understanding and engagement of sustainability. 

For this study, we used the Hatton and Smith model of reflection [165] to elucidate the types of 

thinking in the student personal statements. In the Hatton and Smith model there are three types of 

reflection, descriptive which ponders a single event or activity, dialogic which showcases thinking 

about more complex scenarios and critical which considers social, political, cultural perspectives. 

The conceptual framework explored their perceptions and engagement by qualitatively analyzing 

their submitted personal statements deductively and inductively (Figure 2.7, detailed version of 

Figure 1.1 for Study 3). Section 2.4.4 provides more information on methodology and methods for 

this study. 
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Figure 2.7: Research Design Study 3 
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Prior studies exploring sustainability content with before and after components in both 

engineering and non-engineering courses showed that at the start of the course the environment 

pillar more was emphasized whereas at the end of the course there was more balance among the 

sustainability pillars [155]ï[157], [166], [167]. Prior studies with reflective components revealed 

greater propensity to practice sustainability, increased self awareness in considering the broader 

social and ethical context, and sustainability responsibility [153], [163], [164]. These results 

showcase some of the advantages of incorporating reflective practice within curriculum. A table 

summarizing the studies is presented in Appendix D.1. The detailed literature review for Study 3 

will be provided as part of the study presented in Chapter 5. 

2.4.4 Analysis Methodology and Methods 

The research in this dissertation employed both deductive and inductive methodologies, 

discussed in section 2.4.4.1, and quantitative and qualitative approaches. For the quantitative 

methods, discussion around development and validation of the survey is presented, as well as 

statistical tests, in Section 2.4.4.2. For the qualitative methods, information about our choices for 

analyses are presented in section 2.4.4.3 

2.4.4.1 Deductive and Inductive Methodologies 

Deductive methodologies typically aim to test existing theories and inductive methodologies 

aim to create a theory. Therefore, deductive methods are top-down approaches while inductive are 

bottom-up approaches. The research in this PhD incorporated both deductive and inductive 

methods. Study 1 used a deductive framework from Wynes et al. [6] that theorized the impacts 

(high, moderate and low) of personal pro-environmental actions. Study 2 used a deductive 

framework developed in this PhD that theorized how sustainability can be defined for engineering 

education. Study 3 used the deductive frameworks from Studies 1 and 2 as well as a reflection 

framework from Hatton and Smith [165] that theorized different types of reflection. In Studies 1 

and 3, the material was also coded inductively to glean additional insights beyond the existing 

deductive frameworks. 

2.4.4.2 Quantitative Method 

All t he studies in this PhD applied quantitative analyses in the form of descriptive and 

inferential statistics. In Study 1, I used both parametric (assumes the data follows a certain 

distribution e.g. normal distribution) and non-parametric (no assumed distribution) tests. Some of 
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the tests include Welshôs ANOVA, Kruskal Wallis, Linear and Loess Regression. We also used 

Cronbachôs alpha and McDonaldôs omega to verify internal consistency of the ordinal scales. In 

Studies 2 and 3, I completed Correlation (Spearman, Pearson) analyses. 

In Study 1, an instrument was developed to measure studentsô PEA and CL. I describe some 

of the instruments used in prior research and how they may or may not apply to Study 1. There has 

been extensive development of standardized/validated surveys to measure knowledge and 

perceptions about environmental issues, carbon footprint, personal values and demographics. A 

validated survey refers to an instrument designed specifically for a particular audience and tested 

along different dimensions (e.g., face validity, content validity, criterion validity, content validity) 

with a representative sample [168]. When possible, a previously validated questionnaire should be 

used. However, if an existing questionnaire does not adequately meet the needs of the research, 

the researcher can create an appropriate instrument to use. Robelia et.al. reviewed a number of 

these existing questionnaires [169]. There are measurements based on ideology and others based 

on scientific information. There are also instruments and applications designed to measure 

personal carbon footprint. Following is a brief discussion of resources. 

Literature pertinent for question selection in this study include footprint calculators from the 

Environmental Protection Agency (EPA), World Wildlife Fund (WWF), Nature [170]ï[172] and 

additional studies covering individual PEA [6], [7], [78], [80]. The New Ecological Paradigm 

Scale (NEP), initially published in 1978 and comprising 12 questions, is designed to measure 

people's concern for the environment using 3 dimensions: balance of nature, limits to growth, and 

human domination of nature [173]ï[176]. It is the most widely used measure for environmental 

knowledge to date, so much so that the NEP was updated in 2000 by adding a few more questions. 

There are surveys that are designed to measure environmental values. Some examples include 

the Two Major Environmental Value (2-MEV) [177]ï[186]; Environmental Schwartz Value 

Survey (E-SVS) and Environmental Portrait Value Questionnaire (E-PVQ) [187]. Other 

questionnaires focus on behaviour and stewardship such as the Climate Stewardship Survey (CSS) 

[188] and the Stanford Climate Change Behavior Survey [189]. There are also surveys that 

measure individual literacy and awareness of consequences to the environment like Environmental 

Concern/Awareness of Consequences Scale and Value-Belief-Norm (EC/AC and VBN) [190]; 

National Environmental Education Foundation (NEEF) developed survey [191] and 

Environmental Literacy Instrument for Adolescents [192]. Environmental behaviour or actions are 

often measured using carbon footprint calculators [193]ï[197]. 
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One instrument was designed to investigate the relationship among sustainable choices, 

gender and postgraduate education discipline. The survey was developed at Clemson University 

for post-graduate students and is called Sustainability and Gender in Engineering (SAGE) and 

measures career goals, high school experiences, sustainability and demographic information [198]. 

This SAGE instrument is one of the few questionnaires that linked environmental knowledge, 

engineering and demographic information. The resources used to design the survey for Study 1 

are explained in Chapter 3. Not all of the resources described in this section were used in the 

survey. 

2.4.4.3 Qualitative Method 

All the studies in this PhD applied qualitative analyses. For the qualitative methods, which 

involved collecting and analyzing non-numerical data (e.g. text, video, audio), I analyzed 

documents. These documents included open ended questions from the survey in Study 1, 

curriculum materials (course descriptions, syllabi) for Study 2, and student reflective statements 

in Study 3. To qualitatively evaluate the documents, I coded both deductively (Studies 1, 2, 3) and 

inductively (Studies 1, 3).  

A code in qualitative analysis is a label that describes the content of a piece of text. In 

deductive analysis, there is a set of pre-established codes while in inductive analysis the codes 

emerge and are created from the data. There are numerous methods in qualitative coding [199]. 

For the studies in this PhD, I used elemental methods, specifically descriptive coding by looking 

at logical and lexical chunks of text. I opted for qualitative analysis as it allows for the exploration 

of nuances in language. However, this type of process is open to bias from the coder due to the 

coderôs personal perceptions or definitional drift (definitions changing from the beginning of 

coding to end of coding) when coding inductively. To minimize this bias, there were detailed 

definitions for the deductive coding, multiple coders and several rounds of coding to check for 

discrepancies. 

2.5 Summary of Research Literature and Design 

The research in this PhD dissertation covers the professional and personal aspects of 

sustainability in engineering education and includes sustainability knowledge, actions and specific 

ways they are related in each study. The PhD attempts to fill several opportunities presented in the 

literature. First, research exists that looks at sustainability knowledge and pro-environmental 

actions, as well as the relationship between them but few studies were conducted with the 
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engineering demographic, and none found for engineering at UofT. Second, there is research that 

looks at sustainability in engineering curriculum worldwide and specifically at UofT, but providing 

categorization and depth in combination is necessary to sufficiently advise on refreshing the 

curriculum to include more sustainability content. Third, little prior research found that combined 

sustainability, reflective practice and engineering, explored how sustainability perceptions 

changed due to experiencing the course, how that perception change manifested in actions and 

attempted to blend personal and professional dimensions of shaping an engineer in a single project. 

The next three chapters will delve into each of these three topics in more detail.  
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 The Complex Relationship between Carbon 
Literacy and Pro-Environmental Actions among Engineering 
Students 

This chapter is based on a published journal article with the citation (IEEE)  

S. A. Ram, H. L. MacLean, D. Tihanyi, L. Hannah, and I. D. Posen, ñThe complex relationship 

between carbon literacy and pro-environmental actions among engineering students,ò Heliyon, 

vol. 9, no. 11, p. e20634, 2023, doi: https://doi.org/10.1016/j.heliyon.2023.e20634. 

3.1 Study Overview 

3.1.1 Abstract 

Lifestyle choices and consumption play a large role in contributing to per capita greenhouse 

gas emissions. Certain activities, like fossil fuel ground transportation, long-haul flights, diets with 

animal products and residential heating and cooling contribute significantly to per capita 

emissions. There is uncertainty around whether literacy about these actions encourages individuals 

to act pro-environmentally to reduce personal carbon footprints or to prioritize the most effective 

actions. This study investigated the relationship between carbon literacy and pro-environmental 

actions performed to reduce greenhouse gas emissions among undergraduate engineering students 

at the University of Toronto. The pro-environmental actions by the participants produced an 

average carbon footprint of 4.8 tCO2 (within the subset of actions included in the survey) which 

was lower than average for residents each of Toronto, Ontario, and Canada overall but still higher 

than the global target of ~2.8 tCO2e. The carbon literacy by participants was best for high impact 

actions like ground transportation and dietary choices but less so for air travel and there was mixed 

awareness for the moderate and low impact actions. For high impact actions and many moderate 

and low impact actions, participants who thought the action was high impact (even if incorrect) 

had lower carbon footprints related to the associated activity than those who thought the action 

was moderate or low impact. The overall relationship between pro-environmental action and 

carbon literacy was weak. It showed that for high impact actions, there is a slight negative 

correlation between carbon literacy and personal carbon footprint whereas for moderate and low 

impact actions, there is a positive correlation. 

 

https://doi.org/10.1016/j.heliyon.2023.e20634
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3.1.2 Highlights 

 Surveyed 364 engineering undergraduates on carbon literacy and carbon footprints.  

 Personal carbon footprints (PCF) were calculated using a life-cycle assessment approach. 

 Carbon literacy was best for some high impact actions: ground transport and diet. 

 Belief that an action was high impact correlated with lower PCF for that activity. 

 Overall relationship between pro-environmental action and carbon literacy was weak. 

3.1.3 Graphical Abstract 

 

3.1.4 Keywords 

Carbon Literacy, Environmental Knowledge, Pro-environmental Behavior, Personal Carbon 

Footprint, Sustainable Consumption, Climate Change Mitigation 
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3.2 Introduction 

3.2.1 Background 

According to the Intergovernmental Panel on Climate Change (IPCC), global warming should 

be maintained below 1.5°C compared to pre-industrial levels to avoid further long-term impacts 

to the planet and the climate system [200]. To reach this target, global average annual per capita 

greenhouse gas (GHG) emissions need to be reduced to ~2.8 tCO2e by 2030 [23]. Implementing 

low carbon technological innovation on its own will not achieve this ~2.8 tCO2e per capita target, 

therefore partnering with individual action to reduce personal consumption is encouraged [2]. 

There is general agreement that emission reductions (mitigation) must go hand in hand with 

adaptation to prepare for the changing climate [201]ï[203]. Societal knowledge along with 

individual behaviour have roles to play in both climate change mitigation and adaptation [204]. 

This paper contributes to this body of knowledge by focusing specifically on the role of carbon 

literacy and individual action pertaining to climate change mitigation, while calling for future work 

to investigate similar relationships between knowledge and adaptation choices. 

In Canada, the per capita production of GHG emissions of 14.3 tCO2e (2021) has been steadily 

declining but still exceeds the ~2.8 tCO2e per capita target, is around three times the global average, 

and consistently ranks within the top ten of countries having more than ten million inhabitants 

[205], along with the United States and Australia. Compared to the higher emissions from Canada, 

many countries with similar standards of living have been able to achieve close to the global 

average, including France, Portugal, and the United Kingdom. In contrast, the countries with the 

lowest emissions tend to be among the least developed and often face the largest risk from climate 

change while not contributing significantly to the GHG emissions [206]. 

Within Canada, Ontario produces the second highest GHG emissions at a provincial/territorial 

level and emissions in Ontario started rising again in 2018 after steadily decreasing from 2000, 

notably due to transportation and buildings [207]. Within Ontario, the city of Toronto, which is 

the most populous in Canada, averages annual per capita consumption GHG emissions between 

16 and 21 tCO2e [65]. While Toronto does not have the highest household per capita GHG 

emissions in Canada, opportunities nevertheless exist to reduce GHG emissions at the personal 

level through reduced household consumption [208], [209]. Globally, household consumption 

accounts for about two-thirds of GHG emissions, including direct emissions through personal 

transportation, energy use within the home and indirect emissions through food [23]. In North 
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America, the personal actions that may contribute significantly to reducing consumption GHG 

emissions actions are having one fewer child on average, living car-free, avoiding one long-haul 

flight, eating no meat and managing residential energy use [6], [23], [210].  

While many of these actions are likely to retain substantial mitigation potential for the 

immediate future, changes in technology may also bring important alterations. For example, the 

ongoing electrification of passenger vehicles and home heating, coupled with low carbon 

electricity generation, could substantially reduce (but not eliminate) the GHG benefit from reduced 

car use or residential energy efficiency. However, emissions reduction depends on the large-scale 

roll out of these technologies and on the ability to transition to and maintain low carbon electric 

grids ï both of which continue to face challenges. Thus, while electrification is strategically 

planned by Canada and many countries worldwide, the progress is not fully on track for many 

technologies [211], [212]. Therefore, pro-environmental personal actions are still relevant and 

necessary for reducing GHG emissions, both as a complement, and also to reduce the required 

burden for deploying these low carbon technologies. 

There are misconceptions about the actions one can take to reduce emissions, in that 

individuals tend to underestimate the impact of air travel, meat consumption and residential energy 

management and overemphasize the impacts of actions like recycling and using Light Emitting 

Diode (LED) bulbs [70], [97], [99], [213]. Nevertheless, there are mixed messages regarding 

whether a lack of knowledge (information deficit) is the reason for not acting pro-environmentally. 

Some studies show that the information deficit model communication method has not been known 

to work in modifying behaviour [30]ï[32]. In contrast, recent studies are refreshing the usability 

of the information deficit model as an effective tool if used inventively [30], [33], [34]. In the 

higher education context, a longitudinal study conducted at San Jose State University (USA), 

published in 2020, comprising more than 500 university students who participated in a year-long 

intensive course about global climate change, demonstrated that personal pro-environmental 

actions persist more than five years after course completion, due in part to what was learnt during 

the course [214]. Thus, there is evidence that education may facilitate pro-environmental 

behaviour. Over the last two decades there has been an increase in research regarding green 

marketing and consumptions patterns [215], although it is unclear whether the findings of these 

research show a correlation between sustainability knowledge and corresponding actions. 

Therefore, a deeper understanding of an individual's knowledge about these actions, the relative 
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impact of these actions and their corresponding application of these actions may provide solutions 

to reduce emissions. 

3.2.2 Research Opportunity 

Extensive research has been conducted to evaluate climate change knowledge, perceptions 

and pro-environmental behaviour across a variety of demographic groups that include K-12 

students [71]ï[79], the general public [7], [80]ï[89] and post-secondary students [90]ï[98]. There 

is a considerable body of research concentrating on K-12 students and some studies include post-

secondary students, but perhaps the fewest studies were conducted on engineering students [68]ï

[70]. Engineers are the designers and innovators of our built world and understanding their 

commitment to reducing GHG emissions in their personal lives, that shape and form part of their 

identity and responsibility to society, has not been sufficiently previously explored. Thus, to devise 

efforts to curtail GHG emissions, it is important to determine how well the most promising 

personal GHG emissions reduction actions are understood and carried out by the engineering 

student demographic at the University of Toronto (UofT) in Canada. 

The goals of this study are to discern the carbon literacy (CL) of engineering students at UofT, 

measure pro-environmental actions (PEA), determine whether there are correlations between CL 

and PEA, and identify misconceptions about the GHG impacts of specific individual choices. The 

study uses Life Cycle Assessment (LCA), a trusted engineering tool to quantify the environmental 

impacts of products and processes from the cradle to grave. 

3.2.3 Research Questions 

The study aims to answer the following research questions for undergraduate engineering 

students at UofT: 

S1 RQ1: Are students knowledgeable about the level of impact consumption choices have in 

reducing GHG emissions? 

S1 RQ2: What are the pro-environmental actions of the survey participants? 

S1 RQ3: How is knowledge about consumption choices related to participantsô pro-

environmental actions in reducing GHG emissions? 
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3.3 Frameworks 

3.3.1 Carbon Literacy (CL) 

S1 RQ1.  Are students knowledgeable about the level of impact consumption choices have in 

reducing GHG emissions? 

 

An important first step toward reducing GHG emissions is a personôs climate change 

knowledge/literacy or CL. CL is defined as a person's understanding of the GHG emissions 

associated with daily activities [216]. A knowledge deficit regarding the actions one can take has 

been identified as a hindrance to acting pro-environmentally [89], [217]. However, the Knowledge 

Structure Model indicates that declarative knowledge may offer a deeper understanding of pro-

environmental behaviour of individuals [8] rather than knowledge deficit alone. The Knowledge 

Structure Model is a framework to glean insights about the arrangement of an individualôs 

knowledge regarding a specific topic, like sustainability. In this framework, two types of 

knowledge are presented: declarative (related to facts) and procedural (related to competencies 

that can transform factual knowledge into actions) [8]. Declarative knowledge comprises system 

knowledge, action knowledge and effectiveness knowledge. While system knowledge focuses on 

climate change in general, action and effectiveness knowledge focus on steps one can take to 

reduce GHG emissions and how impactful those actions are. In this study, the three components 

of declarative knowledge (system, action and effectiveness knowledge) were measured. However, 

the action and effectiveness knowledge of declarative knowledge will be explored as these actions 

are more within the control of the individual. The system knowledge component can be found in 

Appendix B.3.5. 

3.3.2 Pro-Environmental Action (PEA) 

S1 RQ2. What are the pro-environmental actions of the survey participants? 

 

PEA is defined as an action that causes least harm or benefits the environment [218]. While 

declarative knowledge may affect oneôs intent to act, this knowledge may not be the only 

motivating factor, as purported by the theory of planned behaviour and the mixed messaging from 

the information deficit model [30]ï[34], [49]. There are additional factors, in addition to 

declarative knowledge, that may also affect whether a person with a certain level of knowledge 

about environmentally sustainable actions may choose to act upon them. These factors include but 

are not limited to social norms, barriers, values, and co-benefits [51]ï[58]. Individuals may choose 
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to act pro-environmentally based on social norms, that is, if co-workers or the community are 

performing an action collectively. It may be that the individual performs this PEA to fit in or out 

of peer pressure to do so [52]. For example, if the trend within a workplace is switching to a more 

plant-based diet, one might be more likely to also reduce meat consumption, regardless of the 

effect of this action to reduce GHG emissions. Individuals may also opt for an action because there 

are few or no barriers to perform that action [51], [54]. For example, if cycling infrastructure exists 

and the perception is that the activity is safe, individuals may engage in that activity. Social 

marketing, which aims at socially educating, can augment these activities when there are little to 

no barriers. Co-benefits refer to additional gains for personal actions, beyond those that aid in 

climate change and/or reduce GHG emissions [219]ï[222]. Co-benefits examples include: 1. 

active travel by cycling, running, walking or taking public transport which increases exercise, 

likely takes place outdoors, facilitates social interaction which in turn promotes greater physical 

and mental health [220]; 2. household energy efficiency improvement with appliances and better 

thermal insulation promote better health through improved air quality and provide cost savings; 3. 

red meat intake reduction which is associated with health benefits like lower risks of colorectal 

cancer and obesity [223]ï[227]. Additional information on social factors and co-benefits can be 

found in Appendices A.5, A.6. 

Past studies that measured PEA among post-secondary students were located predominantly 

in North America and Asia and tended to focus on ideology surrounding climate change rather 

than an observational measure or actions where level of impact is considered [78], [105], [213]. 

For this study a personal carbon footprint (PCF) is calculated for the participants based on their 

PEA and the corresponding impacts. There are several existing tools that estimate personal carbon 

footprint and other emissions associated with climate change mitigation efforts [170]ï[172], [228]. 

In the present study, we adopt a life cycle assessment approach [229], using a combination of 

literature values and custom calculations to reflect the life cycle GHG impact of different actions 

using locally applicable data where possible. Low PCF is used as a quantitative indicator for high 

PEA. 

3.3.3 Relationship between CL and PEA 

S1 RQ3.  How does knowledge about consumption choices correlate to the participantsô pro-

environmental actions in reducing greenhouse gas emissions? 
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The relationship between CL and PEA is complicated and one that scholars have tried to 

measure in the past [100]ï[109]. Of these studies, some indicate a positive correlation while others 

have identified negative or no correlations. This study will explore what type of association exists 

between CL and PEA/PCF among undergraduate engineering students at UofT and whether their 

carbon literacy associated with action and effectiveness knowledge play a role in their pro-

environmental action choices. A subset of the literature in the relationship between PEA and CL 

is provided in Appendix B.1. 

3.4 Methods 

3.4.1 Survey Design and Administration 

The survey for this study was designed by combining and adapting questions from commonly 

used surveys for measuring environmental knowledge, sustainable choices (carbon footprint 

calculators), personal values and demographics, as well as independently designed surveys by 

researchers seeking to investigate specific views. The instrument was evaluated and refined via 

discussions with experts in the field and tested by respondents with a broad range of backgrounds. 

The instrument was administered as an online survey comprised of five sections, with a 

combination of open-ended and closed-ended (nominal, ordinal and continuous variables) 

questions to give the participants the opportunity to choose among options (closed-ended 

questions) and express their personal voices (open-ended questions). The survey, more information 

about sections and distribution are in the Appendices B.2.1 and B.2.2. 

Sections 1 and 2 gathered information about participants' personal PEA (Section 1) and CL 

(Section 2). The aim was to measure the action and effectiveness knowledge components of 

declarative knowledge and were based on personal actions one can take to reduce GHG emission. 

These actions and their effectiveness, defined as high, moderate and low, were identified by a 

meta-analysis conducted in 2017 [6]. The meta-analysis adopted a LCA approach and calculated 

the emissions savings per year for individual actions to reduce GHG emissions in developed 

countries. A subset of these actions and effectiveness are summarized below. As previously 

discussed in Section 3.2.1, electrification and other ongoing technological developments may alter 

the relative impact of these actions in future. Nevertheless, the classification below is intended to 

capture the current reality and the near-term potential for personal action. 
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High Impact Actions (>0.8tCO2e, >5%/year*) 

¶ Having 1 fewer child in an average family 

¶ Switch from a fossil-fueled car to public transit 

¶ Avoid one long-haul flight. 

¶ Eat a vegan diet. 

Moderate Impact Actions (0.2tCO2e ï 0.8tCO2e, 1%-5%/year*) 

¶ Wash laundry in cold water instead of hot water 

¶ Recycle fully for one year. 

¶ Air dry clothes instead of using a dryer. 

¶ Waste no extra food for one year. 

¶ Buy only used items instead of new. 

¶ Use only reusable items instead of disposable/single-use items. 

Low Impact Actions (<0.2tCO2e, <1%/year*) 

¶ Don't buy GMO (genetically modified organisms) food. 

¶ Replace incandescent or CFL (Compact Fluorescent) bulbs in your home with LEDs 

(light-emitting diode) bulbs. 

¶ Buy only unpackaged food. 

¶ Buy only local food. 

¶ Turn off the tap while brushing teeth and soaping hands. 

*% average North American's annual carbon footprint. 

The questions in Sections 1 and 2 of the survey mirror each other to enable correlations 

between knowledge and actions. Detailed PEA information was collected on high impact actions 

(e.g., dietary choices, transportation distances). For moderate and low impact actions, participants 

were asked about the frequency, ranging from always to never, in which they actively do certain 

activities, while the multiple-choice CL questions asked participants to identify if the actions are 

high, moderate or low impact. Resources used for question selection include carbon footprint 

calculators from the Environmental Protection Agency (EPA), World Wildlife Fund (WWF), 

Nature [170]ï[172] and studies seeking answers around individual PEA [6], [7], [78], [80]. The 

sequence of the questions on the survey was deliberate to diminish certain questions influencing 

the responses to subsequent questions. For example, PEA was asked first in Section 1 before the 

CL questions in Section 2 and open-ended questions were asked before close-ended questions. 
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3.4.2 Data Analysis 

A total of 388 responses, including incomplete surveys, were received out of a total enrollment 

of 5444, as of winter 2021. 364 responses remained after cleaning. Any identifying information 

provided was removed from the data set. The data was analyzed at an aggregate level without 

revealing personal identifying information. Any breakdown analysis that resulted in a group size 

of 10 or fewer participants were either combined with a relevant group or not included in the final 

reporting due to the risk of the participants being identified. 

The main quantitative constructs for the survey are PEA (operationalized via PCF) and CL. 

These constructs are latent since they cannot be measured or observed directly. The survey 

captured the constructs using multiple variables in their respective sections: Section 1 for PCF, 

Section 2 for CL. PCF was calculated for each participant as outlined in Table 3.1. All emissions 

calculations were crosschecked with alternate sources and carbon calculators. CL was calculated 

by summing the scores as follows: if the action was high, medium or low impact and the participant 

chose the impact correctly, they were given a score of 1. If the action was high impact or low 

impact and the participant selected low impact or high impact respectively, a score of -1 was given. 

If the action was medium impact and the participant selected low or high or if the action was high 

or low impact and the participant selected medium impact, a score of 0 was given. The CL scale 

was evaluated for reliability using Cronbachôs alpha and McDonaldôs omega, resulting in values 

of .59 and .61 respectively. While these values are lower than the recommended minimum of .7, 

psychometricians suggest a lower threshold for exploratory research like this study [230]. 

Additional details on data cleaning/processing, reliability calculations, PCF details, equations, 

sample calculations and CL scoring are in Appendices B.2.2, B.2.3, B.2.4. 

Table 3.1: Summary of Personal Carbon Footprint (PCF) emissions calculation for each type of 

action. 
PCF Category Description 

Ground 

transportation 

Completed for private cars (gasoline, hybrid and battery electric) and public transportation 

(buses, trains, subway and street cars) using emissions per km travelled and adjusting for 

passengers who carpooled or changed transportation methods between warmer and cooler 

weather. No emissions were allocated to active transportation like walking, cycling [231]. 

Air 

transportation 

Estimated for long-, medium- and short-haul flights and attributed based on number of each 

type of flight taken [232]. 

Food  The number of servings of proteins consumed by type (beef/lamb, poultry/pork, seafood, dairy, 

beans, nuts, soy) per year, multiplied by the emissions per serving of protein type (animal and 

plant sources) [233]ï[239]. 

Food waste Environmental Protection Agency (EPA) Waste Reduction Model (WARM) tool used and 

based on the weight of food thrown out and whether it was put in the garbage or the compost 

[240]ï[242]. 
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Home Space heating and cooling estimated per square meter and multiplied by average area of the 

dwelling type reported by the participants and adjusted for the number of persons occupying the 

dwelling and temperatures set above and below the average for warmer and cooler weather 

[243]ï[248]. 

Moderate / 

Low Actions 

Moderate and low impact actions (~250 kgCO2e and ~100kgCO2e respectively) [6] were 

allocated based on the Likert scale selection by participants on a spectrum where those "always" 

performing the action have no emissions allocated and those "never" have 100%. 

Upstream and 

Production 

When applicable, emissions were augmented for upstream factors (gasoline for private cars, 

aviation fuel for air travel, natural gas for space heating) [249] and production (private car 

manufacturing) [250].  

 

PCF and CL were treated as continuous variables and checked for normality before 

proceeding. To test for significant differences in PCF and CL, both parametric and non-parametric 

tests were conducted. Welsch's ANOVA, Kruskal-Wallis was used to test for differences among 

specific actions and Linear and Loess Regression to determine the relationships between PCF 

(outcome/dependent variable) and CL (independent variable). More information on the statistical 

testing can be found in Appendix B.2.5. 

Open-ended questions were thematically coded inductively and independently using 

Microsoft Excel by the researcher as well as two undergraduate engineering students who were 

trained on inductive coding methods. After the inductive coding, the researcher and undergraduate 

engineering students discussed the codes and created a thematic codebook, presented in Appendix 

B.2.6. The data was then recoded deductively and independently using Nvivo by the same 

researcher and two graduate students trained in thematic coding using Nvivo. After coding the 

open-ended responses for the CL and PEA sections, the frequency data was compared to the 

quantitative responses for CL and PEA respectively. The PEA and CL frequencies were also 

compared to determine if there were any relationships between them. A summary of the method 

is depicted in Figure 3.1. 

 
 

Figure 3.1: Overview of Study 1 method including participants and analyses. 
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3.5 Study Findings 

3.5.1 Demographic Information 

A breakdown of demographic and departmental affiliations of participants is presented in 

Appendix B.3.1. Of note, the survey included similar numbers of men and women (despite higher 

enrollment of men in the faculty), somewhat uneven participation across departments, and slight 

majorities for each of Canadian-born (national origin), not religious/not spiritual (religious 

identity) and liberal or moderate (political orientation). Implications for sample representativeness 

will be discussed in Section 3.6. 

3.5.2 Carbon Literacy (CL) 

S1 RQ1: Are students knowledgeable about the level of impact consumption choices have in 

reducing GHG emissions? 

3.5.2.1 Quantitative CL 

For the CL questions, participants were supplied with definitions of high, moderate and low 

impact actions in general and then asked to rank a series of items as high, moderate or low through 

a Likert matrix which we then compared to the ócorrectô rankings suggested by the literature. The 

majority/plurality of participants were able to identify having 1 fewer child, switching to public 

transit and adopting a vegan diet as high impact actions (63%, 73% and 46% respectively) (Figure 

3.2A). Avoiding long-haul flights were selected as moderate impact by a plurality of participants, 

although only by a small margin. The moderate and low impact actions result show mixed response 

accuracy. A plurality of participants selected reusable items instead of disposable and wasting 

extra food as high impact action rather than moderate impact actions and selected buying local, 

unpackaged food and switching to LEDs as moderate impact actions rather than low impact 

actions. More descriptive information on CL is presented in Appendix 0 
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Figure 3.2: Ranking of the 15 Carbon Literacy items for UofT participants (panel-A) and 

comparison with responses from survey conducted by Wynes in 2020 with UBC students (panel-

B) and Ipsos 2021 report (panel-C). 

 

Comparing this study with a similar study involving a survey of 414 undergraduate students 

at the University of British Columbia (UBC) [7], undergraduate engineering students at UofT show 

higher average CL for the high impact actions, about the same for the moderate impact actions and 

lower average for the low impact action compared to the UBC students (Figure 3.2B). The UBC 

sample did not include engineering students. We also compare to a 2021 report by Ipsos that 

included more than 21,000 participants from 30 markets globally, aged between 16 and 74; 

participants were given a range of actions to select which would most reduce GHG emissions in 

wealthier countries. Of the 1001 participants from Canada, 65% were confident they know the 

personal actions they can take to reduce the impacts of climate change [99]. However, the results 

revealed misconceptions. Recycling, buying unpackaged food and using reusable items instead of 

disposable were selected most frequently by participants as the most effective actions while the 

high impact actions were less frequently selected (Figure 3.2C). These results suggest that UofT 

undergraduate engineering students have a greater awareness or are better at identifying high 

impact actions compared to the UBC students and general Canadian public but may overemphasize 

the importance of some moderate and low impact actions. 
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3.5.2.2 Qualitative CL 

The participants were also asked an open-ended question to provide the three most effective 

actions individuals can take (in general) to reduce greenhouse gas emissions. This open-ended 

question was asked before providing the Likert matrix to select the high, moderate, and low impact 

actions. Thus, while Figure 3.2 assessed the participantsô ability to identify high impact actions in 

a structured setting, the open-ended questions provide a more complete picture of which actions 

they were able to identify without prompting. This allowed us to differentiate between actions the 

participants know are high impact compared to those that are salient. For the high impact actions, 

ground transportation and reducing meat consumption were the most frequently provided 

responses at 250 and 113 respectively. These actions included using active and public 

transportation, reducing car usage, carpooling and either switching to a plant-based diet or 

reducing animal products consumption. Very few participants responded air travel or reproduction 

choices at 29 and <10 respectively. The actions in the moderate and low impact categories like 

reusing, recycling, limiting purchases such as fast fashion, reducing energy/water consumption, 

and buying local ranged from 75 to 30 responses. Participants also included actions like planting 

trees or cultivating gardens, shopping from sustainable corporations/brands, industries being major 

emitters rather than individuals and lobbying or becoming activists. Full frequency tables and 

example responses are presented in Appendix 0. 

3.5.2.3 Quantitative and Qualitative CL Comparison 

Finally, we compare the open-ended responses to how participants subsequently rated each 

action in the CL Likert matrix. Of the >240 participants who indicated that ground transportation 

was a high impact action in the open-ended question, 193 subsequently selected it as a high impact 

action and 51 as moderate impact on the Likert matrix responses (Figure 3.3 left). While most 

participants were consistent in selecting their open-ended responses as a high impact action on the 

Likert matrix, there are some participants that rated the actions as moderate or low impact. 

Although most of the participants did not think about air travel or food as a high impact action in 

their open-ended response, about one third of those did correctly identify them as a high impact 

action in the Likert matrix (Figure 3.3 right). Numbers for low impact are not reported due to <10 

participants responding. This suggests a potential dual role for education both to correct 

misconceptions, but also to ensure high impact actions can be more easily recalled/accessed.  
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Figure 3.3: Comparison of the participants who identified the high impact CL items in the 

qualitative responses and ranked those actions as high, moderate or low impact on the CL Likert 

responses (left) with those that did not identify the high impact CL items in the qualitative and 

ranked those actions as high, moderate or low impact on the CL Likert responses (right). 

3.5.3 Pro-Environmental Actions (PEA), Personal Carbon Footprint (PCF) 

S1 RQ2. What are the pro-environmental actions of the survey participants? 

3.5.3.1 Quantitative PEA, PCF 

Participants were asked about their pro-environmental actions that are high, moderate and 

low. The high impact actions included transportation, diet choices and climate control in home. 

No questions were asked about reproduction choices. The moderate impact actions included 

recycling, minimizing food waste, washing clothing in cold water, air-drying clothing, using only 

reusable items instead of disposable, and buying used instead of new. The low impact actions 

included buying local with little or no packaging, switching to LED bulbs, turning off lights when 

not in use and conserving water at home. 

For ground transportation, participants were asked to select the modes used and report on 

distances for warmer and cooler weather. In warmer weather, walking and public transit (both 

under and above ground) were the main forms of transportation with some use of gasoline cars 

and bicycles. The use of public or active transportation as their main form of transportation aligns 

with the Student MoveTO survey conducted in 2019 [251]. In cooler weather, walking and bicycle 

use reduced and gasoline car use increased, although only 26% of participants change their mode 

of transportation in cooler weather. 

For air travel, long-haul flights were taken by most of the participants followed by taking no 

flights, then medium haul flights and finally short haul flights. When asked if they would consider 

non-aviation modes, almost 90% of the participants answered that was not a consideration.  
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For dietary choices, 86% adopted an omnivorous diet, 12% a vegetarian diet and 2% a vegan 

diet. For omnivorous diets, dairy ranked highest as often consumed, followed by poultry, then beef 

and finally seafood which was consumed occasionally. 

For climate control in the home (HVAC ï heating, ventilation and air conditioning), close to 

80% had cooling, more than 95% had heating in their homes and 81% had thermostats with 67% 

of them being programmable. On cooler days, participants generally set the thermostat to lower 

temperatures when away from home. Conversely, on warmer days, participants generally set their 

thermostats to higher temperatures when away from home. 

Turning to moderate and low impact actions, almost 60% reported wasting less than 10% food 

and of the food thrown out and more than 50% of the participants composted the food waste. 

Certain Moderate and Low Impact Actions were performed ñalwaysò or ñoftenò like recycling, 

turning off tap while brushing teeth/soaping hands and switching to LED bulbs, while others were 

ñneverò or ñseldomò practiced regularly like air drying clothes, buying only used items and buying 

only local food. All PEA descriptive statistics tables and graphs are available in Appendix B.3.3.  

The overall PCF was calculated for each participant and separated by specific high impact 

actions and moderate/low impact actions (Figure 3.4). The activities associated with high impact 

actions together account for more than 87% of the emissions covered by our survey, with air travel 

having the highest average contribution, followed by diet, HVAC, with ground transportation 

having the lowest emissions. Looking at the emissions of each high impact action in this study, 

emissions for ground transportation is notably lower while emissions from food is similar 

compared to studies/reports measuring carbon footprint for university students in developed 

countries [91], [92], [95], [252]. We are not aware of any data from prior studies on post-secondary 

students to compare for HVAC and air travel. 

 
Figure 3.4: Overall PCF of participants, separated by high impact actions, subdivided for each 

high impact action category, and combined moderate and low impact actions. 
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The average PCF calculated for each participant in this study is 4.8 tCO2. Comparing to similar 

values for Toronto residents, emissions from HVAC are more than double that of the engineering 

students and more than 4 times for ground transportation [253]. The engineering students' 

emissions are also less than half that of the average Ontarian and about a quarter that of the average 

Canadian [254], [255], although we note potential inconsistencies in scope between our emission 

accounting (limited to a specific subset of activities) and the top-down national/regional emission 

inventories. Appendix B.3.3 provides a graphical representation of this data. 

3.5.3.2 Qualitative PEA, PCF 

The participants were also asked an open-ended question to provide the three most impactful 

actions they personally undertake, if any, to reduce their carbon footprint. Similar to CL, this open-

ended question was asked before asking participants about their pro-environmental actions. For 

the high impact actions, ground transportation was the response by most participants at 260. Fewer 

participants responded reducing meat, HVAC, air travel or reproduction choices at 71, 33, <10 

respectively. The actions in the moderate and low impact categories ranged from 125 to 11 

responses. Full tables are presented in Appendix B.3.3. 

3.5.3.3 Quantitative and Qualitative PEA/PCF Comparison 

The average PCF for high impact actions of ground transportation, air travel and food and the 

average thermostat temperatures were compared based on whether or not participants indicated 

these high impact actions in their open-ended responses. Those who identified the high impact 

actions of food, ground transportation and air travel had a lower carbon footprint for that action 

compared to the participants who did not (i.e., they were more likely to report low meat 

consumption, less driving, fewer flights in the closed-ended questions) (Figure 3.5A). In addition, 

participants whose open-ended responses were related to HVAC, had a lower average temperature 

setting on cold days and higher on warm days which would lead to lower associated emissions 

(Figure 3.5B). 
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Figure 3.5: Comparison of PCF high impact actions with those participants in the open-ended 

responses who identified the high impact actions (YES) with those who did not (NO). Panel-A 

compares the responses to their corresponding average PCF while Panel-B compares the 

responses to the participants average temperatures on cold and warm days. 

3.5.4 Relationship PEA/PCF, CL 

S1 RQ3.  How is knowledge about consumption choices related to participantsô pro-

environmental actions in reducing GHG emissions? 

3.5.4.1 Quantitative Association by Action Type: CL, PCF 

PCF scores for each action were tested against the participants ranking the CL high, moderate 

or low impact actions using ANOVA and Kruskal-Wallis (Figure 3.6). Looking at high impact 

actions and comparing PCF to their corresponding CL, the participants who had the lowest average 

PCF for air travel, food and ground transportation chose these actions as high impact while 

participants with the highest PCF chose the actions as low impact. These results suggest that higher 

CL is associated with lower PCF. Note that not all results were statistically significant with air 

travel and ground transportation having higher p values. 

For the moderate and low impact actions, a similar trend is observed, but only for a subset of 

actions. In particular, for buying used items, air drying clothes, washing in cold water, buying 

local, and reducing packaging with purchases, believing the action is high impact (even if 

incorrect) is associated with acting upon it (lower PCF). For other actions, however, no such trend 

was found. In particular: using disposable rather than reusable items, reducing food waste, 

switching to LEDs and turning off the tap when not in use did not show significantly different 

means among the ranking, so believing these actions are high impact does not lead to a reduction 

in PCF.  

In summary, there is a general (but not universal) trend across many actions showing a positive 

correlation between regarding the action as high impact, and the propensity to undertake that 
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action. Although we cannot comment on causality with any certainty, the results are suggestive 

that greater knowledge surrounding which actions are high impact could assist participants in 

prioritizing their efforts and potentially facilitate more impactful pro-environmental actions. Full 

tables are available in Appendix B.3.4. 

High 

 
Moderate 

 
Low 

 
Figure 3.6: PCF average yearly score for each action, separated into groups according to 

whether the participant selected the action as high, medium or low impact in the CL section. 

Result panels are grouped according to whether the action itself was high, moderate or low. High 

impact actions in CL correspond to: "avoiding a long-haul flight", "eating a vegan diet" and 

"switching to public transit" respectively. Note that for ground transportation, medium and low 

combined as there were fewer than 10 participants choosing this action as low impact. 
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3.5.4.2 Quantitative Association Overall: CL, PCF 

The linear (parametric) and Loess (non-parametric) regression between PCF and CL 

(Equation 3.1) shows that overall, there is a very weak relationship, if any, between CL and PCF 

with a slight negative correlation with CL scores above zero before a plateau around a CL score 

of 6 (Figure 3.7A). Separating the participants' PCF and CL score by high impact (PCFH, CLH) 

and moderate/low impact actions (PCFML, CLML) show that among high impact actions, there is 

weak evidence of a mild correlation at high levels of carbon literacy. PCFH carbon footprint and 

CL scores are fairly flat up to a CLH score of 1, then correlates negatively from a CLH score of 1 

onwards (Figure 3.7B); in other words, high CLH is very mildly associated with lower PCFH. For 

moderate/low impact actions, there is evidence that CLML leads to lower action on low impact 

items (PCFML), as expected (i.e., knowledge that these actions are less important leads to them 

being taken less often). PCFML is positively correlated with CLML scores except for a plateau 

between CLML 0 and 3 (Figure 3.7C). These results correlate/agree with ANOVA for high impact 

and moderate impact actions. 

Equation 3.1: Linear Regression (LR) between Personal Carbon Footprint and Carbon Literacy 
ὖὉὃ  ‍ ‍Ȣὅὒ ‐ 
ὖὉὃὌ  ‍ ‍ȢὅὒὌ‐ 
ὖὉὃὓὒ ‍ ‍Ȣὅὒὓὒ‐ 

 

 Panel-A Panel-B Panel-C 

 PCF-CL PCFH-CLH  PCFML -ML  

 Linear Regression Linear Regression Linear Regression 

 

   
 Loess Regression Loess Regression Loess Regression 

 

   
p 0.834 0.355 0.039 

r -0.0110 -0.04865 0.1086 

R² 0.000121 0.00237 0.0118 

Slope -0.00680 -0.0790 0.00752 

Intercept 4.80621 4.3042 0.53580 
 

Figure 3.7: Regression Results for Personal Carbon Footprint and Carbon Literacy overall 

(Panel-A), separated by high-impact actions (Panel-B), moderate/low impact actions (Panel-C). 
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3.5.4.3 Qualitative Comparison: CL and PEA 

After coding the open-end questions from PEA and CL, the frequencies of participant 

responses for each theme were compared (Figure 3.8), and grouped based on high, moderate and 

low impact actions. Participants who indicated ground transportation as a high impact action (CL) 

also performed this action (PEA). However, for the remaining high impact actions, participants 

identified the action as most important in general (CL) more often than one they personally 

undertake (PEA). This suggests other important barriers to adopt these actions beyond knowledge 

or salience. For moderate and low impact actions, the pattern is somewhat reversed. Participants 

tend to identify these actions as among the most important they undertake (PEA) even though the 

actions were not indicated as one of the top three actions one can take in general (CL). For example, 

almost double the participants engage in reusing items or turning off the lights compared to the 

number of participants listing these actions as a high impact action. Thus, these participants 

know/believe that their personal top 3 actions are potentially not among the top three in general, 

again indicating the presence of important drivers beyond knowledge/salience for these items. 

 
 

Figure 3.8: Comparison of Pro-Environmental Actions and Carbon Literacy themes from the 

qualitative coding 

050100150200250300

Active transportation

Consume less or no Meat

Home heating and cooling

Air Travel

Reproduction Choices

Reuse Items

Recycling

Limit purchases

Energy Consumption

Reduce Food Waste

Turning off Lights

Reduce water consumption

Buy Local

Less packaging

Switching to LED bulbs

Corporations/brands

Politics

Vegetation

Advocate/activism

CL frequency

0 50 100 150 200 250 300

PEA Frequency



Chapter 3: The Complex Relationship between Carbon Literacy and Pro-Environmental Actions among Engineering 

Students 

 

Sherry-Ann Ram 51 2024 

3.6 Study Implications 

This study found that overall carbon literacy was not generally related to overall personal 

carbon footprint. However, referring to declarative knowledge, literacy about the environmental 

impact of some specific actions (effectiveness knowledge) was associated with decreased personal 

carbon footprints related to those actions (action knowledge). While declarative knowledge may 

affect oneôs intent to act, this is not the only motivating factor. Additional factors include social 

norms, barriers, values, and co-benefits, all of which have been demonstrated under the theory of 

planned behaviour and environmental psychology [49]ï[51], [219] (see Appendices A.5, A.6). 

The following sections discuss findings related to particular pro-environmental actions. 

3.6.1 High Impact Actions 

For ground transportation results had higher scores for both CL and PEA. Public/active 

transportation were consistently identified as high impact actions both on the quantitative and 

qualitative sides for both the CL and PEA constructs. This aligns with data collected by Student 

Move TO which surveyed the major universities in Toronto in 2015 and 2019 [251]. There may 

be several reasons for this behaviour. One reason may be that there is ample availability of public 

transit and the ability to get places within Toronto without a car is relatively easy, that is, there are 

few barriers to prevent this behaviour. Another reason could be that students may live within close 

proximity to campus and therefore getting from place to place is convenient without the need to 

use a car. In addition, it may be financially prohibitive for students to purchase and insure a car. 

Finally, the traffic congestion in Toronto may increase travel time, hence living without a car might 

be a time saver. 

For food, switching to a vegan diet had mixed results for the CL and PEA constructs. Adopting 

a vegan diet was identified as a high impact action from the CL construct on both the quantitative 

and qualitative results. However, the PEA does not match the CL in that the quantitative results 

show that most participants still follow an omnivorous diet. Looking more closely at the 

breakdown of PEA around diet, it does show that even though participants follow an omnivorous 

diet, the meat intake is mostly ñoccasionalò (1-6 meals/week). Regarding PEA habits from the 

qualitative responses, the frequency from the coded theme came back high because reducing and 

omitting meat from the diet was aggregated. From the qualitative results, participants generally 

stated the three actions, but a few also expressed reasons for choosing a vegan/vegetarian diet like 

it being a personal preference rather than environmental choice and the difficulty of switching to 
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a plant-based diet while living in a meat-eating home. We also speculate that reasons for not 

completely switching to a vegan/vegetarian diet may include lack of options or higher costs. 

For air travel, there seems to be a potential misconception with respect to its high impact in 

generating GHG emissions. Quantitatively CL shows a plurality of participants reporting air travel 

as a moderate impact action, but it should be noted that only a slightly lower number reported air 

travel as a high impact action and qualitatively only 7% of participants mentioned air travel among 

the top three items, suggesting low salience for this item. PCF for air travel was lower for 

participants with higher air travel CL scores. 

Reproduction choices were not asked in the PEA quantitative construct due to the 

demographic being post-secondary students. Having fewer children rarely showed up as a choice 

in the qualitative answers for both the PEA and CL constructs. The students did correctly report 

this as a high impact action when asked in the CL construct quantitative section. 

3.6.2 Moderate and Low Impact Actions 

The linear regression showed a slight negative correlation between PCF and CL. Certain 

actions were performed routinely even when participants identified them as medium or low impact 

actions. For example, participants always or often recycled, turned off the lights or tap when not 

in use or changed light bulbs to LED even though their CL response showed that they felt it was 

either a medium or low impact action. The reasons may be that these actions have few or no barriers 

are easy to perform or perhaps are based on what they practice from their personal culture, societal 

norms and trends [51], [54]. Conversely, certain actions like air drying clothes, buying local, 

buying used were seldom or never performed by participants. Reasons could include the 

inconvenience in performing the actions or personal preference. However, the participants who 

ranked these actions as high impact did have a lower mean PCF for those actions. 

3.6.3 Limitations and Future Work 

3.6.3.1 Sample/Demographic 

The convenience sample survey participants were unevenly distributed by gender, engineering 

discipline, political leaning and religious affiliation. The sample demographic may be attributed 

to several factors namely enrollment, the distribution medium, interest in the subject matter, and 

perceived relevance of the survey based on the researcherôs affiliations. Most disciplines had 
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higher numbers of women responding to the survey compared to men, which is generally the 

opposite of enrollment where more men are enrolled than women. For distribution, a few 

instructors invited the researcher to present the survey during a lecture, which may have skewed 

the number of responses as well as the responses by discipline. Civil Engineering had higher 

numbers of participants and response percentage possibly because the researcher is in that 

discipline, which may have implicitly encouraged participation. Certain demographics, like the 

conservative political affiliation and very religious leaning had lower participant numbers in these 

groups, but we cannot assess for representativeness in the target population. Having more 

participants overall, randoms samples, higher numbers within certain groups and a streamlined 

way to distribute the survey may provide a more representative sample and generalizable results. 

3.6.3.2 Instrument, Measurement Error 

No survey can cover every possible contributor to PCF. The instrument itself is undergoing 

further improvement to remove ineffective questions and to add specificity/depth to the questions 

around diet, transportation and home energy use and new questions on expenditure to estimate 

embodied carbon in purchases. These improvements will better capture the participantsô PCF, 

however, will still not be a complete representation. 

In the opened-ended questions, participants could choose only 3 most impactful actions in the 

qualitative responses. This limit may artificially restrict ideas with high salience beyond the top 3. 

Some other themes came out of qualitative responses, such as political engagement, focusing on 

corporations, sustainable or ethical purchasing choices and limiting purchases. These options were 

not included in the multiple-choice section of the survey and may be areas for further inquiry. 

Our PEA measurement may also suffer from biases associated with self-reporting. Directly 

measuring PEA would be more accurate but also more invasive and time consuming. There is also 

uncertainty in the LCA results (especially over time/space). 

3.6.3.3 Student Agency 

Looking at the Pro-Environmental Actions, there may be limitations around what might be 

within the control of the students performing these actions. In terms of living accommodations, 

~69% of students lived at home with their parents in a house (detached, semi-detached) or an 

apartment building (Figure B.14) and were single (Figure B.16). Given this context, individual 

actions like dietary choice and transportation mode may be more within the studentsô control 

compared to household level choices. For example, students may need to accept the heating and 
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cooling thermostat settings, laundry preferences and other such choices at home since the home is 

a shared space and perhaps predominantly within the control of their parents. Financial constraints 

may also dictate available actions ï for example students may not have the option to own a private 

vehicle even if desired. We also recognize that some of the student demographic come from 

overseas countries (Figure B.9) and returning home to connect with family will require a long-haul 

flight, another possible contribution to the relatively high PCF for air travel compared to other 

high impact actions. Such limitations to agency and individual autonomy would generally weaken 

the observed correlations between carbon literacy and pro-environmental behaviour for the 

associated actions. 

3.6.3.4 Future Work 

Potential ideas/needs for future work include extending the survey to additional academic 

units/departments at UofT, engineering students at other universities within Canada and globally, 

and longitudinal surveying of past participants. Additional administration of the survey would 

enable comparison among different groups and allow tracking of results over time.  

Work is also currently ongoing to update the instrument to add additional resolution to certain 

categories (e.g., duration of flights taken, road trips, type of heating system at home) and expand 

the survey to capture other activities such as expenditure patterns. Further exploration with the 

data to include analyses around participant characteristics and qualitative typological profiling may 

provide additional information about the participants to aid in knowledge building and emissions 

reductions pathways. 

3.7 Study Conclusions 

This section provides a brief summary of the novelty, key findings, limitations, and future 

work of the study. For this study, 364 engineering undergraduates at the University of Toronto 

were surveyed to capture two latent constructs of carbon literacy (CL) and personal carbon 

footprints (PCFs). Although prior work has assessed CL and PCFs, few prior studies have 

investigated the relationship between them. A PCF was calculated for each participant using a life-

cycle assessment (LCA) approach. Carbon literacy was best for some high impact actions like 

ground transport and diet, and less so for air travel. There was mixed carbon literacy for the 

moderate and low impact actions. In general, belief that an action was high impact correlated with 
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lower PCF for that activity. However, the overall relationship between pro-environmental action 

and carbon literacy was weak. 

Subsequent to completing this study, future work is planned. There were limitations associated 

with selecting certain activities measured for estimating the participantsô personal carbon footprint 

and running a convenience sample. The survey instrument has been enhanced to collect additional 

data that will refine the carbon footprint calculations from this study. The enhancements include 

deeper insights into transportation (ground and air), climate control and personal spending. The 

enhanced survey will be extended to include all units across three campuses at the University of 

Toronto. This study and planned extensions provide insight into the role of personal action in 

reducing greenhouse gas emissions and will require periodic follow-up across a range of 

population to monitor progress in public carbon literacy and associated personal carbon footprints. 
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 Crafting a Definition of Sustainability for 
Engineering Education and using it to Assess Curriculum 

4.1 Study Overview 

4.1.1 Abstract 

Engineers have a responsibility to be thoughtful practitioners towards the environment and 

society and be able to integrate different dimensions of sustainability in their work. To achieve 

this, engineers must be equipped with the necessary knowledge and competency to apply 

sustainability concepts in a holistic manner. This study focuses on the knowledge aspect of an 

engineerôs training by 1) creating a framework to define sustainability for engineering, 2) 

developing and evaluating a method for assessing the sustainability content in engineering 

curriculum, and 3) assessing holistic aspects by looking at connections among the sustainability 

pillars within the curriculum. This study is conducted at the Faculty of Engineering at the 

University of Toronto as a case study. 

It is challenging to define sustainability and commonly cited definitions are hard to 

operationalize and not sufficiently specific to engineering; no single existing framework captures 

all engineering concepts for sustainability. This study developed a new framework and codebook 

to define sustainability, starting with the three pillars of sustainability: environmental, economic 

and social, then adding a fourth pillar of professional responsibility and elucidating 4-6 specific 

themes within each pillar.  

We then used the framework qualitatively to analyze the content in undergraduate engineering 

courses, assessing and triangulating across the use of different source materials in stages, by 

starting with the course descriptions, then syllabi, and finally an instructor survey.  

The results indicate that the environmental pillar is most prevalent in the curriculum, followed 

by economic and social, with increasing sustainability content being identified as the study 

progressed from descriptions to syllabi to instructor surveys. Content varied substantially across 

programs, with Civil Engineering courses covering the most sustainability content and Electrical 

Engineering the least. The results also indicate that sustainability tends to be taught by pillar rather 

than connecting the pillars to one another in a holistic manner. 
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4.1.2 Graphical Abstract 

 

4.1.3 Keywords 

Defining sustainability, curriculum analysis, qualitative and quantitative analysis 
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4.2 Introduction 

In this paper, we suggest that engineers have a responsibility to support sustainable 

development, and major themes in sustainability should be integrated into the engineering 

curriculum. To determine how sustainability is incorporated into the engineering curriculum 

requires an assessment of the material. However, assessing the sustainability content in 

engineering curriculum is hampered by a lack of comprehensive definition of sustainability for 

engineering, and insufficient methodological approaches to compare different possible modes of 

analysis, e.g., coding course descriptions vs instructor surveys. In this study, we develop a 

framework to define sustainability in engineering and use that framework to analyze the 

undergraduate engineering program at the University of Toronto using multiple data points for 

comparison and triangulation. In terms of nomenclature, ñweò refers to all the authors (see Table 

1.1) and student PI refers to Sherry-Ann Ram. 

4.2.1 Engineering Education and Sustainable Development 

Engineers have a vital role in sustainable development by designing and implementing 

innovative solutions that balance the pillars of sustainability. There are three commonly known 

sustainability pillars: environment, social, economic [256], [257]. Specifically for engineering, we 

add a fourth pillar around professional responsibility, resulting from our review of sustainability 

frameworks (Section 4.3.1) [258]ï[261]. Engineers support the environment pillar by using 

scientific and technical knowledge to develop systems, products and processes that meet the needs 

of society, such as designing energy-efficient buildings, infrastructure and transportation systems; 

reducing resource consumption; improving efficiency; developing new technologies; and creating 

clean water, sanitation and waste management systems. Engineers support the social pillar by 

addressing the needs of communities and educating and raising awareness among the public and 

other stakeholders about sustainability issues. Engineers support the economic pillar by 

identifying, assessing and mitigating environmental risks and negative impacts of human activities 

on the planet. Engineers support the professional responsibility pillar by implementing policies 

and regulations to promote sustainability; and collaborating with government officials, businesses, 

communities and other professionals / stakeholders to promote sustainable development [262], 

[263]. Integrating sustainability concepts in undergraduate engineering curriculum, therefore, 

provides the preparatory foundation necessary for future engineers to help them fulfil their role 

and make positive contributions to sustainability.  
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Education for sustainable development has been enshrined as a global need according to 

Sustainable Development Goal 4, target 7 [264], indicating the acquisition of both knowledge 

(content) and skills/competencies (pedagogy) as per a growing body of research [265]ï[271]. For 

engineering in particular, seminal work by Sheppard et.al. [10] and Donald [9] discuss the role of 

technical knowledge acquisition and application as key components of the disciplinary experience 

at the university. Sheppard et al. maintain that while technical knowledge should remain a central 

component to the discipline, methods within engineering should engage more networked learning 

approaches and foster integration with the social and professional aspects. Notably, the authors 

explain that an ideal learning trajectory requires that key curriculum components be revisited 

multiple times throughout the degree with increasing sophistication and interconnection. Donald 

considers engineering as a structured discipline where understanding the following is prioritized: 

how knowledge is acquired, organized, delivered and subsequently used to solve problems about 

complex issues with broad perspectives in a systematic manner, incorporating interdisciplinary 

and critical thinking. Extending these ideas to sustainability, several studies support technical 

knowledge acquisition and networked delivery, coupled with certain skills and competencies to 

form the basis of engineering education for sustainability, and enable engineers to design and 

implement sustainable solutions to global challenges [35]ï[39]. These skills and competencies 

include systems-, critical-, and anticipatory-thinking; [125], [126], [272] as well as adopting 

approaches that are comprehensive, integrated, holistic, and involve stakeholders and communities 

[38], [146], [148], [273]ï[276]. To achieve acquisition of these knowledge and skills / 

competencies, these studies encourage the integration of sustainability content and pedagogical 

approaches like active and experiential learning, and interdisciplinary work that engage students, 

and recommend connections among the pillars, rather than teaching sustainability in a standalone 

manner. Thus knowledge woven throughout curriculum and skills work in tandem to support 

engineering education for sustainable development; as a more measurable and subject-specific 

barometer, the present work focuses on knowledge/content in curricula and its interconnectedness 

[35], [38], [39], leaving skills/competencies and pedagogy for future work. 

There is research that looks at sustainability in engineering curricula from developed countries 

in North America, Europe, Asia and Australia but less so in developing countries [127]. Generally, 

there is an attempt to integrate sustainability into engineering curriculum from these studies. 

However, the level and type of sustainability within engineering education curriculum varies 

depending on the country and institution, and can possibly be improved [128], [129]. Studies 
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around sustainability content in American [113], [130] and Canadian universities [112] (North 

America), Nigeria (Africa) [120] and Australia [127] show an emphasis on the environmental 

pillars, although there is some effort to integrate the social and economic pillars. A case study 

investigating the sustainability content in Spanish (Europe) engineering curricula [115] by 

assessing competencies from a holistic perspective of the environmental, social and economic 

pillars indicated progress along the ethical application of sustainability principles both personally 

and professionally, but less integration around community participation to encourage 

sustainability. Typically, there are standards that are implemented which present skills that 

engineers must attain through their undergraduate training. In North America, these standards are 

set by the Accreditation Board for Engineering and Technology (ABET) [277] in the USA and the 

Canadian Engineering Accreditation Board (CEAB) [111] in Canada. These standards can be 

satisfied by covering the sustainability pillars through specific courses, and do not require a holistic 

or integrative approach, or the emphasis on interconnections between sustainability pillars that 

past authors have argued enables sustainability to succeed in engineering education [37], [38]. 

4.2.2 Defining Sustainability and Assessing Curriculum in Engineering 
Education 

Defining sustainability within engineering has been challenging without agreement and 

consensus [39], [113]. A review of the literature looking for sustainability definitions, framework, 

themes or codes, in general and within engineering specifically revealed several methods to define 

sustainability for curricula. Several studies cited the Brundtland Report definition [278], one of the 

most commonly used definition for sustainability (or a similar version) [35], [127], [130], [279]. 

The Brundtland Report definition comes from a 1987 Report called Our Common Future and reads 

ñmeeting the needs of the present without compromising the ability of future generations to meet 

their own needsò [278]. This definition is somewhat general and needs to be operationalized. In 

2015, the United Nations outlined 17 Sustainable Development Goals (SDGs) [17] to guide the 

path towards creating a better planet and aided in operationalizing the Brundtland Reportôs 

definition of sustainability. Further, studies using a framework to assess sustainability in 

engineering have used existing frameworks, for example the SDGs [17] or the Sustainability Tool 

for Assessing Universitiesô Curricula Holistically (STAUNCH) [280] to categorize the content of 

the curriculum, but these frameworks are not fully tailored for engineering and do not consider 

certain aspects specific to engineering like engineering design or professional responsibility. In 

other studies there was either no clear definition for sustainability [38], [110], [112], [150], or a 
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more advanced framework was provided in lieu of a definition [113], [115], [274], [281], [282], 

but these frameworks were not fully inclusive of all the criteria of sustainability or had not been 

recently updated. There did not seem to be a single framework that captured a comprehensive set 

of sustainability concepts found in the literature that could be used for engineering. Thus, finding 

a universal definition for sustainability in engineering continues to be evasive due to the dynamic, 

interdisciplinary and complex nature of engineering, various contexts (environment, social, 

cultural, economic, professional responsibility) applied, diverse stakeholder perspectives (locally 

and globally), and evolving understanding of the concept over time. This lack of definition of 

sustainability in engineering often leads to inconsistency, disconnects and subjectivity in 

engineering practices and education [113], [150]. Thus, the definition of sustainability in 

engineering requires adaptation and refinement. 

The difficulty of defining sustainability in engineering is accompanied by a challenge in 

assessing curriculum. There are various quantitative and qualitative methods to assess curriculum 

[283] including curriculum mapping and audits [116], [118], [119], [284] classroom observation 

and peer review [285]ï[288], assessment of student performance or learning outcomes [289], 

[290]. With respect to sustainability in the engineering curriculum, studies have analysed 

curriculum material qualitatively like course descriptions and syllabi  [110], [112]ï[115], [120]ï

[122], [130] and/or quantitatively using instructor and student surveys [115], [124], [125], [130]. 

For the studies using qualitative methods to assess for sustainability, some used automated 

keyword identification via Python [110], [122] followed by human intervention to identify and 

resolve false positives and negatives; though expedient, this method is limited in its ability to 

capture nuance and full semantic meaning of the coded information. Other studies used human 

coding [112], [113], [120], [291], [292], which is labor-intensive and so typically focuses on a 

single source of material (course description, syllabi, or engineering handbook), leaving a missed 

opportunity to validate and triangulate findings across sources. Finally, while prior studies 

provided breadth of content (binary coding for multiple themes) most did not consider the depth 

of coverage (e.g., whether a topic was central or incidental in the course). The exceptions are the 

studies completed by Vanderburg et al. [112], [292] in the 1990s which accounted for depth and 

used all the materials provided to the CEAB by using naµve coding to rate the coursesô content 

from 0 to 4 ("no reference" to "substantial reference). However, these studies were completed more 

than 20 years ago, there was no differentiation or categorization of sustainability, and the definition 

of sustainability may have been vague and subjective to the coder. For the studies using 
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quantitative methods, either student or instructor surveys seeking perceptions were completed, or 

curriculum mapping using documents like learning guides were created. The objectives of these 

studies were to determine the level to which sustainability is covered or depth of coverage. We 

found two studies that attempted both breadth and depth. One study by Sanchez-Carracedo et. al. 

[125] did complete a curriculum map, teacher and student surveys but work is ongoing in 

comparing the results among them. A second study by Watson et al. [130] used the STAUNCH 

tool to assess Civil and Environmental Engineering for breadth using syllabi and depth via student 

perceptions surveys and compared them. These methods are a good start to curriculum analysis, 

but we found no studies with a methodology using tools specific to engineering, that assessed 

multiple departments/programs curriculum, from several data sources, with both breadth and depth 

of content, and attempted to triangulate to determine the similarities and differences among them. 

4.2.3 Research Opportunity 

This study developed a framework to define sustainability and a method to qualitatively and 

quantitatively analyze curriculum for sustainability using a hierarchy of curriculum content 

including course description and syllabi (analyzed qualitatively), and instructor perceptions about 

the courses they teach through a survey instrument (analyzed quantitatively), providing a 

combination of breadth and depth. Assessing the content of sustainability and its integration 

approaches within curricula could help with understanding the content and advance pathways for 

augmenting curricula with sustainability content [39], [152]. This method and its subsequent 

results could advise on refreshing the curriculum to include more sustainability concepts. By 

developing a generalizable approach for assessing curriculum materials, the framework and 

method may be applied to other programs. In addition to this studyôs applications in academia, 

additional stakeholders include industry and government who might be interested in the 

sustainability training that engineering students receive and how that training may be applicable 

to their organization. A summary of a subset of studies cited is presented in Appendix C.2. 

4.2.4 Research Questions 

To have a clear understanding of sustainability in engineering education, we developed a 

generalizable framework to define sustainability in the engineering education curriculum, 

addressed in research question 1 (RQ1). The framework focuses on the knowledge component of 

the curriculum, consistent with prior work highlighting an important role for knowledge when 

integrating sustainability in engineering education [35]ï[39]. 
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Then we designed a generalizable method to assess sustainability in curriculum at different 

levels taking into account both presence and depth of content, addressed in research question 2 

(RQ2). We applied this method to the undergraduate engineering curriculum at the University of 

Toronto (UofT) as a case study. Following the call from Sheppard et al. [10] for an iterative 

learning process, many of our results focus on the frequency with which each sustainability pillar 

or theme is revisited throughout the curriculum, measured by number of courses containing that 

content. 

Finally, to discern how the sustainability pillars are connected within engineering and whether 

they are taught in an integrated manner, as recommended by scholars [35]ï[39], we assessed the 

connections among the sustainability pillars in the curriculum for the undergraduate engineering 

curriculum at UofT, addressed in research question 3 (RQ3). 

 

S2 RQ1: How can sustainability be defined for a course-based engineering program in 

academia? 

S2 RQ2: What can we learn from the different curriculum materials in assessing sustainability 

content? What are the similarities and differences in sustainability content from course 

descriptions (CDs), syllabi (SYL), and instructor survey (IS)? 

S2 RQ3: What relationship exists among the key sustainability pillars within the courses offered 

in the undergraduate engineering program at the University of Toronto? 

4.3 Methods 

This section will discuss the processes to accomplish the three (3) research questions 

presented. We start by describing the method used to develop the framework used for defining 

sustainability in engineering. Then we explain the method developed for assessing sustainability 

in engineering curricula using the framework developed. Finally, we discuss how the study 

attempted to represent whether there were any connections among the sustainability pillars within 

the engineering program. 

4.3.1 Defining Sustainability in Engineering 

To formulate a definition for sustainability in engineering, we developed a framework by first 

leaning on the three pillars of sustainability: environmental, economic and social.  Then, we 

collected categories and themes from general sources, engineering sources globally and 

local/national sources as the case study is specifically on engineering education at a Canadian 

University (Figure 4.1). The method used to search for, and catalog resources is described in detail 

in Appendix C.3.1. The resulting general sources included the SDGs, STAUNCH and the Climate 
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Framework [17], [280], [281]. The engineering sources globally include the Principles of 

Sustainable Engineering (PSE) [150], [274] and themes from the literature that focused on 

sustainability in engineering  [113], [122], [293]. The local/national frameworks include Canadian 

Engineering Grand Challenges (CEGC) [19], Canadian studies on engineering, and Canadian 

Engineering Accreditation Board graduate attributes [20], [110], [112], [292]. 

 

Figure 4.1: Input Elements to Build the Sustainability in Engineering Framework/Taxonomy 

 

The sources had sustainability themes arranged in different ways. Some sources had a list of 

themes (like the SDGs, Sustainable Engineering Principles), other resources had already classified 

themes, some under the three main pillars and others under their own classification. We collected 

all the themes and compiled those already classified under the three common pillars. We then 

classified the remaining themes under the same three common pillars. We could not map all the 

remaining themes to the three pillars, so we added a fourth pillar of professional responsibility 

based on the specific regulations required by engineers. We removed duplication and amalgamated 

the themes leaving a total of 20 themes to define sustainability within engineering under the 4 

pillars. We checked review articles and literature in sustainability within engineering education 

[38], [39], [115], [127], [282] for any additional concepts/categories to add to the framework. The 

framework was tested with pilot coding using a selection of course descriptions at the University 

of Toronto and updated after discussing with research advisors about the need for clarity, inclusion, 

or deletion of themes. A draft version of the framework was reviewed by research advisors, 

presented for feedback at an internal research group meeting (~20 students and 3 professors), and 

at the Engineering Education for Sustainable Development (EESD) conference, then sent to 
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experts in sustainability for appraisal, after which we incorporated their comments into the 

framework before finalizing and using to assess the curriculum.  

We selected eleven (11) experts based on their experience in sustainability or recommended 

by other sustainability experts. The experts were professors or other senior academic researchers 

from institutions in Canada and the United States. We received seven (7) responses, four (4) from 

engineering and the School of Environment at the University of Toronto and three (3) from 

Engineering and Sustainability programs in the United States. The comments from experts helped 

in refining some definitions of the themes, either by adding additional themes or more information 

to clarify an existing theme. For example, comments from the experts included whether we needed 

a cross-cutting theme to represent dynamic interconnections, or a suggestion to carve out certain 

specific themes like climate change and economic feasibility due to our speculation that these 

themes would be receiving more attention than other themes within the studied courses. Where 

possible, we incorporated suggestions; although we excluded a small number of comments, such 

as the suggestion to include a cross-cutting theme, as we argued this could be captured separately 

by analyzing the degree to which different themes co-appear within each course (Sections 4.3.3 

and 4.4.3). The full framework will be presented in the Results and Discussion Section 4.4.1 and 

more detailed discussion on the framework evolution and expert input is in Appendix C.3.2. 

4.3.2 Assessing Curriculum 

After finalizing the sustainability in engineering framework, we used the framework to assess 

the undergraduate engineering curriculum at UofT as the next step. The process was hierarchical 

and included three (3) stages and triangulation (Figure 4.2). In stages 1 and 2 we used the 

sustainability in engineering framework to qualitatively analyze the course material by coding 

deductively. In stage 3 we administered a survey to instructors. The instrument to instructors was 

based on the same framework we developed and used for analyzing the course descriptions and 

syllabi. For stage 1, we coded all the course descriptions and for stages 2 and 3, we selected a 

subset of the course material, either priority or random. We did not select all of the courses in stage 

2 due to limited resources for coding and the lack of availability of all the syllabi. 



Chapter 4: Crafting a Definition of Sustainability for Engineering Education and using it to Assess Curriculum 

 

Sherry-Ann Ram 66 2024 

 

Figure 4.2: Curriculum Analysis Process for Engineering Content at UofT 

 

In stage 1, we coded all the course descriptions in the 2021-2022 Faculty of Applied Science 

and Engineering (FASE) calendar at UofT (n=556). Details about the program showing 

departments and enrollment are presented in Appendix C.4.1. We chose course descriptions as the 

1st stage due to their standardization across the curriculum, as well as their accessibility and brevity 

to allow comprehensive coding across the faculty. 

We selected a subset of courses for stage 2 (syllabi) analysis and stage 3 (instructor 

perspective). We used the same subset of courses for both stages 2 and 3. The selection process 

for the courses for stages 2 and 3 is outlined below and can be seen in Figure 4.3. We selected 

courses on a priority basis and a random basis. After selecting the random courses, some were also 

priority courses (n=31 of overlap), so for reporting purposes, we designated those random courses 

as priority.  

Priority Selection: The courses where we identified sustainability pillars with certainty 

(designated YES) or potentially (designated MAYBE) after stage 1 coding (course descriptions) 

were cross-checked with UofTôs engineering minors and certificates with sustainable content [294] 

and the CEAB graduate attribute indicators 8, 9, 10, 11 (8. Professionalism, 9. Impact of 

engineering on society and the environment, 10. Ethics and equity, 11. Economics and Project 

Management) [20], [295]. We selected courses that matched for priority deeper analysis. We 

selected this method to determine whether more sustainability content would emerge, and at what 

depth sustainability exists in these courses. We selected a total of 113 (~20%) courses but coded 

85 (~15%) courses due to syllabi availability. 
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Random Selection: From the 556 courses, we randomly selected 157 courses (~28%). We 

coded a total of 85 (~15%) random courses, again due to syllabi availability. We completed a 

power calculation to determine the minimum number of courses to analyse to have 95% confidence 

in assessing whether the false negative rate is less than 10%. This number of courses was ~30 

(~5%) courses and we coded about three times that amount (see calculation in Appendix C.3.3).  

 

Figure 4.3: Curriculum Document Analysis Process for Engineering Content at UofT 

 

In stage 2, we chose syllabi as they provided a more detailed and often a more contemporary 

perspective of what is taught in each course. We selected a subset of course syllabi (varying years, 

as available) for deeper coding. We coded a total of 170 syllabi, 85 priority and 85 random. We 

obtained the syllabi, with permission, from the engineering departments offices, downloaded from 

online resources when possible or requested directly from instructors. For these reasons around 

the different ways we collected syllabi, there were variations in the syllabi by year developed, 

format and length; some standardization existed within engineering departments but not as much 

across departments. These variations also created challenges in coding for depth of content since 

more detailed syllabi could be coded for depth while less detailed syllabi could not. In addition, 

some courses had separate documents for the syllabi and learning outcomes, while others 

combined both items in the syllabus. At the time of writing this paper, a centralized template for 

developing syllabi in engineering at UofT is being put in place. However, the system is still being 

updated and as syllabi are considered the intellectual property of instructors, we obtained the 

documents from individuals rather than taking them from the centralized system. When analysing 
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the syllabi, we did not code any text that pertained to university policies (as opposed to direct 

course content) like Equity/Diversity/Inclusivity/Accessibility Statements, Accommodations, 

Mental Health, Land Acknowledgements, Technology, Copyright, Plagiarism.  

Although course descriptions and syllabi include official core information about each course, 

their coding relies on the coderôs interpretation of the documents and may be an incomplete 

representation of the themes covered in each course. Thus, in stage 3, we administered a survey to 

course instructors to obtain direct information about which sustainability themes from the 

framework the instructors perceive are covered in their courses and at what depth. After selecting 

the priority and random courses, we sent personal emails to instructors for 212 courses requesting 

them to fill the survey for their course(s) we selected and any other courses they teach. Note that 

212 is lower than the sum of the priority (113) and random courses (157) minus the overlap (31) 

because we used the 2021-2022 courses, and we sent the instructor survey in the next academic 

year, so a few courses were discontinued. The emails invited the instructors to complete the survey 

and requested syllabi for deeper analysis (if we did not already have the document), with reminders 

as necessary. Note that some courses had more than 1 instructor, some instructors we contacted 

did not complete the survey and some instructors filled the survey for more courses than we 

requested. These extra courses we gave a random designation. In addition, we received survey 

responses from a few instructors for which we did not have the syllabi to code. We administered 

the instructor survey summer/fall 2023. The instructor survey was filled out for a total of 125 

courses (out of 556, ~23%). After cleaning to remove courses with fully blank responses or no 

course/instructor name, 123 courses remained. This represents a combination of priority (n=62, 

~11%) and random courses (n=61, ~11%). For the randomly selected courses, we sent invitations 

to approximately equal proportions of courses from each department. For some courses, we 

received multiple responses due to more than one course instructor teaching the course. For these 

duplicate sources, when there were discrepancies among the responses for each theme by the 

instructors, the final response for each theme was an average across the responses. Whereas we 

coded course descriptions and syllabi in a (mostly) binary manner (ñyesò - theme is present; ñnoò- 

theme is absent; ñmaybeò - the coder was unsure), we included a new dimension in the survey 

asking about the depth of each theme for the course: not covered, incidental, woven, full unit, core 

focus. The full survey is available in Appendix C.3.5. 

The student PI (expert coder) completed the curriculum analysis (qualitative coding) for stages 

1 and 2. We retained additional coders for stage 1 to test the framework and agreement among 



Chapter 4: Crafting a Definition of Sustainability for Engineering Education and using it to Assess Curriculum 

 

Sherry-Ann Ram 69 2024 

coders. The student PI completed the coding using Nvivo and Microsoft Excel. In Stage 1, the 

student PI and 2 research advisors completed the first round of coding for ~30 courses. We 

completed the coding independently and subsequently discussed to resolve any differences. 

Another round of coding with ~100 courses was completed with a novice coder. We trained the 

novice coder with ~5 courses and then the novice coder coded ~100 courses independently (coding 

instructions provided in Appendix C.3.4). We used memos / annotations to catalogue any findings 

while coding. We then calculated an interrater reliability [296] between the student PI and novice 

coder resulting in a 96.7% agreement. The literature indicates >70% is good but note that there are 

arguments around the usefulness of this metric [297], [298]. 

4.3.3 Dynamic Interconnections 

In addition to looking at the individual pillars of sustainability, we completed an analysis to 

show the relationship among the pillars. We calculated a total of 11 groups of pillars; 6 groups of 

two pillars, 4 groups of 3 pillars and 1 group of 4 pillars (Table 4.1). For this analysis, we counted 

the number of themes for each pillar combination in Table 4.1 as standalone and nested to 

determine which of the pillars were being taught together. In addition, we generated correlation 

matrices (Pearson, Spearman) [299] to see if any themes correlated with other themes (i.e., to track 

which themes tend to co-occur or not together). We generated 4 correlation matrices, 1 to compare 

themes across all 556 course descriptions and one for each data type collected (course descriptions, 

syllabi and instructor survey) among the subset of courses selected for further analysis (stages 2 

and 3). 

Table 4.1: Grouping of Sustainability Pillars to show the relationship among them 

Groups of 1 (4) Groups of 2 (6) Groups of 3 (4) Groups of 4 (1) 

Environmental Environmental-Social Environmental-Social-Economic Environmental-Social-Economic-

Professional Social Environmental-Economic Environmental-Social-Professional 

Economics Environmental-Professional Environmental-Economic-Professional  

Professional Social-Economic Social-Economic-Professional  

 Social-Professional   

 Economic-Professional   

 

Examples of analyses completed for this study are included in Table 4.2. We attempted 

triangulation to compare the outcomes among the course descriptions, syllabi and instructor 

survey. We developed the outlined process around testing the framework and using multiple coders 

to maximize validity and reliability after consulting qualitative coding practices [199], [300]ï

[302]. 
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Table 4.2: List of Analyses 
 Research Question 

How does sustainability content vary by pillar and/or theme (frequency) for each stage: 

- Year of study 

- Engineering department 

- Random and priority/specific courses 

S2 RQ 2 

Which theme(s) occurs more frequently and less frequently? S2 RQ 2 

What was the percent agreement among document type? S2 RQ 2 

How frequently do sustainability themes occur together in the same course S2 RQ 3 

4.4 Results and Discussion 

4.4.1 Sustainability in Engineering Framework 

S2 RQ1: How can sustainability be defined for course-based engineering programs in 

academia? 
 

A summary of the Sustainability in Engineering Framework is presented in Figure 4.4 with 

the full framework in Table 4.3 and a key for references is included as a note at the end of the 

table. The framework includes the 4 pillars of sustainability and 20 themes that are specific to 

engineering. This framework is generalizable and can be used to assess sustainability knowledge 

(content) in engineering education across other case studies.  

The framework generally worked well for our purposes. The attempt to develop a 

comprehensive framework resulted in a very long codebook that required substantial time for new 

coders to become familiar, but also meant that most sustainability course content had a clear place 

within the framework. A discussion about the framework itself is presented in Section 4.5.1. This 

discussion includes the coding process and challenges in coding a large number of documents with 

a detailed framework; observations about outcomes from the coding process and elements of the 

framework that could be improved along with a small number of suggestions for clarification and 

potential additions to the framework; and suggestions that might help in having more accurate 

coding and instructor responses.   

 

Figure 4.4: Sustainability in Engineering Framework/Taxonomy ï Summary 
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Table 4.3: Sustainability in Engineering Framework/Taxonomy ï Complete 
Classification Definition 

Environment (6 themes) 

Sustainability in 

Design & 

Planning 

Sustainable designs through holistic integration, flexibility, modularity, innovation, balanced 

solutions, effective problem definition (goals, objectives), continuous improvement (iterative), 

optimization, long-term and systems thinking, durability, reliability, interconnectedness / 

interdependence, eco and human factors, life cycle assessment / thinking, material/mass flow 

analysis, degradation, easy separation, purification and/or disassembly, alternative designs. 

Consider planetary boundaries, precautionary and preventive approaches, vernacular design, 

regenerative urban development, passive vs active designs, proactive vs reactive approach / 

adaptation, feedstock to product process (unprocessed material to manufacturing), product 

current and future uses (temporal efficiency), unnecessary capabilities/capacities, unintended 

consequences, backcasting. Design for circular economy (reduce, reuse, repair, recycle, 

repurpose), emissions reduction, embodied energy. These include technologies as well as 

broader systems e.g., transportation design and networks (low carbon, active travel: cycling, 

walking), supply chains, other infrastructure. 

References: H-2011, PSE2022, PSE2009, STAUNCH, C-2018, CF 

Land / Air 

Conservation / 

Protection 

Protection, conservation and management of land use, forests, mountains, dryland, land 

ecosystems / biogeochemical cycles, ecology (including industrial), biosphere, biodiversity, 

habitats (prevent fragmentation), land degradation (desertification) and natural features 

(whether due to anthropogenic causes or not). Safe, healthy, clean, non-toxic (human and 

ecotoxicity) and non-hazardous material and chemicals (bioaccumulation, radioactive, 

radiological hazards, HAZOPS) and energy processes (inputs and outputs). Pollution prevention 

on land and air (improve air quality) at all levels including municipal. Environmentally friendly 

(renewable/bio) products usage. Land protection / restoration include natural habitats, 

threatened species, food chain, degraded land, (e.g., afforestation, reforestation rather than 

deforestation). Consider illegal poaching / trafficking of protected species (e.g., flora, fauna, 

wildlife), impact of invasive alien species / priority species, biogeochemical flows (e.g., 

phosphorous cycle, nitrogen cycle), atmospheric aerosol loading, ozone depletion. 

References: H-2011, SDG Targets 3, 15, PSE2009, STAUNCH, C-2018 

Water 

Conservation / 

Protection 

Protection, conservation and management of water sources / cycle including surface freshwater, 

groundwater, rainwater, oceans, seas, coasts, inland, and marine resources (whether due to 

anthropogenic causes or not). Conservation / protection includes sanitation, quality, sustainable 

withdrawals (minimize water scarcity), consumption, contamination / pollution (e.g., through 

the release of hazardous chemicals and materials and nutrient pollution), acidification, debris, 

stormwater management, water-use efficiency. Water protection / restoration also includes 

water-related / marine ecosystems / ecology (e.g., mountains, forests, wetlands, rivers, aquifers 

and lakes), water harvesting / catchment/storage, overfishing/unregulated fishing, desalination, 

wastewater treatment, recycling and reuse technologies. 

References: H-2011 (3), SDG Targets 3, 6, 14, CEGC 

Renewable / 

Efficient Energy 

Transitioning to renewable (e.g., energy systems including solar, wind, hydrological, tidal, wave 

(oceanographic) geothermal, etc.) and alternative to fossil fuel (e.g., low carbon sources like 

nuclear, biofuel / biological) energy. Efficient transformation, redistribution and / or use of 

feedstocks and resources, power generation, power storage, conservation of energy, energy 

flow. 

References: H-2011, SDG 7, CEGC, PSE2022, PSE2009, STAUNCH, C-2018 

Resource Usage Considers natural capital, resource consumption, conservation, minimizing resource and 

material usage, sustainable production, regeneration (regenerative), 

eliminating/preventing/reducing waste generation, end-of-life and human need. Includes 

recycling, reuse, efficient resource use (e.g., natural, primary, secondary resources) and 

management (e.g., consumption, production), waste management for safe disposal, recovery of 

valuable items to reuse (e.g., municipal, sewerage, drainage, other), sustainable procurement, 

environmentally safe treatment of chemicals / wastes throughout life cycle, food waste / losses 

(post-harvest). Includes population forecasting, supply and demand analysis. 

References: H-2011, SDG Targets 12, PSE2022, PSE2009, STAUNCH, C-2018, CF 

Climate Change Considers environmental impacts of climate change and global warming (scientific evidence, 

indicators, contributors, environmental damage). Strategies for greenhouse gas (GHG) 
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accounting and reduction / mitigation (whole life carbon accounting / offsetting, carbon budget / 

debt, individual / collective responsibility, and regional priorities). Aware of global agreements 

like the United Nations Framework Convention on Climate Change / Sustainable Development 

Goals, The Kyoto Protocol, The Paris Agreement. 

References: SDG Targets 13, STAUNCH, CF 

Society (4 themes) 

Cultural 

Integration 

 

Local and global cultural, natural heritage, religious and spiritual importance. Different 

perspectives on sustainability or ways of knowing. Consider communities, humans and cultural 

diversity as part of nature, allowing for creative pursuits, self-actualization, leisure time, leading 

to community, trust and belonging as well as history, urban morphology and design (human 

settlements) and physiology (living organisms) and behaviour patterns. 

References: H-2011, SDG Targets 11, PSE2022, STAUNCH 

Education 

Scholarship in 

Sustainability 

Inclusive, affordable, equitable, quality education and training (formal, informal), lifelong 

learning, personal educational values, development of human capital, innovations, creativity.  

Includes programs related to raising awareness about Science, Technology, Engineering and 

Mathematics (STEM), living (lifestyles) in harmony with nature (e.g., ecosystem / biodiversity 

part of planning locally and nationally), sustainable development (e.g., consumption and 

production), climate change / scientific knowledge (e.g., clean/renewable energy/efficiency, 

cleaner fossil-fuel technology, marine technology, ocean health. Consider the education facility, 

and delivery of learning (e.g., transdisciplinary, cross-disciplinary, interdisciplinary 

approaches). Provide scholarships for engineering, sustainability programs. 

References: H-2011, SDG Targets 4, PSE2022, CEGC, STAUNCH 

Wellness / 

Wellbeing and 

Health 

Promotes health (physical and mental), safety, peace, non-violence, human / social welfare, 

basic human needs / rights (e.g., land, shelter, food, water), quality of life, income equality, 

decent employment, reduced unemployment, elimination of poverty/hunger, food security and 

improved nutrition. Consider wellness in circumstances related to climate-related extreme 

events (e.g., ñnaturalò disasters), green spaces, open space, public space, interaction of 

engineering and society, social value, social impacts of climate change and current / future 

generations. 

References: H-2011, SDG Targets 1-3, 8, 11, PSE2022, STAUNCH, C-2018, CEGC, CF 

EDIA (Equity, 

Diversity, 

Inclusivity, 

Accessibility) 

 

Equity, diversity, inclusivity socially, democracy, fundamental freedoms (e.g., leadership roles, 

salaries), social justice. Strive for reduced/elimination of bribery, forced / child labour, modern 

slavery, human trafficking, terrorism, arms flows, power dynamics, corruption among people 

and institutions. Consider discrimination by gender, religion, ethnicity/race, vulnerability, 

disability, geography, intergeneration, economic / other status. Access and affordability (e.g., 

amenities, clean water, sanitation, goods, services, low carbon energy, science, innovation, 

technology (enabling, information, communications), education, knowledge sharing, banking / 

insurance / credit financial services). 

References: H-2011, SDG Targets 5, 10, 11, 16, PSE2022, CEGC, STAUNCH 

Economic (6 themes) 

Risk 

Assessment, 

Resilient, 

Climate Change 

and Adaptation 

Infrastructure 

 

Promote holistic risk assessment, planning, monitoring, management, including assessment of 

costs (financial or otherwise) associated with environmental management and/or adverse events 

(e.g., elevated temperatures, heatwaves, urban island effect, wildfires, drought, increased 

precipitation/storms, flooding, rising sea levels, wind damage, earthquakes, hazards, other 

weather extremes, natural and other disasters). Costs (financial or otherwise) to humans and 

ecosystems due to climate change including adaption / resilient / reliable infrastructure / 

facilities, clean energy technology, processes, products, agricultural practices (reduce food 

insecurity), economic losses due to disasters. Consider the Sendai Framework for Disaster Risk 

Reduction 2015-2030 and appropriate infrastructure retrofit / upgrade and other approaches to 

reducing adverse impacts on human systems. 

References: SDG Targets 2, 3, 7, 9, 11, 12, 13, CF 

Research, 

Development, 

Investment 

 

Research and development for innovation including clean energy technology / infrastructure 

(e.g., renewable energy, energy efficiency, cleaner fossil-fuel technology), biodiversity and 

ecosystems conservation, reforestation, rural infrastructure, agricultural services, technology 

development, plant and livestock gene banks, human researchers and development workers. 

References: H-2011, SDG Targets 3, 7, 9, 15, 17 
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Economic 

Feasibility 

Economic feasibility / viability, life cycle costs, debt financing / relief / restructuring, inflation / 

deflation, living wages, cost of living, cost-benefit analyses. 

References: H-2011, C-2018, PSE2022 

Trading, 

Markets 

 

Open, non-discriminatory, equitable, multilateral trading system, trade aid (e.g., foreign aid, 

Enhanced Integrated Framework for Trade-related Technical Assistance), duty / quota free 

market (World Trade Organization regulation / monitoring of global / international financial 

markets), domestic resource mobilization, increased exports from developing countries, no trade 

restrictions (e.g., export subsidies, food commodity / agricultural markets), proper market 

functioning w/information to limit price volatility, consequences / tax restructuring / revenue 

collection for harmful subsidies (e.g., fossil-fuel, polluters). Consider, redesign of commerce 

system (e.g., taxes, depreciation, revenue collection). 

References: H-2011, SDG Targets 8, 12, 17 

Industry, 

Organizations 

 

Sustainable / alternate models of industry / organization practices (Environmental, Social and 

Governance: ESG) including transparent accountability, legitimacy, credibility and reporting by 

large and global companies, supporting small / medium / local business growth / capacity, 

encouraging entrepreneurship (e.g., social ventures), innovation, philanthropy. 

References: H-2011, SDG Targets 8, 16, 17 

Productivity, 

Growth, GDP 

 

Sustainable economic growth / productivity including gross domestic product (GDP), gross 

national product (GNP), and alternate measures such as human development index (per capita 

basis (e.g., diversifying, innovation, technology), genuine progress indicator (GPI) with 

progress measurements / monitoring of macroeconomics and microeconomics. Considers 

production patterns / implementation, limits to growth (e.g., circular / climate positive 

economy), developmental economics (transformation of developing nations to become more 

prosperous).  

References: H-2011, SDG Targets 8, 17, PSE2022, CEGC, STAUNCH, C-2018, CF 

Professional Responsibility (4 themes) 

Justice, Policy, 

Legal (Law), 

Government, 

Political, Safety, 

Regulations 

Non-discriminatory, environmental legislation / regulations and integrated / coordinated policies 

towards sustainability (e.g., intellectual property protection, safety management, sustainable / 

social procurement, halt deforestation, wage and social protection, occupational health, human 

migration/mobility, end poaching / trafficking of protected species, foreign direct investment, 

gender sensitive poverty eradication, long-term debt / surplus, decent job creation policies). 

Encourage policy coherence, rule of law and justice for all at the national and international 

levels while respecting policy capability and leadership within each country. 

References: H-2011, C-2018, STAUNCH, SDG Targets 1, 5, 6, 8, 10, 12, 15, 16, 17 

Ethical / Moral 

Responsibility / 

Obligations 

Professional engineering responsibility and practice around personal ethics, philosophy, duty 

(deontological principles), honesty, monitoring, reporting, information sharing. 

References: H-2011, STAUNCH, C-2018, CEAB Attributes, 

Partnerships Stakeholders and global partnerships to promote sustainability from the three pillars of 

environment, society and economics (triple bottom line). Consider international / transboundary 

cooperation, global / multi-stakeholder / public-private / civil society / community partnerships, 

global citizenship / governance, representative decision-making, dynamic interconnectedness, 

critical thinking. Stakeholder co-creation (co-, participatory design), interprofessionalism, 

interdisciplinary, transdisciplinary, multidisciplinary partnerships. 

References: H-2011, PSE2022, STAUNCH, C-2018, SDG Targets 11, 16, 17, CF 

Leadership, 

Teamwork, 

Communication 

Leadership responsibility (e.g., regenerative leadership), project management, effective and 

open communication (including written, oral), personnel, change and information management. 

References: H-2011, PSE2022, C-2018, STAUNCH, CEAB Attributes 

NOTE Key for References in Codebook 

H-2011 Hoffman 2011 [113] 

C-2018 Chakraborty 2018 [122] 

STAUNCH En (Environmental), Ec (Economic), S (Social), C (Crosscutting) [280] 

CEGC Canadian Engineering Grand Challenges (there are 6) [19] 

PSE2022 

 

Principles of Sustainable Engineering, Glavic 2022 (there are 12, updated), linked to SDGs, T 

(Tridimensional), En (Environmental, S (Social), Ec (Economic) [274] 

PSE2009 Principles of Sustainable Engineering, Murphy 2009 (there are 12), not categorized [150] 

SDGs Sustainable Development Goals and Targets (there are 17 goals, 169 targets) [17] 

CF The Climate Framework [281] 
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4.4.2 Assessing Curriculum 

S2 RQ2: What can we learn from the different curriculum materials in assessing sustainability 

content? What are the similarities and differences in sustainability content from course 

descriptions (CDs), syllabi (SYL), and instructor survey (IS)? 

 

This section presents the results and discussion of applying the sustainability in engineering 

framework to assess the sustainability content in the undergraduate engineering courses at UofT. 

We present comprehensive results and discussion for stage 1 (course descriptions) because we 

analyzed all 556 courses. We then present limited results for stages 2 and 3 as we only analyzed a 

subset of courses for these stages. After, we show the multiple analyses conducted for triangulation 

of the 3 stages to discern how the results for each stage differ from each other. Finally, we present 

the connections among the pillars for the subset of courses analysed. Additional results for stages 

2 and 3 are in Appendix C.4. 

4.4.2.1 Stage 1 / Course Descriptions 

At UofT, for the calendar year 2021-2022, 556 courses were offered to engineering students 

of which ~93% were engineering courses, usually categorized by engineering department rather 

than by program. There are six (6) departments: Chemical Engineering and Applied Chemistry 

(CHE), Civil and Mineral (CivMin), Electrical and Computer Engineering (ECE), Mechanical and 

Industrial (MIE), Materials Science Engineering (MSE), and Engineering Science (EngSci) which 

includes majors in Aerospace, Biomedical, Robotics. Some departments contain 2 distinct 

programs (CivMin, ECE, MIE), and these two programs often share some core courses as well as 

electives and course codes. These departments house eight (8) core programs: Chemical, Civil, 

Computer, Electrical, Industrial, Material Sciences, Mechanical, Mineral, plus a separate 9th 

program: Engineering Science. The ~7% of course that are not specific to engineering are Cross-

Disciplinary courses that were faculty-wide (APS course code) or from departments like 

mathematics, statistics, physics, geography, history, and forestry. A more complete description of 

the faculty and courses is available in Appendix C.4.1. We opted to categorize by department as 

this may reflect the culture of sustainability within the department and also avoid overlap among 

the courses. However, we also categorized by program for comparison purposes. Each program 

comprises core and elective courses from home and other departments so there is overlap in 

courses when categorizing by program. Also when categorizing by program, additional courses 

not attached to any program (core or elective), like complementary courses, were given the 

category ñunassignedò. 
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The student PI coded all 556 courses. After completion of coding, if a course coded for any 

of the 20 themes in the framework, we assigned a ñYESò value, if the coder was unsure of the 

presence of the theme, we assigned a ñMAYBEò and if we found no evidence of any theme, we 

assigned a ñNOò to the course. The ñMAYBEò courses occurred in instances where there were 

elements of the theme, but it was unclear about the relevance to sustainability. For example, if 

there were reference to engineering design but the text did not explicitly or implicitly suggest items 

in the definition of the ñSustainability in Design and Planningò, then ñMAYBEò was assigned. 

Samples of the text that coded in the course descriptions are supplied in Appendix C.4.2. 

Overall, ~31% of the course descriptions had at least one theme from the framework coded, 

an additional ~14% had at least one ñmaybeò, and ~55% did not have any of the themes in the 

framework. Breaking this down by pillar, environmental sustainability had the most coded themes 

at ~19% of courses while economic coded the least at ~9% (Figure 4.5, Panel A).  Breaking down 

by engineering department, CivMin had the highest percentage of items coded across all 

sustainability pillars while ECE had the lowest (Figure 4.5, Panel B). The trend of sustainability 

content is similar when analyzing by program (Figure 4.5, Panel C), but there is a slight increase 

for the electrical and computer programs compared to ECE department and a decrease in Civil and 

Mineral programs compared to the CivMin department. These relative increases / decreases for 

respective programs, are due to counting the courses that are included in the program from outside 

of the department.  

Panel A ï Overall Sustainability Content Across the Faculty 

 

Panel B ï Sustainability Content by Department 

 

9%

13%

15%

19%

31%

5%

6%

6%

10%

14%

86%

81%

79%

71%

55%

0% 20% 40% 60% 80% 100%

Economic

Society

Professional

Environment

Any Pillar

YES MAYBE NO

32%

8%

20%

22%

33%

41%

58%

17%

6%

17%

14%

17%

12%

12%

51%

86%

63%

64%

50%

47%

31%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Cross-Disciplinary

Electrical & Computer

Material Science

Engineering Science

Mechanical & Industrial

Chemical

Civil & Mineral

YES MAYBE NO



Chapter 4: Crafting a Definition of Sustainability for Engineering Education and using it to Assess Curriculum 

 

Sherry-Ann Ram 76 2024 

Panel C ï Sustainability Content by Program 

 
Figure 4.5: Sustainability content by pillar, aggregated across the entire faculty (Panel A), by 

engineering department (Panel B) and engineering program (Panel C). Percentages calculated as 

a fraction of all courses coded (panel A) or all courses coded within a given department (Panel 

B) or program (Panel C). 

 

Considering the courses that coded for sustainability (YES), we calculated the breakdown of 

each pillar by department, program and engineering year the course is offered in the program 

(Figure 4.6, Panels A, B and C respectively). We calculated the percentages by taking the number 

of courses identified as ñYESò (ñMAYBEò courses excluded) under the respective sustainability 

pillar and divided by the total number of courses offered in that year department or program. In 

general, the environment pillar had the highest representation across all departments or programs 

with a few exceptions, while economic, social and professional responsibility had lower 

representation. CivMin and CHE departments and their respective programs again had the most 

sustainability content while ECE department and their respective programs again had the lowest. 

Looking at course level by year, regardless of engineering department, the trend showed that the 

sustainability content increased as the year of the program gets higher. This course level trend is 

driven primarily by environment and professional pillars in years 2, 3 and 4; while society and 

professional pillars were more prevalent in year 1 (compared to other pillars in that year), and still 

increased by year 4. The economic pillar remained the least prevalent throughout every year. 
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Panel A ïDepartment, Sustainability ñYESò 

 

Panel B ïProgram, Sustainability ñYESò 

 

Panel C ïYear, Sustainability ñYESò 

 

Figure 4.6: Percentage of sustainability for each pillar by year (Panel A), engineering 

department (Panel B) and program (Panel C). Percentage calculated using the ñYESò courses 

only. Note that the total can surpass 100% as a result of some courses being coded for multiple 

pillars. 
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The number of courses coded under each theme is presented in Figure 4.7. Most of the themes 

within the environment and professional responsibility are well represented, with Climate Change 

(under environmental) being an exception, potentially due to that that themeôs definition being 

narrower with fewer topics compared to the other themes. Most themes within society and 

economics are lower, with the exception of Wellness and Health, and a notable absence of 

Research, Development and Investment, which is perhaps covered primarily outside of courses, 

via opportunities like research theses, summer research positions, etc. 

 
Figure 4.7: Number of courses coded under each theme in the Sustainability in Engineering 

Framework 

 

Since the trends by department and program are similar, for simplicity we present subsequent 

results by department. Breaking it down even further and looking at the themes covered by 

engineering department (Figure 4.8), CivMin offers the most courses by theme under the 

Environment and Professional Responsibility pillar, while other departments less so. Under the 

Society pillar, Wellness and Health is covered the most and distributed among all departments 

with the exception of ECE and MSE.  
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Panel A ï Environment Panel B ï Society 

     

 
 

Panel C ï Economic Panel D ï Professional Responsibility 

     
 

Figure 4.8: Sustainability content by pillar (number of courses), individual themes and 

engineering department. 
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in Appendix C.4.3, where they show a handful of themes that have no coverage at all in certain 

departments. Note that all scales are the same on the radar plot to compare the relative numbers of 

courses by themes. 

Panel A ï Environment Panel B ï Society 

       

Panel C ï Economic Panel D ï Professional Responsibility 

        
Figure 4.9: Sustainability content (number of courses) by pillar, individual themes and year 

course offered. 
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out for contributing disproportionately to the sustainability content unexpectedly found within the 

random courses.  

We compared the syllabi coding to the course descriptions and in general, as expected, there 

were more themes being identified in the syllabi compared to the course descriptions. In some rare 

cases, however, the syllabi focused on the operation of the course and did not provide enough 

details to surpass the number of themes found in the course descriptions. Something we noticed 

while coding is that typically, the syllabi that were relatively shorter in length were the ones that 

identified fewer themes than the course descriptions. We created a graph to determine if there 

might be a correlation between number of topics and length of syllabi, as opposed to the content 

in the syllabi itself. We found a slight correlation which may not be conclusive evidence. Figures 

showing sustainability topics in the syllabi broken down by priority and random (Figure C.5), the 

comparison of course description and syllabi (Figure C.6) and the correlation between syllabi 

length and number of sustainability topics (Figure C.7) can be found in Appendix C.4.4. Samples 

of the text that coded in the syllabi are supplied in Appendix C.4.2. 

 
Figure 4.10: Comparison of priority and random courses by sustainability pillar for syllabi, 

broken down by engineering department (n=170). Percentages calculated as a fraction of all 

syllabi coded within a given department for each sustainability pillar. 
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4.11; an alternate visual of the data is presented in Figure C.10, Appendix C.4.5). We observed 

that priority courses had more courses with sustainability topics as a core focus, full unit or woven 

across all pillars, and an overall reverse trend for the random courses with sustainability topics 

either incidental or not covered. However, the professional pillar had the highest percentage of 

sustainability topics as core focus in both the priority and random courses. Further, the responses 

for each theme under each sustainability pillar was broken down by engineering department 

(Figure C.11, Appendix C.4.5). For Environment and Economic pillars, CHE and CivMin had 

more themes as core focus or full unit, while ECE had fewer. There were fewer courses covering 

the society pillar in general. For professional responsibility, there is a somewhat even spread across 

departments except for ECE. 

Panel A ï Priority  

 
Panel B ï Random 

 
Figure 4.11: Depth of Sustainability by pillar from the Instructor Survey (n=123). The 

percentage is calculated by taking the number of courses in that particular pillar and category and 

dividing by the total number of responses for priority (n=62) ï Panel A and random (n=61) 

courses Panel B.   Note that each course was given the highest designation of any theme within 

that pillar (ranked in order from core focus, full unit, woven, incidental to not covered). For 

example, if a course had a core focus for the resource usage theme but incidental for other 

themes under the environment pillar, that course counted as core focus under the Environment 

pillar. Note further that there is no clear hierarchy between ñfull unitò or ñwovenò, so the choice 

to prioritize ñfull unitò was somewhat arbitrary. 
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the stage included the instructor with in-depth knowledge about the course. A possible (or even 

probable) interpretation is that the syllabus captures details missing from the course description, 

while the instructor survey captures tacit knowledge about the course not captured by the syllabus. 

On the other hand, it raises questions about why instructors perceive sustainability content that is 

not captured by the syllabus topics and key learning outcomes: does this suggests an opportunity 

to expand the syllabus to capture these implicit learning outcomes? Or might instructors too easily 

attribute sustainability content to their courses that is not actually core to their learning outcomes? 

Sections 4.4.2.5 and 4.5.2 provide a more thorough analysis comparing the different data sources 

and discussing their respective advantages.  

Regardless of the stage of analysis, the results consistently showed that Civil and Mineral 

engineering had the most sustainability content while Electrical and Computer engineering the 

least. For the priority courses, the syllabi consistently had more sustainability content compared to 

the course descriptions. For random courses, the change in sustainability content from course 

description to syllabi was less pronounced compared to the priority courses. When assessing for 

depth, the sustainability themes (if covered) were either woven or incidental more often than there 

being a full unit or core focus of the course. For engineering, there are foundational theoretical 

topics required for successfully completing the program so it makes sense for sustainability to be 

woven or perhaps incidental in some instances whereas, some courses may be completely devoted 

to a sustainability topic. For stage 1 (course descriptions) and stage 2 (syllabi), the environmental 

pillar consistently had the highest sustainability content, followed by the professional 

responsibility pillar. This picture changes for the stage 3 (instructor survey), where the professional 

pillar surpassed the environmental pillar. A possible reason for this difference is instructors 

interpreting some the professional responsibility pillar themes as general rather than related to 

sustainability. 

4.4.2.5 Triangulation 

4.4.2.5.1 Overall Results 

In this section we compare the coding from the course descriptions (CD), syllabi (SYL) and 

instructor survey (IS). Note that we coded 170 syllabi and received 123 instructor survey 

responses. However, the total number of courses where we had data for all three stages (CD, SYL 

and IS) are 119, therefore we triangulated for the 119 courses common to all 3 stages. The results 

were separated by priority and random courses and compared by sustainability pillar and 
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engineering department (Figure 4.12, Panels A, B respectively). To facilitate the comparison, 

options ñnot coveredò and ñincidentalò selected by the instructor survey were assigned a ñNOò 

while all other options, ñwovenò, ñfull unitò, ñcore focusò, were assigned a ñYESò. As expected, 

the number of themes progressively increased as the document type or knowledge of the course 

became more detailed. The randomly selected courses generally matched fewer sustainability 

themes overall compared to the priority courses. Looking at the results by sustainability pillar, the 

course descriptions, syllabi and instructor responses were similar for society, while instructor 

responses well exceeded the coding from the course descriptions and syllabi for the other pillars, 

regardless of the course being priority or random. Regarding the results by department, for all 

priority courses, the average number of topics increased as the analysis stage got higher, with the 

exception of MSE and ECE. This trend continues for the random courses in CHE and ESC but not 

the other departments. In general, the themes from the instructor survey generally largely surpassed 

those from the course descriptions and syllabi with the exception of ECE where there were similar 

results. Also noteworthy were the far higher instructor results among the randomly selected 

Chemical Engineering courses compared both to other departments and to the document analysis 

for that department. 

Panel A ï Pillar  Panel B ï Department 

   
Figure 4.12: Comparison of the coding by document type and instructor responses. CD = course 

description; SYL = syllabus; IS = instructor survey. The average by pillar (Panel A) is calculated 

by summing the occurences for each theme under each pillar for all courses in that category 

(priority or random) and dividing by the total number of courses for the category (priority or 

random) and number of themes for the pillar (environmental ï 6, society ï 4, economic ï 6, 

professional 4). The average by department (Panel B) is calculated by summing the occurences 

for each theme for all courses in that category (priority or random) and department and diving by 

the total number of courses for the category (priority or random) within each department. Note 

that a value of 0.5 does not necessarily indicate that half the courses covered all themes within 

that pillar because some courses may score higher by covering more than one theme in a 

particular pillar. 
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4.4.2.5.2 Coding Agreement  

We calculated a percent agreement (Equation 4.1) to examine the difference in coding from 

stages 1, 2 and 3 (Table 4.4, an alternate version of viewing data is Figure C.12, Appendix C.4.6). 

This calculation is the same one used to find percent agreement among coders when there are 

multiple coders. We completed 4 sets of calculations: (a) between the course descriptions and the 

syllabi (b) between the syllabi and instructor survey, (c) between the course descriptions and 

instructor survey and (d) among all three documents. An agreement is when designations are the 

same between or among course description, syllabi and instructor response for the specific theme, 

i.e., all YES, all NO or all MAYBE. Again, for the purpose of this analysis, instructor responses 

were treated as NO when listed as ñnot coveredò or ñincidentalò and YES when listed as ñwovenò, 

ñfull unitò or ñcore focusò.  

Equation 4.1: Percent Agreement of Coding Among Documents 

ὖὩὶὧὩὲὸὥὫὩ ὃὫὶὩὩάὩὲὸ  
Ὕέὸὥὰ ὃὫὶὩὩάὩὲὸί 

Ὕέὸὥὰ ὙὥὸὭὲὫί ὼ Π έὪ ὨέὧόάὩὲὸί
 zρππ 

 

The percentage agreement between the course description and syllabi was relatively high at 

>80% for the most part except for the partnerships theme. As the stages increased to course 

material with more detail, the percentage agreement reduced. By definition, mutual agreement 

among all 3 modes (assessment stages) was lower than between any pair of modes. The largest 

disparity in agreement is among the themes under the Professional Responsibility pillar overall. 

The other pillars had some themes with larger disparity in agreement (e.g. Wellness and Health, 

Resource Usage, Sustainability in Design, Economic Feasibility, Research and Industry) while 

others had smaller disparity. 

Table 4.4: Percent agreement of the coding among the three document types (n=119). Course 

description (CD), Syllabi (SYL) and Instructor Survey (IS) 
  CD & SYL SYL & IS CD & IS ALL 3 

Economic 96% 75% 74% 73% 

Trading, Markets  98% 90% 90% 90% 

Productivity, Growth, GDP  98% 83% 83% 82% 

Industry, Organizations  97% 70% 70% 69% 

Research, Development, Investment  96% 62% 62% 61% 

Economic Feasibility  95% 65% 63% 62% 

Risk Assessment, Resilient Infrastructure, and Climate Change Adaptation  92% 80% 77% 74% 

          

Environmental 90% 75% 73% 69% 

Land & Air Conservation / Protection 93% 82% 77% 76% 

Climate Change 94% 74% 70% 69% 

Water Conservation / Protection 92% 87% 87% 82% 

Renewable / Efficient Energy 91% 79% 75% 74% 

Sustainability in Design & Planning 86% 66% 66% 61% 

Resource Usage 85% 61% 61% 55% 
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Social 90% 74% 76% 70% 

Education Scholarship in Sustainability  97% 86% 85% 83% 

EDIA (Equity, Diversity, Inclusivity, Accessibility)  92% 76% 80% 73% 

Cultural Integration  90% 76% 76% 71% 

Wellness and Health  82% 61% 65% 54% 

          

Professional Responsibility 84% 62% 61% 56% 

Leadership, Teamwork, Communication  90% 61% 56% 55% 

Justice, Policy, Legal (Law), Government, Political, Safety, Regulations  88% 66% 66% 61% 

Ethical / Moral Responsibility / Obligations  86% 54% 54% 52% 

Partnerships  74% 68% 68% 56% 

 

4.4.2.5.3 Courses Designation Changes 

We compared the subset of courses coded across stages 1, 2 and 3 to determine how the coding 

changed for each theme during the process. If the coding for the theme remained a YES, MAYBE 

or NO for each stage of the coding, then there was no change. If the coding for the theme changed 

from NO, MAYBE or YES to another code, their course designation change was noted. Note that 

there is no assumption that the stages are organized in terms of increasing accuracy, so each 

subsequent stage does not override the one before. We calculated the percentage of courses that 

remained the same after coding each stage and the percentage of courses that had a designation 

change (Table 4.5). For the courses that changed, they could do so in 1 of 6 ways from stage 1 

(course descriptions) to stage 2 (syllabi). Three of those ways represent more sustainability topics 

as the stage increases: NO Ą MAYBE, NO Ą YES, MAYBE Ą YES. Three of those represent 

fewer sustainability topics as the stage increases: YES Ą NO, YES Ą MAYBE, MAYBE Ą NO. 

These types of designation changes reduce to 4 when moving from stage 2 (syllabi) to stage 3 

(instructor survey) because there is no ñMAYBEò option in stage 3. The key insight is that most 

themes are uniformly moving toward more sustainability topics (from NO Ą YES), especially 

from stage 1 to stage 2 (course description to syllabi) and few specific themes (e.g. Wellness & 

Health; Justice & Policy and maybe Sustainability in Design and Planning) saw meaningful 

offsetting reverse changes with fewer sustainability topics from stages 2 to 3 (syllabi to instructor 

survey). These observations suggests that Stages 1 and 2 are generally unlikely to identify incorrect 

themes, but they may miss themes. In addition, there may be a need to clarify the few themes that 

saw higher numbers of themes moving from YES Ą NO. Finally, these results indicate that 

different data sources can work in tandem to create a more complete picture than any one alone. 

Additional advantages and disadvantages of each data source are discussed further under the 

Reflections Section 4.5.2. Tables to show breakdown by priority and random course, both 

standalone and nested are presented in Appendix C.4.6. 
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Table 4.5: Comparison of courses coded the same and differently by theme for subset of course 

description (CD), Syllabi (SYL) TOP (n=170) and Syllabi (SYL) to Instructor Survey (IS), 

BOTTOM, (n=123). Same = % of courses that coded the same, Diff = % of courses that coded 

differently. NĄM courses changing from NO to MAYBE, NĄY courses changing from NO to 

YES, MĄY courses changing from MAYBE to YES, MĄN courses changing from MAYBE to 

NO, YĄN courses changing from YES to NO, YĄM courses changing from YES to MAYBE 

 

TOP: Course Description to 

Syllabi (n=170)          

 

Environment Same  Diff  NĄM NĄY MĄY  MĄN YĄN YĄM 

Sustainability in Design and Planning 86%  14% 6 11 1  4 0 2 

Land Air Conservation-Protection 93%  7% 3 6 0  1 2 0 

Water Conservation-Protection 92%  8% 3 9 0  0 1 0 

Renewable-Efficient Energy 91%  9% 5 7 0  2 0 1 

Resource Usage 86%  14% 5 11 2  2 3 1 

Climate Change 94%  6% 3 5 1  0 1 0 

Society           
Cultural Considerations 90%  10% 5 7 0  1 4 0 

Education Scholarship in Sustainability 97%  3% 1 1 0  3 0 0 

Wellness and Health 80%  20% 9 14 3  1 2 5 

EDIA (Equity, Diversity, Inclusivity, 
Accessibility) 93%  7% 4 5 0  0 3 0 

Economic           
Risk Assessment, Climate Change Adaptation 92%  8% 2 9 1  1 0 0 

Research, Development, Investment 96%  4% 5 2 0  0 0 0 

Economic Feasibility 95%  5% 1 6 0  0 1 0 

Trading, Markets 98%  2% 0 1 1  1 0 0 

Industry, Organizations 68%  32% 2 2 0  1 0 0 

Productivity, Growth, GDP 98%  2% 0 3 0  0 0 0 

Professional Responsibility           
Justice, Policy, Legal, Government, Political, 
Safety 74%  26% 10 29 0  0 3 2 

Ethical/Moral Responsibility Obligations 86%  14% 6 13 0  1 2 1 

Partnerships 88%  12% 9 8 1  2 1 0 

Leadership, Teamwork, Communication 91%  9% 6 7 2  0 0 1 

           

BOTTOM: Syllabi to Instructor 

Survey (n=123)           

Environment Same  Diff   NĄY MĄY  MĄN YĄN  

Sustainability in Design and Planning 65%  35%  15 10  8 10  

Land Air Conservation-Protection 81%  19%  13 1  4 5  

Water Conservation-Protection 86%  14%  8 1  3 5  

Renewable-Efficient Energy 78%  22%  18 6  0 3  

Resource Usage 61%  39%  36 3  5 4  

Climate Change 74%  26%  28 2  1 1  

Society           

Cultural Considerations 76%  24%  19 4  3 4  

Education Scholarship in Sustainability 85%  15%  16 0  1 1  

Wellness and Health 59%  41%  24 4  10 13  

EDIA (Equity, Diversity, Inclusivity, 

Accessibility) 76%  24% 

 

24 3  1 2 

 

Economic           

Risk Assessment, Climate Change Adaptation 78%  22%  20 0  2 5  

Research, Development, Investment 61%  39%  43 3  2 0  

Economic Feasibility 63%  37%  41 1  1 2  

Trading, Markets 90%  10%  10 0  1 1  

Industry, Organizations 68%  32%  36 2  0 1  

Productivity, Growth, GDP 83%  17%  20 0  0 1  

Professional Responsibility           

Justice, Policy, Legal, Government, Political, 
Safety 70%  30% 

 
19 3  7 8 

 

Ethical/Moral Responsibility Obligations 59%  41%  43 5  1 1  

Partnerships 66%  34%  29 7  3 3  

Leadership, Teamwork, Communication 62%  38%  37 8  1 1  
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4.4.3 Dynamic Interconnectedness Among the Sustainability Pillars 

S2 RQ3: What relationship exists among the key sustainability pillars within the courses offered 

in the undergraduate engineering program at the University of Toronto? 

 

After coding all the course descriptions (n=556), we counted the courses in each group (i.e., 

each mutual combination of pillars) identified in Table 4.1 (Figure 4.13). As the shading darkens 

on the figure, the number of pillars in the group increases. The number of courses that cover the 

environment and professional pillars individually is substantially more than any of the other groups 

of pillars. The relatively low number of courses covering more than one sustainability pillar may 

be indicative of teaching in a siloed manner rather than an integrative one. 

 

Figure 4.13: Count of courses (and some corresponding percentages) in their sustainability 

pillars and connections to other pillars for all course descriptions (n=556) 

 

A similar comparison was made for the subset of courses coded for stages 1, 2 and 3 (Course 

Descriptions, Syllabi, Instructor Survey) and is presented in Table 4.6. The percentage was 

calculated by taking the number of courses in the group and dividing by the number of courses in 

the subset (n=119). Standalone refers to courses containing only those pillars in that group whereas 

nested refers to courses containing at least those pillars in the group. For example, a course 

covering both environment and society would not be counted individually within the environment 

pillar or society pillar on its own within the stand-alone results but would be counted under all 3 

(environment; society; environment-society) under the nested results. We presented the grouping 

in Table 4.1. The results indicated in the table points to very few courses covering several 
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sustainability pillars simultaneously according to the course descriptions and syllabi. However, 

this changes when reviewing the perceptions of the instructors. Looking at the nested percentages 

of the subset of courses, more than 25% of the courses that have at least 2 pillars in a single course 

from the IS whereas, for CD and SYL, consistently less than 25% of the courses have at least 2 

pillars in a single course. This suggests there may be more tacit interconnections in how themes 

are taught based on instructor responses than would otherwise be apparent from the course 

documents alone. 

Table 4.6: Percentage of courses for coded for each pillar combination when standalone (left) 

and nested (right) (n=119) 
 Standalone  Nested 

 CD SYL IS  CD SYL IS 

Groups of 1 (4)        
Environmental 11.8% 3.4% 6.7%  31.1% 34.5% 56.3% 

Social 2.5% 2.5% 2.5%  22.7% 32.8% 46.2% 

Economics 1.7% 0.8% 2.5%  7.6% 17.6% 52.1% 

Professional 6.7% 5.9% 11.8%  23.5% 37.8% 67.2% 

Groups of 2 (6)            

Environmental-Social 5.9% 3.4% 0.0%  14.3% 21.8% 33.6% 

Environmental-Economic 2.5% 2.5% 5.0%  4.2% 15.1% 40.3% 

Environmental-Professional 2.5% 1.7% 2.5%  10.1% 23.5% 43.7% 

Social-Economic 0.0% 0.0% 0.0%  2.5% 9.2% 34.5% 

Social-Professional 5.0% 6.7% 2.5%  13.4% 25.2% 42.9% 

Economic-Professional 0.8% 0.0% 1.7%  2.5% 12.6% 43.7% 

Groups of 3 (4)              

Environmental-Social-Economic 0.8% 1.7% 0.8%  1.7% 7.6% 26.9% 

Environmental-Social-Professional 6.7% 10.9% 6.7%  7.6% 16.8% 32.8% 

Environmental-Economic-Professional 0.0% 5.0% 8.4%  0.8% 10.9% 34.5% 

Social-Economic-Professional 0.8% 1.7% 7.6%  1.7% 7.6% 33.6% 

Groups of 4 (1)            

Environmental-Social-Economic-Professional 0.8% 5.9% 26.1%  0.8% 5.9% 26.1% 
 

 

We also completed correlation analyses (Pearson, Spearman) using all the coding from all the 

course descriptions and the subsets of courses for the course descriptions, syllabi and instructor 

survey (Figure 4.14). The key for the abbreviations on the correlation matrices can be found in 

Table 4.7. Correlation in this case evaluates whether a certain theme is related to another theme, 

that is if the occurrence or non-occurrence of a theme affects the occurrence or non-occurrence of 

another theme. The correlation range is from +1 to -1 where a +1 indicates that themes are either 

both occurring or both not-occurring, -1 indicates that when one theme occurs the other does not, 

and 0 meaning that themes are not dependent. The presence of a large positive correlation would 

indicate a tendency among course designers implicitly to treat certain themes as more strongly 

connected.  
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Panel A ï CD, all 

 

Panel B ï CD, subset 

 

 

Panel C ï Syllabi, subset 

 

 

Panel D ï Instructor Survey, subset 

 

Figure 4.14: Correlation Matrices: Panel A ï Course Descriptions (all), Panel B ï Course 

Descriptions (subset), Panel C ï Syllabi (subset), Panel D ï Instructor Survey. Note that the 

columns and rows with no values occur when there is no variance among the values in the data 

for those themes. i.e., the standard deviation will be 0 (resulting in a denominator value of 0 and 

hence no value) 

Table 4.7: Key for abbreviations in the correlation matrices 
Environment Economic 

EN1.  Sustainability in Design and Planning EC1. Risk Assessment, Climate Change Adaptation 

EN2. Land Air Conservation-Protection EC2. Research, Development, Investment 

EN3. Water Conservation-Protection EC3. Economic Feasibility 

EN4. Renewable-Efficient Energy EC4. Trading, Markets 

EN5. Resource Usage EC5. Industry, Organizations 

EN6. Climate Change EC6. Productivity, Growth, GDP 

Society Professional Responsibility 

SO1. Cultural Considerations PR1. Justice, Policy, Legal, Government, Political, Safety Regulations 

SO2. Education Scholarship in Sustainability PR2. Ethical/Moral Responsibility Obligations 

SO3. Wellness and Health PR3. Partnerships 

SO4. EDIA (Equity, Diversity, Inclusivity, Accessibility) PR4 Leadership, Teamwork, Communication 

 

Correlations are presented among themes for all course descriptions and the subset of course 

descriptions (Panels A and B). The most notable correlations are themes among the environment 

pillar with Water and Land Protection highly correlating with each other and themes under the 

Social pillar correlating with themes from Professional responsibility for example Justice, Policy, 

EN1. ð

EN2. 0.7 ð

EN3. 0.6 0.8 ð

EN4. 0.6 0.7 0.6 ð

EN5. 0.7 0.5 0.5 0.7 ð

EN6. 0.7 0.8 0.6 0.7 0.6 ð

SO1. 0.6 0.5 0.5 0.3 0.4 0.4 ð

SO2. 0.5 0.5 0.5 0.5 0.4 0.5 0.5 ð

SO3. 0.5 0.5 0.5 0.3 0.3 0.4 0.6 0.4 ð

SO4. 0.5 0.4 0.4 0.3 0.3 0.4 0.6 0.5 0.7 ð

EC1. 0.6 0.6 0.6 0.6 0.6 0.6 0.4 0.5 0.5 0.4 ð

EC2. 0.5 0.4 0.4 0.5 0.5 0.5 0.4 0.5 0.4 0.4 0.5 ð

EC3. 0.5 0.4 0.4 0.4 0.6 0.4 0.4 0.4 0.4 0.3 0.6 0.7 ð

EC4. 0.5 0.4 0.4 0.3 0.5 0.4 0.4 0.4 0.3 0.3 0.6 0.5 0.5 ð

EC5. 0.5 0.3 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.3 0.5 0.7 0.7 0.6 ð

EC6. 0.6 0.5 0.4 0.5 0.6 0.5 0.4 0.4 0.4 0.4 0.6 0.5 0.6 0.7 0.6 ð

PR1. 0.6 0.5 0.5 0.5 0.5 0.5 0.6 0.5 0.6 0.5 0.6 0.5 0.6 0.5 0.6 0.5 ð

PR2. 0.5 0.4 0.5 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.5 0.6 0.5 0.5 0.5 0.5 0.6 ð

PR3. 0.6 0.5 0.5 0.4 0.5 0.4 0.6 0.5 0.5 0.6 0.6 0.6 0.6 0.5 0.7 0.6 0.7 0.7 ð

PR4 0.3 0.3 0.4 0.1 0.2 0.2 0.4 0.4 0.5 0.5 0.4 0.4 0.3 0.4 0.4 0.3 0.5 0.6 0.6 ð

EN1 EN2 EN3 EN4 EN5 EN6 SO1 SO2 SO3 SO4 EC1 EC2 EC3 EC4 EC5 EC6 PR1 PR2 PR3 PR4
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Legal, Government, Political, Safety Regulations (Professional Responsibility pillar) positively 

correlating with Wellness and Health (Society pillar) (see encircled areas). Weakly negative 

correlations occur between the Leadership (Professional Responsibility pillar), EDIA and 

Education (society pillar) and many of the themes in the environment pillar, potentially suggesting 

a disconnect between these areas. For the syllabi (Panel C) similar correlations occur as for the 

course descriptions but even more connections among pillars emerge where themes within the 

Society pillar correlates with the Environment pillar and themes within the Professional 

Responsibility pillar connect more strongly compared to the course descriptions. For the instructor 

survey (Panel D), many of the themes correlate strongly with each other. Trends show the 

correlations become stronger and more connected to other themes as the stages of coding get more 

detailed ï course descriptions Ą syllabi Ą instructor survey. Strong correlations among results 

from the instructor survey suggest a tendency of instructors either to report many themes as being 

present or as being absent simultaneously. Whether this is related to course design (i.e., some 

instructors or courses prioritizing multiple sustainability themes and others mostly omitting 

sustainability), or perceptions (i.e., some instructors systematically filling out the survey more 

liberally than others) is an important question for future work. Correlations separated by priority 

and random for the subsets of course descriptions, syllabi and instructor survey are in Appendix 

C.4.7. 

The connections among pillars increased as stage of analysis increased highlighting that 

course descriptions alone may not be enough to assess sustainability in curriculum. The grouping 

of pillars to see connections among the pillars from the course descriptions and syllabi indicated 

that the Environmental and Professional Responsibility pillars are taught more than the Society 

and Economics pillars, and in general, the pillars are taught in isolation with relatively little 

interaction among them. This lack of interaction is somewhat confirmed when we performed the 

correlation analysis among the individual themes, with a few exceptions where some of the 

Professional Responsibility themes correlated with some Society themes. The emphasis on the 

Environmental pillar aligns with prior studies [112], [113], [120], [127]ï[130]. However, for 

engineering to advance in general and for sustainability, a more integrative and holistic approach 

is recommended [9], [10], [35]ï[39]. Engaging with the societal, economic and professional 

responsibilities are equally important in engineering education. The grouping of pillars and 

correlation analysis from instructor responses indicate many connections among pillars, results 

that are very different from the syllabi and course descriptions. These connections in the instructor 
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surveys are positive signs of an integrative approach but only represent a subset of the curriculum 

and differs significantly from the course descriptions and syllabi results. 

4.5 Reflections 

4.5.1 Reflection on the Sustainability in Engineering Framework  

This section is a reflection on what we learnt from using the framework to code the curriculum 

documents, includes suggestions for potentially improving the framework with a possible alternate 

version and presents insights from the instructors after completion of the survey. 

Coding Process: From the perspective of the student PI (expert coder), the sustainability in 

engineering framework worked well in that it was comprehensive and while coding, if the coder 

took the time to become familiar with the framework, most of the documents could be coded with 

confidence due to the detailed definitions of each theme. However, it was challenging to become 

familiar with the framework due to the length of the definitions. Because the student PI developed 

the framework and coded a large number of documents, the familiarity with the framework came 

organically, provided the coding continued at a steady pace without too much time lag. In addition, 

it was also prudent to have reasonable breaks during coding to avoid fatigue that might reduce the 

quality of coding. From the perspective of the novice coders, we provided instructions; however, 

one of the novice coders was a current engineering student, and this resulted in the novice coder 

adding some interpretation beyond the codebook while coding. To circumvent this issue, we 

trained the novice coder with a few courses to check for alignment and had extensive discussions 

about the qualitative coding method for this study before providing the remaining course 

descriptions to the novice coder for coding. We present brief coding instructions and suggestions 

based on lessons learnt in Appendix C.3.4. 

Coding Outcomes: The sustainability in engineering framework is intended for current use 

and is meant to be a framework that continues to evolve as conditions will inevitably change with 

respect to sustainability. Regarding the framework contents, the existing themes captured the most 

relevant content and so appeared to serve well as a comprehensive representation of sustainability 

in engineering currently. Nevertheless, while using the framework, a small number of new 

suggestions for inclusion arose during the coding process and we discovered several ways to 

potentially improve the framework. These improvements may help coders with any ambiguity 

when coding for these topics in the future. 



Chapter 4: Crafting a Definition of Sustainability for Engineering Education and using it to Assess Curriculum 

 

Sherry-Ann Ram 93 2024 

- Better articulation of certain themes: In the course descriptions and syllabi, some themes that 

pertain to sustainability were not clearly articulated in the framework. These include (but are 

not limited to) material selection, quality assurance, negotiations, project assessments, cost 

modeling, cost of capital ï all within the sustainability context. In addition, we found themes 

that we thought could be refined in the professional responsibility pillar. These included the 

leadership and partnership themes. Improving these themes to clarify the sustainability aspect 

versus these themes in general would improve the framework. Also, due to the nature of 

definitions, some chunks of text may have coded under more than one theme, for example, 

water recycling could overlap with water conservation and resource usage. Depending on the 

lexical chunk of text in the documents analyzed, there may be confusion on how to code these 

types of duplication. 

- Inclusion of additional themes: Some courses discussed areas of health, optimization and 

decision making but it was unclear how to code these topics in the framework. Social life 

cycle assessment (SLCA) could also be an addition for future iterations of the framework. 

Another consideration is whether student reflection, critical thinking, identity and values 

should be included in the framework. We also received suggestions from the instructor survey 

regarding omissions in the framework, such as: sustainable practices and deployment in real 

life, social license to operate and social impacts, construction safety (Internet of Things and 

Artificial Intelligence Solutions), sustainability in worker safety and health (ergonomic risk), 

Indigenous ways of knowing, renewable energy analyses, impact analysis, investigation of 

net-zero design, adaptive reuse, circular economy. Some of these were already considered in 

the framework (e.g., reusing, circular economy, ways of knowing) while others could be 

incorporated into the framework to reduce ambiguity when using the framework in the future. 

Framework suggestions for instructor survey: The details in the framework were useful and 

likely necessary for coding the material to ensure comprehensive results but having an additional 

(alternate) shorter version of the framework might be more effective for both coding curriculum 

material and the instructor survey. An example of having alternate formats is the SDGs convention 

where there are short and long titles for their goals [17]. These alternate versions might make the 

framework more digestible for future coders. The alternate framework might also result in more 

accurate instructor responses. This last comment is based on written responses received from the 

instructors and their suggestions to include themes that already existed in the framework (see prior 

paragraph). Suggesting the addition of themes that already exist could be a signal of instances 
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where the instructors filled the survey without fully reading/digesting the definitions associated 

with the themes, and perhaps made assumptions about the definitions from the theme name. Future 

iterations may need a different balance of framework length to account for the limited time 

instructors are likely to have to digest and respond to the survey. 

4.5.2 Reflection on Assessing Curriculum  

This section is a reflection on what we learnt methodologically from assessing the curriculum 

around: using three sources of material (course descriptions, syllabi, instructor survey); the 

triangulation process; discussion about information that was provided outside of the study 

purview; and exploring additional avenues for assessment. 

Course descriptions: This data source is universal, standardized, publicly available and 

relatively short, making it easier to be comprehensive across courses. Course descriptions are also 

arguably the best way to quickly understand the absolute core focus of each course. However, they 

are often harder to interpret without more context, are less comprehensive and challenging to code 

for depth in most cases.  

Syllabi: This data source provides more insights in general compared to the course 

descriptions. However, at the time of analyzing the syllabi, there was no standard format therefore 

there were variations in content. Some syllabi used the course descriptions as their overview and 

provided information about the administration of the course in a single page with no more details, 

while some syllabi were detailed with learning outcomes and weekly outline of topics which 

helped in gauging the depth of content. Due to this variation in the syllabi, it was challenging for 

us to code the syllabi for depth. In addition, since the syllabi is the intellectual property of the 

instructor and not centrally stored at the time of analysis, it was harder to collect the syllabi. Note 

that syllabi template format is now being used and they are stored centrally so for future work 

syllabi having a standard format and sourcing them will likely be less challenging at UofT, though 

similar problems may remain when generalizing the workflow for other institutions.  

Instructor Survey: This data source from instructors can provide insights beyond the course 

descriptions and syllabi because they are likely deeply involved and most familiar with the material 

in the course so potentially a good source for information to determine the depth with which each 

theme is covered. However, this mode suffers from a potentially low response rate among a wide 

set of actors (i.e., the instructors), is open to differences in interpretation among survey respondents 

(both by course ï instructors for different courses interpreting the instrument topics differently, 
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and within course ï instructors for the same course perceiving the topics that is taught differently), 

and is a high burden for multiple individuals to digest the codebook ï likely requiring a more 

accessible version for the survey. The tacit knowledge brought by instructors may also sometimes 

be at odds with the core learning outcomes for the course (usually presented in the syllabus), 

raising questions about whether implicit intentions (instructor survey) or formal course goals 

(syllabus) remains a better measure ï or else perhaps simply two complementary indices.     

Referring to the triangulation, while coding all 3 stages and using subsets rather than full 

curriculum for stages 2 and 3 showed similar trends in representation of sustainability by 

department and year, adding the additional stages did show potentially increasing information 

about sustainability in the curriculum and provided some insights on the depth. However, the 

percentage difference between the course description and the syllabi were relatively small 

compared to the large disparity and percentage difference between the course descriptions/syllabi 

and instructor survey. For future studies, using the standard syllabi and having a more accessible 

version of the framework for the instructors may reduce this disparity and one might expect less 

variability between the two data inputs. 

The results section presented information that was provided officially through the documents 

coded or the instructor survey. However, many instructors sent emails to the student PI or provided 

additional feedback within the survey that contained pertinent information as follows: 

- If there was limited or no sustainability, some instructors sent email to indicate such and opted 

not to fill the survey. Examples include courses that are mathematics. Due to these responses 

not being included in the analyses, the results may not be fully reflective of instructor 

perceptions. 

- Capstone courses are fully design-based projects during the final year of the program that 

amalgamates what has been learnt during the program. There are no formal lectures or course 

materials, instead, groups of students have diversified projects, each with a different 

supervisor and client. For some of the engineering departments, these courses/projects may 

have sustainability content but that depended on the particular project being undertaken for 

some departments while other departments prioritize sustainability. 

- Seminar courses or individual research projects, similar to capstone projects, may include 

sustainability concepts but that is dependent on the themes or project chosen. Some do 

emphasize what is required to become licensed as an engineer in Canada but may not include 

sustainability. 
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- Some instructors indicated that the syllabi do not effectively represent the sustainability 

content taught in the course and reiterated that sustainability concepts are prevalent. These 

instructors sent additional course materials, but they were not coded for this study but could 

be included in future work. 

- Some instructors indicated that while they filled out the survey for the current state of the 

course, there are plans to integrate more sustainability concepts like life cycle analysis, 

recycling, circular economy, biodegradable materials, metrics of carbon footprint, and ways 

to extend mathematics content like how the heat equation plays an important role in 

thermodynamics and heat transfer, which in turn is important for designing next-generation 

energy and transportation systems. Conversely, some instructors indicated that sustainability 

was included in the course but had to be removed due to a push to reduce content in courses.  

We gleaned many insights and a reasonable picture of sustainability by applying the 

methodology presented in this study, using limited resources. However, to have a complete picture, 

analysing the full suite of content would be advisable (e.g. code all syllabi, survey all instructors 

and include additional curriculum components like assessments/exams, lecture materials, learning 

outcomes) ï possibly using some type of natural language processing if human resources are 

limited [303], [304]. Among the techniques employed in this study, researchers are advised to 

consider the advantages and disadvantages of the different approaches as outlined above. The large 

differences in results between course descriptions and instructor surveys suggest that including 

both data sources is likely worthwhile; at least in our study, syllabi provided only modest new 

information while adding considerable effort to collect and code. Further, assessing content is 

perhaps the first step towards integrating sustainability in engineering and likely substantially more 

effort beyond content identification is required to demonstrate sustainability in engineering 

education. Pedagogical approaches and its effect on students learning at university and beyond are 

potential additional areas to explore. This may include class observations, interviews, focus groups 

and/or student perceptions to augment the document analysis and instructor surveys. 

4.6 Limitations and Future Work 

4.6.1 Limitations 

There are several limitations identified in this study including human error associated with 

qualitative coding; discrepancies, interpretation and oversight in the instructor survey; and non-

inclusion of data submitted by email. Each will be discussed in turn: 
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- This was a large dataset with the student PI coding most of the data and some validation by 

multiple coders with a subset of the data. Under ideal conditions with ample funding, the full 

suite of data would have been coded by multiple coders. Due to this limitation, there may be 

some themes that could have been overlooked or interpreted differently by another coder. 

- There were both positive and negative comments regarding the design of the survey. Some 

instructors found the survey straightforward to complete while others felt unsure about how 

to answer the questions, were uncertain about how sustainability was defined or were 

apprehensive about the survey format. Some of these issues may stem from survey participants 

answering the survey without fully reading through and internalizing the framework / 

definitions. There were clues that this may have been the case as instructor mentioned adding 

themes that already were within the framework as mentioned in Section 4.5.1. This may 

suggest a potential need to shorten/simplify the framework (though at the expense of 

completeness), or else may be an inherent limitation when trying to assess a concept as broad 

as sustainability in a single study. In addition, there may have been interpretation of the themes 

by instructors under Professional Responsibility in a way that was not intended, which may 

have inflated the results for this pillar. For example, the Leadership, Communication and 

Teamwork theme perhaps were interpreted as general by instructors, but we coded only when 

specific to sustainability or a core focus of the course. Themes like Partnerships and 

Leadership may have been chosen without these themes being covered in the course as per the 

definition in the framework. This assumption was verified by a response from an instructor 

who selected ñcore focusò for leadership because Leadership, Teamwork and Communication 

are a core focus of the course but was unsure how it pertains to sustainability. Some instructors 

also suggested other formats that would more aptly apply to their course. For example, the 

options in the survey are time or work-effort based, which can result in a somewhat distorted 

view of the importance of sustainability in a course so another approach could be around the 

importance or holistic nature taken rather than on lecture or effort time. Finally, the survey 

could have potentially included ñnot sureò or ñmaybeò as one of the options. These inclusions 

and clarifications, especially around professional responsibility could be considered for future 

work. 

- There were some courses that have more than one instructor and subsequently we obtained 

several responses for some courses. Within these multiple responses, there were differences 
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in perceptions about what sustainability themes were covered in the course. This suggests an 

area for future work to examine, explain and/or reconcile differences in instructor perceptions.   

- Assessing sustainability in curriculum using course description, syllabi or instructor 

perceptions may not fully capture pedagogical approaches or learning by students, regardless 

of specified outcomes. Student surveys, coding exams, lecture material, class observations, 

interviews and/or focus groups can all help towards building a picture of the sustainability 

within the curriculum. As well, aspects of sustainability may be taught implicitly through 

university culture and policies, as well as through co-curricular activities that may not be 

captured through the specific focus on course-based curriculum we take in this study. The 

method in this study is thus a starting point towards the bigger picture. 

Relatedly, the present work focused on assessing sustainability knowledge and topics, rather 

than skills and competencies, discussed in Section 4.2, as an important complementary facet to 

sustainability education. 

4.6.2 Future Work 

A few ideas for future work include improving the curriculum assessment method outlined in 

this study, taking a closer look at the pathways for engineering departments at UofT and exploring 

how much exposure to sustainability the students obtain based on their critical path, extending the 

study geographically and temporally, and a simple but relevant question: How much sustainability 

is enough? Each of these listed topics will be discussed. 

- Improving Curriculum Assessment Method: As discussed, consider updating the framework 

and method to assess curriculum periodically and more broadly. There are suggestions for 

updating the framework in Section 4.5.1. Regarding the method to assess curriculum, ways to 

improve could be: including more course materials like assessments (exams), lectures, 

textbooks, etc. and aspects of curriculum outside of courses (e.g., Professional Experience 

Year (PEY), summer research opportunities, other extra-curriculars). Could also consider 

meta learning (e.g., course policies, EDI, etc. that are included in the experience but not part 

of the course content); improving the instructor survey (Section 4.5.1) would potentially make 

the process quicker and more accurate; and add student perception surveys to assess actual 

learning outcomes. There is also the possibility of examining the analyses used and add 

inferential statistical analyses to glean further insights from such a large database. Can also 
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have more qualitative analysis on what specific topics got coded. Additionally, can improve 

ways to analyze depth beyond faculty and student survey. 

- Engineering Pathways:  Consider looking at the critical engineering path for each department 

in more detail to determine where there may be strengths and deficiencies in sustainability 

content and leveraging this information to build content within departments that are deficient. 

The critical path refers to the specific courses and activities each engineering student needs to 

take to acquire their degree in their chosen program. This student critical path analysis can 

include a deeper analysis of the core vs elective courses. Examining the critical path would 

enable a clearer representation of what concepts are included in all degrees, rather than simply 

capturing a list of concepts being offered (potentially in optional courses) by the department.  

- Broader comparisons: Consider using the framework and method to assess engineering 

curriculum at other universities and compare to UofT. There is also the option to do 

longitudinal studies at UofT and other institutions to see how sustainability content change 

over time. These studies can look back and forward to see the progression. 

Finally, this study assessed sustainability, but the question remains: How much sustainability 

content is enough: 

- What constitutes a fair amount of sustainability content by breadth and depth, i.e. is more 

content better or is deeper content better or should there be a balance between the two? Or 

rather how should content be integrated? 

- How connected should the pillars be in courses? More work is needed to define target levels 

of sustainability content (balanced against other important learning outcomes), or to 

investigate metrics for overall learning across the degree rather than limiting the analysis to 

how many courses address each theme. 

4.7 Study Conclusions 

This study provided several contributions. First, we developed a framework to define 

sustainability in engineering, specifically for use in academia. This framework is generalizable and 

comprises 20 themes grouped under 4 pillars: the three conventional pillars of environment, 

society, economic and a fourth of professional responsibility (Table 4.3). 

Second, we created a method to assess sustainability in the engineering curriculum using the 

framework we developed. The method is hierarchical comprising 3 stages that involved both 

qualitative and quantitative components. The qualitative components occurred in stages 1 and 2 
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through document analysis of engineering course descriptions (stage 1, all courses in program) 

and syllabi (subset of courses in program). The quantitative component in stage 3 comprised an 

instructor survey (same subset of courses as stage 2). The Environment and Professional 

Responsibility pillar were typically more represented while the Society and Economic pillars less 

represented. Civil and Mineral engineering generally had more sustainability content across all 

pillars while Electrical and Computer engineering had the least. The sustainability content 

increased as the year in the program increased. We triangulated the results from all three stages of 

the analysis to determine what are the similarities and differences among the three stages. We 

found that the sustainability content increased as the stages of analysis progressed, with the course 

descriptions showing the lowest sustainability content and instructor substantially more 

sustainability content than stages 1 and 2.  

Third, we analyzed the results to see if there are connections among the sustainability pillars. 

When nested, the sustainability content in the course descriptions generally did not cross over 

pillars. A similar trend is seen for the syllabi but there are more connections among the pillars. 

The connections among pillars increased still with the instructor survey. 

We conclude that the framework developed to define sustainability will continue to evolve 

and the assessment methodology created can benefit from additional analyses. However, we 

gleaned useful insights about sustainability in the engineering curriculum from each stage and the 

study components can be applicable to other institutions wanting to assess sustainability in their 

programs using multiple points of data inputs to determine the breadth and depth of content. 
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 Changes in Engineering Studentsô Sustainability 
Perceptions through Reflective Practice 

5.1 Study Overview 

5.1.1 Abstract 

Engineering education for sustainable development should include holistic strategies within 

the teaching practice to be able to address complex global problems. A possible approach is 

reflective practice as this practice encourages deeper thinking, considers personal/professional 

experiences, assesses biases, and questions the decision-making process. This study explored 

whether there were changes, and the nature of those changes in sustainability perceptions and 

engagement in a third-year undergraduate mechanical engineering students after exposure to a core 

sustainability related course on designing for the environment. 

This study analyzed reflective statements that engineering students completed at the beginning 

and end of the course. The students were asked to reflect on sustainable development, 

environmental stewardship, engineering responsibility and engagement. Students opted to 

participate in this study by giving permission to use their statements. The resulting set included a 

total of 86 statements, 43 pairs, representing ~22% of the class. The statements were analysed 

qualitatively using deductive and inductive methods to code content and reflection, then compared 

between the beginning and end of the course. The deductive coding was completed using a 

sustainability in engineering framework, personal pro-environmental actions framework and 

reflection types (descriptive, dialogic, critical). 

The sustainability in engineering framework comprised four pillars: environment, social, 

economic and professional responsibility. Themes in the environment pillar were the most 

prevalent compared to the other three pillars overall, and themes increased from the beginning of 

the course to the end of the course in all four pillars, with professional responsibility showing the 

largest increase. The students showed a shift in perspective from leaning towards the 

environmental pillar at the beginning of the course to a more holistic perspective at the end of the 

course. The studentsô statements also showed a developmental change in reflection from the 

beginning to end of the course towards critical reflection, particularly in the area of engagement. 

These are promising results for integrating reflective practice within engineering education for 

sustainability. 
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5.1.2 Graphical Abstract 

 

5.1.3 Keywords 

Sustainability, Engineering Education, Reflective, Reflective Practice, Inductive Coding, 

Personal Statements, Pre-post 
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5.2 Introduction 

This study suggests that a holistic approach in engineering education is needed to incorporate 

sustainability and that reflective practice can assist in that goal. The study delves into student 

personal reflective statements in a core sustainability-focused third year undergraduate mechanical 

engineering course. The study analyzes how student perspectives and engagement shift from the 

beginning to the end of the course and the nature of that change by presence of certain themes and 

the types of reflection. 

5.2.1 Engineering Education for Sustainable Development 

Present and future engineering must consider sustainability including sustainable 

development (SD) and environmental stewardship (ES) as a priority to advance sustainability, 

climate change efforts, and aid in global challenges and complex problems [305]. Engineers have 

a role in managing natural systems, resources and energy to ensure responsible short- and long-

term use and preservation for the planet and society. To meet these responsibilities, it is important 

to incorporate engineering education for sustainability, Sustainable Development (SD) and 

Environmental Stewardship (ES) during the engineering journey [37], [306], [307]. 

Currently, the necessary foundations for training an engineer are disciplinary engineering 

knowledge coupled with an emphasis on application of knowledge for complex problem solving 

[9]. Thus, engineering education typically includes fundamental theoretical and practical content 

with some coverage of sustainability concepts [127]ï[129], [308]. However, the sustainability 

concepts, tend to lean towards the environmental pillar with less emphasis on social, economic, 

and professional practice pillars or any interaction among them [309]. The literature suggests that 

engineering education for sustainability, SD & ES requires a rethink of how engineers are being 

trained, and should aim to be holistic by incorporating all pillars of sustainability [37]ï[39], [275], 

[276]. 

Prior studies argue that a holistic approach involves attainment of a certain level of literacy or 

understanding of sustainability principles which is then applied with specific skill, competencies 

and attitudes [10], [35], [36], [126], [132], [150]. Experts also surmise that the holistic approach 

incorporates all pillars of sustainability as a core part of the curriculum and encourages systems 

and critical thinking [148], [273], [310], [311] and multi, inter- and transdisciplinary work [135].  
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5.2.2 Students' Sustainability Perceptions and Engagement 

One way to assess whether there is a holistic approach to sustainability could be through 

student perceptions after experiencing sustainability in curricula elements, like a program, course, 

or experiential learning activity (e.g. project, arts program). A few studies (engineering and non-

engineering) highlighted the importance of incorporating these aspects to advance sustainable 

development in the curricula [152], [158], [312]ï[314].   

We found numerous studies in engineering that looked at student sustainability perceptions. 

Some studies collected data on student perception using a cross-sectional study (data is collected 

at a single point in time without any repeated measures) either using a qualitative approach [159]ï

[162], a quantitative instrument [151], [152], or mixed methods [315]. Some studies collected data 

using a pre/post administration using a qualitative approach [153], [163], [164] or quantitative 

instruments / concept maps [154]ï[158], [316]. For the cross-sectional studies [151], [152], [159]ï

[162], [315], the student perceptions revealed a tendency to focus on the environmental pillar of 

sustainability with less emphasis on the social and economic pillars [151], [152], [160], [162] 

although this emphasis on the environmental pillar was less distinct in one study by Björnberg 

et.al., with students physically drawing the concept of the three pillars of sustainability [315]. 

Further, the qualitative studies indicated that reflective practice could be valuable for promoting 

professional skills like leadership, teamwork, collaboration and encouraging self and global 

improvement [159], [161]. For the studies that used a pre/post approach [153]ï[158], [163], [164], 

several of the quantitative studies indicated more attention to the environmental pillar at the start 

but a shift to a more balanced approach including all sustainability pillars at the end, for two of the 

studies [156], [157] with little change observed in one study [158]. Two of the studies had mixed 

results with respect to social responsibility in engineering with one study showing a positive 

change [155] while the other showing little effect [154]. The qualitative studies had promising 

results indicating that design thinking (an iterative process including stakeholder / customer / user 

interaction, problem definition, ideation, prototyping, testing) can encourage creativity which in 

turn can aid in social and environmental design problems [164], engineering studentsô exposure to 

arts programs can be beneficial in developing reflective thinkers [163], and reflecting can help 

engineers learn from past experiences, allowing advance questioning and enable more 

interdisciplinary work [153]. Several studies not specific to engineering reinforced the ideas 

presented in the engineering studies: emphasis on the environmental pillar [166], [167], [312], 
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[317] with some broader perspective of sustainability  like the inclusion of additional dimensions: 

social, ethical and cultural aspects, after experiencing a sustainability related course [166], [167]. 

Going beyond engineering studentsô perceptions about sustainability is the notion of 

engineering responsibility and corresponding engagement in sustainability. Some students 

recognized the importance of sustainability both personally and professionally [151], [315] and its 

associated responsibility [318], [319], while others indicated sustainability in engineering can be 

practiced but may not be a ñmustò [152], [320]. Further, a study by Wilson et al. suggested that 

engineering studentsô belief and knowledge are associated with personal and professional 

sustainability [321]. However, some studies showcase that responsibility in engaging with 

sustainability seems to be hampered by the lack of confidence in being able to fulfill these 

responsibilities and underestimating their role [315], [319], and uncertainty in professional 

capacity when facing complex sustainability challenges [152], [320]. France et.al indicated that 

positive discussions of sustainability may improve these misgivings [319]. Another solution could 

be for students to be conscious of and embrace the levels of competence they perceive theyôve 

achieved to solve sustainability challenges. The conscious competency model has identified four 

(4) levels of competency: stage 1. unconscious incompetence, stage 2. conscious incompetence, 

stage 3. conscious competence and stage 4. unconscious competence [322]. Students recognizing 

that it takes time to move through these stages may feel more empowered to practice sustainability 

in their career. 

Studies where engineering education implemented reflective practices indicate: exposure to 

design thinking can impact their career sustainability practice [164]; self awareness of considering 

the broader context of social aspects and making ethical decisions after experiencing arts and 

humanities courses [153], [163], and deeper thinking about identity and responsibility toward 

sustainability (including policy and advocacy) in their career long term [323], [324]. Thus, 

reflective practice has the potential to encourage more collaborative, interdisciplinary, inclusive 

and ethical approaches to engineering, involving stakeholders and communities in the decision-

making process, leading to more innovative, creative, adaptive and effective solutions that better 

meet the needs of all involved  [141], [144], [145], [149], [325], [326]. 

5.2.3 Reflective Practice 

From the ideas explored in prior sections, experiencing a sustainability component in curricula 

may shift studentsô sustainability perception towards a more holistic approach and reflective 
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practice can aid in creativity, connecting the sustainability pillars and interdisciplinary work. 

Reflective practice may allow engineers to better understand the complex connections among the 

sustainability pillars that influence their work and contributes to professional identity in 

sustainability. These seminal works by Schon, Brookfield and Mezirow [11]ï[13] suggest that 

reflective practice encourages learners to consider personal or professional experiences, critically 

examine their values, biases, experiences, circumstances, assumptions, and the larger societal and 

cultural contexts in their chosen profession, then question how these factors inform future 

decisions, solve problems and seek alternatives, all of these attributes being desirable for 

sustainability. This reflection may raise awareness of how the economic, social and technical 

aspects of engineering intersect, guiding learners to see how engineering solutions may have 

unintended and unsustainable consequences, expanding their mind to challenge the design process 

and implement more sustainable solutions. 

There are many techniques used to catalogue reflective practice [327]. One commonly used 

technique is reflective writing which can include diaries, journaling, essays, and case studies, that 

are both formative and summative. Assessing these artifacts of reflective practice is not 

straightforward. Note that the assessment we refer to here does not relate to grading, but rather 

discerning whether reflective practice takes place. However, there are frameworks that have been 

extensively used in prior studies [165], [328], [329]. These frameworks include the seminal work 

of Hatton and Smith showcasing the type of reflection ranging from descriptive (accounting events 

and reasons) to dialogic (questioning, considering alternatives) to critical (adding context, 

consequences) [165]; Ash and Claytonôs perspectives (personal, academic, civic) [328]; and 

Moonôs criteria like creativity, emotion, self awareness, self criticism, and future planning [329]. 

Recently Rivera et. al. [330] reconceptualized Hatton and Smithôs seminal work on reflective 

practice to include more dimensions and clarity. In this study, we will draw from Hatton & Smith 

and Rivera as a way to assess the level of context and holistic thinking that students bring to their 

reflections. More information about reflective practice is provided in Appendix A.7. 

5.2.4 Research Opportunity 

This study explores whether third year mechanical engineering studentsô sustainability 

perceptions and engagement changed after exposure to a sustainability course by analysing the 

studentsô reflections, operationalized through their personal statements that were completed at the 

start and end of the course. The study incorporates three topics: reflective practice, sustainability 
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and engineering. Very little work was found that simultaneously covered engineering, 

sustainability and reflective practice [159]ï[164] and even fewer with pre/post inclusion [153], 

[163], [164].  The study by Clark et al. [164] explored studentsô creativity in the design process 

during a course called ñDesign for the Environmentò. Their reflections on the five-stage design 

thinking process were taken at the midpoint and end of the course. The studies by Campbell, Kim 

et al. [153], [163] explored the role of reflective practice specifically in the context of an arts and 

humanities graduate course (not undergraduate) in civil engineering and how that practice might 

broaden an engineerôs perspective in general, then perhaps be useful for society and sustainability. 

This study is building on these past studies in several dimensions: 

- Student Perceptions: assessing for specific themes within the sustainability pillars of 

environment, social, economic, and professional responsibility to determine if there is a shift 

towards a more holistic approach. 

- Student Engagement: exploring the transition from perceptions to actions in their current, 

present, and intentional future engagement, both personal and professional. 

- Student Reflection Type: analysing the types of reflection to determine the nature of the 

change in student thinking. 

The study achieves these goals by evaluating reflective statements requested at the beginning 

and end of the course. Coincidentally, the course in this study is also called ñDesign for the 

Environmentò like the study by Clark et al. [164], but the two courses appear to have mostly 

distinct content. A summary of a subset of the studies cited in this introduction is presented in the 

Appendix D.1. 

5.2.5 Research Questions 

S3 RQ1: How do 3rd year mechanical engineering studentsô perceptions of sustainability change 

on an aggregate level from the beginning to the end of a core sustainability-related course? 

S3 RQ2: What was the nature of the change among the students (if any) in content and reflection 

type? Was there an evolution of sustainability thinking in perceptions and engagement by the 

students from the beginning to the end of the course? 

5.3 Methods 

5.3.1 Design Overview 

MIE315 ï Design for the Environment is a third year undergraduate Mechanical Engineering 

Core Course at the University of Toronto (Course Description in Table 5.1). MIE315 teaches life 

cycle assessment (LCA) processes, Design for the environment principles (Dfe), includes a team 
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project-based assignment and integrates communication and reflective practice as part of the 

course. Note that even though the course title and description indicate a potential leaning towards 

the environmental pillar, in a study looking at undergraduate engineering curriculum, the instructor 

and course materials indicated that all pillars of sustainability are covered in the course (Appendix 

D.3.1) [309], suggesting a holistic nature to the course. 

Table 5.1: MIE315 Course Description 

MIE315 ï Design for the Environment 

Life Cycle Assessment for the measurement of environmental impacts of existing products and 

processes. Design for Environment principles for the reduction of environmental impacts in new 

product and process designs. Functional, economic, and societal analysis taught for use in a 

major team-written project to compare and contrast two product or process alternatives for a 

client. Instruction and assessment of communication centered around course deliverables that 

will form part of an ongoing design portfolio. 
 

For the reflective practice piece, students were asked to submit Personal Statements on 

Sustainable Development (SD) and Environmental Stewardship (ES). In these statements, the 

students were asked to define these terms and reflect on how these terms relate to their engineering 

responsibilities, engagement, course project, career goals and broader engineering context (Table 

5.2). These student personal statements will be used in this study. The full assignment is provided 

in Appendix D.2.1. 

Table 5.2: MIE315 Personal Statements Assignment Instructions 

 

 

Preliminary Personal Statement (PS1) 

The Preliminary Personal Statement on SD & ES asks you to look back and should be 500-

750 words and should include (due January 2023): 

Å A high-level definition of your understanding of sustainable development and 

environmental stewardship and the responsibilities of engineers in these areas. 

Å Examples of how/where youôve engaged with these responsibilities, both in school and 
outside of school (and note that sometimes ñengagementò might mean you didnôt 

consider these responsibilities at allðand thatôs an important thing to note). 

 Final Statement (PS2) 

The Final Statement on SD & ES asks you to look forward and should be either a 750-1000 

word statement or record a 5 ï 8 minute video and will (due April 2023): 

Å Define sustainable development and environmental stewardship and the responsibilities 

of engineers in these areas, as you understand them. 

Å Analyze the project-based action involved in your term project based on this 

understanding of SD & ES. Here, you can reflect on how your team approached the two 

alternatives, the choices that were made, and, perhaps most importantly, whether you 

feel your team went as far as they could with SD & ES considerations. 

Å Reflect on the goals you have for your career post-graduation and consider the 

affordances and challenges that path might have from SD & ES standpoint. 
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For this study we used a One-Group Pre/Post Design [331]. In this type of design, a single 

group is used with a pre observation taken at the start, then an intervention is applied, and another 

post observation is taken. In this case, the intervention is implicit through the MIE315 course. The 

pre/post observations are reflective practice operationalized through personal statements the 

students were asked to submit at two intervals: the beginning (preliminary statement: PS1) and the 

end (final statement: PS2) of the course. 

5.3.2 Participants and Data Collection 

To recruit participants, the student researcher (S. A. Ram) attended the MIE315 class to briefly 

present the research and request students to provide permission to use their statements. There is no 

relationship between the students and the student researcher beyond this class interaction and being 

a teaching assistant to a few random selection of students two years prior for a core course that is 

taken by all first-year undergraduate engineering students. The research advisor of the student 

researcher (D. Tihanyi) designed the assignment prior to and independent of the present research 

and retained communications instructors to grade the assignments. However, the research advisor 

was not aware of the students that opted in for the study until after the communication instructors 

submitted the final grades to the students. We provided a form, through REDCap, for the students 

to voluntarily provide permission to use their statements along with their demographic 

information. The full form (survey) is available in Appendix D.2.2. The MIE315 class ran from 

January of 2023 ï April 2023 and the data collection permission form was open from 1st April ï 

15th May 2023. The participants were incentivised through three (3) raffle prizes each worth $50. 

We received 49 responses; however, we removed 6 responses after data cleaning: duplicates, 

students not providing permission and statements that did not have a matching pair, leaving 43 

pairs (43 each of preliminary and final statements, total of 86) of personal statements for analysis. 

The research was approved by the University of Toronto Research Ethics Board under protocol 

40378. The participants were advised that any identifying information will be removed from the 

data before being analyzed or presented in the study. 

We sent the list of students providing permission to use their data to the instructor and research 

advisors (D. Tihanyi) who then provided the student researcher (S. A. Ram) with the statements, 

after the course ended and grades submitted. Of the 43 participants opting in to the study, 18 

(~40%) were women and 25 (~60%) were men. For the course, a total of 194 students were 
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enrolled (79 women, 115 men). Responses by gender based on enrollment were ~22% each for 

men and women (Figure 5.1, Panel A). Mechanical Engineering students are asked to select two 

(2) out of five (5) available streams. For the study, more students in the Energy & Environment 

and Manufacturing Streams provided permission to use their statements compared to overall 

enrolment and fewer students in Mechatronics, Solid Mechanics and Design, Bioengineering 

provided permission to use their personal statements, compared to overall enrolment (Figure 5.1, 

Panel B, blue bars). In terms of religions affiliations and political leanings, the majority of the 

participants were non-religious/non-spiritual and liberal (Figure 5.1, Panel C and D respectively).  

     

   

Figure 5.1: Demographic information for the study including gender distribution, choice of 

engineering streams, religious and political leanings. 

5.3.3 Data Analysis 

We qualitatively analysed the 86 personal statements (43 preliminary: PS1, 43 final: PS2). We 

compared the results to determine if there were any changes from the beginning to the end of the 

course (Figure 5.2). The aim is to understand the sustainability perspectives and engagement of 

the students and determine whether there were any changes in those perspectives, their values, any 

nuances, connections from the beginning to the end of the course. We compared at the aggregate 

level (RQ1) and at the individual level (RQ2).  
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We coded deductively and inductively, in 3 cycles, in that order. We used both deductive and 

inductive coding methods because inductive coding typically complements deductive coding in 

identifying additional or emerging themes and patterns beyond those present in the deductive 

codebooks, and to gain even deeper insights into the studentsô personal statements [332]. 

 

Figure 5.2: Analysis Method for the study. Collected personal statements from 3rd year 

mechanical engineering students at the University of Toronto in winter 2023 (n=43 pairs) at the 

beginning and end of a sustainability related course on designing for the environment. 

Statements qualitatively analyzed and compared before and after. The numbers represent 

deductive frameworks used to code the data. 
1S. A. Ram, D. Tihanyi, H. L. Maclean, and I. D. Posen, ñCrafting a definition of sustainability 

for engineering education and applying it to assess curriculum Corresponding Author,ò Submit 

April 2024 to Sustain. Sci. Technol., pp. 1ï48, 2024. 
2S. A. Ram, H. L. MacLean, D. Tihanyi, L. Hannah, and I. D. Posen, ñThe complex relationship 

between carbon literacy and pro-environmental actions among engineering students,ò Heliyon, 

vol. 9, no. 11, p. e20634, 2023, Doi: 10.1016/j.heliyon.2023.e20634. 
3N. Hatton and D. Smith, ñReflection in teacher education: Towards definition and 

implementation,ò Teach. Teach. Educ., vol. 11, no. 1, pp. 33ï49, 1995, Doi: 10.1016/0742-

051X(94)00012-U. 

 

S3 RQ1: To determine studentsô change in perceptions from PS1 to PS2 at the aggregate / 

course level, we coded deductively using 2 frameworks: Sustainability in Engineering Framework 

(Section 5.3.4.1) [309] and Personal Pro-Environmental Actions Framework (Section 5.3.4.2) 

[333]. We chose these codebooks (from our own prior work), and they are applicable for this study 
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because we are trying to compare how the studentsô perceptions around sustainability changed 

from the beginning to the end of the course and these frameworks cover sustainability concepts 

from professional and personal aspects.  

S3 RQ2: For assessing the nature of the change between PS1 and PS2, we compared the 

student perceptions and engagement (see bullets below for more information). We coded for 

content, both deductively, inductively, and by reflection type deductively. To assess the reflection 

type, we used the reflection framework (Section 5.3.4.3) [165]. We coded the data for both content 

and reflection to showcase any differences in thinking between statements.  

Perceptions: From the course assignment instructions, the students were specifically asked to 

define sustainable development (SD) and environmental stewardship (ES), and the engineering 

responsibilities associated with them (Table 5.3) in both PS1 and PS2. We thus compared two (2) 

definitions: SD, ES and the engineering responsibilities associated with these definitions in PS1 

and PS2 by content and reflection. 

Table 5.3: Assignment Instructions PS1, PS2 Definitions and Responsibilities Reflections 

Preliminary Personal Statement 

Å A high-level definition of your understanding of sustainable development and 

environmental stewardship and the responsibilities of engineers in these areas. 

Final Statement 

Å Define sustainable development and environmental stewardship and the responsibilities 

of engineers in these areas, as you understand them. 

 

Engagement: In PS1, the students were asked to transition from their perceptions about 

sustainability to their engagement/actions in SD and ES by highlighting what they are currently 

doing and also looking back at how they might have engaged in the past. In PS2, students were 

asked to look forward and explore engagement in what they did in their course project and how 

they might apply SD and ES to their career goals going forward (Table 5.4). For the PS1 

statements, we categorized the types of SD and ES engagements described, for the PS2 statements 

we explored themes that emerged from the project-based reflection, and the affordances and 

challenges through engagement with SD and ES in their career, then finally we compared student 

engagement to observes changes and/or connections (if any) between PS1 and PS2 engagement, 

again by content and reflection. 

Table 5.4: Assignment Instructions PS1, PS2 Engagement Reflections 

Preliminary Personal Statement 

Å Examples of how/where youôve engaged with these responsibilities, both in school and 

outside of school (and note that sometimes ñengagementò might mean you didnôt 

consider these responsibilities at allðand thatôs an important thing to note). 
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Final Statement 

Å Analyze the project-based action involved in your term project based on this 

understanding of SD & ES. Here, you can reflect on how your team approached the two 

alternatives, the choices that were made, and, perhaps most importantly, whether you 

feel your team went as far as they could with SD & ES considerations. 

Å Reflect on the goals you have for your career post-graduation and consider the 

affordances and challenges that path might have from SD & ES standpoint. 

 

The student researcher completed all the coding using Microsoft Excel and Nvivo. The 

Sustainability in Engineering and Personal Pro-Environmental Actions frameworks/codebooks 

were used by the student researcher in two prior studies where there were additional coders to 

verify the utility of the deductive frameworks and quality of the coding by the student researcher. 

Note that a single coder coded for reflection type, so the coding is open to interpretation and 

uncertainty by the coder. While we did not use the automated outputs from Nvivo (they provide 

broad strokes of the data and can code the same concept under multiple nodes), the generated word 

clouds, are presented in Appendix D.3.3.  

5.3.4 Frameworks for Deductive Coding 
 

5.3.4.1 Sustainability in Engineering Framework 

The Sustainability in Engineering framework comprises 4 pillars: Environmental, Society, 

Economics and Professional (Figure 5.3) [309]. Each pillar has sub themes (total 20), that we 

consider currently important for sustainability, knowing that the framework will continue to 

evolve. The full codebooks are provided in Section 4.4.1. [309]. 

 
 

Figure 5.3: Sustainability in Engineering Framework [309] 
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5.3.4.2 Personal Pro-Environmental Actions Framework 
 

The Personal Pro-Environmental Actions codebook (Figure 5.4) [333], [6] comprise actions 

designated as high, moderate or low impact to reduce personal emissions (compiled from several 

studies). The full codebook provided in Appendix B.2.6 [333]. 

 
Figure 5.4: Personal Actions to reduce Green House Gas Emissions [6] 

 

5.3.4.3 Reflection Framework 
 

We presented several frameworks in the introduction that can be used to assess reflection. In 

Hatton and Smithôs framework [165], there are three types of reflection: descriptive, dialogic and 

critical with no hierarchy, meaning that each type of reflection is useful and one type is not 

regarded as better than another type, rather the types of reflections represent developmental shifts 

as one moves through the reflection types. This framework is developed based on Schonôs 

ñReflection-on-Actionò which typically occurs after a situation to learn from the experience or 

deduce meaning. Note that Hatton and Smithôs framework does not include Schonôs ñReflection-

in-Actionò which typically occurs during a situation or in practice to aid in decision-making, but 

the developmental nature of each type of reflection builds to attain ñReflection-in-Actionò. In this 

study, we are exploring studentsô Reflection-on-Perceptions of SD, ES and responsibility, and 

Reflection-on-Action through past and projected engagement in SD and ES. 

In Hatton and Smithôs framework, Technical Rationality, also known as Descriptive Writing, 

is not considered reflection and is a reporting or description of events that could include higher 

order thinking. Reflection begins with Descriptive Reflection which moves beyond the describing 

of events and provides reasoning, explanation, justification, alternate viewpoints and personal 

judgement on an activity or event. Reflection continues with Dialogic Reflection which builds on 

descriptive reflections and becomes more analytical by providing numerous alternative 

perspectives or personal judgements and there may be an internal dialogue/discourse when 
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considering these alternatives, judgements, or solutions. Critical Reflection further builds on the 

prior two to include or consider the broader influence by social, cultural, political, historical issues 

and perhaps the moral underpinnings (Figure 5.5). 

 

 

Figure 5.5: Graphic created based on adapted descriptions of Reflection Types from Hatton and 

Smith (1995) [165]  

 

For this study we chose Hatton & Smith due to the types of reflection getting broader, from 

descriptive to dialogic to critical. Applying the Hatton & Smith framework allowed us to assess 

the degree with which students focused on broader systems context in their writing. Specifically, 

a shift from descriptive to dialogic would indicate development of an internal dialog that considers 

more perspectives and goes beyond a direct explanation or justification for actions taken. Likewise, 

a shift from either descriptive or dialogic toward critical would indicate an attempt to reflect upon 

the broader systems at play, which would show successful engagement with the holistic approach 

required for sustainability in engineering education. Such consideration of systems and wider 

influences might also suggest deeper engagement with the need to think about interactions among 

the social, economic and professional responsibility pillars of sustainability that go beyond the 

environmental pillar alone. These shifts do not necessarily imply deeper reflections, as Hatton and 

Smith noted that it is possible to have superficial critical reflection or profound, nuanced 

descriptive reflection (and vice versa). However, we focus on the addition of context as a potential 

measure for success in thinking about sustainability, that is developmental steps towards 

ñReflection-in-Actionò for sustainability. In addition, this work is seminal, and this framework has 

been used continuously since publication. While we use Hatton and Smith as the main framework 

in this study, Riveraôs reconceptualization of this framework is referenced for added clarity as 

needed [330]. We also note some similarities with, and referencing of Hatton & Smith by Moon, 

Ash and Clayton [328], [329]. The full codebook is provided in Appendix D.2.3.  



Chapter 5: Changes in Engineering Studentsô Sustainability Perceptions through Reflective Practice 

 

Sherry-Ann Ram 116 2024 

5.4 Results and Discussion 

5.4.1 Sustainability Perception Changes - Aggregate/Course Level 

S3 RQ1: How do 3rd year mechanical engineering studentsô perception of sustainability change 

on an aggregate level from the beginning to the end of a core sustainability-related course? 

 

This section presents the sustainability perceptions at the aggregate level from the deductive 

coding process. We coded the 86 (43 pairs) personal statements and compared them using the 

Sustainability in Engineering Framework and the Personal Pro-Environmental Actions Codebook, 

both described in the methods section and presented in full in Section 4.4.1. [309] and Appendix 

B.2.6 [333] respectively. We compared the frequency of the themes occurring between the 

preliminary (PS1) and final statements (PS2). Note that when compiling / quantifying the themes, 

a theme was counted once for a statement regardless of whether the theme occurred multiple times 

or only once in that statement. 

5.4.1.1 Sustainability in Engineering Framework 
 

The Sustainability in Engineering Framework comprises four (4) sustainability pillars: 

Environment, Society, Economic, and Professional Responsibility, and twenty (20) themes. All 

themes occurred in the statements. However, themes under the Environment pillar occurred more 

frequently compared to the other pillars (Figure 5.6). Specifically, under the Environment pillar, 

the topics of Sustainability in Design, Resource Usage, Renewable Energy, Land and Air 

Conservation / Protection were more prevalent with fewer occurrences of the topics Climate 

Change and Water Conservation / Protection (Figure 5.6, Panel A).  

In all but one of the 20 topics, the occurrences of the topics increased in the final statement 

(PS2), compared to the preliminary statement (PS1). The most notable increases occurred under 

Research, Development, Investment (Economic pillar) (Figure 5.6, Panel B) and Partnerships and 

Stakeholder Engagement (Professional Responsibility pillar) (Figure 5.6, Panel D). The source of 

these increases in the PS2 coding may be linked to the LCA projects the students were asked to 

complete involving a comparison of two alternatives of a product in PS2. As a result, they engaged 

in extensive research and product costing during their projects and also needed to reflect on the 

nature of sustainability in practice that involved multiple team members, stakeholders, tough 

decisions they needed to make, and where they may have faced challenges. 
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Figure 5.6: Frequency of Topics from the Sustainability in Engineering Framework from the 

Preliminary (PS1) and Final Statements (PS2) The green boxes highlight significant changes in 

frequency from PS1 to PS2. 

 

Other notable increases occurred in Climate change, Renewable / Efficient Energy, 

Sustainability in Design (Environment pillar), Economic Feasibility, Industry / Organizations 

(Economic pillar), and Leadership, Teamwork, Communication (Professional Responsibility 
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pillar). The additional increases in the Environmental pillar themes are likely because the LCA 

process itself is part of the Sustainability in Design theme and some of the attributes the students 

considered were global warming effects (Climate Change theme), smog (Land/Air Conservation 

theme), and acidification (Water Conservation theme). 

The exception noticed is a decrease in Education and Scholarship in Sustainability (Social 

pillar) from PS1 to PS2, i.e., the theme occurred more frequently in the preliminary statement than 

the final statement (Figure 5.6, Panel B). A possible reason for this change from PS1 to PS2 for 

Education and Scholarship in Sustainability is that in PS1, the studentsô current and past 

sustainability engagement leaned towards their personal choices and included outreach and 

education while the in PS2, the focus changed to project based and career reflections which 

potentially made this topic less prevalent. 

The themes coded in the student personal statements in this study were cross-checked with a 

study that assessed the sustainability in the engineering curriculum at UofT where the MIE315 

course was coded using the same Sustainability in Engineering Framework by Ram et al. [309]. In 

that study, the MIE315 course was evaluated in three stages, the course description (stage 1) and 

syllabus (stage 2) were coded, and the course instructor provided their perceptions (stage 3). The 

course description returned few themes from the framework, the syllabi more themes than the 

course description and the instructor perceptions returned all themes from the framework 

(Appendix D.3.1). Thus, while all themes are represented after coding the student statements in 

this study, similar to the instructor perceptions in the Ram et al. study, we attempted to associate 

the frequency of the themes in this study to the depth of coverage indicated by the instructor and 

observed that for the Environment pillar, there is some alignment between the depth of coverage 

by the instructor and the frequency of themes in the student statements from this study, but that 

association is less so for the other pillars (Appendix D.3.1). Samples of quotes matching each 

deductive theme are provided in Appendix D.3.2.1. 

We also compared how the themes coded changed from PS1 to PS2, i.e. if a certain theme 

was coded for both PS1 and PS2 by a student, then that theme remained the same otherwise, there 

is a change for that student. The themes that remained the same or had a change for each student 

are summarized in (Table 5.5). We calculated the percentage that remained the same or changed. 

The themes can change in 1 of 2 ways; they were coded in PS1 but not in PS2 or YES Ą NO or 

they were not coded in PS1 but was coded in PS2 or NO Ą YES. For most of the themes, the same 

percentage was relatively high compared to the change percentage. Notable differences are 
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Education Scholarship in Sustainability which shows a relatively large decrease from PS1 to PS2 

and Partnerships, Leadership, Communication and Teamwork and Research, Development, 

Investment which showed relatively high increases from PS1 to PS2. The likely reasons for these 

changes were discussed in the prior paragraphs. 

Table 5.5: Comparison of statements that coded the same or had a change by theme for PS1 and 

PS2. Same = % of students that coded the same, Change = % of students that coded differently. 

YĄN students changing from Yes to No, NĄY students changing from NO to YES 

 

PS1, PS2 

Same  

% 

PS1, PS2 

Change  

%  

PS1, PS2 

Change 

YĄN 

PS1, PS2 

Change 

NĄY 

Environment      

Resource Usage 98% 2%  0 1 

Sustainability in Design and Planning 81% 19%  0 8 

Renewable-Efficient Energy 70% 30%  2 11 

Land Air Conservation-Protection 67% 33%  6 8 

Water Conservation-Protection 67% 33%  6 8 

Climate Change 67% 33%  2 12 

Society      
Cultural Considerations 70% 30%  5 8 

EDIA (Equity, Diversity, Inclusivity, Accessibility) 65% 35%  6 9 

Education Scholarship in Sustainability 60% 40%  13 4 

Wellness and Health 53% 47%  9 11 

Economic      
Trading, Markets 93% 7%  1 0 

Productivity, Growth, GDP 88% 12%  2 3 

Risk Assessment, Climate Change Adaptation 72% 28%  5 7 

Economic Feasibility 60% 40%  4 13 

Industry, Organizations 58% 42%  5 13 

Research, Development, Investment 56% 44%  2 17 

Professional Responsibility      
Ethical/Moral Responsibility Obligations 72% 28%  5 6 

Justice, Policy, Legal, Government, Political, Safety Regulations 67% 33%  5 9 

Leadership, Teamwork, Communication 53% 47%  6 14 

Partnerships 47% 53%  5 18 

 

We also completed correlation analyses (Pearson, Spearman) between PS1 and PS2 (Figure 

5.7). The key for the abbreviations on the correlation matrices can be found in Table 5.6. The 

correlation evaluates whether the occurrence or non-occurrence of a theme affects the occurrence 

or non-occurrence of another theme. A positive score (maximum +1) indicates that themes both 

occur, or both donôt occur.  A negative score (maximum -1) indicates that themes do not occur 

together. A score of 0 means the themes are independent. Generally, we see more correlations 

among themes in PS1 compared to PS2. For example, in PS1 we see a positive correlation between 

EN2 (Land Air Conservation-Protection) and EN3 (Water Conservation-Protection). This means 

that students who reflected about EN2 or EN3, also reflected about both EN2 and EN3 and for 

students that did not reflect on EN2 or EN3, they did not reflect on both EN2 and EN3. Another 
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example in PS1, we see a negative correlation between SO1 (Cultural Considerations) and EN5 

(Resource Usage). The means that these themes did not occur together or students reflecting on 

SO1 likely did not reflect on EN5. We see similar correlations or lack of correlations scattered 

throughout the Society, Economic and Professional Responsibility pillars. In PS2 we saw no 

discernible patterns in correlation among the themes for PS2, mostly random distribution and a 

few isolated instances of positive and negative correlations. This deviation of correlation in PS2 

compared to PS1 can be potentially explained by several reasons. Perhaps this cohort of students 

reflected about certain themes together at the start of the course in PS1 but due to the topics covered 

in the course, started to disentangle those connections by thinking about different themes, maybe 

even more themes than the subsets of themes they considered in PS1, which manifested in a more 

random set of correlations by the end of the course in PS2. Another reason could be the content 

and length of the statements, with PS2 being longer than PS1. Additionally, the students were 

asked to reflect on similar items (definitions, responsibilities) in PS1 and PS2 but also different 

items (project and types of engagement in PS2). 

Panel A ï PS1 Panel B ï PS2 

  
Figure 5.7: Correlation Matrices: PS1 and PS2 

Table 5.6: Key for abbreviations in the correlation matrices 
Environment Economic 

EN1.  Sustainability in Design and Planning EC1. Risk Assessment, Climate Change Adaptation 

EN2. Land Air Conservation-Protection EC2. Research, Development, Investment 

EN3. Water Conservation-Protection EC3. Economic Feasibility 

EN4. Renewable-Efficient Energy EC4. Trading, Markets 

EN5. Resource Usage EC5. Industry, Organizations 

EN6. Climate Change EC6. Productivity, Growth, GDP 

Society Professional Responsibility 

SO1. Cultural Considerations PR1. Justice, Policy, Legal, Government, Political, Safety Regulations 

SO2. Education Scholarship in Sustainability PR2. Ethical/Moral Responsibility Obligations 

SO3. Wellness and Health PR3. Partnerships 

SO4. EDIA (Equity, Diversity, Inclusivity, Accessibility) PR4 Leadership, Teamwork, Communication 
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A few general notes regarding the frequency of themes. A possible reason for an increase in 

themes from PS1 to PS2 could be due to PS2 being a longer statement compared to PS1. Also, 

recall from the methods that if multiple topics from a theme occur in a statement, they are only 

counted once under that theme. In addition, some themes in the framework have extensive 

definitions while others have narrower definitions. These reasons may account for some themes 

occurring more or less frequently than others. 

5.4.1.2 Personal Pro-Environmental Actions Framework 

Regarding the Personal Pro-Environmental Actions, we found more occurrences of personal 

actions around sustainability in all three categories (high, moderate and low impact) in the 

preliminary statement (PS1) compared to the final statement (PS2) overall (Figure 5.8). A likely 

reason for these changes is that in PS1 students were asked for examples of current and past 

engagement while PS2 asked students to provide details about their engagement in the LCA project 

and future engagement around their career goals. This means that perhaps in PS1 they were able 

to express their thoughts about personal actions they choose to engage in. 

 
Figure 5.8: Frequency of Topics from Personal Environmental Actions from the Preliminary 

(PS1) and Final Statements (PS2) 

 

Some themes occurred in the statements in this study that were not contained in the high, 

moderate or low impact actions list [6] but came up in a separate study at UofT that looked at 

personal actions  [333]. These include the significance of individual action compared to companies 

(n=4) and reducing paper use in favour of electronic notes or subsequently questioning that choice 

(n=3). Additional topics that came up include practicing personal sustainability only when 

comfortable or convenient (n=3) and not only acting personally but attempting to influence others 

to do the same (n=3). While we found little commonality between PS1 and PS2 in the actions 

themselves from the codebook, we did find links to the personal actions in PS1 and career goals 

in PS2 which will be discussed in Section 5.4.2.1.4. Samples of text by category are provided in 

Appendix D.3.2.2. 
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5.4.2 Sustainability Perceptions Changes ï Individual Level/Student 
Matching Pairs 

S3 RQ2: What was the nature of the change among the students (if any) in content and reflection 

type? Was there an evolution of sustainability thinking in perceptions and engagement by the 

students from the beginning to the end of the course? 

 

This section presents the results and discusses the comparisons between PS1 and PS2 at the 

individual level. We present the comparisons both by content (themes found in PS1, PS2) and 

reflection type (descriptive writing, descriptive, dialogic, critical reflection). We separate analyses 

by student perceptions: definitions of Sustainable Development (SD), Environmental Stewardship 

(ES), and responsibilities, and student engagement in SD and ES. Each sub-section will delve into 

more details around the content and reflection types observed from the student statements. 

However, before diving into the details, we present overall results for each. 

5.4.2.1 Content Analysis 

After comparing the 43 statements, we determined whether SD and ES definitions were 

same/similar or changing. These same/similar or changing designations are based on reconciling 

specific comments by the students within the student statements between PS1 and PS2 with 

observations from the coders. For example, if the student explicitly said in PS2 that their 

definitions of these terms did not change and the coder observed that they were the same/similar 

to PS1, then they fall under the category of same/similar. Similarly, if the students explicitly said 

that their definitions have changed and the coder observed a change between PS1 and PS2, then 

they fall under the category of changing. When there was a discrepancy between the studentôs 

comment and what the coder observed in the statements, the coderôs observation took precedence. 

Counting both definitions of Sustainable Development (SD) and Environmental Stewardship 

(ES), we found that 16 statements (~37%) had the same/similar definitions between PS1 and PS2 

(Figure 5.9) of which 3 were verbatim, while the remaining 13 had some small changes between 

PS1 and PS2. Small changes refer to the coder observing that most of the words within the 

statements remained the same between PS1 and PS2. Therefore, the remaining 27 statements 

(~63%) had changing definitions between PS1 and PS2 (Figure 5.9). The types of changes in 

definitions in the statements include: 

- Definitions for either SD and/or ES in PS1 that changed in PS2 (n=11),  

- No definitions for SD or ES, or both in PS1 that then appearing in PS2 (n=11) 

- Intertwined definitions for SD and ES in PS1 that separated out in PS2 (n=5). 



Chapter 5: Changes in Engineering Studentsô Sustainability Perceptions through Reflective Practice 

 

Sherry-Ann Ram 123 2024 

We separated statements by same/similar for only SD (n=20) and ES (n=19) and changing 

for only SD (n=23) and ES (n=24) (Figure 5.9). We also categorized studentôs reflections on 

responsibility related to SD and ES by same/similar (n=12) and changing (n=31) (Figure 5.9). 

The nomenclature used in the subsequent sections include Student 1 = S1, Student 2 = S2, etc. 

as unique anonymous identifiers for each participant. 

 
Figure 5.9: Count of Same/Similar and Changing Definitions of Sustainable Development (SD), 

Environmental Stewardship (ES), both and Responsibility. 
 

5.4.2.1.1 Perceptions of SD Definitions ï Content Analysis (PS1, PS2) 

Looking at the statements with same/similar  definitions (n=20) of sustainable development 

(SD) (Figure 5.9), some studentsô definition of sustainable development was either the United 

Nations Brundtlandôs commission definition [278] verbatim ñmeeting the needs of the present 

without compromising the ability of future generations to meet their own needsò (n=2) or had the 

essence of this definition (n=6). In many cases, the students linked sustainable development to the 

engineering profession and the designing associated with engineering (n=11), see example S21, 

while some students augmented this aspect with planning for the long-term and/or incorporating 

upstream and downstream details (n=9), see example S21, as well as accounting for the 

environmental, social or economic pillars of sustainability or a holistic approach by considering 

all three (n=6), see examples S11, S21, and reducing environmental damage or conserving 

resources (n=6), see example S11, S21, also allowing growth and/or future forecasting (n=2), see 

example S21. Some students also discussed the concept of equity, social change for the planet and 

people (n=5), see example S21. Student statements S21 and S11 capture many of these themes and 

are provided as examples. Note that S21 has verbatim definitions for PS1 and PS2 so only a single 

example is presented, while S11 illustrates the small change. Additional examples are presented 

in the Appendix D.3.2.3. 

S21 PS1/ PS2 verbatim 

My understanding of sustainable development is a carefully planned strategy that accomplish 

infrastructural development and urbanization while not contribute serious destruction to the 

environment. In other word, achieving growth without compromising the space that will be lived by 

the future generations. It also means that economic and social development must be balanced with the 

protection for the natural resources because ultimately it will affect people who share the resources 

and future generations that will be sharing the space and resources. 
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S11, PS1  

The first part is sustainable development, in which 

the products and processes of our daily lives are 

not meaningfully limited by resources. 

Additionally, this development does not contribute 

to further environmental damage. The use of these 

products and processes should be effectively 

indefinite through maintenance and recycling. 

 S11, PS2 

In my preliminary personal statement, I 

defined sustainable development as the 

products and processes of our daily lives not 

being meaningfully limited by resources and 

not contributing to further environmental 

damage. Essentially allowing for indefinite 

use through maintenance and recycling. 
 

Looking at the statements with changing definitions (n=23) of sustainable development, we 

saw some of same topics discussed for the statements with same/similar definitions in PS1/PS2 in 

the changing definitions PS1 statements. In these PS1 changing definitions, the students 

sometimes linked sustainable development to engineering and/or design (n=11), discussed the 

environment including reducing damage (n=15), mentioned societal considerations (n=6), thought 

about long-term planning (n=3), and advised a holistic approach (n=2). A noticeable change 

between the PS1 and PS2 statements with changing SD definitions is the number of students that 

focused on the environment pillar in PS1 but started to discuss SD as a holistic approach to include 

the three pillars of sustainability: environment, social, economic working in unison in PS2 (n=12). 

This change in definition to include a more holistic approach is seen in example S19.  

S19, PS1 

As the name suggests, sustainable 

development refers to the development of 

products and processes which do not 

infringe with the ability of future 

generations to live happy, healthy, and safe 

lives. Additionally, sustainable development 

requires minimizing the number of 

interactions within an environment so that 

there are no lasting consequences. 

 S19, PS2 

Currently, my definition of sustainable development 

is the development of products and processes which 

fully consider their socio-environmental impacts. It 

is impossible to separate financial, social, and 

environmental issues from each other. Like 

environmental stewardship and sustainable 

development, financial, social, and environmental 

issues form an interconnected web, and one cannot 

be altered without the other. 
 

Another noticeable trend we found in the statements with changing definitions of sustainable 

development was that in some statements (n=14), there was some variation in the definitions 

among the students in PS1 while in PS2, the definitions started to align with Engineers Canada 

(reference was provided in the assignment) which cites the Brundtland Report either exactly (n=2), 

see example S10, or in essence (n=12). Additional examples of evolving definitions are available 

in the Appendix D.3.2.3. 

S10 PS1 

I believe environmental sustainability in practice 

signifies being conscious of the effects of a design 

on the environment at every stage of the design 

process, from the moment of conception until 

finalizing a proposed design. The environment can 

entail the physical area in which the design is 

 S10 PS2 

My definition of sustainable development 

aligns with what has been formulated by the 

International Union for Conservation of 

Nature regarding itôs principles. 

Environmental sustainability refers to the 

responsible use and management of natural 
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being utilized in, the people being directly 

impacted by it as well as the social implications it 

has on communities and groups within its vicinity. 

resources in a way that meets the needs of the 

present without compromising the ability of 

future generations to meet their own needs. 
 

The key takeaways from the definition of sustainable development from PS1 to PS2 include 

the total number of students who discussed an approach beyond the environmental pillar in PS2 

(n=26, ~61%) compared to PS1 (n=8, ~19%), pointing to a holistic approach with consideration 

of the three pillars of sustainability. This movement towards a more holistic approach is likely due 

to the content covered in the course as the students themselves stated this explicitly in some 

statements. These results align with studies discussed in the introduction around a more balanced 

view of sustainability after experiencing a course that presents these concepts [156], [157]. 

Also noticeable is the usage of the Brundtland Commission in some form to define sustainable 

development in PS2 (n=22, ~51%) compared to PS1 (n=8, ~19%). This alignment to the 

Brundtland definition may be connected to the assignment instructions giving students the option 

to consult the Engineers Canada National Guidelines for PS2. Other ideas that occurred frequently 

in both PS1 and PS2 included sustainable development is important in engineering design (n=22) 

and reducing environmental damage/protecting the environment (n=21). 

5.4.2.1.2 Perceptions of ES Definitions ï Content Analysis (PS1, PS2) 

Looking at the statements with same/similar definitions of environmental stewardship 

(n=19), many studentsô definition of environmental stewardship pertained to preserving the natural 

resources and protecting, caring or having reverence for the environment (n=12), see example S15. 

S15 PS1/PS2 verbatim 

Environmental stewardship refers to the responsible handling and safeguarding of the natural 

environment, including preserving natural resources and biodiversity. 
 

Some students indicated that ES is the responsibility of all humans (n=6), see example S22. 

As an extension of human responsibility, some students mentioned influencing others (n=1), being 

ethical (n=1), attempting to reverse damage and going above and beyond (n=1), and acting with 

integrity (n=1) towards the environment. 

S22 PS1/PS2 verbatim 

Environmental stewardship is the responsibility of humans to keep the environment healthy as we do 

impact it significantly and in a harmful way. 
 

Looking at the statements with changing definitions of environmental stewardship (n=24), 

the most common topics occurring in either PS1 or PS2 or both were protecting the environment 

and resources (n=8 for PS1, n=10 for PS2) and the role of humans in stewardship (n=5 for PS1, 

n=7 for PS2). From the list of student statements, for the most part, if certain topics occurred in 
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PS1, they did not tend to occur in PS2, see example S5. There are a few statements where the same 

topic occurred and, in those cases, the definition ES evolved from PS1 to PS2 (n=3), by adding 

extra context and details in PS2 to showcase more thought about the meaning of the definition for 

those students, see example S14. Additional examples of evolving definitions available in the 

Appendix D.3.2.3. 

S5, PS1 

I see environmental stewardship as caring 

for the environment with the understanding 

that we have a responsibility towards future 

generations. While, sustainable development 

is more about carefully analysing the effects 

of development and finding the sweet spot 

between creation and destruction, 

environmental stewardship is more about a 

responsibility that does not always need to 

rely on development. It is about exhibiting 

stewardship over environmental resources 

even while not developing something. 

 S5, PS2 

Previously, I defined environmental stewardship as 

caring for the environment with the understanding 

that we have a responsibility towards future 

generations. ES is not driven by a developmental 

project or proposal. After learning about LCAs, the 

role of the consumer has become even more 

important to me. A consumer upholding the ideals of 

ES can directly impact the use phase as well as the 

end-of-life phase for a product. ES, for me, is now 

an informed understanding of the influence and 

responsibility an individual has over the overall 

environmental impact of commonly used products 

 

S14, PS1 

Environmental stewardship 

means carefully utilize the 

resources from the 

environment to get more 

benefit while keeping the 

environment healthy in the 

future. 

 S14, PS2 

Environmental stewardship is defined as ñThe prudent use of the finite 

resources in nature to produce the greatest benefit while maintaining a 

healthy environment for the foreseeable futureò [1]. This is a concept 

which requires protecting the environment by carefully utilize the 

resources from the environment and ensure the health of the 

environment. The core of this concept is to protect the environment 

regardless the effect on other factors including development. 

 

The key takeaways from the definition of environmental stewardship from PS1 to PS2 include 

the total number of students who discussed the protection of environmental resources overall (n=20 

PS1 and n=22 PS2) and human participation (n=11 PS1, n=13 PS2). These results are similar to 

SD in terms of caring for the environment but there is a shift from SD where there seemed to be 

more of an emphasis on humans for ES and engineering design for SD. 

5.4.2.1.3 Perceptions of Responsibilities ï Content Analysis (PS1, PS2) 

The responsibilities for engineers with respect to SD and ES were sometimes clearly 

differentiated from the definitions of SD and ES in the statements and at times they were 

intertwined. Of the 43 statements a few were same/similar between PS1 and PS2 (n=12) and many 

changing (n=31). In a few of the changing statements responsibilities were present/developed in 

PS1 compared to PS2 (n=6) or vice versa (n=2). We also found cases where students discussed 

responsibility in other parts of their statements, like when discussing the course project or their 
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career goals. There were also topics that occurred both in PS1 or PS2. For these reasons, we present 

the topics around engineering responsibility overall. 

One of the topics the students generally associated with engineering responsibilities and SD 

and ES was its importance to the profession. This topic also came up in prior studies [151], [315]. 

A couple prior studies also indicated that responsibility is a nice add-on or bonus rather than a 

necessity [152], [320]. In this study, we attempted to capture the sentiment of bonus (n=16 PS1, 

n=6 PS2) vs necessity (n=16 PS1, n=26 PS2) using certain language. Note that explicit thoughts 

around bonus vs necessity from the students are open to interpretation by the coder. The language 

we coded to mean a bonus included words like ñconsiderò, ñshouldò, ñsupportò, ñbe cognizant ofò, 

ñbe aware ofò, ñplay a roleò, while the language we coded to mean a necessity included words like 

ñensureò, ñmustò, ñalwaysò, ñcriticalò, ñkeyò, ñobligatedò, ñprominentò, ñessentialò, ñrequireò, 

ñcommitò, ñprimaryò, ñfundamentalò, ñno compromiseò. In example S24, in PS1 the student 

mentions that engineers ñmust be cognizant ofò and ñshould integrateò whereas in PS2, the 

language changed to ñare obligatedò and ñit is vitalò which points to a shift from bonus in PS1 to 

a necessity in PS2. Students thinking SD and ES are bonuses reduced from PS1 to PS2 and those 

thinking itôs a necessity increased from PS1 to PS2. Therefore, we get a sense that responsibility 

in SD and ES are more along the line of being necessary rather than optional or a bonus towards 

the end of the course. 

S24 PS1 

A large part of the work engineers do is 

improving the efficiency of a product or system 

which results in less resource consumption. 

They are also responsible for the design and 

implementation of energy-efficient and 

sustainable technologies such as waste 

management and recycling systems. Engineers 

must be cognisant of the environmental impact 

of their designs and should integrate 

sustainable methods when required to 

minimize their overall environmental footprint. 

 S24 PS2 

Engineers specifically are obligated to design and 

implement systems that achieve a balance between 

the needs of people and the protection of the 

environment. Considering the entire lifecycle of a 

product from the pre-manufacturing to disposal 

phases is crucial to minimizing its impending 

environmental impact. While it may be difficult to 

maximize financial and social benefits while 

minimizing environmental impact, it is vital for 

engineers to practice this type of development for 

the sustainability of future generations. 
 

Another concept was the responsibility to include all the pillars of sustainability through 

protecting the environment and resources and considering humans (n=15) and balancing and/or 

prioritizing sustainability over cost/economics (n=17). The students also highlighted the role of 

engineers in the design process across the life of the project discussing early intervention, 

forecasting for the future and its uncertainty, designing for efficiency and long-term (n=10), while 

upholding the ethics of the practice and ensuring safe designs (n=3). 
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Engineering responsibility also included advocating/lobbing for SD and ES and setting policy 

(n=5) which also came up often in engagement either through past engagement, current 

engagement in project or future career goals (n=9). The topic of advocacy occurred a number of 

times and it should be noted that this was mentioned in the assignment instructions. The topic of 

transparency (no greenwashing) also came up both under responsibility (n=9) and during the 

discussion of the course project (n=3). Students also indicated engineering responsibility in 

collaborating, educating, and aiding in the decision-making related to sustainability (n=3). 

Students additionally mentioned that SD and ES responsibility for engineers should be in both the 

professional and personal capacity (n=3). Additional examples are presented in Appendix D.3.2.3. 

5.4.2.1.4 Engagement in SD and ES ï Content Analysis (PS1, PS2) 

After coding engagement in PS1, we categorized the topics into five areas: personal actions, 

academic, extracurricular, professional, and others based on our observations. Engagement in 

personal actions were highest among the students (~72%) while the "otherò category (comprising 

community, reflection and mentorship) was the least occurring (~23%). The personal actions were 

coded using the Personal Pro-Environmental Actions framework and results presented at an 

aggregate level in Section 5.4.1.2. In academic engagement students expressed how they engaged 

or did not engage in engineering or non-engineering courses and mechanical engineering design, 

(n=25, ~58%), with some considering SD and/or ES in past courses while others not. The 

extracurricular category relates to students participating in clubs, teams or other activities at the 

university (n=14, ~33%). These clubs include automotive racing using efficient or renewable 

energy vehicles and community engagement through the clubs. The Professional category relates 

to studentsô engagement via internships or seeking employment for their Professional Experience 

Year (PEY) year (n=11, ~26%). The PEY year is where students work for a year after their third 

year then come back to complete their 4th year in the program. The engineering program thus spans 

5 years, including the 1 PEY year. 

In PS2, the students engaged in SD, ES through their LCA project (comparison of two 

products) and were asked to think about challenges and affordances in engaging in SD, ES in their 

career post graduation. Regarding their current engagement in SD, ES through the course project, 

they discussed a possible affordance through gaining research skills (n=15) and critical thinking / 

going further in the project, in some instances with advanced questioning (n=14), and challenges 

around making LCA assumptions (n=11). Similar sentiments around the complexity in applying 

sustainability in practice was acknowledged by students in prior studies [152], [320]. For the career 
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goals, many students discussed their upcoming PEY roles (n=31, ~72%) which were in residential 

energy (including HVAC) (n=12, ~28%), transportation (private, public) (n=11, ~26%), or other 

categories like mining, construction, data science, climate change, and real estate. Note the large 

portion of students with energy related PEY (transportation, residential energy) may correspond 

to the higher number of students in the Energy and Environment Stream (Section 5.3.2) providing 

permission to use their personal statements. When discussing affordances in their career 

specifically, the knowledge gained in the course and the ability to apply that knowledge was 

prevalent (n=11). Regarding challenges in their career and goals, the students expressed the 

difficulty of balancing the pillars of sustainability and changing the status quo (n=26). In addition, 

another possible challenge is overcoming the power differential as a new graduate, and while 

advancing for SD, ES may be their intent, that might not be possible at their current stage in their 

career (n=17).  

We compared the studentsô engagements in PS1 to PS2 to determine if there might be any 

changes or connections among them. What we observed in PS1 is perhaps the freedom to 

personally choose activities to engage in SD, ES while in PS2 restrictions in engaging 

professionally in a similar way post graduation due to the nature of the industry and lack of 

seniority / confidence. The lack of confidence is also something that has been uncovered in prior 

studies [315], [319]. Utilizing the conscious competency model to raise awareness of the different 

stages may assuage studentsô concerns and increase their confidence to engage in SD, ES from the 

professional side [322]. 

In some statements, students explicitly indicated that sustainability forms part of their lives 

both personally and professionally (n=7), while in other statements we found less explicit links 

between PS1 and PS2 (n=34, ~79%) that we categorized under personal, extracurricular and 

academic/professional.  The personal connection is related to students having certain viewpoints 

in their personal life that they want to continue in their professional life (n=19), for example, some 

students discussed ethical views, advocacy or policy; extracurricular connection is related to 

students who are currently involved in non-academic activities that are associated with SD and ES 

and also forms part of their future interest (n=10); academic / professional connection is related 

to students who chose certain courses (when able to in the program) or streams (e.g. energy and 

environment) in the mechanical engineering program and intend to pursue that area in their career 

(n=8). These connections will be explored further in the engagement reflection analysis Section 
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5.4.2.2.3. Additional information and examples for each of these categories are presented in 

Appendix D.3.2.4. 

5.4.2.2 Reflection Analysis 

We present a comparison of the reflection types for the Perceptions (SD, ES, Responsibility) 

and Engagement in Figure 5.10. The summary diagram shows that the SD and ES definitions 

sections comprise mostly descriptive writing and descriptive reflection, while responsibility and 

engagement comprise mostly dialogic and critical reflections. Note that when there were multiple 

types of reflection for a given student in a particular section (SD, ES, Responsibility, Engagement), 

the convention we chose for reflection type was in the direction of critical reflection. For example, 

if a section had dialogic and critical reflection, we chose critical reflection to represent the section. 

This trend shows that students are thinking more broadly about responsibility and contributions to 

sustainability personally and professionally, by considering several alternative and/or the social, 

cultural, historical and political contexts in their responsibility and engagement sections. Specific 

possible reasons for these patterns will be discussed in each section.  

 
Figure 5.10: The change of reflection types from Preliminary Statements (PS1) to Final 

Statements (PS2) for each of the definition of Sustainable Development (SD), Environmental 

Stewardship (ES), Engineering Responsibility associated with SD and ES and Engagement 

related to SD and ES.  
 

Furthermore, a check was completed for each student to determine the percentage change in 

reflection from PS1 to PS2 for each type of reflection (Figure 5.11). For example, students whose 

SD definition coded as descriptive writing in both PS1 and PS2 were designated as ñno changeò. 

The same criterion was used for each of descriptive, dialogic and critical reflection to designate 

ñno changeò between PS1 and PS2. If a studentôs reflection type changed between PS1 and PS2, 

then the change was designated as ñtowards critical reflectionò or ñtowards descriptive reflectionò 

depending to the type of change. The rules for ñtowards critical reflectionò and ñtowards 
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descriptive writingò are provided in Table 5.7. The graph indicates that students were already 

critically thinking about their responsibility in PS1 and PS2 as seen by the relatively large ñno 

changeò percentage for that category. There were more shifts from one type of reflection to another 

type of reflection as the students moved through the assignment from definitions of SD, ES and 

how they have already engaged or plan to engage in the future with SD, ES. 

 
Figure 5.11: The Nature of the change in Reflection from PS1 to PS2 for each of Sustainable 

Development (SD), Environmental Stewardship (ES), Engineering Responsibility associated 

with SD and ES and Engagement related to SD and ES 

Table 5.7: Description for the designations of shifts in reflections 

Ą Critical 

     Reflection 

Descriptive Writing Ą Descriptive Reflection, Dialogic Reflection, Critical Reflection 

Descriptive Reflection Ą Dialogic Reflection, Critical Reflection 

Dialogic Reflection Ą Critical Reflection  

Ą Descriptive 

     Reflection 

Descriptive Reflection Ą Descriptive Writing 

Dialogic Reflection Ą Descriptive Reflection, Descriptive Writing 

Critical Reflection Ą Dialogic Reflection, Descriptive Reflection, Descriptive Writing  

5.4.2.2.1 Perceptions of SD, ES Definitions ï Reflection Analysis (PS1, PS2) 

For SD and ES, we see a prevalence of descriptive writing and descriptive reflection compared 

to dialogic and critical reflection (Figure 5.10). This prevalence in descriptive writing and 

reflection may be due to the students providing the meaning an/or explanation of SD and ES 

without going further and perhaps the definitions having less variation from PS1 to PS2 and 

starting to align with the Brundtland Commission definition. Looking at the nature of the changes 

in reflection by student from PS1 to PS2 (Figure 5.11), ~46% and ~58% had no change for SD and 

ES definitions respectively and the majority of these were descriptive writing or descriptive 

reflection. We observe an increase in the critical reflection of SD in PS2 compared to PS1. This is 

likely explained by the students moving towards a more holistic SD definition by including the 

three pillars of sustainability (see content analysis Section 5.4.2.1.1), social being one of them. 

A few statements saw movement towards critical reflection from PS1 to PS2 for both SD and 

ES, see example S9. In PS1 we coded descriptive writing and reflection for both the SD and ES 
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definition as the student provided mostly descriptions but an explanation at the end. However, for 

PS2, we coded critical reflection for the SD and ES definitions as the student discussed socially 

conscious designs, relating to vulnerable communities, but note that although we coded critical 

reflection for ES there are elements of dialogic reflection as the student provided alternatives and 

discussed competing interests. The student attributes these changes to learnings from the course 

which perhaps included considering sustainability in the full life cycle and the broader implications 

of environmental stewardship. In PS2, the student retained aspects of their definition of these terms 

from PS1 but provided more depth and layers in the meaning, understanding, and relevance of the 

terms after experiencing the course.  

S9 PS1 

In the context of engineering, 

I believe that sustainable 

development involves 

studying the long-term 

resource consumption and 

environmental interactions of 

an engineering product or 

process to minimize its 

negative future 

environmental impacts while 

meeting present-day project 

requirements. (SD 

Descriptive Writing) 

 

A key aspect of sustainable 

development is environment 

stewardship, which I 

personally define as actions 

that an engineer can take to 

protect the natural 

environment from 

degradation and harm. (ES 

Descriptive Writing) 

 

As both sustainable 

development and 

environmental stewardship 

require a long-term outlook, 

there is a degree of 

uncertainty which engineers 

must account for, and I hope 

to learn more about how to 

perform this uncertainty 

analysis through this 

courseôs project. (SD, ES 

Descriptive Reflection) 

 S9 PS2 

In the context of engineering, I believe that sustainable development 

is the implementation of socially conscious design choices to ensure 

the conservation of natural and economic resources for future 

generations while fulfilling the functions, objectives, and 

constraints of a given engineering project. A key difference from my 

initial definition is the understanding that economic and societal 

factors also play a role in sustainable development, whereas I 

initially focused on defining sustainable development from an 

environmental lens. Through the economic and societal analysis 

portions of the course project, I have learned about the 

interconnectedness between the environmental, economic, and 

societal factors that affect design decisions. For example, 

environmental inequality is very often closely tied to societal and 

economic inequality. Namely, the poorest, most vulnerable 

countries and populations in the world, which produce the least 

greenhouse gas emissions, will be the most negatively impacted by 

the events of climate change [3]. (SD Critical Reflection). 

 

Unlike my preliminary statement, I now believe that environmental 

stewardship is a distinct concept from sustainable development. I 

define it as the personal and professional actions that an engineer 

can take to prioritize the health of the natural environment. This 

can quantitatively be achieved by conducting a life cycle assessment 

to understand the impacts of an engineering project on key 

environmental categories. Through the course project, I have 

experienced balancing the competing interests between the 

functional, economic, and societal aspects of a project (sustainable 

development) with environmental concerns (environmental 

stewardship), so I believe the principles of sustainable development 

and environmental stewardship may sometimes conflict with each 

other. Regardless of competing interests, all engineers must 

practice sustainable development and environmental stewardship 

by conducting a thorough environmental, economic, and societal 

analysis on potential engineering projects while balancing the 

unique functional requirements of the project.  

(ES Critical Reflection) 
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5.4.2.2.2 Perceptions of Responsibilities ï Reflection Analysis (PS1, PS2) 

For Responsibility we see an increase in critical reflection and decrease in descriptive writing 

and descriptive, dialogic reflection from PS1 to PS2 (Figure 5.10). Looking at the nature of the 

changes in reflection by student from PS1 to PS2 (Figure 5.11), ~60% had no change and the 

majority of these were in descriptive and critical reflections. Where there was no change in critical 

reflection were instances of students looking at the broader impacts both in PS1 and PS2 while the 

increase towards critical reflection were students changing their perceptions to the wider 

implications of sustainability from PS1 to PS2. It should be noted that some instances of critical 

were more nuanced while others rather superficial. For example, in S7 the student moved beyond 

the protection of the environment and started to ponder the responsibility of engineering to the 

broader society and equal opportunities for future generations, and in S11, while the student does 

refer to societal responsibilities both in PS1 and PS2, there is less detail compared to S7 PS2. One 

possible reason for this trend in the reflections could be the assignment length. While the students 

did have a higher word limit in PS2 compared to PS1, we did notice at times there were shorter 

excerpts for SD, ES and responsibility in some statements to allow for more room to discuss the 

other components of the PS2 reflection. 

S7 PS1 

Engineers must think critically about the 

environmental impacts of their actions because 

almost everything we do will have some effect on it. 

As engineers, it is our job to make the world a 

better place through science. This means limiting 

the amount of pollution we release during the 

manufacture of products. That means maximizing 

the extent to which our products can be sustainably 

disposed of at the end of their lives, using recycling 

or biodegradable materials. That means paying 

attention to the environmental impact and 

acknowledging that we canôt do things the way they 

were done 40 years ago. 

(Dialogic Reflection). 

 S7 PS2 

When you plan to create a new technology 

(in whatever field) there are two paths one 

can take to design it. One is to maximize 

the practical or financial gain without care 

for the impacts that it might have on future 

generations, and the other is to design the 

future in mind. The biggest portion of this 

is, as Iôve mentioned previously, that 

subsequent generations should have the 

same opportunities that we do whether that 

means access to certain minerals, or the 

right not to have environmental disasters 

because of developmental negligence. 

(Critical Reflection). 

 
S11 PS1 

Engineering activities will always have 

complex impacts on multiple facets of 

society and the environment. So, it is up to 

the engineers to decide what to prioritise 

and when environmental costs outweigh 

other benefits. (Critical Reflection). 

 S11 PS2 

As a result, it is up to engineers to evaluate designs 

holistically. To be able to progress with sustainable 

development in mind, it is important to look at 

every life stage of a product or process, and to 

consider the complex and far-reaching societal 

impacts that it may have. (Critical Reflection). 
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5.4.2.2.3 Engagement in SD and ES ï Reflection Analysis (PS1, PS2) 

The reflections for the engagement did not comprise any descriptive writing, unlike the 

reflections for the SD, ES definitions and responsibility, had the largest percentages of descriptive, 

dialogic and critical reflections in PS1 compared to the other categories, and the largest movement 

towards critical reflection from PS1 to PS2 (Figure 5.10). There was a lower percentage of student 

reflections that had no change (~42%) compared to those that changed (~58%) (Figure 5.11).  

For the reflections that had no change from PS1 to PS2, just over half was dialogic reflection 

and just under half was critical (Figure 5.11). This meant that many students starting reflecting on 

their engagement at a broader level at the start of the course, and this continued at the end of the 

course. This type of reflection is evident in personal connections (Section 5.4.2.1.4) and are 

related to students having certain viewpoints that they want to continue in their professional life. 

An example is advocating for sustainability, see example S8 PS1 and PS2. 

S8 PS1  

As an engineering student, I 

have begun to work 

towards fulfilling these 

responsibilities. Through 

my involvement with the U 

of T chapter of Engineers 

Without Borders, I have 

engaged in extensive socio-

political advocacy around 

climate change. For two 

years, Iôve served as a 

Learning Lead and Content 

Developer for the Policy 

and Advocacy portfolio, 

where I lead monthly 

discussions surrounding 

various social and 

environmental issues. 

(Critical Reflection) 

 S8 PS2  

In my future career, my main involvement in SD & ES will be through 

political engagement. Because my planned career lies in biomedical 

engineering, I will likely not directly contribute to the design of 

sustainable technologies, though SD & ES remains crucial when it 

comes to manufacturing products regardless of industry. As such, I 

plan to involve myself in political efforts where I can advocate for 

appropriate policies to enable and encourage SD & ES. I already 

participate in projects related to sustainability through Engineers 

Without Borders and intend to continue similar work after my 

graduation. A major challenge in the political domain concerning SD 

& ES is lobbying. In advocating for certain policies, one always faces 

challenges mainly from corporations, special interest groups, and 

NIMBYs (not in my backyard) who want to impede progress because 

they feel it goes against their interests. Dealing with political 

opposition and effectively conveying messages to the public and 

policymakers is a crucial way to overcome such obstacles. 

Sustainable development and environmental stewardship are key 

aspects of every engineerôs career.  

(Critical Reflection) 

 

For the reflections that moved towards critical reflection (Figure 5.11), there was 

approximately equal movement from descriptive to dialogic reflection as there were dialogic to 

critical reflection. These students started broadening their perspective. In another example, in 

personal connections (Section 5.4.2.1.4) in moving from dialogic to critical reflection, we see a 

student expressing the possibility to change the company culture from within through policy 

changes, see example S18, or practicing sustainability in their daily lives like using active /  public 

transportation and working in that sector for their PEY to advance the field, see example 35. 
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S18 PS1  

A big portion of climate change 

action must come from governments 

and policy makers. I am a firm 

supporter of science informed 

policy, and engineers have the 

ability to contribute to developing 

policies that enforce SD&ES. Even 

so, I believe we have the ability to 

make meaningful impacts as 

students and I hope to be able to 

explore this intersection of policy 

and technology in my future career. 

(Dialogic Reflection) 

 S18 PS2  

In terms of SD&ES, there are many challenges nuclear 

energy faces due to misconceptions and lack of 

understanding from the public. Nuclear waste is perceived to 

be much bigger risk than in reality [4] and the risk of carbon 

emissions from traditional forms of energy production are a 

much greater threat than nuclear waste generated from 

energy production. However, the interest in nuclear energy 

is growing due to increased research and need for clean 

energy in Ontario which will hopefully grow the industry. As 

I mentioned in my first personal statement, I believe science 

informed policies will be a major driving force in the climate 

movement and Iôm excited to explore policy making where 

science and society intersect next year. (Critical Reflection) 

 
S35 PS1 

One more positive example 

where Iôve engaged with 

these responsibilities is 

living downtown in a 

walkable area close to a 

transit hub. I live 

equidistant from 4 major 

subway stations in the core 

of downtown Toronto, and I 

donôt own a car, which 

hasnôt been a problem. 

Living downtown means I 

can walk to school every 

day, and it means I can 

commute to various places 

around the GTA without 

creating additional 

emissions. Furthermore, 

when I do need a car, I opt 

to carpool with someone 

else which results in less 

emissions overall. 

(Dialogic Reflection) 

 S35 PS2 

For my career path, I want to go into engineering consulting. 

More specifically, I want to go into transportation consulting. 

This has been a passion of mine for a long time because of the 

expansive complexities associated with transportation planning. 

In my PEY I am pursuing this career path and want to go into it in 

the future. In the near term, a key project is the Ontario line 

subway, and choices are being made about methods of 

construction. While an affordance is greater development in 

underdeveloped areas, a challenge is balancing disruptive and 

quick vs long and minimalistic construction methods that have 

potential to be more polluting, so a key suitability balance will be 

at play here (financial and social). From a client point of view, the 

goal will be to get the project finished as quickly as possible 

because this mitigates potential political turmoil and cost. 

However, in line with sustainability and environmental 

stewardship the social aspects this causes could results in a net 

negative impact on surrounding areas. Without adequate 

stakeholder consultation and process planning, quantifying these 

effects to make possible alternatives comparable is extremely 

difficult. However, as engineers, itôs our job to lead the charge 

and estimate outcomes to weigh up possible alternatives while 

recognizing these insurmountable limitations.  

(Critical Reflection) 

 

In the extracurricular connection (Section 5.4.2.1.4), we can see the reflection types from 

some students tended to move from descriptive to dialogic as they described their choices in PS1 

but highlighted the challenges with these choices in PS2. Some examples include participating in 

the aerospace team (UTAT) and want to / will pursue a career in the aerospace industry, being a 

part of racing clubs (with renewable energy and fossil fuel) and wanting/starting a career in the 

automotive industry or being in an association focusing on sustainable projects like sustainable 

energy and completing their PEY in the energy sector, see example S16. 
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S16 PS1  

As well, I joined the Engineers without 

Borders Sustainability and Environmental 

Justice section and led a project called 

Green Policy that investigated the 

sustainability of the Ontario PowerGrid. We 

compared Ontarioôs policies with other 

regions in the world and suggested green 

policies that Ontario can implement to secure 

and incentivize a fully renewable power grid 

by2040 consisting of hydroelectric, wind, and 

solar power. (Descriptive Reflection) 

 S16 PS2  

I plan to work in the energy industry as a 

technical manager. This will introduce significant 

challenges with respect to SD&ES, as I will need 

to consider the stakeholder equities and the 

budget of the project in mind when analyzing and 

aiming for the best environmental outcome of the 

project. In the energy industry, many fossil fuel-

based facilities will need to get phased out over 

the next decade which will result in high capital 

costs for installing greener energy production 

systems. (Dialogic Reflection) 

 

In the academic connections (Section 5.4.2.1.4) we present a reflection that is shifting in the 

opposite direction, from critical to dialogic. Students in the academic connection include those 

who chose the energy and environment stream and plan to pursue a career in green energy industry 

like working at the nuclear plants in Ontario. Recall that many students opting in to use their 

statements were enrolled in the energy and environment stream and these students went on to 

accept PEY positions in the residential energy sector. In example S34 PS1 the student critically 

reflects their forthcoming appointment to work at Ontario Power Generation (OPG) and detailed 

some reservations about taking the job around their morals and the suitability of this type of energy 

for Ontario (society). However, in S34 PS2, the student continues with dialogic discourse about 

this opportunity but keeps the conversation along the technical challenges. 

S34 PS1 

I would say that I have a particular interest in 

sustainability and how to use my engineering 

degree to develop sustainable technologies. This 

interest lead me to the energy and the 

environment stream of mechanical engineering, 

and guided me through my PEY search. A 

personal moral consideration that I had was when 

I was in my job search and my interest in 

sustainable energy caused me to apply for a job at 

Ontario Power Generation. Their postings were 

somewhat vague so in applying I was not sure 

exactly where I was stationed, but it eventually 

became clear that if I wanted a position in the 

GTA, it would be in nuclear energy. When I got 

my acceptance letter with two days to accept the 

position, I was not 100% sure that I would take 

the job because of the reputation that nuclear 

energy has and the repercussions that its waste 

products have. After some deliberation, I 

ultimately took the job as I believed it to be an 

overall asset to Ontarioôs energy grid given that it 

produces less air pollution that fossil fuels and 

 S34 PS2  

I will personally be immediately applying the 

necessity for a carbon neutral grid to my 

own career as I start my job for Ontario 

Power Generation in May. While imperfect, 

the lack of carbon emissions associated with 

the nuclear power plant that I will be 

working at would be a better alternative than 

fossil fuel plants as found in California. This 

will be particularly important as I will be 

aiding in the decommissioning of the 

Pickering nuclear power plant. 

Transitioning away from this plant would 

leave a sizable gap of energy production to 

fill, and I would be exposed to the thought 

process behind how it might get replaced. In 

the short term, there are challenges related 

to the fact that it will not be a permanently 

functional plant. In the long term there are 

concerns of nuclear waste material that will 

remain an environmental hazard for the 

entire foreseeable future. In terms of 

affordances in the short term there remains a 
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has fewer reliability concerns than renewable 

sources. Despite this, I am not firmly rooted in the 

belief that nuclear energy will always be the best 

option for Ontarioôs sustainable future, but I do 

look forward to the challenge of improving upon 

the standard that it sets further into my career. As 

I embark to such future challenges, continuing to 

keep sustainable development and environmental 

stewardship in mind. (Critical Reflection) 

source of carbon emission free power. In the 

long term, a precedent is created for the safe 

and timely decommissioning of a nuclear 

power plant which allows for the relatively 

safe use of its energy, which is important for 

environmental stewardship. These are a few 

of the considerations available in my 

upcoming job at the Pickering Nuclear 

Power Plant. (Dialogic Reflection) 

 

Engagement in SD and ES is a movement from reflection on perceptions to reflection on 

engagement (actions) or projected action (intent to act) in sustainability, not just from the 

environment pillar but also balancing society, economics and professional responsibility towards 

the greater good as evidenced by the number of dialogic and critical reflections in this section 

compared to the definitions of SD, ES, and responsibility. Some of the themes emerging align with 

prior literature like grappling with the application of sustainability in practice, either due to lack 

of confidence or uncertainty in how to navigate the complexity. However, what is promising is 

that the reflections revealed these thoughts processes by the students, which can encourage 

innovative pedagogical approaches to advance sustainability in engineering education. 

Further, there may be a link between the developmental stages of reflection and the stages of 

the conscious competency model [322]  in that the goal of both is to have some sort of automation 

in professional practice. For example, students lacking confidence may be at stage 2. ñConscious 

incompetenceò of the conscious competency model, but if they understand that it is typical to have 

this level of competence at this stage in their career and if they continue to ñreflect-on-actionò, as 

they move through their career, they can attain stage 3. ñConscious competenceò or stage 4, 

ñunconscious competenceò, of the conscious competency model and ñreflection in actionò, where 

there are at times conscious reflection and other times unconscious reflection during practice and 

continuous adjustments in the moment based on that reflection. Together, these tools might allow 

students to engage with sustainability at a level commensurate of the complexity involved. 

5.5 Conclusions, Reflections, Limitations 

5.5.1 Sustainability in Engineering Frameworks 

For the sustainability in engineering framework, the most frequently occurring themes in the 

statements were under the environmental pillar in both PS1 and PS2, although we did see a 

broadening of perspective by the students due to the increased frequency in most of the themes. 

Past studies have had similar results, echoing some of the discussion in the introduction, where the 
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studentsô perceptions about sustainability were leaning towards the environmental pillar at the 

beginning and a somewhat broader perspective at the end both in engineering and non-engineering 

contexts [156], [157], [166], [167]. We did see some correlations between some themes in PS1, 

but these correlations seemed to disappear in PS2, potentially due to the students learning new 

themes and no longer associating certain themes as they did at the beginning of the course, and 

likely because the course covers all themes in the Sustainability in Engineering framework, 

according to the MIE315 instructor. 

5.5.2 Perceptions SD, ES and Responsibilities 

The students were asked to define sustainable development (SD) and environmental 

stewardship (ES) for both the preliminary and final statements and describe the engineering 

responsibilities associated with these definitions. For the sustainable development definition, we 

observed a shift from the environmental pillar in PS1 to a more holistic approach in PS2. The 

studentsô definitions also began to converge to either the Brundtland Commission or along similar 

lines (this reference was provided to the students). For environmental stewardship, we did not 

observe a clear trend from PS1 to PS2 in the definitions but there was discussion in both statements 

about environmental protection and human participation. For responsibility there was a shift in 

studentsô perceptions from SD and ES being a bonus to necessary, which was also reported in prior 

studies [152], [320]. 

In terms of reflection in SD and ES, we also observed more instances of dialogic and critical 

reflection in PS2 compared to PS1, perhaps due to the shift by students thinking more broadly and 

holistically about sustainability. For SD and ES responsibilities, we observed more nuanced 

language from PS1 to PS2 with reflections becoming more dialogic and critical as the students 

discussed the many components of responsibility including incorporating and balancing all pillars 

of sustainability, while dealing with the complex nature of SD and ES. 

5.5.3 Engagement in SD, ES 

The students were asked to the reflect on their SD and ES engagement up to now in PS1 and 

current and future intent to engage in PS2. One noticeable change between PS1 and PS2 was that 

in PS1 the students had freedom of choice to engage or not in these areas which could include 

personal, academic, extracurricular or other perspectives. However, there was a shift in that they 

did not feel they could engage with the same level of freedom from the professional perspective 

given the complexity involved in sustainability, their seniority being low in the company they 
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would work for and thus not having the same ability or power and perhaps having to deal with 

certain company cultures that might have a focus that is not necessarily sustainability centric. Past 

studies did allude to students having a lack of confidence [315], [319] and professional uncertainty 

[152], [320] when tackling sustainability issues. Furthermore, in a recent study conducted at UofT, 

undergraduate engineering students indicated hesitancy towards sustainability professionally due 

to limited training and knowledge [334]. This limited knowledge in sustainability mentioned by 

the students may be linked to the findings presented in Study 2 (Chapter 4) of this dissertation. 

For the personal environmental actions, we observed almost a reverse result with more 

personal actions in PS1 compared to PS2, likely because the final reflections had diverted focus 

away from past engagement/actions and more towards future engagement, specifically their course 

project and career goals. In PS1, several emerging themes began to peer into the studentsô identity. 

We see some examples that point to students engaging in sustainability for a long time and being 

part of their lives and/or thinking that itôs their personal responsibility. These examples include 

describing engaging with sustainability in high school or university clubs, choosing comfort or 

convenience over sustainability, and questioning whether individual sustainability actions make a 

difference compared to industries, the types of reflection ranging from descriptive to critical. 

After coding the project-based reflection, we found that when the students were analyzing the 

course project, they described where they could have gone further, conducted more research or 

made alternative choices. The students thought about the results in context of the engineering 

industry and the need to continuously innovate and the balancing act required once their 

engineering program is completed. In the qualitative study by Clark [164], the only study we found 

that included sustainability, engineering design and reflection, the students focused on design 

thinking and completed journals midway and at the end of the course, While the course content 

was somewhat different in this study compared to Clarkôs study, there were some design for 

environment components in both courses and a common outcome is that the engineering students 

from both studies are leaning towards deeper thinking about design and incorporating more social 

aspects in addition to the environment. 

These observations in the statements point to dialogic and critical type of reflective practice. 

The students provided many examples on current engagement with context, reasoning, justification 

and opposing viewpoints and when we analyzed the affordances and challenges in their career 

prospects, the students discussed applying knowledge and learning for SD and ES and technical 

challenges in scaling for sustainability and also delved into heavier topics like power relationships, 
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company culture and making hard choices for their future prospects, all filling the critical reflection 

criteria. These student reflections are nuanced comprising multiple dimensions and characteristics 

of the reflective practice in type (dialogic / critical), perspective (intertwining personal, academic 

and civic duty), and criteria (emotional, self-awareness and future planning). The students were 

getting deep into their thought process, what they believe, and how they were assessing their future 

and their place in it. 

5.5.4 Overall Reflection 

We used three deductive frameworks for this study. We used two of the frameworks 

(Sustainability in Engineering and Personal Pro-environmental Actions) in prior studies with 

additional coders to test the frameworks. However, with one framework (Reflection type) the 

experience of coding for reflection was not straightforward and only one coder completed the 

analysis. Thus, there may be errors in how the codes were assigned because there was no second 

coder to discuss and reconcile the coding. 

Choosing which examples to present in this study was a struggle when multiple options 

existed. We also grappled with presenting themes that occurred in multiple sections. The 

statements were separated into different sections for comparison purposes and when there were 

instances of multiple types of reflection in a particular section, the concern with representing the 

type of reflection in the direction of critical reflection was that in some cases, the critical reflection 

was superficial with just minor mentions and reasoning around society while in other cases the 

reflection was more profound and nuanced. This is also the case for the dialogic reflections. 

However, in the reflection framework, there is no protocol for judgement of depth of reflection. 

Note that there are layers to reflexivity and no set benchmark that could be used for everyone. 

Some students may provide more details than others, and itôs less about the level of detail but 

rather that the developmental process is happening. There are factors to consider including the 

personal aspect of the practice, students each coming from different backgrounds or starting points 

for the exercise, and language barriers for non-native speakers of English. Nevertheless, given all 

these concerns, there is evidence from the statements that students reflection types shifted toward 

including more contextual and systems thinking (i.e., critical reflection), particularly in the 

engagement sections of the statements. 

One other reflection is regarding the topics that emerged from the inductive coding process. 

We found some recurring themes that could potentially augment the Sustainability in Engineering 
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Framework and the Personal Pro-Environmental Actions framework for future use. Some topics 

from the personal side like not only acting pro-environmentally but attempting to influence others, 

or practicing personal sustainability only when comfortable or convenient could be added to the 

Personal Pro-Environmental Actions framework. Other topics that emerged from SD, ES, 

responsibility and engagement around power relationships and lack of confidence can be 

considered for the Sustainability in Engineering Framework, but additional reflection will be 

required on its suitability for the Sustainability in Engineering framework. 

This study adds an additional layer of information by going deeper to uncover not only what 

changed but how the change took place through the student reflections. While we quantified the 

frequency of the themes and showed that students considered more of the sustainability pillars 

towards the end of the course compared to the beginning of the course, the reflections explored 

the broadening of their thoughts and how the pillars interplay with each other, which can make 

sustainability a complex issue that requires many unexpected decisions. Further, while this study 

focused mainly on reflection on action, via the future engagement (career and goals), we were able 

to glimpse some reflection on projected action perhaps leading to reflection in action. While we 

cannot determine causation, we did glean from the studentsô statements that there was a change in 

perspective and perhaps modified action or some thinking about it. 

5.5.5 Limitations and Future Work 

There are several limitations in this study. The entire class did not provide permission to code 

their preliminary and final statements i.e., the students had to opt-in for this study. This is a 

selection bias in that perhaps the students who already have an affinity or predisposition for 

sustainability or wanted to take advantage of the incentive chose to provide permission. That said, 

the sample size was ~22% which is relatively large for any study, quantitative or qualitative. 

Another limitation could be the assignment itself. There was a word limit which was lower for the 

preliminary statement and higher for the final statement which is a possible reason we identified 

more themes in the final statement compared to the preliminary statement. In addition, the common 

aspect for both statements were the definition of sustainable development and environmental 

stewardship. While both statements asked for sustainability engagement, the final statement 

specifically mentioned the course project and career goals, which the students could not comment 

on in the preliminary statement since that part of the assignment was not yet completed. In addition, 
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certain topic presented in class or written in the assignment may have influenced some of the 

responses. 

As mentioned in section 5.5.4, a single coder completed all the coding for the statements in 

this study. There are advantages and disadvantages to having a single coder. Having more than 

one coder brings multiple perspectives to interpret the text, especially if the coders have a variety 

of disciplinary backgrounds, which in turn can aid in clarifying meaning in the text and minimize 

personal biases when coding. This may help with coding consistency when calculating inter-rater 

reliability [298]. Conversely, there are concerns around the emphasis on having more than one 

coder and measuring consistency with an inter-rater reliability in qualitative coding in that multiple 

coders may introduce superficial coding that is less nuanced and reduce the depth and rigor 

involved. A single coder would reflect and create memos during the coding process, achieving 

more profound analysis, particularly if intimately involved in the subject area [335]. Due to the 

volume of data to be coded and the number of cycles of coding completed, to account for some of 

the concerns with a single coder, similar to Study 2 (Chapter 4), section 4.5.1, I coded steadily, 

completed memos consistently, and paid attention to fatigue. Having multiple coders for Studies 

1 and 2 helped with confidence in coding using the frameworks from those studies respectively. 

However, while the reflection framework from Hatton and Smith is seminal [165] the differences 

among descriptive writing, descriptive reflection, dialogic reflection and critical reflection were 

not always clear in the paper and there seemed to be some overlap. A study by Rivera [330] helped 

in clarifying these definitions. To assist further with clarification, the research advisor and coder 

both read the Hatton and Smith and Rivera studies and discussed our understandings of the 

definitions in the reflection framework in the context of coding the statements. This was a similar 

type of conversation around defining codes that would typically happen with multiple coders. 

Nevertheless, having an additional coder would have helped alleviate some uncertainty in coding 

the statements, particularly for reflection. 

While the findings from this study are promising to establish a change in thinking in 

engineering education which can be advantageous in sustainability challenges, it is not apparent 

what the long-term effects might be. This was highlighted by some students within the reflections 

themselves, although studies may have associated sustainability education with long term impact 

in practice [131], [137]. A recommendation for future work would be then to continue having these 

types of exercises within engineering education to foster the competencies needed for successful 

sustainable development and environmental stewardship leading to reflection-in-action. The 
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results showed shifts in all areas of the reflection framework from the reflection types (moving 

from descriptive to dialogic to critical). The reflective practice pedagogy need not be limited to 

individual graded assignments and include journals, class discussions, etc. and can potentially be 

included in capstone projects that are meant to culminate the learning throughout the program as 

this may encourage even more competencies for sustainability. 

Another possible area of future work could be around the conscious competency model. 

Raising the studentsô awareness of this process may relieve the confidence gap created such that 

they feel that stages 1 and 2 is normal and necessary to being part of the solution rather than the 

problem. In addition, there could also be the inclusion of bringing hope and empowerment within 

education for sustainable development in engineering [336]. Acknowledging that small steps 

towards a larger goal can be inspirational and advance transformational change towards 

sustainable development and environmental stewardship in engineering. 
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 Conclusion 

6.1 Dissertation Summary and Study Findings 

The purpose of the research in this dissertation was to gain a deeper understanding of the 

knowledge, actions and relationship aspects of sustainability from the personal and professional 

domains within undergraduate engineering using the Faculty of Applied Science and Engineering 

at UofT as a case study. The research achieved this objective by conducting three (3) studies and 

contributing to research opportunities in 1. Measuring pro-environmental actions, carbon literacy 

and the relationship between them; 2. Providing a framework, methodology and assessment of 

sustainability in curricula; and 3. Analysing student reflective writing at the beginning and end of 

a core sustainability related course to understand their perceptions and engagement of 

sustainability. The studies in this dissertation are summarized below. 

6.1.1 Study 1 (Personal Perspective) 

Study 1 (Chapter 3) investigated the relationship between carbon literacy (knowledge) and 

pro-environmental behaviour among undergraduate engineering students at the University of 

Toronto (UofT).  For this study we estimated the studentsô carbon literacy and pro-environmental 

behaviour using an instrument designed to collect information about their personal actions (rated 

as high, moderate or low impact) and their view on how impactful these actions are. The research 

in Study 1 was inspired by the misconceptions about the personal actions to reduce emissions in 

prior studies, Canadaôs relatively high per capita emissions compared to both developed and 

developing countries and the potential roles of engineering students towards personal sustainability 

stewardship. 

 

Research Questions: 

S1 RQ1: Are students knowledgeable about the level of impact consumption choices have in 

reducing GHG emissions? 

 

We calculated carbon literacy based on the participantsô accuracy in identifying the high, 

moderate and low impact actions. Carbon literacy was generally more accurate for higher impact 

actions, with a mix of accuracy and misconceptions appearing in relation to the moderate and low 

impact actions. 

 

S1 RQ2: What are the pro-environmental actions of the survey participants? 
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Pro-environmental behaviour was operationalized through a personal carbon footprint 

measure. We estimated the studentsô personal carbon footprint using a life cycle assessment 

approach (LCA) with emissions being augmented by upstream factors and manufacturing. The 

average carbon footprint of the students was estimated as ~4.8 tCO2. This value was lower than 

the average for Toronto residents, Ontario and Canada overall (Figure B.26). This relatively low 

average carbon footprint is due to students routinely performing high impact pro-environmental 

actions like using active and public transport and having low animal products in their diet. 

 

S1 RQ3: How is knowledge about consumption choices related to participantsô pro-

environmental actions in reducing GHG emissions? 

 

The overall relationship between pro-environmental action and carbon literacy was weak. 

However, the relationship between pro-environmental action and carbon literacy showed that for 

high impact actions, there was a slight positive correlation in carbon literacy and pro-

environmental actions whereas for moderate and low impact actions, there was a negative 

correlation. In general, believing an action was high impact, even if that belief was incorrect, 

correlated with lower personal carbon footprint for that specific activity. 

 

The contributions I made with this study include creating a survey instrument to capture 

appropriate data for estimating a studentsô personal carbon footprint; developing a method to 

calculate personal carbon footprint by utilizing a life cycle assessment approach; and augmenting 

the current literature with findings about carbon literacy, pro-environmental behaviour (including 

misconceptions) and the relationship between them within the engineering community. The survey 

instrument in this study and methodology to estimate carbon footprint could be used in the future 

studies at UofT for longitudinal tracking or extended to other institutions (see Section 6.2.1). 

6.1.2 Study 2 (Professional Perspective) 

Study 2 (Chapter 4) examined sustainability in undergraduate engineering curricula through 

development of a framework and procedure for assessing the sustainability content in engineering, 

and then application of these artifacts to the curricula in the Faculty of Engineering and Applied 

Science at the University of Toronto. The research in Study 2 was inspired by the potential roles 

and responsibilities engineers have in advancing sustainability efforts; understanding how future 

engineers are being trained to fulfill these roles and responsibilities; and the challenges in defining 

sustainability in engineering and assessing the training engineers receive. 
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Research Questions: 

S2 RQ1: How can sustainability be defined for course-based engineering programs in 

academia? 

 

For this study, I first developed a new framework and codebook to define sustainability for 

engineering around four pillars: Environment, Economic, Society and Professional Responsibility, 

comprising 20 themes. I developed the framework by collecting themes from prior research, 

classifying the themes, providing a detailed definition / list of topics for each theme and obtaining 

feedback from sustainability experts. The framework was developed because the existing 

frameworks were not recently updated or fully included all sustainability topics. 

 

S2 RQ2: What can we learn from the different curriculum materials in assessing sustainability 

content? Are there differences in what we can learn about sustainability content from course 

descriptions (CDs), syllabi (SYL), and instructor survey (IS)? 

 

I developed a method to assess sustainability using multiple data inputs and triangulation. 

Then, I used the developed framework and method to qualitatively analyse curriculum via course 

descriptions (n=556) and course syllabi (n=170). We also administered an instructor survey 

(n=125) that included the same concepts as the framework. We chose these three sources to 

progressively delve deeper into the curriculum. We then triangulated results across all three 

sources. The results indicated that the Environment pillar is most prevalent in the curriculum, 

followed by Professional Responsibility, Economic and Society. We observed an increase in 

sustainability content as we moved from course descriptions to syllabi to instructor survey. We 

also observed an increase in sustainability content as the year of program increased. The Civil and 

Mineral Engineering department had the highest sustainability content while Electrical and 

Computer engineering department had the lowest.  

 

S2 RQ3: What relationship exists among the key sustainability pillars in the engineering 

curricula at the University of Toronto? 

 

The results indicated that sustainability pillars tend to be taught in a standalone manner rather 

than connecting the pillars to one another in a holistic manner at the course description stage. This 

trend became less prominent as we progressed in analysis stage. However, the latter stages 

analyzed a subset of the data (syllabi, instructor survey) compared to the course descriptions. 
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The contributions I made in this study included developing a Sustainability in Engineering 

framework to help define the term; a methodology for assessing sustainability in the engineering 

curriculum by content and depth, using the framework developed and progressively more detailed 

data inputs (course description, syllabi) and an instructor survey; and a case study to demonstrate 

the use of the framework and methodology by applying the process to the undergraduate 

engineering curriculum at UofT. These frameworks and methodology could be applied in the 

future at UofT for benchmarking curriculum from prior years or extended to other institutions (see 

Section 6.2.2). 

6.1.3 Study 3 (Blended Perspective) 

Study 3 (Chapter 5) explored whether sustainability perceptions and engagement changed in 

engineering students from the beginning to the end, after exposure to a core course focusing on 

sustainability. For this study, I qualitatively analysed studentsô personal statements (reflections) 

on sustainable development, environmental stewardship, responsibility and engagement. I 

analysed the statements deductively using the Sustainability in Engineering Framework (Study 2, 

Chapter 4), the Personal Pro-Environmental Actions Framework (Study 1, Chapter 3) and 

Reflection Type (descriptive, dialogic, critical) [165]. I also coded inductively to uncover 

emerging themes and patterns. After coding deductively and inductively, I compared between the 

beginning and end of the course. I sought permission and collected a total of 86 personal 

statements, 43 pairs, representing ~22% of the class. The research in Study 3 was inspired by the 

opportunity to study the impact of a course on studentsô perceptions both on the personal and 

professional domains. 

 

Research Questions: 

S3 RQ1: How do 3rd year mechanical engineering studentsô perception of sustainability change 

on an aggregate level from the beginning to the end of a core sustainability-related course? 

 

The results from the deductive coding show that themes in the Environment pillar were the 

most prevalent compared to the other three pillars and overall, themes increased from the 

beginning of the course to the end of the course in all four pillars, with Professional Responsibility 

showing the largest increase. 

 

S3 RQ2: What was the nature of the change among the students (if any) in content and reflection 

type? Was there an evolution of sustainability thinking in perceptions and engagement by the 

students from the beginning to the end of the course? 
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For the nature of the change in content, the results indicate that for the definitions of 

sustainable development (SD), the students started to discuss sustainability in a more holistic 

manner at the end of the course compared to the beginning of the course. Regarding environmental 

stewardship (ES), students discussed the protection of environmental resources and human 

participation. For responsibility, there was a shift towards students thinking about practicing 

sustainability as a bonus from the beginning of the course to a necessity at the end of the course. 

For the nature of change in reflection, there were more instances of descriptive writing and 

descriptive reflection for the definitions (SD, ES) and more instances of dialogic and critical 

reflection in responsibility and engagement. These differences are likely due to students thinking 

about their broader contribution to sustainability in responsibility and engagement. 

 

The contributions I made in this study include adding to the literature that looks at how one 

might use studentsô reflective practice to understand their learning, and providing some insights 

into the nature of engineering studentsô thought development after being exposed to a sustainability 

related course (see Section 6.2.3). 
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6.2 Future Work and Practical Applications 

This section of the dissertation discusses future options for each study.  

Figure 6.1 summarizes the various options. The options for each study will be presented 

below. 

 
 

Figure 6.1: Future work options 

6.2.1 Study 1 Future 

6.2.1.1 Expanded Exploration of PEA and CL (Subsequent Surveys) 

Study 1 was extended based on a grant received from Climate Positive Energy/Campus. The 

Study 1 survey was enhanced and administered to all three campuses of UofT in fall 2023. An 

additional future goal could be to survey undergraduate engineering students at other universities 

within Canada to see how they compare to students at UofT and determine whether misconceptions 

vary and if there are additional opportunities for GHG emissions reduction. Possible criteria are 

schools in ñgreenò cities, schools in places that may be seen as politically beholden to fossil fuels 

or schools where studies on sustainability have been done on more general student populations. A 

few suggestions of universities could be the University of Guelph, Universities of Alberta and 

Calgary and the University of British Columbia. The city of Guelph is considered a "green city", 
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with Mike Schreiner being the only member of the Ontario Provincial Parliament that belongs to 

the Green Party. The Universities in the Province of Alberta could be good choices due to their 

high enrollment [4] and the political nature of Alberta being driven by fossil fuels. The University 

of British Columbia could also be included to augment studies already conducted with 

undergraduate students to add granularity by selecting engineering students [7]. 

Another possibility could be a longitudinal component at UofT comprising a follow-up survey 

to see if a particular studentsô CL or PEA changed over time, with or without an intervention (see 

Section 6.2.1.2), or due to the courses taken or minors selected at UofT, and observing whether 

the sustainable streams are increasing or decreasing in participation by the students. A subset of 

sustainable minors and certificates available at UofT for current engineering undergraduates are 

Certificate in Renewable Resources Engineering, Sustainable Energy Minor, Environmental 

Engineering Minor, Minor in Environmental Engineering + Minor in Sustainable Energy [294]. 

6.2.1.2 Student Motivations, Intervention, Interviews 

Additional data and analyses from the 2021 survey administration that were not presented in 

the peer-reviewed article for Study 1 and is presented in Section B.3.6. Due to the rich data set, 

the associations among carbon literacy, pro-environmental actions, values, beliefs and 

demographics are additional research topics that can be considered further as well as taking a 

deeper look at motivations. 

Development and administration of an education intervention/campaign to inform students 

and then question their future intent to act is also an area for future work. The group could be both 

engineering and non-engineering students. The intervention participants may be students attending 

existing undergraduate engineering courses at the University of Toronto, to account for selection 

bias, and/or may comprise the students who volunteered as part of the survey administration. To 

optimize the development of the intervention, the content, design and delivery method could take 

into consideration results from the analyses of the survey from the Study 1, pedagogical 

approaches such as active learning, UDL, etc. and environmental psychological aspects such as 

barriers, co-benefits, etc. (Sections 2.3.1, A.5, A.6). To measure the effectiveness of the 

intervention, a follow-up with the participants could be in the format of a repeated survey (see 

Section 6.2.1.1), mobile phone application, interview or focus group. There may be a single, or 

multiple contact(s). The idea is to design a study that may include pre, post, control groups, 

longitudinal aspects, repeated measures, etc. to determine whether shifts occurred in carbon 

literacy and pro-environmental behaviour and the relationship between them or to compare 
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whether the type of intervention has influence or implications for the study design, for example. 

This process incurs complexity and was too broad / large for the scope of the PhD. 

Possible pathways could also be around participant food choices or air travel (ground 

transportation infrastructure and actions seem to be covered by engineering students in Toronto). 

Since flying may not happen on a daily basis, then food would be the optimal choice since it is a 

relatable topic. This choice may not be appropriate for three main reasons. First, it would be hard 

to make an argument about any action change being because of the intervention. The cultural piece 

is very profound and hard to control. There could also be personal reasons for food choices that 

may be related to health or medical conditions. It is likely that an intervention will not lead to any 

immediate change. 

In addition, there are a few notable observations and questions that arose from the results. 

Exploring this effect further would be important to determine if there is a maximum number of 

actions one is willing to do regardless of CL, perhaps to sustain a certain level of comfort. Another 

observation is that CL increases with year in the engineering program, and it is curious as to why 

this happens. Does the engineering education curriculum at UofT advance CL or are there other 

factors?  Are there reasons why higher CL do not translate to higher PEA? Do the transportation 

habits of the students continue after graduation, and is the PEA due to CL or is it due to 

circumstance, financial or otherwise? These questions could be addressed with further research. 

6.2.2 Study 2 Future 

6.2.2.1 Triangulation 

As an extension to the course content analysis, additional triangulation methods can be 

explored. Options include coding material such as lectures, assignments, tutorials, course 

information sheets, student input or classroom observations/interviews with engineering faculty to 

augment the results from Study 2. Class observations or interviews could get the etic and emic 

perspectives or verify the results of the coding to complement research findings if a mixed method 

approach is taken. 

Another option is coding the curriculum content with Natural Language Processing (NLP) 

Semantic Text Analysis using artificial intelligence (AI) [303] to determine the degree of 

difference between human coding and machine coding. Due to large number of courses (>550) in 

the UofT FASE curriculum this could be a practical choice and if coding between human and 

machine coding are somewhat aligned, may offer an efficient method of content analysis. This 
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could also help with scaling up to include all materials rather than a subset and allow for 

comparison among programs at different schools. 

Finally, a mixed methods triangulation/embedding could be designed to see the alignment of 

this study with the CEAB attribute mapping (self-reporting by professors) as focal points, with the 

UN SDGs as support to see how sustainability is represented in the curriculum. The comparison 

would be important because meeting the CEAB attributes in engineering practice is the focus for 

graduates in Canada, while planetary survival potentially rests with fulfilling the SDGs. Using the 

engineering course map for each discipline that is provided to the CEAB, the presence of each 

CEAB attribute within the curriculum can be calculated to see the relative weightings. It may also 

be worthwhile to map which CEAB attributes are related to sustainability and determine the 

representation of these attributes within the engineering curriculum. 

6.2.2.2 Comparison at Other Institutions 

There could be assessment within other universities and institutions, commensurate with the 

broader comparisons suggested in the future work Section 4.6.2, and described in Section 6.2.1.1. 

The framework and assessment method can be applied to gauge the level of sustainability. After 

assessing, the institution can make judgements around future pathways that can be adopted for 

updating the curriculum to address sustainability. If undertaken, it may be beneficial to be specific 

in the selection criteria, perhaps if ample resources are not available: 

- A few engineering disciplines from select institutions. 

- A single engineering discipline from several institutions for comparison 

- Some other combination, rather than analyzing the entire curriculum for each institution. 

These comparisons could elucidate the differences among particular disciplinary practices and 

perhaps could allow institutions to learn from each other about sustainability practices. 

6.2.2.3 Benchmarking 

Another option could be benchmarking from prior years. The course calendars from prior 

years can be assessed to see the quantity of courses that are still taught today with the same or 

different course descriptions and which courses have been removed/replaced. This process would 

highlight the differences from then to now and one can evaluate how the sustainability content has 

changed and in what way. 
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6.2.3 Study 3 Future 

A possible area for future work could be looking deeper at the course materials for MIE315 

or perhaps interviewing the instructor for MIE315 to further correlate the content coded to what is 

taught, or what the students choose to include in their reflections, design reports and projects, or 

map the outcome with the student personal statements. In addition, the idea of using reflective 

practice in engineering education could be extended to other courses and disciplines within 

engineering to investigate the results. Finally, the pedagogical approach can be used in different 

ways to determine how effective they are and perhaps add longitudinal components to explore 

long-term viability. 

6.3 Recommendations 

6.3.1 Study 1 Recommendations 

From the findings after the survey analysis, the overall correlation between carbon literacy 

and pro-environmental action was weak which perhaps aligns with some studies indicating more 

information does not lead to action [30]ï[32] . But students did act pro-environmentally based on 

their belief of the impact of the action, which tested this theory by Frick et al. [8] and aligns with 

Truelove et al. [97] and contradicts studies around the information deficit model [33], [34] in that 

belief that an action was high impact correlates to performing it. However, this finding my be due 

to certain factors and reduction of barriers such as easy access to public transportation. The 

recommendation therefore would be to determine whether their actions are intentional or 

situational with a greater focus on motivation and barriers rather than exclusively on knowledge. 

In this study and other recent studies that surveyed non-engineering and engineering university 

students in North America by Wynes et al. and Milovanovic et al. [7], [70], there were 

misconceptions among the students which brings another recommendation through correcting 

these misconceptions to potentially advance pro-environmental actions.   

6.3.2 Study 2 Recommendations 

From the findings after analysing the course descriptions and syllabi, it would appear that the 

curriculum could benefit from more integration of the sustainability pillars. The suggestion by 

Sheppard et al. [10] of networking is not apparent in the current curriculum assessment. One 

recommendation therefore is that UofT might want to consider focusing on better integration of 

sustainability pillars into the curriculum. 
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Regarding sustainability knowledge: 1. Consider the inclusion of sustainability themes earlier 

in the engineering program, 2. Incorporate sustainability within all in the final year capstone design 

project for all departments, 3. Address the differential coverage of sustainability topics across 

departments. The results indicate relatively low sustainability content in the core courses in earlier 

years. Instructors commented that year 1 and 2 courses should have sustainability embedded in the 

core course structure as well as have wider and more inter-disciplinary approaches from the 

undergraduate program to graduate research. However, instructors in the undergraduate core 

design course at year 1 indicated that while the course would like to cover content-of-design 

matters as core aspects, between the process-based engineering design process and principles of 

communication and teamwork, there is not lot of lecture or assignment space to build in 

sustainability aspects. Different aspects of sustainability may be integrated via team projects, but 

this is variable. Integrating content from foundational courses and requiring sustainability in the 

final design sends the message that sustainability is not an option but a necessary addition to design 

for any engineer. Literature does suggest that sustainability can be incorporated even in ñfullò 

courses [337]ï[339]. There is also potential for the departments with less coverage of sustainability 

to review and better integrate sustainability content. Perhaps the departments with lower coverage 

can look at departments that have more coverage and learn. 

Consider assessing the way sustainability is taught in the program. There is an opportunity to 

augment engineering education with sustainability with careful consideration of both curricula, 

students and other contributing factors [271], [272], [340]. Some holistic approaches include a mix 

of formal and informal learning, empowering students as agents of change, introducing reflection, 

positive messaging, and gamification [336], [341]ï[345]. These approaches may connect the 

sustainability pillars together. 

6.3.3 Study 3 Recommendations 

From the finding of the content analysis and reflective practice, it would appear that a holistic 

sustainability course is able to shift the students thinking, and adding the reflection component 

allowed the students to deeply think about what it means to engage in sustainability both positively 

and negatively. This aligns with Hatton and Smithôs reflection framework and the developmental 

shifts as students move from one type of reflection to another [165]. Including other reflection 

frameworks that allows students to think about community and civic duty can also be considered 

like Rivera et. al. [330], Ash and Clayton [328]; and Moonôs [329]. The ultimate goal being for 
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students to become practitioners of Schonôs [11] ñreflection-in-actionò after graduation while 

thinking about sustainability. The recommendation therefore could be partnering with my 

recommendation from Study 2 and further, more widespread integration of reflection in the 

curriculum. 

6.4 Final Reflection 

The research conducted via the three studies for this PhD has allowed the research community 

to start to understand the state of sustainability at the University of Toronto from the student, 

instructor and curriculum perspectives. While Study 1 had limited responses and the survey could 

not capture all the components to fully calculate carbon footprint, I was still able to glean insights 

about engineering studentsô literacy and actions to make a comparison with other prior studies by 

Wynes et al. and Ipsos [6], [99]. The results showing that students carbon literacy are related to 

pro-environmental actions based on the impact of the action, as suggest by Frickôs declarative 

model [8], can be used as a example that sustainability can advance from the personal side. The 

results of the enhanced survey that was administered in fall 2023 will allow for the comparison of 

the engineering and other disciplines at UofT to inform further action to reduce emissions.  

Study 2 focused on the curriculum content, which is only part of the story of sustainability 

education, but in the study, I presented useful information as a starting point for future analysis, 

and it would be interesting to see how the generalized framework and methods can be used at other 

institutions. In addition, the findings around the lack of connection among the sustainability pillars 

will be useful information for the university to potentially update the teaching practice and 

incorporate more sustainability in a manner suggested by Shepperd et al. [10].  

The observations made in Study 3 about the change in sustainability perceptions in content 

and reflection type from the beginning to the end of the course revealed the broadening of the 

studentsô view at the end of the course to a more balanced and holistic perspective based on the 

Hatton and Smith framework [165], and the intent to act. Additional outcomes that can come from 

using reflective assignments in other engineering areas would likely benefit the research 

community regarding this pedagogical approach towards sustainability. There are many areas for 

future work proposed and I am hopeful that I can continue to learn about sustainability at UofT 

and other institutions. 
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6.5 Graphical Representation of Research 
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Appendices 

Appendix A: Chapters 1, 2 Supplementary Information 

A.1 CrediT terms and definitions [14]  

Term Definition 

Conceptualization Ideas; formulation or evolution of overarching research goals and aims 

Methodology Development or design of methodology; creation of models 

Software 
Programming, software development; designing computer programs; implementation of the 

computer code and supporting algorithms; testing of existing code components 

Validation 
Verification, whether as a part of the activity or separate, of the overall replication/ 

reproducibility of results/experiments and other research outputs 

Formal analysis 
Application of statistical, mathematical, computational, or other formal techniques to analyze 

or synthesize study data 

Investigation 
Conducting a research and investigation process, specifically performing the experiments, or 

data/evidence collection 

Resources 
Provision of study materials, reagents, materials, patients, laboratory samples, animals, 

instrumentation, computing resources, or other analysis tools 

Data Curation 

Management activities to annotate (produce metadata), scrub data and maintain research data 

(including software code, where it is necessary for interpreting the data itself) for initial use 

and later reuse 

Writing - Original 

Draft 

Preparation, creation and/or presentation of the published work, specifically writing the 

initial draft (including substantive translation) 

Writing - Review & 

Editing 

Preparation, creation and/or presentation of the published work by those from the original 

research group, specifically critical review, commentary or revision ï including pre-or 

postpublication stages 

Visualization 
Preparation, creation and/or presentation of the published work, specifically visualization/ 

data presentation 

Supervision 
Oversight and leadership responsibility for the research activity planning and execution, 

including mentorship external to the core team 

Project administration Management and coordination responsibility for the research activity planning and execution 

Funding acquisition Acquisition of the financial support for the project leading to this publication 
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A.2 Sustainable Development Goals (SDGs) [17] 
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A.3 GHG Accounting Data 

A.3.1 Nomenclature for GHG Emissions Accounting 

Terms used to quantify GHG emissions include production, consumption, direct and indirect 

GHG emissions. Production (territorial) GHG inventories are linked to a specific country and 

result from activities such as burning fossil fuels, process emissions (e.g., cement production) and 

land use changes (non-exhaustive list). Consumption based GHG inventories are linked to a 

country's economy and includes emissions from goods and services purchased or consumed within 

a country. Equation A.1 illustrates the relationship (simplified) [63], [65]. 

Equation A.1: Production, consumption emissions relationship 

╬▫▪▼◊□▬◄░▫▪▬►▫▀◊╬◄░▫▪▄●▬▫►◄░□▬▫►◄ 

 

Direct and indirect GHG emissions can be calculated using Life Cycle Assessments (LCA) 

from products or services during material extraction, manufacturing, transportation, storage, sale, 

use and end of life disposal. Direct (scope 1) or Indirect (scopes 2 and 3) emissions can be 

quantified using the greenhouse gas protocol from the corporate and community scale standpoints 

[346]ï[348]. Direct GHG emissions are produced from sources within a certain boundary while 

indirect GHG emissions are all other activities associated with upstream and downstream 

processes.  

A.3.2 Greenhouse gas emissions by province and territory, Canada 

Table A.1: Greenhouse gas emissions by province and territory, Canada (MtCO2e) [25], [67] 

 

Total Emissions  

(MtCO2e) 

Per Capita Emissions 

(tCO2e) 

Population 

 

Year 1990 2005 2021 1990 2005 2021 1990 2005 2021 

Province or territory          

Alberta (AB) 171.8 235.5 256 67.03 70.37 60.06 2,563,142 3,346,754 4,262,635 

Ontario (ON) 180 205.7 151 17.40 16.35 10.62 10,344,678 12,578,931 14,223,942 

Quebec (QC) 86.4 87.6 77 12.31 11.53 9.06 7,019,039 7,598,887 8,501,833 

Saskatchewan (SK) 43.3 67.8 67 43.12 68.26 59.16 1,004,214 993,288 1,132,505 

British Columbia (BC) 51.8 63 59 15.59 14.95 11.80 3,322,896 4,212,666 5,000,879 

Manitoba (MB) 18.6 20.6 21 16.83 17.47 15.65 1,105,098 1,179,086 1,342,153 

Nova Scotia (NS) 19.6 23.2 15 21.50 24.71 15.47 911,749 938,753 969,383 

New Brunswick (NB) 16.3 20 12 21.97 26.75 15.47 741,981 747,672 775,610 

Newfoundland and Labrador (NL) 9.5 10.5 8.3 16.46 20.44 16.26 577,113 513,740 510,550 

Prince Edward Island (PE) 1.9 2 1.6 14.57 14.48 10.37 130,367 138,130 154,331 

Northwest Territories (NT) .. 1.6 1.3 .. 36.76 31.65 .. 43,526 41,070 

Yukon (YT) 0.6 0.6 0.65 21.41 18.68 16.16 28,023 32,128 40,232 

Nunavut (NU)[A] .. 0.6 0.63 .. 19.73 17.09 .. 30,407 36,858 
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A.3.3 GHG Emissions by Sector and Sub-Sector: World and Canada 

Table A.2: World: 2020 Share of global greenhouse gas emissions (%) [27], [28] 

Sector 

Share 

(%) Sub-sector 

Share 

(%) Sub-sector 

Share 

(%) 

Energy 73.2 Energy in Agri & Fishing 1.7   

  Unallocated fuel combustion 7.8   

  Fugitive emissions from energy 5.8 Coal 1.9 

    Oil & Natural Gas 3.9 

  Transport 16.2 Pipeline 0.3 

    Rail 0.4 

    Ship 1.7 

    Aviation 1.9 

    Road 11.9 

  

Energy in buildings (electric 

and heat) 17.5 Commercial 6.6 

    Residential 10.9 

  Energy in industry 24.2 Machinery 0.5 

    Paper, pulp & printing 0.6 

    Non-ferrous metals 0.7 

    Food and tobacco 1 

    

Chemical & petrochemical 

(energy) 3.6 

    Iron & Steel 7.2 

    Other industry 10.6 

Industrial processes 5.2 

Chemical & petrochemical 

(industrial) 2.2   

  Cement 3   
Waste 3.2 Wastewater 1.3   

  Landfills 1.9   
Agriculture, Forestry 

& Land Use 

(AFOLU) 18.4 Grassland 0.1   

  Rice Cultivation 1.3   

  Cropland 1.4   

  Forest Land 2.2   

  Crop Burning 3.5   

  Agricultural Soils 4.1   

  Livestock & Manure 5.8   
 

Table A.3: Canada: 2020 Share of global greenhouse gas emissions (%) [27], [28] 
Sector Share (%) Sub-sector Share (%) Sub-sector Share (%) 

Energy 71% Transport 38% Road 34% 

    Rail 1% 

    Ship 1% 

    Aviation 0% 

    Off-Road 2% 

  

Energy in buildings (electric 

and heat) 22% Commercial 10% 

    Residential 13% 

  Energy in industry 11% Paper, pulp & printing 2% 

    

Chemical & petrochemical 

(energy) 2% 

    Iron & Steel 3% 

    Other industry 3% 

Industrial processes 25% Cement 1%   

  

Mining , Quarrying, and Oil 

and Gas Extraction 17%   
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  Smelting and Refining 2%   

  Petroleum Refining 3%   

  Forestry  0%   

  Construction 1%   
Agriculture, 

Forestry & Land 

Use (AFOLU) 4%     

 

A.4 Supplementary Pathways to Sustainability 

I propose a high-level pathway to advancing sustainability in engineering education, both from 

the personal and professional perspectives, depicted in Figure A.1. There are 4 quadrants that each 

represent a conceptual cluster of humans based on their level of sustainability knowledge, affinity 

to pro-environmental action. Humans in quadrant 1 with strong sustainability knowledge and are 

prone to pro-environmental actions, might likely continue to acquire knowledge or learn and act 

pro-environmentally. For humans belonging to quadrant 2, whose sustainability knowledge is low 

but would like to act pro-environmentally, perhaps a path forward could be strengthening their 

sustainability knowledge. Humans belonging to quadrants 3 and 4 who are less prone to pro-

environmental actions potentially needs a different approach beyond knowledge acquisition like 

understanding motivations through psychology, social and cultural factors. 

 

Figure A.1: Conceptual model of clusters showing the interplay between sustainability 

knowledge and pro-environmental action. 
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A.5 Role of Psychology 

Co-benefits are most often used within the specific domain of GHG mitigation and are thus 

particularly relevant to Study 1 (Chapter 3) but could be extended conceptually more broadly 

across other pro-environmental actions, with relevance to Studies 2 and 3 (Chapters 4 and 5). 

Within the climate change space, co-benefits refer to additional gains in performing pro-

environmental actions, beyond those that aid in climate change and/or reduce GHG emissions 

[219]ï[222]. Co-benefits can encourage students who do not have an affinity to pro-environmental 

action to still benefit while reducing GHG emissions. A few examples of co-benefits will be 

provided for transportation and buildings, food and food waste for the personal and professional 

domains. In the personal domain, for transportation, living without fossil fuel cars can significantly 

reduce GHG emissions (Appendix B.1.1.3). A few examples of co-benefits in the personal domain 

were provided for transportation, buildings and food in section 3.3.2. These examples discussed 

the co-benefits of using active / public transportation and reducing meat towards improving health 

[220], [223]ï[227]; and the co-benefits of utilizing electric appliances and effective insulation in 

buildings towards cleaner air towards lowering costs [349], in addition to reducing GHG emissions 

and other environmental impacts. Additionally for the personal domain, for food waste, reduction 

can lead to savings in money and reduced food insecurity [350], [351]. In the professional domain, 

designing for the environment which includes conducting Life Cycle Assessments and thinking 

about social and economic gains provide co-benefits. For example, procuring materials that are 

locally sourced can reduce transportation cost (economic) and also help retain jobs locally (social) 

and can reduce GHG emissions from transportation by reducing the distance travelled by the 

material and depending on the material itself, reduce embodied carbon. Gaining closer insight into 

an individualôs motivations and introducing co-benefits may be a psychological method to 

encourage pro-environmental action for those who are not otherwise immediately inclined to 

prioritize sustainable actions.  

Social norms refer to actions that are collectively adopted by a community or co-workers [52]. 

It could be someone performing an action because everyone else is doing it so to fit in or someone 

talking about something they do, and another person being influenced by this action and wanting 

to try the action also. For example, if a company starts encouraging employees to cycle to work or 

if a group of employees decide to cycle to work for sustainability reasons, this activity may have 

a multiplicative effect on other people who are not necessarily performing this activity for 

sustainability reasons, which could inadvertently benefit the environment. 
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Removing barriers for an action may also encourage people to act pro-environmentally [51], 

[54]. Examples could include physical removal of barriers like having more vegetarian or vegan 

options, cycling infrastructure that is perceived as safe, or removal of systematic barriers around 

cultural practices in an office setting. 

One other factor that may influence performing pro-environmental actions is climate change 

anxiety. Studies have shown that there may be two reactions to climate change anxiety, propensity 

to act more pro-environmentally or the reverse effect [352], although in Canada the effect is 

negative among young adults [353]. This study did not explore climate change anxiety and pro-

environmental actions. However, another study conducted at the University of Toronto 

investigating this phenomenon indicated that undergraduate engineering students showed a 

positive association with climate change anxiety and pro-environmental actions [334] which 

perhaps could be a contributor to the lower Personal Carbon Footprint (PCF) calculated for this 

study. 

A.6 Social and Cultural Influence/Factors 

There are social and cultural factors that influence a person's pro-environmental actions [354]. 

These factors include, but are not limited to, values, culture, gender, geographic location, belief in 

climate change, political affiliation, religion and income. These factors and how they influence 

pro-environmental behaviour are discussed below. 

Bouman et.al. [354] identified certain values that may be relevant for personal climate action 

as: biospheric (relating to environmental concern), altruistic (relating to the happiness of another), 

egoistic (relating to personal possessions) and hedonic (relating to personal pleasure and comfort). 

The values associated most closely to pro-environmental attitudes were biospheric and altruistic, 

however, persons with egoistic and hedonic values may adopt pro-environmental actions if there 

is alignment with personal benefit, like saving money or living a healthier life, also associated with 

co-benefits. The values a person possesses pertaining to sustainability are linked to influences from 

their family and peers in addition to sustainability education [355].  

For gender, Zelezny et.al. [356] linked women to greater social concern and as a result of 

higher concern for environmental stewardship, although Xiao et.al. [357] indicated that this link 

is becoming less prominent. In terms of culture and geographical location, Chwialkowska et.al. 

[358] used the term ñmasculineò cultures to refer to instances where independence, achievement 

and material possessions are highly valued, pro-environmental actions tend to be less likely, 
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compared to "feminine" cultures where collaboration, teamwork, quality of life and concern for 

others are of higher value.  

Scholars also observed connections among climate change belief, political and religious 

affiliations. Humans donôt always believe anthropogenic climate change; political affiliation has 

been linked to skepticism about both climate change and sustainability knowledge [7], [89], [359], 

[360]. Several studies show that conservative segments in the population tend to be more skeptical 

about climate change and have lower sustainability knowledge. However, may act pro-

environmentally if actions benefit the society or themselves personally. A subset of studies also 

found that certain religious affiliations are also connected to pro-environmental behavior [7], 

[361], [362]. A study by Morrison et al. reported that secularist and Buddhists had the most concern 

about climate change and believed to be anthropogenic, while Christians had the least concern and 

felt climate change may not be anthropogenic [362]. However, whether a person is skeptical about 

climate change, may not necessarily affect their propensity to act in a pro-environmental manner 

[359], [360]. 

Studies about income, affluence and related pro-environmental behaviour show mixed results. 

On the one hand, Kemmelmeier et al. [363] indicated that if there is material comfort, then people 

can engage in pro-environmental behaviour compared to those who are concerned about basic 

needs and ability to survive and are unable to engage in sustainability causes. Conversely, 

Hoornweg et.al. [208] mention that affluence, especially in densely populated urban communities 

is associated with more consumerism and correspondingly higher GHG emissions. The 

relationship between income and pro-environmental behaviour seems to be more complex and 

there may be additional factors to consider rather than making a definite claim about income and 

how it affects a person's ability to act in a pro-environmental manner [364]. 

A.7 Brief History of Reflective Practice 

The inception of reflective practice began with John Dewey in 1933 [365]. Dewey emphasized 

the importance of students participating in reflection and posited that reflection after an event is a 

process that is thoughtful and deliberate. Dewey believed that reflecting on our experiences may 

allow personal growth and can lead to well-informed decision-making in many contexts. In 1983, 

Schon [11] expanded on Deweyôs mode of reflection by introducing two levels of reflection: 

- Reflection-in-action: Thinking and adjusting during the practice or experience. 

- Reflection-on-action: Processing after a situation or event, to analyze and learn. 
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In 1995, a seminal work by Hatton and Smith [165] elaborated Schonôs ñReflection-on-

Actionò to discuss the inclusion of both a process and content of reflection, defining technical 

rationality (descriptive writing ï not reflection) and three different types of reflection (descriptive, 

dialogic, critical). In 2016, Rivera et al. [330] ñreconceptualizedò Hatton and Smithôs reflection to 

a continuum which largely mapped to Hatton and Smithôs model but added more granularity with 

some focus on cultural and linguistic context to aid in classifying the reflections. 

In 1995, Brookfield [12] discussed the notion of critical thinking in teaching and expanded 

reflection to include not only oneôs own events, situations or experiences but also that of students. 

Brookfield also encouraged peer-reflections. Other popular models of reflection include Moonôs 

[329] stages of reflection (Pre-reflective: not aware reflection is needed, Self-reflective: aware 

reflection needed, Dialogic Reflective: dialogue with oneself and others, Critical Reflective: 

questions and considers consequences) and Ash and Claytonôs [328] process for facilitating and 

assessing reflection where students describe and analyze experience from personal, academic, and 

civic perspectives then identify and activate learning. An attempt to summarize the cycle critical 

thinking, assessment and evaluation and reflective practice is depicted in Figure A.2. 

 

Figure A.2: Reflective Practice, Evaluation, Critical Thinking Cycle 
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A.8 CEAB Attributes [111] 

1 A knowledge base for 

engineering 

Demonstrated competence in university level mathematics, natural sciences, engineering 

fundamentals, and specialized engineering knowledge appropriate to the program. 

2 Problem analysis An ability to use appropriate knowledge and skills to identify, formulate, analyze, and 

solve complex engineering problems in order to reach substantiated conclusions. 

3 Investigation An ability to conduct investigations of complex problems by methods that include 

appropriate experiments, analysis and interpretation of data, and synthesis of information 

in order to reach valid conclusions. 

4 Design An ability to design solutions for complex, open-ended engineering problems and to design 

systems, components or processes that meet specified needs with appropriate attention to 

health and safety risks, applicable standards, and economic, environmental, cultural and 

societal considerations. 

5 Use of engineering tools An ability to create, select, apply, adapt, and extend appropriate techniques, resources, and 

modern engineering tools to a range of engineering activities, from simple to complex, 

with an understanding of the associated limitations. 

6 Individual and teamwork An ability to work effectively as a member and leader in teams, preferably in a multi-

disciplinary setting. 

7 Communication skills An ability to communicate complex engineering concepts within the profession and with 

society at large. Such ability includes reading, writing, speaking and listening, and the 

ability to comprehend and write effective reports and design documentation, and to give 

and effectively respond to clear instructions. 

8 Professionalism An understanding of the roles and responsibilities of the professional engineer in society, 

especially the primary role of protection of the public and the public interest. 

9 Impact of engineering on 

society and the 

environment 

An ability to analyze social and environmental aspects of engineering activities. Such 

ability includes an understanding of the interactions that engineering has with the 

economic, social, health, safety, legal, and cultural aspects of society, the uncertainties in 

the prediction of such interactions; and the concepts of sustainable design and development 

and environmental stewardship. 

10 Ethics and equity An ability to apply professional ethics, accountability, and equity. 

11 Economics and project 

management 

An ability to appropriately incorporate economics and business practices including project, 

risk, and change management into the practice of engineering and to understand their 

limitations. 

12 Life-long learning An ability to identify and to address their own educational needs in a changing world in 

ways sufficient to maintain their competence and to allow them to contribute to the 

advancement of knowledge. 
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Appendix B: Chapter 3, Study 1 Supplementary Information 

B.1 Supplementary Literature ï Study 1 

B.1.1 Pro-Environmental Actions 

B.1.1.1 Summary of High, Moderate and Low Impact Actions 

There are high, moderate and low impact actions one can personally perform to reduce GHG 

emissions. Figure B.1 shows the average energy savings in tCO2e from each type of action [6]. 

High impact actions save more than 0.8 tCO2e per person, per year, moderate actions save between 

0.2 and 0.8 tCO2e, while low impact actions save less than 0.2 tCO2e. The red lines show the 

savings for Canada specifically. 

 
Figure B.1: Emissions savings per year (tCO2e) for individual actions to reduce GHG emissions 

in developed countries [6]. The histogram bar heights represent the mean of all studies for each 

action, red lines indicate mean values for Canada (identified by ISO codes). Note the break in the 

y-axis at 2.5 tCO2e. 

 

To provide additional context, Figure B.2 shows per capita GHG emissions for North America 

in 2022 and a scenario of the cumulative effect high, medium and low impact actions may have on 

reducing personal GHG emissions in North America. In the scenario, the transportation action 

chosen was living car free. Emissions savings due to having one fewer child on average was 

omitted due to scaling on the graph. Figure B.2 indicates that simultaneously embracing four high 

impact actions: living car free, avoiding a transatlantic flight, buying green energy and adopting a 

plant-based diet, may reduce personal GHG emissions by ~57%. Data tables can be found in Table 

B.1. 
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Figure B.2: Comparison of North America total GHG emissions per capita (tCO2e) and 

cumulative emissions savings per year (tCO2e) for individual actions to reduce GHG emissions 

in North America (USA and Canada) for 2022. 

Table B.1: Emissions savings/year (tCO2e) for individual actions to reduce GHG emissions [6] 

Emissions Savings tCO2e 

Have fewer children 58.6 

Live car free 2.4 

Avoid transatlantic flight 1.6 

Buy green energy 1.5 

Increase fuel economy 1.19 

Switch from electric car to no car 1.15 

Adopt plant-based diet 0.8 

Replace gasoline with hybrid 0.55 

Wash laundry in cold water 0.247 

Recycle 0.213 

Hang dry clothing 0.21 

Upgrade light bulbs 0.1 

 

Similar studies investigating GHG emissions mitigation align closely with the findings of the 

meta-analysis and the personal actions suggested to reduce GHG emissions, and point toward 

changes in energy supply, transportation methods and diet [23], [366]ï[368]. However, I 

acknowledge that the specific savings from each action will depend heavily on context. For 

example, in the transportation context, emissions will depend on which gasoline car gets replaced 

by which hybrid and how often a specific person drives to begin with. In addition, there may be 

substantial changes over time, i.e., the efficiency of cars has increased significantly since the 

Wynes et al. study. While these factors are important to consider, the numbers discussed in this 

PhD are representative averages at the times the studies were conducted. The following sections 

will elaborate on the personal shifts individuals can make to reduce GHG emissions with varying 

levels of effectiveness. 

B.1.1.2 Family Planning 

Family planning is often overlooked as a measure to reduce GHG emissions due to the 

sensitive nature of the topic. However, about three quarters of emissions are attributed to 

population growth [369]. Based on historic records, reducing the number of children in a typical 
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family can greatly help in reducing GHG emissions [369]. Figure B.1 indicates that having one 

fewer child can save an average of 58 tCO2e globally and this increases to about 117 tCO2e for the 

USA [6]. The model used to attribute GHG emissions from reproduction activities is based on 

fertility and mortality rates and descendants of the individual who reproduces [370]. While the 

fertility rate for the USA is higher than Canada, the life expectancy for Canada is higher than the 

USA. Thus, implications of having one fewer child in Canada is likely similar to the USA due the 

minor differences in fertility /mortality rates and the relative similarity in current per capita GHG 

emissions between both countries [371], [372]. Although population growth will come mainly 

from developing countries and total population may stabilize this century [373]ï[375], Canada's 

population may double by 2068 under the high-growth scenario and the United States of America 

could exceed 400 million, an increase of ~21%, by 2060 [376]ï[378].  

B.1.1.3 Transportation 

The opportunity to reduce GHG emissions through personal and household transportation 

choices remains significant (Figure 2.4). Transportation emissions are largely due to the burning 

of fossil fuels for ground and air transportation. High impact ways to reduce GHG emissions by 

individuals include living car free, increasing fuel economy, replacing a gasoline car with a hybrid 

for ground transportation and avoiding transatlantic flights for air travel. Ground and air 

transportation will be discussed in the context of personal GHG reductions in Canada. 

Personal gasoline transport vehicles are a major source of GHG emissions in Canada as a 

whole and in particular, Toronto and its surrounding areas. For Ontario in 2018, 44% of the total  

GHG emissions were from the transportation in the Greater Toronto and Hamilton area (GTHA), 

amounting to (55.5 MtCO2e) [253]. About 34% of GHG emissions in the GTHA are attributed to 

transportation and 78% of that transportation emissions are from gasoline burned in personal 

vehicles [253]. Downtown Toronto typically has lower per capita transportation GHG emissions 

than the surrounding GTHA and as population density increases by municipality, per capita 

transportation GHG emissions decrease [253], [379], implying that improving transit infrastructure 

and increasing population density may decrease GHG emissions. In Toronto, large scale reduction 

in GHG emissions from personal vehicles is possible based on a report done at the University of 

Toronto [380]. Ganji et al. measured emissions at 25 intersections in Toronto during a period 

before the COVID-19 lockdown in the fall of 2020 and just after the lockdown in the spring of 

2021. GHG emissions after COVID-19 lockdown substantially reduced when transportation, 



Appendix B: Chapter 3, Study 1 Supplementary Information 

 

205 

including personal vehicles, were limited. This reduction is an indication that living car free, as 

residents were forced to do during the lockdown, can impact emissions reduction if collective.  

Globally, air travel accounts for about 2% of emissions associated with fossil fuels [381]. In 

Canada, annual GHG emissions from air carriers in 2018 were 22 MtCO2eq., two-thirds resulting 

from international flights and one-third from domestic flights [382]. Therefore, reducing 

international air travel can reduce personal GHG emissions and aligns with findings presented in 

at this beginning of this Appendix Section B.1.1. 

B.1.1.4 Household Energy 

There are areas to achieve household GHG emissions reduction through high, moderate and 

low impact actions. Individuals can reduce residential emission through energy use saving via 

building upgrades, setting the thermostat to moderate heating and cooling temperatures during the 

winter and summer months, and laundry (washing in cold water and line drying) [6], [23].  

In Canada, residential GHG emissions contribute about one-fifth of all GHG emissions in 

2021 [383]. Residential GHG emissions include those derived from energy to heat homes and 

transportation emissions such as gasoline for personal vehicles. Figure B.3 (left) shows the 

variation of household GHG emissions across provinces/territories (2015), and although Ontario 

and Quebec are not the highest in terms of per capita emissions, they lead in the proportion of 

emissions due to household activities at about one-third [29].  

   

 
Figure B.3: Estimated 2015 residential per capita GHG emissions (tCO2e): totals (left), 

electricity consumption (right) [29], [384] 

 

Looking at the GHG emissions from electricity consumption, provinces and territories where 

electricity is derived from burning fossil fuels, like Alberta and Saskatchewan, have significantly 

higher GHG emissions compared to provinces where electricity comes from nuclear or hydro, like 

Total Residential GHG Emissions   Electricity Consumption GHG Emissions 
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Ontario and Quebec Figure B.3 (right) [385]ï[387]. Although Ontario's electricity mix is mostly 

fossil fuel free [90], resulting in lower GHG emissions for electricity, natural gas is still used for 

heating. In the GTHA, buildings (residential and commercial) contributed 43% of GHG emissions 

in 2018, largely due to space heating from natural gas sources, and up from 2017. For Toronto, 

buildings contributed the highest proportion of emissions at ~59% [253]. Therefore, household 

energy consumption remains an area where individuals can reduce their GHG emissions. Data 

tables are available in Table B.2. 

Table B.2: Canada estimated per capita 2015 GHG emissions (tCO2e): residential totals (left), 

electricity consumption (right) [29], [384] 
Province Residential Emissions tCO2e Electricity Emissions tCO2e 

Nova Scotia (NS) 5.9 - 6.3 3.10 

Nunavut (NU) 1.5 - 3.1 3.00 

Saskatchewan (SK) 4.9 - 5.9 2.45 

Alberta (AB) 4.9 - 5.9 2.25 

New Brunswick (NB) 4.9 - 5.9 2.18 

Northwest Territories (NT) 3.1 - 3.9 2.17 

Prince Edward Island (PE) 6.3 0.43 

Newfoundland and Labrador (NL) 6.0 0.27 

Yukon (YT) 3.1 - 3.9 0.20 

Ontario (ON) 4.0 0.15 

British Columbia (BC) 3.1 0.07 

Manitoba (MB) 3.5 0.03 

Quebec (QC) 3.9 0.01 

 

B.1.1.5 Food 

Worldwide, food is directly or indirectly responsible for about one quarter of global GHG 

emissions [233]. Poore et al. completed a meta-analysis in 2018 to determine the environmental 

impacts associated with food by harmonizing LCAs previously done [233]. The meta-analysis 

comprised 500 studies (more than 1500 were considered) and included 139 contributing authors, 

38700 farms in 119 countries and 5 environmental indicators (GHG emissions, land use, 

acidification, eutrophication, and scarcity-weighted freshwater withdrawals). Figure B.4 breaks 

down the GHG emissions per kg of food across the food supply chain, categorized by food types: 

proteins, dairy, oils and other foods [233] (data in Table B.3). Figure B.4 shows that beef reared 

for meat produces the highest GHG emissions at close to 60 kgCO2e per kg while fruits and 

vegetables are the lowest emitter at less than 1 kgCO2e per kg. For beef, about two-thirds of the 

GHG emissions are from the farm indicator due to methane (CH4) production from cows. Beef 

herded for dairy has a lower GHG emissions due the co-products of both dairy and meat. Lamb, 

mutton, cheese, dark chocolate and coffee are also high emitters producing between 17 and 25 



Appendix B: Chapter 3, Study 1 Supplementary Information 

 

207 

kgCO2e per kg. Pig and poultry proteins sources are not ruminant (animals with a four-chamber 

stomach) and do not produce CH4 therefore result in lower GHG emissions. 

 

Figure B.4: Global GHG emissions per kg of food product across the supply chain (kgCO2e), 

categorized by food group [233]. Graphic created from supplementary material provided with 

article from Poore et.al. 

Table B.3: Global GHG emissions per kg of food product across the supply chain (kgCO2e) 

[233] 
 GHG Emissions (kg CO2e) 

Product 
Land Use 

Change 
Farm 

Animal 

Feed 

Processin

g 
Transport 

Packagin

g 
Retail Totals 

Bovine Meat (beef herd) 16.3 39.4 1.9 1.3 0.3 0.2 0.2 59.6 

Buffalo 9.6 29.0 2.2 1.2 0.4 0.3 0.2 42.8 

Lamb & Mutton 0.5 19.5 2.4 1.1 0.5 0.3 0.2 24.4 

Bovine Meat (dairy herd) 0.9 15.7 2.5 1.1 0.4 0.3 0.2 21.1 

Pig Meat 1.5 1.7 2.9 0.3 0.3 0.3 0.2 7.3 

Fish & Crustaceans 0.2 4.8 1.1 0.0 0.2 0.2 0.1 6.6 

Crustaceans (farmed) 0.2 8.4 2.5 0.0 0.2 0.3 0.2 11.9 

Fish (farmed) 0.5 3.6 0.8 0.0 0.1 0.1 0.0 5.2 

Fish & Crustaceans 

(capture) 
0.0 2.4 0.0 0.0 0.1 0.1 0.1 

2.8 

Poultry Meat 2.5 0.7 1.8 0.4 0.3 0.2 0.2 6.1 

Tofu 1.0 0.5 0.0 0.8 0.2 0.2 0.3 2.9 

Nuts & Groundnuts -0.8 1.8 0.0 0.2 0.1 0.1 0.0 1.4 

Nuts -2.1 2.1 0.0 0.0 0.1 0.1 0.0 0.3 

Groundnuts 0.4 1.4 0.0 0.4 0.1 0.1 0.0 2.5 
         
Cheese 4.5 13.1 2.3 0.7 0.1 0.2 0.3 21.2 

Eggs 0.7 1.3 2.2 0.0 0.1 0.2 0.0 4.5 

Milk, Butter, Cream & Ghee 0.5 1.5 0.2 0.1 0.1 0.1 0.3 2.8 

Soymilk 0.2 0.1 0.0 0.2 0.1 0.1 0.3 0.9 

         
Palm/Soybean Oil 3.1 1.8 0.0 0.8 0.3 0.9 0.0 6.9 

Palm Oil 3.1 2.1 0.0 1.3 0.2 0.9 0.0 7.6 

Soybean Oil 3.1 1.5 0.0 0.3 0.3 0.8 0.0 6.1 

Animal Fats 2.0 1.2 2.4 0.4 0.3 0.3 0.2 6.7 
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Other Oils 0.5 2.7 0.0 0.4 0.3 0.9 0.0 4.8 

Oils Misc. 2.0 2.0 0.0 0.5 0.3 0.9 0.0 5.8 

Olive Oil -0.4 4.3 0.0 0.7 0.5 0.9 0.0 5.9 

Rapeseed Oil 0.2 2.3 0.0 0.2 0.2 0.8 0.0 3.8 

Sunflower Oil 0.1 2.1 0.0 0.2 0.2 0.9 0.0 3.6 

         
Rice 0.0 3.6 0.0 0.1 0.1 0.1 0.1 3.8 

Other grains and cereals 0.1 0.9 0.0 0.1 0.2 0.1 0.0 1.5 

Oatmeal 0.0 1.4 0.0 0.0 0.1 0.1 0.0 1.6 

Other Pulses 0.0 1.1 0.0 0.0 0.1 0.4 0.0 1.6 

Beet Sugar 0.0 0.5 0.0 0.2 0.6 0.1 0.0 1.5 

Wheat & Rye (Bread) 0.1 0.8 0.0 0.2 0.1 0.1 0.1 1.4 

Cereals & Oil crops Misc. 0.2 0.7 0.0 0.2 0.1 0.1 0.0 1.3 

Fruits and Vegetables 0.1 0.3 0.0 0.0 0.1 0.1 0.0 0.7 

Tomatoes 0.4 0.7 0.0 0.0 0.2 0.1 0.0 1.4 

Berries & Grapes 0.0 0.7 0.0 0.0 0.2 0.2 0.0 1.2 

Barley (Beer) 0.0 0.2 0.0 0.1 0.0 0.5 0.3 1.1 

Maize (Meal) 0.3 0.5 0.0 0.1 0.1 0.1 0.0 1.0 

Cassava 0.6 0.2 0.0 0.0 0.1 0.0 0.0 1.0 

Peas 0.0 0.7 0.0 0.0 0.1 0.0 0.0 0.9 

Other Fruit 0.1 0.4 0.0 0.0 0.2 0.0 0.0 0.8 

Bananas 0.0 0.3 0.0 0.1 0.3 0.1 0.0 0.7 

Other Vegetables 0.0 0.2 0.0 0.1 0.2 0.0 0.0 0.5 

Brassicas 0.0 0.3 0.0 0.0 0.1 0.0 0.0 0.4 

Onions & Leeks 0.0 0.2 0.0 0.0 0.1 0.0 0.0 0.4 

Potatoes 0.0 0.2 0.0 0.0 0.1 0.0 0.0 0.4 

Root Vegetables 0.0 0.2 0.0 0.0 0.1 0.0 0.0 0.4 

Apples 0.0 0.2 0.0 0.0 0.1 0.0 0.0 0.4 

Citrus Fruit -0.1 0.3 0.0 0.0 0.1 0.0 0.0 0.3 

Aquatic Plants 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
         
Cane Sugar 1.2 0.5 0.0 0.0 0.8 0.1 0.0 2.7 

Sweeteners & Honey 0.0 0.0 0.0 0.1 0.7 0.1 0.0 1.0 
         
Dark Chocolate 14.3 3.7 0.0 0.2 0.1 0.4 0.0 18.7 

Coffee 3.7 10.4 0.0 0.6 0.1 1.6 0.1 16.5 

Stimulants & Spices Misc. 6.0 4.9 0.0 0.3 0.1 0.7 0.0 12.1 

Wine -0.1 0.6 0.0 0.1 0.1 0.7 0.0 1.6 

 

Foods with higher GHG emission numbers per kg can be put in context of the individual 

portions consumed. As an example, in North America, a typical beef burger measures around 114g 

(quarter pounder) while a typical cup of coffee (200ml) would require 10g of coffee and a classic 

Purdy's dark chocolate bar is 50g [388]ï[390]. Using these weights for a typical burger, cup of 

coffee and a dark chocolate bar, one burger would emit about the same as 40 cups of coffee or 10 

chocolate bars [233]. The wide range of food varieties available and methods to analyse GHG 

emissions attributed to food, may result in conflicting findings among studies. However, it is 

generally agreed among scholars that reducing meat intake, particularly beef, in one's diet, can 

reduce GHG emissions [391]ï[394]. 

In the Canadian context, food accounts for one quarter of indirect GHG emissions [63]. In 

Ontario, dietary patterns, based on LCAs of data collected from 10,000 residents in 2004 Canadian 

Community Health Survey (CCHS), indicated that 93% of household meals included meat or fish 

in their diet and 67% contained beef [395]. In addition, household food spending from 2015 to 

2019, indicate that for both Canada and Ontario, money spent on meat, fruits and vegetables 
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increased from 2017 to 2019 after being steady in previous years (Figure B.5, item 1) [396]. Also 

notable is the slightly higher household spending on fruits and vegetables for Ontario compared to 

Canada overall (Figure B.5, item 2). The higher spending may be associated with increased cost 

for food in Ontario in 2018 [397] and could also be due to an increase in the number of vegetarians 

and vegans in the province, particularly in young adults, according to a University of Dalhousie 

report in 2018 including more than 1000 Canadians over the age of 18 years [398]ï[400]. Note 

that no data was available for 2018. Data tables available in Table B.4. 

 

Figure B.5: Household food spending for Canada (left) and Ontario (right) from 2015 ï 2019, 

categorized by food group [396]. Number "1" indicates the household spending trend on meat, 

fruits and vegetables per household from 2015 ï 2019 and number "2" shows the household 

spending comparison for fruits and vegetables between Canada and Ontario in 2019. Graphic 

created from StatCan data [396]. 

Table B.4: Household food spending for Canada and Ontario from 2015 ï 2019 [396] 
 Average food expenditure per household (dollars) 

 Canada ON 

Year 2015 2016 2017 2019 2015 2016 2017 2019 

Food purchased from stores 6,126 6,176 6,364 7,536 5,658 5,922 6,167 7,603 

Bakery products 574 578 588 687 517 563 578 673 

Cereal grains and cereal products 341 347 360 420 315 329 319 416 

Fruit, fruit preparations and nuts 755 781 795 930 733 793 800 1,057 

Vegetables and vegetable preparations 710 718 787 974 698 693 778 1,023 

Dairy products and eggs 903 888 914 1,049 783 830 775 998 

Meat 1,194 1,163 1,165 1,481 1,079 1,079 1,151 1,500 

Fish and seafood 213 203 219 274 228 201 200 304 

Non-alcoholic beverages and other food products 1,437 1,499 1,536 1,721 1,305 1,435 1,565 1,630 

Food purchased from restaurants 2,502 2,608 2,604 2,775 2,817 2,825 2,932 2,816 

Restaurant meals 2,222 2,303 2,284 2,458 2,494 2,486 2,572 2,469 

Restaurant snacks and beverages 281 305 320 316 322 339 360 347 

Totals 8,629 8,784 8,968 10,311 8,475 8,747 9,098 10,418 

 

The demand for and consumption of beef has been declining [401]. However, this is related 

to the increased cost rather than a decrease in preference [402]. In addition, there are efforts to 

engage in more sustainable farming practices to reduce the GHG emissions associated with beef, 
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like regenerative methods, although it is uncertain whether the CO2 stored in the soil can offset the 

CH4 production from the cows, and if so, by how much [403]. Nevertheless, opting for a vegetarian 

or vegan diet or continuing to choose pork or poultry over beef, may be paths to lowering GHG 

emissions the most in Canada [235], [404], [405]. 

B.1.1.6 Food Waste 

Before discussing food waste, the terms food loss and food waste will be described. Food loss 

occurs during production and right after the crops are harvested (handling, storage, processing, 

manufacturing stages) while food waste occurs during the distribution and consumptions stages 

[406]. In Canada, about 58% of all food produced is lost or wasted (FLW) producing 56.6 

MMtCO2e of GHG emissions. About 29% of the 58% (~17%) is attributed to food waste and about 

50% (~8.5%) of the wasted food are from households [395], [406]ï[408]. In addition to the GHG 

emissions associated with the food production, the 8% food waste from households produce further 

GHG emissions when it is sent either to landfills where anaerobic decomposition takes place and 

produces methane (CH4) or composted where aerobic decomposition takes place, producing 

carbon dioxide (CO2) [116]. Note that the 100 and 20 year global warming potential (GWP) for 

biogenic CH4 is about 28 and 84 (without climate carbon feedbacks) times that of CO2 respectively 

[409]. A 2011 report showed that in Canada ~61% of households compost however; in Ontario 

~75% of households engage in composting their organic waste (kitchen or yard) [410]. If food 

waste is diverted to compost instead of landfills, GHG emissions (measured GWP) reduces [411]. 

B.1.2 Carbon Literacy 

A report published in 2021 by Ipsos including more than 21,000 participants from 30 markets 

globally, between the ages of 16 and 74, indicated that 69% of participants (65% for Canada) are 

confident they know the personal actions they can take to reduce the impacts of climate change. 

However, the results revealed misconceptions [99]. Participants were given a range of actions to 

select the ones that would reduce GHG emissions the most in wealthier countries. Recycling, 

buying renewable energy, replacing a gasoline car with a hybrid or electric car and switching to 

Compact Fluorescent (CFL) or LED bulbs were selected most frequently by participants as the 

most effective actions while having one fewer child, eating a plant-based diet and living without a 

car were less frequently selected. Based on evidence provided in Appendix Section B.1.1, for the 

most part, the reverse is true. 
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In Canada, a study by Wynes et al. [6] involving a survey of 414 undergraduate students at 

the University of British Columbia and 515 North American adults recruited via Amazon 

Mechanical Turk, investigated opinions about the most effective action to reduce GHG emissions 

as well as compared trade-off activities to reduce GHG emissions. Figure B.6 shows the results of 

the study, categorized in terms of transportation, diet types, family planning, energy and other 

activities. The study participants correctly identified that driving less, living car free, public 

transport and active transport can have major impacts in reducing personal GHG emissions but 

missed family planning and air travel, and overemphasized the impact of recycling. Also, when 

asked about trade-offs, their ability to correctly calculate those activities with high impact GHG 

emissions initially returned a low percentage of correct answers. However, when provided with 

additional data and context (knowledge/education) answers improved. These results demonstrates 

that knowledge/education can help with understanding of the impact of personal action to reduce 

GHG emissions. 

 

Figure B.6: Frequency of response to open-ended question asking about the single most 

effective personal action to reduce GHG emissions [7], categorized by transportation, diet type, 

family planning, energy and other actions (Graphic created from data in Wynes et.al. [7]) 
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B.1.3 Relationship PEA and CL 

Table B.5: Subset of studies exploring the relationship between pro-environmental knowledge 

and actions 
Study Study Year Country Participants Outcome 

V. Brinia et 

al. 

Is there a relationship between environmental 

knowledge and pro-environmental behaviour The case 
of a Greek island 

2020 Greece 253 adults 
CL Ą PEA +ve, 

limited 

P. Liu et al. 

How does environmental knowledge translate into pro-

environmental behaviors?: The mediating role of 
environmental attitudes and behavioral intentions 

2020 China 2824 adults CL Ą PEA, indirect 

G. Liobikiene 
et al. 

The importance of environmental knowledge for 

private and public sphere pro-environmental behavior: 

Modifying the Value-Belief-Norm theory 

2019 Lithuania 1007 adults CL Ą PEA +ve 

A. Freed 
The relationship between university studentsô 
environmental identity, decision-making process, and 

behavior 

2018 USA 
299 university 
students 

CL Ą PEA +ve 

Vicente-

Molina et al. 

Environmental knowledge and other variables 
affecting pro-environmental behavior: comparison of 

university students from emerging and advanced 

countries 

2018 Spain 1,089 students Gender related 

J. Kukkonen 
et al. 

Examining the relationships between factors 

influencing environmental behaviour among university 

students 

2018 Finland 
674 university 
students 

CL Ą PEA +ve 

Kim et al. 
Influence of environmental knowledge on affect, 
nature affiliation and pro-environmental behaviors 

among tourists 

2018 South Korea   304 adults CL Ą PEA +ve 

Hong et al. The effects of regional characteristics and policies 2018 China 2,997 adults CL Ą PEA +ve 

M. Pothitou 

et al. 

Linking energy behavior, attitude and habits with 

environmental predisposition and knowledge 
2017 UK 68 adults 

CL Ą PEA +ve, 
negative for energy 

saving behaviour 

A. Meyer 
Does education increase pro-environmental behavior? 

Evidence from Europe 
2015 EU 53,555 adults 

CL Ą PEA +ve, 

economic reasons 

P. Díaz-Siefer 

et al. 

Human-environment system knowledge: A correlate 

of pro-environmental behavior 
2015 Chile 

950 adults (age 

18ï86) 
CL Ą PEA +ve 

A. D. Osman 
et al. 

Exploring The Relationship Between Environmental 

Knowledge and Environmental Attitude Towards Pro-

Environmental Behaviour 

2014 Malaysia 
50 university 
students 

CL Ą PEA +ve 

Á. Zsóka et 

al. 

Greening due to environmental education? 

Environmental knowledge, attitudes, consumer 

behavior and everyday pro-environmental activities of 
Hungarian high school and university students 

2013 Hungary 
2,998 university 

students 
CL Ą PEA +ve 

M. A. 

Vicente-

Molina et al. 

Environmental knowledge and other variables 

affecting pro-environmental behaviour: Comparison of 
university students from emerging and advanced 

countries 

2013 

USA, Spain, 

Mexico, 

Brazil 

2,226 university 
students 

CL Ą PEA +ve. 
Cultural differences 

H.B. 
Truelove et 

al. 

Perceptions of behaviors that cause and mitigate 
global warming and intentions to perform these 

behaviors 

2012 USA 
112 university 

students 
CL Ą PEA +ve 

D. S. Levine 

et al. 

Environmental attitudes, knowledge, intentions and 

behaviors among college students 
2012 USA 

90 university 

students 
CL Ą PEA +ve 

I. Tilikidou 
The effects of knowledge and attitudes upon Greeksô 

pro-environmental purchasing behaviour 
2007 Greece 400 adults CL Ą PEA +ve 

K. Coyle Environmental Literacy in America 2005 USA 1,500 adults 
CL Ą PEA, limited 

PEA 

J. Frick et al. 
Environmental knowledge and conservation 
behavior: exploring prevalence and structure in a 

representative sample 

2004 Switzerland 2,736 adults 
CL Ą PEA, 

inconclusive 
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B.2 Supplementary Methods ï Study 1 

B.2.1 Survey 

 






























































































































































































































