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ABSTRACT 

ACTIVE LEARNING STRATEGIES IN ENGINEERING DESIGN EDUCATION: STUDENT 

LEARNING, PROFESSIONAL SKILL DEVELOPMENT, AND PERCEPTIONS 

Samantha Mehltretter 

University of Guelph, 2019

Advisor(s): 

Dr. Andrea Bradford, P.Eng. 

Addressing the complex problems of the 21st century requires engineers with a deep 

understanding of engineering concepts and strong professional skills. Two studies were 

conducted to investigate the effectiveness of active learning strategies in engineering education 

to promote deep learning and professional skill development. The first investigates the use of 

peer assessment in a technical engineering design course, while the second modifies an existing 

problem-based learning course by intentionally teaching professional skills. Findings suggest 

that students recognized the learning, and to a less extent the professional skills development, 

potential of peer assessment; however, student concerns and negative perceptions remained 

prominent over the 3-year study. Further, intentionally teaching professional skills may 

significantly contribute to improved professionalism and some teamwork dimensions; however, 

the effect sizes observed were small (d < 0.25).  Most students felt their professional skills 

improved, but attributed this to their team, project, and individual efforts rather than intentional 

instruction. 
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Chapter 1. Introduction 

Innovations of the industrial revolution, from the steam engine to the internet, were invaluable 

contributions to today’s society; however, these innovations, and the historic lack of 

consideration for the environmental and social implications of these solutions to engineering 

problems, have contributed to the global challenges of the 21st century (Miller, 2017). Solving 

today’s complex engineering problems can no longer be done with technical knowledge alone 

but require individuals with a more well-rounded set of competencies, such as analytical problem 

solving, critical thinking, collaborative teamwork skills, professional and ethical behaviour, 

lifelong learning, and the ability to adapt in a rapidly changing world (Sheppard, Macatangay, 

Colby, & Sullivan, 2009). The need for well-rounded engineers with what are often referred to as 

21st century skills, is heavily discussed in the literature (Abdulwahed & Hasna, 2017; M. Chang, 

2000; Cox, Cekic, Ahn, & Zhu, 2012; Goldberg, Somerville, & Whitney, 2014; Miller, 2017; 

Mourtos, 2015; Sheppard et al., 2009; Stawiski, Germuth, Yarborough, Alford, & Parrish, 2017); 

however, traditional teaching approaches that emphasize the acquisition of technical engineering 

knowledge, rather than development of 21st century skills, continues to dominate engineering 

education (Sheppard et al., 2009).  

While pedagogical change in undergraduate engineering curriculum is needed, instructors face 

several challenges that discourage them from focusing on 21st century skill development. First, 

the already crammed curriculum limit the time and resources that can be dedicated to improving 

student 21st century skills (Sheppard et al., 2009). Instructors and students already struggle to 

manage the existing curriculum content, and thus cannot conceive adding even more. Further, 

instructors are not often familiar with how to teach these skills. This challenge is most notable 

for teaching professional skills, a subset of 21st century skills that includes skills like teamwork, 

professionalism and lifelong learning. Professional skills are also often referred to as “soft” skills 

because they are less concretely defined (“hard”), or are more abstract, making them difficult to 

teach and assess. Finally, large class sizes, especially with restricted teaching resources, limit 

learning opportunities that arise from meaningful interactions between instructor and student 
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(Ballantyne, Hughes, & Mylonas, 2002), further limiting opportunities to foster 21st century skill 

development. The consequence is that instructors defer to teaching strategies they are 

comfortable with, like lectures and examinations. Using these more traditional teaching 

approaches tends to encourage memorization and short-term knowledge retention, rather than 

deep learning, which occurs when students truly understand of concepts and can apply their 

newly acquired knowledge to new problems (Biggs, 1999). Not only are traditional teaching 

methods less effective for deep learning, but when a student passively accepts knowledge with 

the expectation that they will simply regurgitate it on an exam, there is limited opportunity for 

them to develop their 21st century skills.  

Active learning, based on a constructivist view of learning where students must be cognitively 

engaged in the learning processes, as opposed to passively receiving knowledge transmitted by 

an instructor (Christie & de Graaff, 2017; Prince, 2004), has been shown to improve student 

understanding of concepts (i.e. deep learning) and promote skill development (Christie & de 

Graaff, 2017; Engel, Pallas, & Lambert, 2017; Prince, 2004; Streveler & Menekse, 2017). While 

there appears to be a consensus in the literature that the use of active learning strategies is 

pedagogically preferred over traditional lecture-based approaches, instructors still resist making 

the necessary changes in their classrooms to achieve the published benefits (Pundak & Rozner, 

2008).  One of the reasons for instructor hesitation to implement active learning strategies is the 

feeling of uncertainty regarding whether the potential benefits will be achieved within the 

context of their classroom (Pundak & Rozner, 2008). This feeling is reasonable because, while 

there is literature supporting that active learning “works” generally, more research is needed 

regarding the nuances of specific active learning strategies and how they are implemented 

(Streveler & Menekse, 2017). The research presented in this thesis aims to contribute to the 

growing body of knowledge on the nuances of specific active learning strategies, including 

investigating whether anticipated benefits are realized, what challenges instructors may 

encounter, how students perceive the approaches, and what best practices an instructor new to 

active learning can use to maximize success. 
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1.1 Research Objectives 

The purpose of the research presented in this thesis is to determine the effectiveness of selected 

active learning strategies for deep learning and professional skills development, including 

teamwork, professionalism, and lifelong learning, specifically within the context of 

undergraduate engineering design courses. The primary motivation for pursuing this research is 

to support engineering instructors looking to incorporate active learning strategies in their 

courses, providing insight into whether the intended benefits can be realized, what challenges are 

associated with the strategy, how students perceive and engage in the active learning classroom, 

and what best practices can be employed to maximize success.  The research objectives include: 

1. Assess the effectiveness of peer assessment (an active learning strategy) on improving deep 

learning and professional skills. 

2. Assess the effectiveness of intentionally teaching professional skills within a problem-based 

learning course (an existing active learning strategy) on improving professional skills. 

3. Determine whether student professional skills improve during courses that utilize active 

learning strategies. 

4. Explore student perceptions of deep learning and professional skill development in active 

learning courses. 

5. Implement and assess possible professional skill assessment tools 

6. Contribute to best practices of select active learning strategies and provide recommendations 

for further studies 

A secondary motivation for this study is to contribute to the School of Engineering’s Graduate 

Attribute Continual Improvement Plan. Three professional skill graduate attributes are 

emphasized throughout the thesis: Individual & Teamwork, Professionalism and Lifelong 

Learning. The results from the research may support accreditation efforts to determine whether 

students are achieving these graduate attributes. Additionally, the research may provide insight 

into how the broader curriculum can be adapted to ensure students graduate with the knowledge 

and skills necessary to succeed as engineers in the 21st century.    
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1.2 Methodologies 

Achieving the research objectives previously outlined required reviewing engineering education 

literature, as well as conducting two studies regarding active learning strategies in undergraduate 

engineering design courses. The first study was conducted on a technically focused engineering 

design course, that was modified to include the active learning strategy, peer assessment. The 

second study was conducted on a multidisciplinary general undergraduate design course, which 

has been offered using the active learning strategy, problem-based learning, for several years but 

was modified to incorporate more intentional teaching of professional skills.  Brief overviews of 

the two studies are provided:  

Study 1. Peer assessment in a technical senior engineering design course continues an existing 

investigation into the use of peer assessment to improve deep learning in a 4th year 

Environmental and Water Resources Engineering design course and manage marking 

requirements given the recently enlarged class. Peer assessment was first incorporated in 

ENGG*4370 Urban Water Systems Design (Urban) in Fall 2016 and has been applied for the 

subsequent two offerings in Fall 2017 and Fall 2018. An additional objective of determining the 

effectiveness of peer assessment in supporting professional skill development was included in 

the 2018 cohort. The quantity and quality of data available from the 2018 cohort was much 

greater than in 2016 and 2017, and as such the study emphasizes the most recent offering of the 

course. Validated self-assessment scales, grades on course deliverables, and student reflections 

were analyzed to determine the effectiveness of the approach and student perceptions of peer 

assessment. Contributions to the literature on peer assessment best practices were made.   

Study 2. Intentionally teaching professional skills in a problem-based learning engineering 

design course investigates the third course in a series of four multidisciplinary engineering 

design courses required for all engineering students (referred to as the design sequence). 

ENGG*3100 Engineering & Design III (Design III) has utilized a problem-based learning style 

for many years; however, the potential for professional skills development has not been formally 



 

 

5 

 

taught or evaluated to date. This portion of the study investigates the effectiveness of 

intentionally teaching professional skills through an instruction, development, and assessment 

framework. The Canadian Engineering Accreditation Board’s (CEAB) graduate attributes, 

teamwork, professionalism, and lifelong learning, are investigated using self-assessment scales, 

reflection and process grades, as well as student reflections. Recommendations for pedagogical 

changes and future research are provided.  

While some of the research objectives are accomplished through one of the two studies, others 

require a synthesis of the results from both studies. As such, conclusions from both studies were 

reviewed to draw more general conclusions about active learning, professional skill 

development, and student perceptions within undergraduate engineering design courses. As there 

are many confounding factors implicit in each study, causal relationships cannot be determined; 

however, converging lines of evidence from several data sources does provide a basis for more 

rigorous future research studies.   

1.3 Thesis Structure 

This thesis is broken into five chapters and is based on two individual studies. A brief description 

of the contents of each chapter is provided below. 

Chapter 1. Introduction – This chapter provides contextual information needed to appreciate 

the motivations and objectives of the study. Then an overview of the method used, along with the 

structure of the thesis is provided. 

Chapter 2. Literature Review – A general literature review is presented.  First an overview of 

engineering education is provided, followed by construct definitions for the student outcomes of 

interest. Finally, the selected metrics for each of the constructs are discussed.  

Chapter 3. Peer Assessment in a Technical Senior Engineering Design Course – The first 

study investigates the effectiveness of an active learning strategy, peer assessment, to promote 
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deep learning and professional skill development. Student perceptions of the approach are 

thoroughly analyzed. The study spans from Fall 2016 to Fall 2018. 

Chapter 4. Intentionally Teaching Professional Skills in a Problem-Based Learning 

Engineering Design Course – The second study focuses solely on student professional skill 

development, and investigates the use of intentional instruction, development and assessment of 

three professional skills: Teamwork, Professionalism, and Lifelong Learning. Winter 2019 was 

the first year of the study, and thus provides results that will be used to inform subsequent years 

of the research.  

Chapter 5. Conclusion – The conclusions drawn from each of the studies are summarized along 

with recommendations specific to each study. Then conclusions are drawn from synthesizing the 

results of each study, namely regarding student perceptions of active learning strategies. 

Pedagogical recommendations, along with recommendations for future research are presented. 
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Chapter 2. Literature Review 

There is an abundance of literature on the scholarship of teaching and learning in Higher 

Education, as well as literature specific to Science, Technology, Engineering and Mathematics 

(STEM) fields. The literature reviewed for the purpose of this research is quite broad as it covers 

topics that are relevant to either or both sub-studies. A background in engineering education and 

the growing emphasis on the engineer of the 21st century provides the context and importance of 

the study. Frameworks and definitions of deep learning and the professional skill constructs of 

interest (teamwork, professionalism, and lifelong learning) are synthesized to provide a coherent 

understanding of each skill. Then metrics for operationalizing these abstract constructs are 

reviewed. The literature review provides an argument for the proposed model of active learning 

strategies, professional skills and deep learning, while providing the context within which this 

study is set.  

2.1 Engineering Education 

The 20th century had some of the most innovative impactful accomplishments of the time, 

including the wide-spread distribution of electricity, the discovery of DNA, the invention of 

antibiotics, and the creation of automobiles and airplanes (National Academy of Engineering, 

2017). Many of the accomplishments after World War II were attributed to scientists, whose 

theoretical knowledge in science and mathematics were far beyond that of engineers. This led to 

a shift in engineering education towards an increased emphasis on learning the basic sciences 

(e.g., physics & chemistry), mathematics and engineering sciences (Miller, 2017). This style 

proved valuable as the contributions of engineers to 20th century innovations greatly increased 

(National Academy of Engineering, 2017). These engineering innovations drastically changed 

the world; however, some are proving to have resulted in unforeseen consequences that 21st 

century engineers must now solve.  

Current global issues such as non-renewable energy consumption, water and food scarcity, 

climate change, and the ethical implications of upcoming technology, were largely created from 
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the innovations from the previous century (National Academy of Engineering, 2017). It is 

recognized that while technologies may have been seen to have “revolutionized and improved 

virtually every aspect of human life” (National Academy of Engineering, 2017), there have been 

numerous social and environmental consequences to these new technologies (Sheppard et al., 

2009). For example, while harnessing energy for human use created a multitude of new 

opportunities for humanity during the industrial revolution and onward, the impact of fossil fuels 

on the global climate have been detrimental and the impacts are being seen worldwide (IPCC, 

2014). Similarly, the invention of the cell phone keeps the world connected, but it also results in 

astonishing death tolls associated with distracted driving (Moody, 2010). The National Academy 

of Engineering (2017) identified 14 Grand Challenges that need to be addressed in the 21st 

century, some of which are a result of previous anthropogenic innovations. The Grand 

Challenges include: advance personalized learning, make solar energy economical, enhance 

virtual reality, reverse-engineer the brain, engineer better medicines, advance health informatics, 

restore and improve urban infrastructure, secure cyberspace, provide access to clean water, 

provide energy from fusion, prevent nuclear terror, manage the nitrogen cycle, develop carbon 

sequestration methods, and engineer the tools of scientific discovery. These are multifaceted 

complex challenges that “transcend time zones, political boundaries and borders, and academic 

disciplines.” (Miller, 2017). The complexity of these challenges arises from a historic lack of 

consideration to the non-technical and human elements of the original problems (Miller, 2017). 

Engineers today must, therefore, be well-rounded individuals (Milton Chang, 2000) with a depth 

of understanding of relevant concepts, as well as exceptional communication, teamwork, 

professional and lifelong learning skills in order to solve the problems of today’s society. 

While it is easy to say that engineers need to be more well-rounded to address the complex 

challenges identified by the National Academy of Engineering, identifying what skills should be 

emphasized in engineering education is less clear. Employers have been consulted in many cases 

and they often indicate that recent engineering graduates have strong technical skills, but 

somewhat lack development in collaborative, leadership, and communication skills, as well as, in 

innovation and creativity (Miller, 2017; Sheppard et al., 2009; Stawiski et al., 2017). There have 



 

 

11 

 

been several publications that list the many skills needed to solve the complex problems of the 

21st century, whether within or outside the engineering context (Abdulwahed & Hasna, 2017; 

Miller, 2017; National Academy of Engineering, 2017; Pellegrino & Hilton, 2012; Sheppard et 

al., 2009; Stawiski et al., 2017; Tynjälä, Salminen, Sutela, Nuutinen, & Pitkänen, 2005). These 

studies can be used as a starting point for identifying what skills are most important to emphasize 

in engineering curriculum. 

Synthesizing the skills needed of 21st century engineers into a concise list is challenging due to 

the wide variety of skills needed to solve complex 21st century problems, as well as the 

numerous differing perspectives and opinions regarding what skills are most important. There 

does, however, exist considerable overlap among many of the proposed 21st century skills. 

Pellegrino & Hilton (2012), as an example, categorized the terminology used to describe 

necessary skills to solve 21st century problems from a series of summative and meta-analysis 

reports. The authors noticed frequent overlap in the reported lists, and potential inconsistencies 

in the construct names and definitions. As such, Pellegrino & Hilton (2012) simplified the 

numerous lists into three types of competencies for 21st century graduates: Cognitive, 

Interpersonal and Intrapersonal. Each competency is further divided into clusters, which 

represent more specific skills within the general competency.  

The competency & cluster model from Pellegrino & Hilton (2012) was developed to inform 

general educational practice, whereas a similar organization of 21st century skills from 

Abdulwahed & Hasna (2017) was specifically developed for engineering education. The four-

dimension framework from Abdulwahed & Hasna (2017) has a similar structure to Pellegrino & 

Hilton (2012) in which there are broader dimensions that are defined by more specific skills. 

Further, several of the clusters from Pellegrino & Hilton’s (2012) model can be found within 

dimensions of the Abdulwahed & Hasna (2017) framework. For example, the first dimension 

from Abdulwahed & Hasna (2017), Core Engineering Knowledge and Practice, reflects the 

knowledge cluster within the Cognitive competency from Pellegrino & Hilton (2012), while the 

cognitive processes and strategies & creativity clusters are encompassed in Abdulwahed & 
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Hasna’s (2017) 2nd dimension, Cognition and Thinking. Richard Miller (2017), the president of 

Franklin W. Olin College of Engineering, an innovative institution in engineering education, 

presents a slightly different perspective on the skillset necessary of graduating engineers. He 

focuses more on the need for integrating the human perspective into engineering curricula and 

lists eight skills that need to be fostered in engineering students. Several of these skills can also 

be reflected in the competency & cluster model from Pellegrino & Hilton (2012) and four 

dimensions framework from Abdulwahed & Hasna (2017).  

The 21st century skills discussed in the studies found in this thesis are broken into two categories: 

Cognitive Skills and Professional skills. For the purpose of the research discussed herein, 

Cognitive Skills refers to knowledge acquisition, understanding of concepts and other “hard” 

skills that are more concretely defined and are more technical in nature. While some such skills 

may be transferrable, they tend to be more focused within a discipline. For example, problem-

solving skills, while transferable, look very different when used by an engineer in comparison to 

a social worker. Professional Skills, in contrast, are the “soft” skills that while not well defined, 

are more widely transferable. Good teamwork skills, for example, look similar when used by 

individuals from all professions. The Professional Skills were further divided into three skills 

based on the CEAB graduate attributes (discussed in more detail in Section 2.1.2). The 

professional skills graduate attributes include: Teamwork, Professionalism, and Lifelong 

Learning.  

The development of Professional Skills is emphasized in this thesis; however, some attention to 

Cognitive Skills is included with respect to Deep Learning, as this is an intended benefit an 

active learning strategy applied in one of the thesis studies. Biggs (1999) describes the difference 

between Surface and Deep learning as how students approach learning. Surface Learning occurs 

when students focus only on remembering disjointed facts and are primarily motivated by 

grades, while Deep Learning occurs when students work to achieve a more comprehensive 

understanding of the big-picture and how different facts are connected, while relating them to an 

overall concept (Biggs, 1999). Achieving Deep Learning is desirable as students will retain more 
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of what is learned and be more apt to apply their understanding to new problems. Cognitive 

skills, like critical thinking, along with a base knowledge of precursory information, are needed 

to achieve Deep Learning (Biggs, 1999). As such, the framework used for this research includes 

four categories of 21st century skills: Cognitive Skills, Teamwork, Professionalism, and Lifelong 

Learning.  

The chosen categorization of 21st century skills for this thesis is compared to the three models 

previously discussed: Pellegrino & Hilton’s (2012) competency & cluster model, Abdulwahed & 

Hasna’s (2017) four dimensions framework, and Miller’s (2017) list of necessary skills. The 

comparison is shown in Table 2.1.1.  
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Table 2.1.1 Thesis categorization of 21st century skills compared to three models from the literature.1  

21st Century Skills 

Thesis Categorization 

Competency & Cluster Model 

(Pellegrino & Hilton, 2012) 

Four Dimension Framework 

(Abdulwahed & Hasna, 2017) 

List of Necessary Skills 

(Miller, 2017) 

Cognitive Skills 

A. Cognitive 

Knowledge; 

Cognitive Processes;  

1. Core Engineering Knowledge & Practice 

Math, Physics, Science Fundamentals; Disciplinary Engineering 

Fundamentals; Interdisciplinary Engineering Knowledge; 

Multidisciplinary Knowledge; Practical Skills; Information & 

Communication/ Computer Technology Skills 

Broad Systems Thinking; 

Global Awareness & 

Perspective 
2. Cognition & Thinking 

Problem Solving Skills; Analytical Thinking; System thinking; 

Critical Thinking; Design; Decision making 

P
ro

fe
ss

io
n

a
l 

S
k

il
ls

 

Lifelong 

Learning 

B. Intrapersonal 

Intellectual Openness; Positive 

Core Self-Evaluation 

Lifelong learning - 

Professionalism 
Work Ethic & 

Conscientiousness 

3. Professional & Interpersonal 

Professionalism; Ethics and Responsibility; Communication 

skills2 

Ethical Behavior & 

Trustworthiness; Empathy 

& Social Responsibility 

Teamwork 

C. Interpersonal 

Teamwork; Collaboration; 

Leadership 

Communication skills; Teamwork skills 
 

4. Business & Management 

Leadership Skills; 

Teamwork & Consensus 

Building; 

Multidisciplinary Thinking 

Not Included 
A. Cognitive 

Strategies & Creativity 

Business & Management Skills; Entrepreneurship Skills 

 

2. Cognition & Thinking 

Creative Thinking; Innovation Skills; 

Entrepreneurial Mindset; 

Creative Design 

                                                 

1 In Table 2.1.1, the published models are structured in accordance with the thesis categorization (far left column), with the major competencies from Pellegrino 

& Hilton (2012) underlined and listed as A, B, C, and the four dimensions from Abdulwahed & Hasna (2017) underlined and numbered 1, 2, 3, 4. Dashed lines 

are used when competencies or dimensions include clusters or skills in two of the thesis categories. For clusters and skills not included in the thesis 

categorization, they are added to the final row “Not Included”. 
2 Communication Skills are treated as aspects of professionalism and teamwork within the framework of this study, as communication amongst team members is 

essential for teamwork, while the ability to give and receive feedback and communicate in a respectful manner are important elements of professionalism 
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Table 2.1.1 depicts the similarities and differences amongst the four models of 21st century skills. 

Each model includes at least some cognitive skills, with Abdulahed & Hasna (2017) dedicating 

almost two complete dimensions to cognitively-oriented skills. Knowledge is also included in 

each model; however, it is interesting that knowledge is only perceived as a larger dimension in 

Abdulahed & Hasna (2017), while Pellegrino & Hilton (2012) include it as a cluster of one of 

their larger competencies, and Miller (2017) moves away from knowledge and focuses on the 

importance of global awareness. This general lack of emphasis on knowledge from Pellegrino & 

Hilton (2012) and Miller (2017) is not reflective of current engineering education curriculum in 

which knowledge acquisition remains the focus (Sheppard et al., 2009).  

The professional skills described in Table 2.1.1 appear in all three of the published models; 

however, once divided into the three professional skills of interest in this thesis, it is clear some 

are emphasized more than others in the literature. For example, lifelong learning is not 

represented at all in Miller’s (2017) list of skills, and Abdulahed & Hasna (2017) include it only 

as a sub-skill of the larger dimension Cognition & Thinking. Lifelong learning is not directly 

mentioned by Pelligrino & Hilton (2012), but the clusters under the Intrapersonal competency 

do lend well to this professional skill. Similarly, professionalism is not always addressed directly 

in the various models, but other skills that reflect professional behaviour are included. For 

example, each model includes references to ethical behaviour and responsibility, suggesting the 

importance that engineers know not only how to solve a problem, but they know how to do it 

well and do it right.3 Teamwork skills are directly referenced in each model, along with other 

skills encompassed that can be attributed to teamwork skills such as collaboration and leadership. 

There were also some 21st century skills found in the published models, that are not addressed in 

this thesis. This does not suggest that skills such as creativity, innovation and entrepreneurship, 

                                                 

3 What constitutes right will certainly vary depending on the problem, and often it is not easy to discern what is 

right. For the engineering profession, this will almost always come down to holding the safety and welfare of the 

public as paramount R.R.O. 1990, Reg. 941, s. 72 (2) in accordance with the Professional Engineers Act 
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are not important, but rather they were not considered in the studies, as professional skills and 

improved learning were being emphasized.  

A prominent theme that arises from the comparison of 21st century skills categorizations is that 

cognitive skills must be complemented by professional skills to address today’s global 

challenges. Engineering education, however, does not always reflect the comparable importance 

of cognitive and professional skills, because engineering knowledge is often emphasized in 

traditional engineering pedagogy (Sheppard et al., 2009). With the acknowledgement, however, 

that a range of skills, both cognitive and professional, are needed, engineering accreditation 

bodies and engineering education institutions are working to improve the skills engineering 

graduates are entering the workforce with. 

2.1.1 Engineering Accreditation 

Engineering, as a self-governing profession, has autonomy and influence, but also a great deal of 

responsibility and accountability to the public (Engineers Canada, 2010). Society is impacted by 

the designs of engineers, and this can be in both a positive and/or negative way. As such, 

minimum requirements to practice engineering in each jurisdiction (i.e. country or province) are 

necessary to minimize the negative impacts on the public. In Canada, this minimum requirement 

consists of a bachelor’s degree from an accredited engineering program, as well as supervised 

work experience, which is regulated at the provincial level. The accreditation of engineering 

undergraduate programs, however, is managed at the federal level by the Canadian Engineering 

Accreditation Board (CEAB).  

The requirements to practice engineering in Canada are largely similar to those of other countries 

such as the United States, Australia, New Zealand, the United Kingdom, and Ireland 

(International Engineering Alliance, 2014). As such, the International Engineering Alliance was 

created in 1989 and the Washington Accord signed to allow for graduates from engineering 

programs in other countries to have the same rights and privileges as their own graduates 

(International Engineering Alliance, 2014).   In 2013, the Washington Accord adopted the 
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graduate attributes, which were created on the basis that all engineers, regardless of discipline 

require these attributes to practice as a professional engineer. The attributes focus on complex 

engineering problems in acknowledgement of the need for engineers with complex problem 

solving capabilities (International Engineering Alliance, 2014).  

The graduate attributes defined by the International Engineering Alliance depict a shift from 

input only accreditation in engineering programs, to the inclusion of both required inputs and 

outcomes. Outcome-based education is when teaching practices and curriculums are designed to 

ensure students are leaving programs with a defined set of outcomes (Owens, 2016). These 

outcomes are a “demonstration of learning” that are observable and encompass the knowledge 

and competencies of the student (Owens, 2016). Prior to the combined input and outcome-based 

accreditation, engineering programs were evaluated based only on the number of hours spent in 

certain course subjects, such as mathematics, physical sciences, engineering sciences, and in 

laboratories conducting experimentation. These were the inputs to the programs, and while they 

are important elements of a curriculum and continue to be considered in accreditation, there was 

no guarantee that students that spent time in these settings were obtaining the competencies 

necessary to succeed after graduation (Owens, 2016). Outcome-based education and 

accreditation places an emphasis on students being able to demonstrate mastery of the learning 

outcomes, rather than assuming sufficient time within a classroom alone equates to mastery 

(Owens, 2016). 

2.1.2 The Canadian Engineering Accreditation Board 

The Canadian Engineering Accreditation Board (CEAB) incorporated outcome-based 

accreditation and implemented the Graduate Attribute (GAs) & the Continual Improvement 

Process in response to the Washington Accord in 2014 (Canadian Engineering Accreditation 

Board, 2015). The twelve GAs, shown in Table 2.1.2, encompass not only knowledge and 

complex problem solving, but also non-technical professional skills. Each GA has an 

accompanying definition; however, it is up to each individual institution (or program) to identify 

indicators that can be measured to provide evidence of a graduate possessing each attribute. 
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Programs must also depict where within the curriculum different GAs are being introduced, 

developed, and applied. This ensures that students are given multiple opportunities throughout 

the curriculum to attain the desired attributes. The final component of the new outcome-based 

accreditation in Canada is the Continual Improvement Process, which requires programs to 

demonstrate that evidence-based improvements are being made to the curriculum to ensure 

students are acquiring the necessary attributes by graduation. The indicators are used to collect 

the data needed to show a continual improvement process during accreditation visits.   

Table 2.1.2 Graduate Attributes from CEAB 

Graduate Attributes 

Knowledge Base for Engineering 

Problem Analysis  

Investigation 

Design 

Engineering Tools 

Individual & Teamwork 

Communication 

Professionalism 

Impact of Engineering on Society and the Environment 

Ethics & Equity 

Economics & Project Management 

Lifelong Learning 

While the indicators provide a valuable framework for data collection, many of the GAs are 

difficult to measure objectively, and consequently so are the indicators. This is especially true of 

the professional skills GAs that go beyond technical knowledge and cognitive competencies: 

Individual and Teamwork, Professionalism, Communication, and Lifelong Learning. 

Additionally, it is not often that each of these professional skills are instructed directly; students 

are expected to demonstrate the skills and adjust based on minimal instruction and feedback 

(Vik, 2001).  
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2.1.3 Engineering at the University of Guelph 

Based on the Graduate Attributes required by the CEAB, three of the twelve were selected for 

investigation in the studies presented in this thesis. They are referred to collectively as 

professional skills and align with the description of professional skills provided in Section 2.1 

and the sub-skills shown in Table 2.1.1 (those organized in the 3 rows collectively labelled as 

“professional skills”). The three GAs include: Individual and Teamwork (abbreviated to 

Teamwork), Professionalism, and Lifelong Learning. Specific indicators were also selected to 

emphasize in the thesis based on a lack of intentional instruction and assessment within the 

School of Engineering (SOE) curriculum. Indicators that met these requirements were identified 

after discussions with the SOE Graduate Attribute Committee, made up of faculty members 

within different engineering programs at the University of Guelph (UofG). These indicators are 

provided in Table 2.1.3. One additional indicator, which is included under the GA 

Communication (7.5.18), was also investigated in this thesis, but focuses on professional 

communication, and as such is included under the professionalism attribute for the purpose of the 

research presented in this thesis.  

Table 2.1.3 Graduate attribute indicators emphasized in this study  

Teamwork Professionalism Lifelong Learning 

6.2.18 Understand all members’ 

roles and responsibilities within a 

team 

8.3.18 Demonstrate professional 

behaviour 

12.1.18 Identify personal career 

goals and opportunities for 

professional development 

6.3.18 Execute and adapt individual 

role to promote team success 

through, for example, timeliness, 

respect, positive attitude 

7.5.18 Demonstrate ability to 

process oral and written 

communication by following 

instructions, actively listening, 

incorporating feedback, and 

formulating meaningful questions 

12.2.18 Self-assess skills relative 

to career goals and SOE defined 

learning outcomes 

6.4.18 Apply strategies to mitigate 

and/or resolve conflict 

 
12.3.18 Demonstrate capability for 

continuous knowledge and skill 

development in a changing world 

6.5.18 Demonstrate leadership 

through, for example, influencing 

team vision and process, promoting 

a positive team culture, and 

inspiring team members to excel 
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2.2 Learning and Professional Skill Constructs 

Objectively defining constructs such as deep learning and professional skills is challenging, and 

the research methods required to operationalize such constructs is very different from 

engineering research (Christie & de Graaff, 2017). This is where knowledge and understanding 

from other disciplines such as psychology, sociology, and education can be beneficial to 

establish how to define, operationalize and teach professional skills and foster deep learning. The 

following sections go through different frameworks and construct definitions of active and deep 

learning and the three GAs under consideration. Using the compiled literature review on each 

construct a proposed construct definition is presented for the purpose of this study. 

2.2.1 Active & Deep Learning 

Active learning refers to the constructivist view of learning where students must be actively 

engaged in the learning processes, as opposed to passively receiving transmitted knowledge 

(Christie & de Graaff, 2017). As Biggs (1999) recognizes, some students will engage actively in 

the material more naturally, in which case using lectures to teach is enough for learning; 

however, given the greater number of students going through post-secondary education there are 

more students who require support to take part in active learning (Biggs, 1999). Supporting the 

students who do not actively learn naturally is what teaching is (Biggs, 1999). This suggests that 

the dominant post-secondary education model of lecture and exams may not be enough to engage 

most students in learning. As a result, numerous active learning strategies have been piloted, 

researched, and heavily implemented in classrooms to support great engagement and a deeper 

understanding of the material. Some of these active learning strategies include peer-assessments, 

problem (or project) -based learning, flipped classrooms and more. Each has its benefits as well 

as challenges, but when implemented effectively students will engage more with the course 

material, facilitating a deeper learning process (Sheppard et al., 2009).  

Deep learning, as described in Section 2.1, is achieved by a student’s approach to learning rather 

than a personal characteristic or trait (Biggs, 1999). A student engages in deep learning when 
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they are truly trying to understand a concept and how it connects to their existing body of 

knowledge (Biggs, 1999). As Biggs (1999) describes, the student “wants to get to the bottom of 

the subject,” whether motivated by interest and curiosity, or a desire to excel. In contrast, surface 

learning occurs when students want to do the bare minimum to get through a course because they 

are not intrinsically motivated to really learn and understand the material. Instead they defer to 

rote memorization and other low cognitive level activities to minimize the amount of time and 

effort spent working while still getting a good enough grade on an upcoming assessment (Biggs, 

1999). While deep learning supports longer-term retention of knowledge and application of 

concepts to new problems, material learnt through surface approaches will quickly be forgotten 

and is restricted to use within the context it is taught and assessed. While students may tend to 

engage in one approach over the other, Biggs (1999) argues that students are not inherently deep 

or surface learners, but rather enter a class with a preferred approach to learning that is modified 

or reinforced by the teacher’s chosen teaching approach and corresponding assessments. The use 

of active learning strategies to increase student engagement along with their need for higher 

order cognitive skills, like reflecting and theorizing, can be an effective means of supporting 

deep learning (Biggs, 1999).  

While each active learning strategy is different there are some similar elements to each approach 

to engaging students. The first, and most prominent is the shift from instructors being “center-

stage” to the students doing most of the work (Christie & de Graaff, 2017). The instructors 

instead act as facilitators to create the conditions within which students can actively engage. 

Christie & de Graaff (2017) emphasize that for active learning to occur, students must be doing 

something; learning is a verb, and thus an action of some sort is required. What the student does 

can involve low or high levels of engagement, and will reflect the amount learned (Biggs, 1999). 

Low-level engagement actions include memorizing and note-taking, while high-level 

engagement actions include theorizing, reflecting, and generating (Biggs, 1999). In addition to 

requiring an action, active learning requires context, exemplars, mentors, practice and time 

(Christie & de Graaff, 2017). While each of these elements may not all be included in an active 

learning classroom, there will likely be several. A frequent challenge with active learning 
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strategies is the time required for preparation, implementation, and for student engagement. 

Students need time to grapple with concepts and explore the meaning and relevance to their own 

model of the world.  

Active learning strategies can be very effective at improving the learning process of students; 

however, Christie & de Graaff (2017) accurately remind educators that while a boring lecture is 

considered ineffective in fostering learning, a bad problem-based learning delivery will be just as 

ineffective. It is important that not only are active learning strategies implemented into 

engineering programs to improve the quality of education received (Miller, 2017; Sheppard et 

al., 2009), but also that the teaching is done in a thoughtfully, and with frequent reflection 

regarding the effectiveness of the teaching (Biggs, 1999). 

2.2.2 Teamwork 

There is a general understanding in todays’ society that people must be able to work in teams, 

and there are numerous discussions regarding the need to improve teamwork skills in 

engineering students (Sheppard et al., 2009; Varela & Mead, 2018). Additionally, these teams 

are not likely to consist of exclusively engineers but will include people from a variety of 

academic and cultural backgrounds, and who may live in other parts of the world (Sheppard et 

al., 2009). The CEAB defines the Individual and Teamwork Graduate Attribute (GA) as “an 

ability to work effectively as a member and leader in teams, preferably in a multidisciplinary 

setting” (Canadian Engineering Accreditation Board, 2015). This definition demonstrates the 

acknowledged need for graduates to be able to work effectively in teams, with a preference to the 

ability to work with people outside of their disciplinary field. This definition is quite broad, 

however, and is open to interpretation by the engineering programs across the country. This can 

be both advantageous and challenging as having a clear construct definition is essential to 

determine whether the attribute is being effectively developed by students within a program.  

The word teamwork possesses numerous components, and thus the construct is often defined in 

different ways. Marks, Mathieu, & Zaccaro (2001) define teamwork in contrast with taskwork 
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(or groupwork). Taskwork is what the team does, while teamwork is how the individuals work 

together to do it (Marks, Mathieu, & Zaccaro, 2001a). Marks et al. (2001) later elaborates and 

identifies the defining feature of teamwork is the ability to work with others to achieve 

something that is greater than that which could be created by the individuals on their own. This 

feature is sometimes referred to as synergy, and is a common theme in the published definitions 

of teamwork (Varela & Mead, 2018; Volkov & Volkov, 2015). The synergistic characteristics of 

teamwork is what educators should encourage and foster in students because this form of 

collaboration will be essential in solving the challenges of the 21st century (Stawiski et al., 2017).   

In other definitions of teamwork, the focus is on the skill set individuals must possess to achieve 

synergy. Often these skills include both interpersonal and intrapersonal, as well as cognitive 

elements (Varela & Mead, 2018). For example, in Australia, the Business Council of Australia 

and Australian Chamber of Commerce and Industry define teamwork as having cognitive ability 

to define team roles and identify team member strengths; the interpersonal skills to work with 

people of different ages, genders, races, religions, and political persuasions, and provide team 

members with feedback, coaching and mentorship; and the intrapersonal skills to work as an 

individual as a member of a team, and apply teamwork in different settings (as cited in Riebe, 

Roepen, Santarelli, & Marchioro, 2010). Others go into more specific skillsets required for 

effective teamwork including trust building, negotiation, and conflict resolution (Sheppard et al., 

2009). Each of these definitions, has its merits, however, for the purposes of academic evaluation 

of a graduate attribute a clear cohesive definition and framework of the construct is necessary. 

Team frameworks allow for a greater understanding of the processes occurring when individuals 

with a common goal collaborate to tackle a problem. Tuckman’s (1965) model of development 

of small groups, for example, has been used extensively by human resource development 

practitioners & academics to guide the development of teams, and individual teamwork skills 

(Bonebright, 2010). The development of small groups (or teams), according to Tuckman, occurs 

in 5 stages: forming, storming, norming, performing, and adjourning. These stages are further 

described by both the interpersonal and task-oriented behaviours that occur, acknowledging that 
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while somewhat intertwined, these behaviours should be considered independently (Tuckman, 

1965).  

Like Tuckman (1965), Marks et al.’s (2001) model of team processes separates the interpersonal 

and task-related processes. Of considerable difference, however, rather than define the phases 

through which a team progresses, Marks et al.’s (2001) model attempts to relate temporal 

processes with the completion of team tasks. Each team task is made up of episodes of transition 

and action, which are subdivided into dimensions that reflect the behaviours of individuals in 

teams (Marks et al., 2001). The dimensions of the transition processes focus on strategizing and 

defining the necessary subtasks required to complete a task. During the action portion of 

accomplishing the tasks, team members are coordinating, monitoring and supporting one 

another. Through time, the team advances from transition to action until the completion of a 

subtask, then into another transition and action phase. Concurrently with the transition and action 

phases interpersonal processes are occurring. The dimensions of interpersonal processes include 

conflict and affect management as well as motivating group members (Marks et al., 2001). Both 

frameworks discussed clearly focus on different elements of teamwork, emphasizing the 

complexity of this construct 

While both models of teamwork lend well to teams in different settings, the Marks et al.’s (2001) 

framework focuses on the behaviours of the individuals within a team, rather than the 

progression of the team collectively as in Tuckman’s model (1965). Emphasizing individual 

behaviours is important within the academic context because ultimately the individual students 

must be able to develop their individualized teamwork skills to later transfer and apply in new 

settings. The importance of individual behaviours is apparent in the UofG’s SOE teamwork 

indicators which emphasize the need to focus on how to ensure individual graduates develop 

their own teamwork skills: 

6.1.18    Describe principles of team dynamics and leadership 

6.2.18    Understand all members’ roles and responsibilities within a team 
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6.3.18    Execute and adapt individual role to promote team success through, 

for example, timeliness, respect, positive attitude 

6.4.18    Apply strategies to mitigate and/or resolve conflicts 

6.5.18    Demonstrate leadership through, for example, influencing team vision 

and process, promoting a positive team culture, and inspiring team 

members to excel 

As such, based on the models of teamwork explored, and the UofG’s SOE defined indicators for 

the Individual and Teamwork GA, the construct definition from Varela & Mead (2018), which is 

based upon Marks et al. (2001) model of teamwork processes has been adapted to serve the 

needs of the study: 

Teamwork is set of collective interpersonal behaviours that facilitate effective 

work, and valuable results, within a group of individuals. 

2.2.3 Professionalism 

Professionalism is the 8th Graduate Attribute from the CEAB and is defined as “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” (Canadian Engineering 

Accreditation Board, 2015). The UofG SOE indicators for Professionalism are as follows: 

8.1.18    Demonstrate an understanding of what it means to be a professional 

engineer and distinguish between legislated and non-legislated 

professions 

8.2.18    Effectively describe engineering law and its impact on professional 

engineering practice 

8.3.18    Demonstrate professional behaviour 

While having knowledge and understanding of professional engineering as a profession is 

important, the UofG SOE Graduate Attribute Committee elected to add the third indicator that 
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emphasizes professional behaviour. While not included in CEAB’s definition of professionalism, 

the faculty felt this was an important component of the attribute. It is however, challenging to 

define, and even more challenging to teach and assess as an educator. As with teamwork, a 

suitable construct definition that focuses on behaviour is required. 

Professionalism in the Canadian Oxford Dictionary is defined as “the skills or qualities required 

or expected of members of a profession” (Barber, 2005), which suggests that professionalism is 

uniquely defined by the profession of interest. While much of the literature on professionalism is 

from the medical field, based on the interpretation that professionalism can be uniquely defined 

based on the profession of interest, definitions and frameworks within the engineering context 

will be the focus for developing a construct definition for professionalism; however, other 

perspectives will be considered to allow for a holistic perspective of this attribute.  

Engineers Canada, (2010) provided a similar definition to the Canadian Oxford Dictionary that 

focuses on the ideals of the profession, however, a component about serving the public is added. 

The responsibility to serve the public is seen as the cornerstone of the engineering profession: 

“Engineers shall hold paramount the health, safety and welfare of the public…” (Engineers 

Canada, 2010). The ethical considerations associated with an engineer’s duty to the public is also 

emphasized through the Engineering Code of Ethics that can be found within each of Canada’s 

provincial and territory engineering regulatory body (i.e. Professional Engineers of Ontario 

(PEO) Code of Ethics is included in section 77 of the Professional Engineers Act, R.S.O. 1990, 

c.P28). In PEO’s Code of Ethics, it explicitly states that “A practitioner shall, regard the 

practitioner’s duty to public welfare as paramount” (Professional Engineers Act, 1990). 

The technical competence of an engineer is essential to uphold the duty to the public, as well as 

the duty to the client (Engineers Canada, 2010). Engineers Canada (2010) refers to professionals 

requiring specialized knowledge, and the ability to exercise judgement in the application of that 

knowledge. Due to the nature of specialized knowledge, the profession must be self-regulated, 

and engineers must be autonomous and accountable for their work (Engineers Canada, 2010). 

This demonstrates the element of quality and standard of work provided within the construct of 
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professionalism as it pertains to engineering. Furthermore, because of the rapid changes in 

technology in today’s world, engineers are required to engage in continued study in order to 

maintain expertise and specialized knowledge within their field (Engineers Canada, 2010). Based 

on these elements of the engineering profession, professionalism requires accountability and 

responsibility for the quality and standard of work provided as the world continues to change.  

Professionalism is also linked to an individual’s personal character. In Engineers Canada (2010) 

the need for trust of a professional demonstrates that professionals should be trustworthy. Evetts, 

(2011) also references the importance of the public being able to trust professionals in general, 

from a sociological perspective. Other personal character traits discussed in reference to 

professionalism are a lack of arrogance and self-satisfaction, and a presence of autonomy, 

commitment to the profession, identification within the profession, and ethics (Engineers 

Canada, 2010). The identity of being an engineer as a requirement to becoming a professional 

seems somewhat controversial; however, Dehing, Jochems, & Baartman, (2013) support this and 

say that while there is the social dimension of professionalism (education, behaviour, knowledge 

and attitude), there is also the individual dimension, which focuses on the feeling of “being an 

engineer” and having a commitment to the profession. Finally, respect is considered an important 

element of professionalism that lies within an individual’s personal character. 

Evetts (2011 & 2013) looks to clarify the meaning of professionalism more generally than within 

the context of a specific profession, through a sociological lens. She refers to the connections to 

meeting the needs of the community, as well as professionals being trustworthy and having a 

strong occupational identity (Evetts, 2011). As in Engineers Canada (2010), she also emphasizes 

the elements of technical competence such as expert judgement and analysis of risk, as well as 

the need for self-regulation due to the complex nature of professions. Building from the technical 

competence, Evetts (2011) discusses discretionary decision-making as needed in professionals, 

as well as maintaining a quality of service (Evetts, 2013). While Evetts’ (2011 & 2013) 

discussed components of professionalism are similar to those elements discussed in Engineers 

Canada (2010), she suggests that “the meaning of professionalism is not fixed” (Evetts, 2011). 
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She makes this conclusion based on a historical review of the meaning of the word 

professionalism, a meaning that has clearly changed with time. This suggests that while defining 

a construct definition for professionalism as it stands today, does not mean this definition is 

absolute. 

Rather than use any single definition of professionalism explored, a combination of the 

behavioural elements of professionalism discussed were combined to prepare a construct 

definition suitable for the research in this thesis. The definition created does emphasize a 

commitment to the public, as it is being used within the context of engineering courses; however, 

the remainder of the definition can be more widely applied to several professions. The 

researchers chose to emphasize personal character and the importance of good quality work in 

the construct definition because of previous experiences with unprofessional behaviour in 

undergraduate engineering courses. The construct definition provides a means to convey 

behavioural expectations for students in a professional engineering program.   

Professionalism is conduct that reveals commitment to the welfare of the public, 

maintaining specialized knowledge used for discretionary decision making, 

accountability to produce good quality work with the use of feedback, and personal 

character that is trustworthy, modest, and respectful 

2.2.4 Lifelong Learning 

One competency that is considered of great importance in our rapidly changing world is Lifelong 

Learning. Owens, (2016) claims that what students learn during an undergraduate degree may be 

out of date by the time they graduate. While this may be the extreme case it emphasizes the need 

to ensure students continue to learn after leaving the academic environment. Engineers Canada 

(2010) (and others e.g., Abdulwahed & Hasna, 2017; Jackson, Sibson, & Riebe, 2014; Miller, 

2017; Mourtos, 2018; Sheppard et al., 2009; Volkov & Volkov, 2015) echoes this point by 

saying, “It is essential that engineers engage in lifelong learning since the public depends on 

engineers providing expertise in matters associated with a specific and evolving body of 
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knowledge.” It is clear that lifelong learners are necessary in an evolving world; however, what 

makes a lifelong learner and how to foster this attribute in students is less clear. 

It is often thought that lifelong learning is simply engaging in continued professional 

development and staying up to date with the current body of knowledge (Engineers Canada, 

2010); however, there are other elements of lifelong learning that are also important. For 

example, lifelong learners must also be self-regulated learners because outside of academia 

students will lose the pre-existing structure of being told what they need to learn and how to 

learn it. Dignath, Buettner, & Langfeldt, (2008) claim that self-regulated learning is the key to 

developing lifelong learners. There are many interventions for supporting self-regulated learning 

in students, that focus on the cognitive, metacognitive and motivational processes that enhance 

learning (Boekaerts, 1999). The cognitive processes help students organize knowledge to 

encourage a greater understanding, and consequently storage in the long-term memory rather 

than the short-term memory (Woolfolk, Winne, & Perry, 2013). Metacognitive strategies are 

focused on the planning, monitoring and reflection of the learning (Boekaerts, 1999; Donker, de 

Boer, Kostons, Ewijk, & Werf, 2014). Finally, the motivational processes are based on student 

engagement with the material, including self-efficacy, task value (whether the learning is 

considered worthwhile) and goal orientation. The motivational processes increase the volition of 

the student to execute the other learning processes and develop a greater understanding of the 

material (Donker et al., 2014). There are many interventions to improve self-regulation in 

students, include direct instruction of academic strategies to increase the awareness and 

understand the significance of self-regulated learning (Boekaerts & Corno, 2005). 

While self-regulated learning encompasses much of the skills a lifelong learner should possess, a 

student’s attitude is also important. Sheppard et al., (2009) identify persistence, healthy 

skepticism and optimism as essential attitudes for lifelong learners. Persistence is important 

because learning can be challenging but working through and struggling with the material 

improves an individual’s understanding (Litzinger, Lattuca, Hadgraft, & Newstetter, 2011). A 

student’s persistence can be dependent on their self-efficacy towards learning and whether they 
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believe that by working hard (growth mindset) they can increase their intelligence on a topic 

(Stump, Husman, & Corby, 2014). Healthy skepticism is important because engineers must be 

able to determine what information is of value, and is reputable, and warrants learning and 

applying (Sheppard et al., 2009). Finally, optimism, Sheppard et al. (2009) suggests is important 

in lifelong learners because of the positive impact a positive attitude can have on an individual’s 

professional life. Sheppard et al. (2009) indicates that some faculty reported preferring that 

students sustain positive attitudes, even if it is at the expense of forgetting a few engineering 

concepts. These attitudes contribute to the development of lifelong learning skills in students 

after graduation. 

 The CEAB definition of Lifelong Learning focuses on the need to maintain technical 

competencies and having the metacognitive skills to plan, monitor and evaluate one’s own 

knowledge and learning. The definition is as follows: “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” (Canadian Engineering 

Accreditation Board, 2015). The corresponding UofG SOE indicators are as follows: 

12.1.18  Identify personal career goals and opportunities for professional 

development 

12.2.18  Self-assess skills relative to career goals and SOE defined learning 

outcomes 

12.3.18  Demonstrate capability for continuous knowledge and skill 

development in a changing world 

While there is no direct reference to self-regulated learning, this may be implied by assuming the 

individual is able to learn outside of a structured academic environment in order to “contribute to 

the advancement of knowledge.” The attitude required to engage in lifelong learning is also 

important, otherwise the learning itself may not be of the needed quality.  
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For the purpose of this thesis the CEAB definition is combined with the two key aspects of 

lifelong learners identified by Sheppard et al., (2009) and Dignath et al., (2008): self-regulated 

learning and a positive attitude towards learning. By synthesizing these key aspects of lifelong 

learning with the CEAB definition, the construct definition not only emphasizes the importance 

that students continue to learn after their formal education, but it describes how they can 

accomplish this by developing self-regulatory skills and having a positive attitude towards 

learning. How students develop the lifelong learning attribute is an important component of the 

construct definition for the studies in this thesis because it helps operationalize and measure the 

development of lifelong learning in students. 

 Lifelong Learning is the ability of a student to identify and address their own 

educational needs in a changing world and to allow them to contribute to the 

advancement of knowledge through self-regulated learning and by demonstrating a 

positive attitude towards learning. 

2.3 Learning and Professional Skill Metrics 

Measuring learning and professional skills is challenging. As such, validated scales were 

identified for each of the major dependent variables in this study: Learning, Teamwork, 

Professionalism and Lifelong Learning. The scales selected for the studies are described and 

explained in greater detail below. 

2.3.1 Learning 

The Revised Two Factor Study Process Questionnaire (R-SPQ-2F) is a widely used scale to 

evaluate student’s learning processes by Biggs, Kember & Leung (2001). The scale measures a 

student’s motivation, preferred strategy and ultimately their approach towards surface as 

compared to deep learning. If a student’s motivation is dominated by deep learning, then this 

means they have an “intrinsic interest” in the material, rather than being motivated by a “fear of 

failure” (surface learning motive) (Biggs, Kember, & Leung, 2001). A deep strategy occurs 
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when a student aims to “maximize meaning”, while a surface strategy has a “narrow target” and 

uses “rote learn[ing]” (Biggs et al., 2001). The learning approach is determined by summing the 

respective deep and surface motivation and strategy scores to attain a deep approach score along 

with a surface approach score. The relative scores depict the student’s tendency towards one 

approach or the other, with a larger deep approach score suggesting a student is using a deeper 

approach to learning. Biggs et al. (2001) makes it clear that the scale provides scores that reflect 

a combination of the student’s personal characteristics and how they are being taught.  

The scale is a modified version of Biggs’s (1987) study process questionnaire, which included 43 

items and included four factors describing a student’s study process. The revised version 

provides an opportunity to interpret just two factors (deep approach and surface approach), rather 

than four, and reduces the number of items to 20. The 20 items are rated using a 5-point Likert 

Scale. Rigorous reliability and validity testing are described in Biggs et al. (2001) and concludes 

that the psychometric properties of the scale are good. The testing was conducted on 495 

students at a university in Hong Kong. A copy of the questionnaire items and the scoring can be 

found in Appendix B.1. 

2.3.2 Teamwork 

Varela & Mead’s (2018) teamwork skill assessment is a 24-item scale used for observational 

assessments of student teamwork processes in higher education. The measure was created 

following Hinkin's (1998) brief tutorial on measure development and is based on Marks et al.’s 

(2001) model of teamwork. Marks et al’s (2001) model splits teamwork into three teamwork 

processes: transition processes, action processes and interpersonal processes. Each process has 

lower level dimensions that make up the process. These lower level dimensions included: 

mission analysis formulation & planning, goal specification, and strategy formulation (transition 

processes), Monitoring progress toward goals, systems monitoring, team monitoring & backup 

behaviours, and coordination (action processes), and conflict management, motivating & 

confidence building, and affect management (interpersonal processes) (Marks, Mathieu, & 

Zaccaro, 2001).  
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Varela & Mead’s (2018) used the lower level dimensions as factors of the teamwork construct, 

and as guides for item generation; however, the items themselves were generated from existing 

teamwork measures. During the confirmatory factor analysis conducted, Varela & Mead’s 

(2018) decided to exclude two of Marks et al.’s (2001) initial lower level dimensions, leaving 

eight. The Cronbach alphas4 presented for each of the lower level dimensions were strong, 

ranging from 0.77 – 0.90, demonstrating good internal consistency. Varela & Mead (2018) 

compared the eight lower dimensions with extraversion, agreeableness, and cognitive abilities 

from validated measures as a confirmatory (extraversion & agreeableness) and discriminatory 

(cognitive abilities) analysis. The stability of the measure was checked by modifying the items 

for a peer assessment. These tests of the measure point to a valid measure for this study. The 

complete teamwork assessment test can be found in Appendix B.2.  

2.3.3 Professionalism & Lifelong Learning 

The Professionalism Assessment Test (PAT) was developed by Kelley et al. (2011) to provide a 

measure of professionalism for pharmacy students. While there are other professionalism scales 

used to evaluate pharmacy students, Kelley et al. (2011) found that these scales had a ceiling 

effect in which students tended to rate themselves at the top of the measure. This limited the 

applicability of the measure to demonstrate improvement of student professionalism throughout 

the pharmacy program, and further inhibited the use for informing changes to the curriculum. As 

a result, Kelley et al. (2011) took two existing professionalism scales, from Hammer et al. (2000) 

and Chisholm et al. (2006) that focused on behavioural professionalism and used these, along 

with a white paper on professionalism in pharmacy to inform the development of the new scale. 

The finalized 33-item scale covers 5 domains of professionalism: (1) Reliability, Responsibility, 

& Accountability; (2) Lifelong Learning & Adaptability; (3) Relationships with Others; (4) 

                                                 

4 Cronbach alphas are a statistic used to measure internal consistency for a series of items used to describe a factor. 

In this example the Cronbach alphas represent how well the items used to determine a teamwork dimension (i.e. 

factor) agree. For the Mission Analysis dimension, the Cronbach Alpha is 0.81, which suggests good agreement 

between the responses to the three items used to determine this score.  
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Upholding Principles of Integrity & Respect; and (5) Citizenship & Professional Engagement. 

Each item is evaluated using a modified version of Miller’s Taxonomy (Knows, Knows How, 

Shows, Shows How/Does, and Teaches).  

The scale was tested on approximately 1200 pharmacy doctoral candidates (PharmD) in first and 

third year from 7 different institutions in the United States. An exploratory factor analysis was 

conducted to identify the factors of the scale on half of the data (randomly selected), and then a 

confirmatory factor analysis using the same factor structure was applied to the remaining data. 

The items loaded onto the expected factors and had loadings over 0.5 for only the expected 

factor. The reliability of each factor using the KR-20 statistic (which ranges from 0 to 1, with 1 

being perfect internal consistency) was then calculated and ranged from 0.91 - 0.95 indicating 

excellent reproducibility. These tests indicate that there is good evidence for the validity of the 

measure. 

The PAT was selected for this study based on the strong evidence for validity, its domain 

structure, and the ease with which it can be adapted to the engineering context. While written for 

pharmacy doctoral students, many of the items are general and can be easily used by individuals 

in other professions. There are a few items that refer to patient interactions, which is not 

applicable for engineering students. As a result, all references to patients were replaced with the 

word stakeholder as the stakeholders on a project would be akin to the patient of a pharmacist or 

someone in a health care profession. The word stakeholder was selected instead of client or 

public as the researchers wanted to encompass the need to be professional with all people 

involved in the project. It emphasizes the need for engineers to consider many different 

perspectives, rather than just that of the client. A copy of the modified version of the PAT for 

this study is provided in Appendix B.3.  
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Chapter 3. Peer Assessment in a Technical Senior Engineering 

Design Course 

Peer assessment is a unique active learning strategy that offers instructors an opportunity to 

improve student learning and professional skills, while managing marking workload (Nicol, 

Thomson, & Breslin, 2014; O’Moore & Baldock, 2007; Topping, 2009; van Zundert, Sluijsmans, 

& van Merriënboer, 2010; Wilson, Diao, & Huang, 2015). This approach was implemented in a 

senior technically focused engineering design course: ENGG*4370 Urban Water Systems 

Design (Urban). At first, the instructor considered peer assessment to manage the growing class 

size without compromising a valuable design project; however, with further investigation, the 

instructor became interested in whether the learning benefits documented in the literature could 

be achieved, and how students perceived the approach. The research was later expanded, after 

two peer assessment offerings of Urban, to include research objectives relating to professional 

skill development fostered by the pedagogical approach.  

While the research regarding the effectiveness of peer assessment in fostering learning and 

professional skill development is desirable for instructors, there are numerous ways in which 

peer assessment can be applied (Topping, 1998). As a result, it is very challenging to come to 

conclusions about the impact of peer assessment generally versus the impact of a specific 

delivery method. This hinders the external validity of the study, as the applicability of the results 

is limited to courses within the same context as the course in the study; however, courses almost 

never exist within the same context as another because of numerous variables at play. The 

researchers work to resolve this issue by distinguishing results that are inherent to the specific 

approach used in Urban, with those that apply more broadly to the fundamental aspects of peer 

assessment.   

Topping (1998) provides a strong foundation for conducting peer assessment research, as he 

recognizes the diversity of peer assessment methodologies. The paper emphasizes the uniqueness 

of each potential approach, while also highlighting fundamental aspects of it, namely that 
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students benefit from peer assessment both as the assessor and the assessee. Similarly, this study 

investigates peer assessment benefits and challenges through three distinct phases of peer 

assessment, Review, Critique and Feedback, which may be considered fundamental to the 

approach. Then the study uses this understanding and further investigation to better understand 

peer assessment best practices and how instructors can optimize the benefits of the approach and 

student perception.  

3.1 Background 

Integrating active learning strategies into undergraduate classrooms may seem uncommon given 

the academy’s historic preference towards lecture-style learning. Peer assessment methodologies 

and benefits, however, were documented in the late 18th and early 19th centuries by George 

Jardine, a logic and philosophy professor at the University of Glasgow (Gaillet, 1994; Topping, 

2009). Despite early reporting of peer assessment, there are still numerous challenges with 

implementing the approach, including persuading instructors and students of the learning 

benefits associated with the method. Additionally, with several ways in which an instructor can 

implement this broad pedagogical strategy, it is difficult to know what approaches are the most 

effective in different contexts. Topping (1998) emphasizes this by admitting to the difficulty with 

deriving a single theory to explain peer assessment because there are so many methodologies that 

can be followed.  

There is, however, an extensive set of literature on the topic within higher education. This 

section will first explore the ideas of an early and foundational peer assessment researcher, K. 

Topping (1998). Then a broader review of the available literature is provided, specifically 

focusing on the benefits, challenges and best practices of peer assessment. Finally, a description 

of the senior undergraduate engineering course that adopted the peer assessment model for three 

years is presented to provide context for the case being investigated. 
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3.1.1 Overview of Peer Assessment 

Topping (1998) completed one of the first comprehensive reviews of peer assessment literature 

in higher education. He provides a general definition of peer assessment, a typology that depicts 

the numerous ways in which peer assessment can be applied, and finally he discusses potential 

theories that support the pedagogical approach. Topping’s (1998) paper provides a framework to 

discuss the peer assessment model used in ENGG 4370: Urban Water Systems Design in Fall 

2016, 2017 and 2018, and supports the analysis, discussion and conclusions established from this 

study.  

Peer Assessment, according to Topping (1998), is “… an arrangement in which individuals 

consider the amount, level, value, worth, quality, or success of the products or outcomes of 

learning of peers of similar status.” (Topping, 1998). While the definition is general, this ensures 

it encompasses a wide range of applications of the active learning strategy, as each peer 

assessment approach is dependent on the specific context within which it is being applied. In 

Topping’s (1998) review of over 100 journal articles on peer assessment within the context of 

higher education, he emphasizes the range of peer assessment methodologies, while highlighting 

the challenge of understanding why one approach is more beneficial than another, and how to 

ensure peer assessment is applied effectively. Addressing this challenge requires further 

research, and as such Topping (1998) outlines a typology to support the organization, analysis 

and application of peer assessment findings. 

Topping’s (1998) typology consists of 17 variables, each described by the range of variation 

observed in the literature. The variables include aspects of peer assessment such as the objective 

of implementing the pedagogical strategy, the product being assessed (e.g. a test or a report), and 

the constellation of the assessors and assessees, which refers to who and how many are assessing 

each piece of work. A table of Topping’s (1998) typology, adapted from the original paper, is 

provided in Table 3.1.1. 
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Table 3.1.1 Topping’s typology of peer assessment, modified from the original table presented 

in Topping (1998) 

Variable Range of Variation 

Curriculum area/subject All 

Objectives Of staff and/or students 

Time saving or cognitive/affective gains? 

Focus Quantitative/summative or qualitative/formative or 

both? 

Product/output Tests/marks/grades or writing or oral presentations 

or other skilled behaviours? 

Relation to staff 

assessment 

Substitutional or supplementary? 

Official weight Contributing to assessee final official grade or not? 

Directionality One-way, reciprocal, mutual? 

Privacy Anonymous/confidential/public? 

Contact Distance or face to face? 

Year Same or cross year of study? 

Ability Same or cross ability? 

Constellation Assessors Individuals or pairs or groups? 

Constellation Assessed Individuals or pairs or groups? 

Place In/out of class? 

Time Class time/free time/informally? 

Requirement Compulsory or voluntary or for assessors/ees? 

Reward Course credit or other incentives 

Topping (1998) cautions against trying to explain the diversity of approaches of peer assessment 

with a single theory. Nevertheless, the theoretical foundation clarifies why certain strategies are 

effective. Topping (1998) does suggest that peer assessment may be based on social 

constructivism as students are working with their peers to co-create knowledge. Social 

constructivism provides an opportunity, not only to construct understanding, but also to develop 

communication and social skills (Topping, 1998). Vygotsky’s theory of scaffolded learning is 

also used to explain peer assessment in the literature (Topping, 1998). Topping (1998), however, 

chooses not to identify a single correct theory that describes peer assessment, but rather focuses 

on themes from the literature, and emphasizes the benefits of peer assessment and the 

mechanisms through which they may be achieved. 
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Topping (1998) categorizes the benefits of peer assessment into four domains: cognition and 

metacognition, affect, social and transferable skills, and systematic benefits (Topping, 1998). For 

each domain, Topping (1998) follows a consistent framework in which he comments on the 

benefits of peer assessment to both the assessor and the assessee. The assessment portion can 

also be split into two distinct phases that benefit students: reviewing and critiquing a peer’s 

work. Thus, dividing peer assessment into three phases: Review, Critique, and Feedback, in 

which the latter refers to the receipt of feedback. While Topping (1998) discusses the benefits of 

several domains in the paper, the three phases of peer assessment and how they differ can be 

demonstrated through Topping’s (1998) review of the cognitive and metacognitive benefits of 

peer assessment. 

 During the Review phase, the assessor must engage in tasks that require cognitive (and meta-

cognitive) effort such as interpreting a peer’s work, while comparing and contrasting it with 

one’s own (Topping, 1998). This results not only in the assessor engaging more with the material 

with respect to time spent on task, but it also provides students with an opportunity to validate, 

clarify and/or correct their understanding of relevant concepts (Topping, 1998). Furthermore, by 

comparing the work of their peer to their own, students engage in a reflective process that 

supports metacognition. Students can then use this reflective thinking to self-assess the quality 

and correctness of their own work, thus improving their metacognitive skills. 

Assessing a peer’s work requires students not only read it but diagnose misunderstood 

information and identify errors (Topping, 1998). Further, they must effectively convey such 

information to their peer, so the individual can learn from the feedback received (Topping, 

1998). In doing this, students may be required to verify their understanding of a concept in order 

to be sure they’ve identified an error and can effectively explain why it is wrong (Topping, 

1998). This Critique phase of the peer assessment model engages students in critical thinking 

and self-assessment of their own understanding of the material, while also supporting the 

development of professional skills like communication and professionalism.  
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Finally, peer assessment provides an opportunity for students to receive a greater abundance of 

timely feedback (Topping 1998). While the quality of the feedback is important, Topping (1998) 

argues that receiving more feedback more frequently can be just as effective as a single instance 

of instructor feedback, despite discrepancies in expertise between students and instructors. The 

Feedback phase of peer assessment, when the student receives feedback on their work, is often 

the focus in peer assessment empirical literature (K. Topping 1998; Lin, Liu, and Yuan 2001; K. 

Topping 2010; Harris 2011); however, considering all three phases of peer assessment, Review, 

Critique and Feedback, may support better understanding of what benefits are achieved at 

different phases and why certain best practices are important.   

3.1.2 Literature Review 

Peer assessment is a unique active learning strategy in which the objectives may be a 

combination of improved learning and skill development among students, as well as a tool to 

manage increasing class sizes. There are numerous potential benefits that can be realized through 

the use of a peer assessment model (Nicol et al., 2014; O’Moore & Baldock, 2007; Topping, 

2009; van Zundert et al., 2010; Wilson et al., 2015), with the majority of the literature 

emphasizing learning outcomes as they relate to disciplinary knowledge, technical skills and 

critical thinking (Ballantyne et al., 2002; Bradford & Vale, 2017; Cho & MacArthur, 2011; Nicol 

et al., 2014; O’Moore & Baldock, 2007; Roscoe & Chi, 2008; Topping, 1998, 2009; Tornwall, 

2018). There is also some discussion of how peer assessment can support professional skills 

development while fostering deeper learning (Liu & Carless, 2006; Nicol et al., 2014; O’Moore 

& Baldock, 2007; Topping, 1998; Wilson et al., 2015); however, professional skills are rarely the 

focus of peer assessment studies.  

Regardless of the objective, there are challenges with implementing peer assessment strategies, 

many of which involve managing student perceptions regarding the approach.  Studies that 

present best practices to manage these challenges are useful for course instructors interested in 

using peer assessment to help with preparing and planning for how the method can be 

implemented in their individual context. These best practices, will however, vary for different 
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settings. There isn’t a one size fits all approach to peer assessment. Given a multitude of 

objectives and several alternate approaches, there are both many potential benefits and potential 

pitfalls that may be realized when using peer assessment. 

3.1.2.1 Benefits of using Peer Assessment 

Feedback is well recognized as an important element of student learning amongst educators 

(Woolfolk et al., 2013). Feedback not only provides students with an opportunity to correct 

misconceptions and seek assistance to improve understanding, but it also encourages student 

reflection and self-assessment, thus fostering self-directed learning habits (Woolfolk et al., 

2013). With increasing class sizes and insufficient resources, however, it becomes challenging, if 

not impossible, to provide high quality formative and summative feedback in a timely manner. 

Peer assessment provides an opportunity for students to receive more frequent feedback, and if 

multiple assessors are used, more abundant feedback as well. Some may be concerned that the 

quality of feedback is reduced when coming from students still learning the material themselves; 

however, Topping (1998) argues that the improved timeliness and abundance of feedback 

achieved in peer assessment, makes up for the deficit in quality. Further, receiving feedback 

from multiple reviewers has been shown, within the context of improving student writing, to 

more significantly improve subsequent drafts compared to when feedback is received from one 

subject matter expert (Cho & MacArthur, 2010; Cho & Schunn, 2007; Cho, Schunn, & Charney, 

2006). Receiving peer feedback from many students, therefore, may be even more effective than 

receiving feedback from just the instructor. 

Several peer assessment studies emphasize the learning benefits from receiving abundant and 

timely peer feedback (Topping 1998; Lin, Liu, and Yuan 2001; K. Topping 2010; Harris 2011). 

Far fewer studies, however, have looked at the learning benefits of reviewing and critiquing a 

peer’s work (Cho & MacArthur, 2011). Cho and MacArthur (2011) identified this gap in the 

literature and studied the impact of giving feedback on student writing. This controlled study 

found that when students are tasked with providing feedback to a peer, the quality of their own 

writing improves significantly more than if the student were just to read their peer’s written 
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product (Cho & MacArthur, 2011). Nicol, Thomson and Breslin (2014), builds on Cho and 

MacArthur and focuses on the benefits of giving peer feedback, however, this time within an 

engineering course context in which a product design specification (PDS) was peer assessed, 

rather than writing outcomes. This study also emphasized the learning processes students 

engaged in while giving feedback, including critical thinking, and meaning construction (Nicol et 

al., 2014). 

While learning the content in a course is the primary objective, the increasing discussion of 

student professional skills in the literature demonstrates the importance of investigating whether 

active learning strategies can support professional skill development (M. Chang, 2000; Miller, 

2017; Sheppard et al., 2009; Stawiski et al., 2017). There are peer assessment studies that 

investigate the effectiveness of peers evaluating one another’s professional behaviour, especially 

within health science fields (Nofziger, Naumburg, Davis, Mooney, & Epstein, 2010; Tornwall, 

2018); however, professional skills can be developed through the actions of engaging in a peer 

assessment regardless of what is being assessed. References to metacognitive benefits (Liu & 

Carless, 2006; Nicol et al., 2014; Topping, 1998; Wilson et al., 2015), development of 

transferable skills (Sadler & Good, 2006; Topping, 2009), and improved professionalism (Nicol 

et al., 2014) demonstrate the increased awareness of potential professional skill benefits in peer 

assessment.  

The potential for professional skills development during peer assessment appears to occur 

primarily when engaging in the approach as the assessor. Nicol, Thomson, and Breslin (2014) 

investigated the thinking processes occurring while giving feedback using surveys and focus 

groups and found that students engage in inner feedback processes where they reflect on their 

own work and through observing alternate approaches can self-assess more effectively. In the 

focus groups, students even asserted that with development of inner feedback processes they 

eventually wouldn’t need as much external feedback, as they’d be able to self-assess their own 

work more effectively (Nicol et al., 2014). This supports self-directed learning, and consequently 

lifelong learning, a valued professional skill in the 21st century. Other studies also identified the 
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metacognitive benefits of reviewing another’s work and giving feedback (Ballantyne et al., 2002; 

Liu & Carless, 2006; Topping, 1998; Wilson et al., 2015). Assessing a peer’s work can help 

students determine the quality of their own work relative to their peers (Topping, 1998), which 

supports their ability to self-assess (Ballantyne et al., 2002), and reflect (Liu & Carless, 2006; 

Wilson et al., 2015). 

Mentioned more rarely than the metacognitive benefits of reviewing another’s work is the role 

peer assessment can play for preparing students for the workplace. While peer assessment within 

the academic context may still seem novel, peer review is commonplace in the work 

environment. Professional Engineers of Ontario (the self-regulating body for practicing 

engineers), as an example, provides guidelines and procedures for conducting peer reviews of 

work produced by other engineers (Chu et al., 2011). Only Ballantyne, Hughes, and Mylonas 

(2002) and K. Topping (2009), of the studies reviewed, explicitly mentioned transferable skills 

and workplace skills as benefits for using the peer assessment approach. Nicol, Thomson, and 

Breslin (2014) indirectly refer to professionalism as a benefit through the use of a 10% grade 

allocation that was partially based on the student’s reviews, and Wilson, Diao, and Huang (2015) 

included professional skills as a learning outcome of the course more generally. Finally, Liu and 

Carless (2006) and Sadler and Good (2006) allude to professionalism, when indicating being 

respectful of others is a desired outcome of the peer assessment model. These studies, while they 

don’t investigate professional skill development from peer assessment explicitly, their references 

to professional skills demonstrate that peer assessment is thought to support skill development of 

sensitively providing feedback and respectfully helping peers (Liu & Carless, 2006; Sadler & 

Good, 2006). Despite few studies dedicated to the professional skill development associated with 

peer assessment, there are clearly opportunities within this approach to both improve learning 

and support the development of professional lifelong learners. 

3.1.2.2 Challenges with using Peer Assessment 

While many benefits of peer assessment exist, there are also many potential drawbacks that may 

dictate which, or if any, of these benefits are realized. Challenges with the peer assessment 



 

 

48 

 

model can be pedagogical or logistical, but often they are driven by student perceptions, 

especially when these perceptions differ from those of the course instructor. Wilson, Diao and 

Huang (2015) investigate student negative perceptions of peer assessment, and focus on student 

trust in the approach, unequal effort of students when conducting the reviews, increases to 

student workload, and whether students are competent to evaluate each other’s work. Issues with 

instructor buy-in also exist, and are a critical barrier to implementation (Cho & MacArthur, 

2011; Falchikov & Goldfinch, 2000; Liu & Carless, 2006). Ensuring all parties involved support 

the pedagogical approach will minimize challenges encountered when using the peer assessment 

model. 

One of the main challenges with the peer assessment model and the primary reason for instructor 

hesitation is the validity and reliability of using students to perform assessments of their peers 

without sufficient expertise (Liu & Carless, 2006). Fortunately there are several studies, reviews 

and meta-analyses that directly address this concern (Ashenafi, 2017; Cho, Schunn, & Wilson, 

2006; Falchikov & Goldfinch, 2000; Harris, 2011; Liu & Carless, 2006; Topping, 1998). 

Falchikov & Goldfinch (2000) conducted a comprehensive meta-analysis of over 50 studies to 

quantitatively assess student and instructor marking agreement. The correlation coefficients from 

the studies were compared, and an average correlation of 0.69 was determined, indicating a 

“very significant average value” of agreement between instructor and student marking, and 

therefore such grading approaches can be seen as valid (Falchikov & Goldfinch, 2000).  Li et al. 

(2016) also conducted a meta-analysis on peer and teaching ratings but focused on the 

application of peer assessment through digital platforms. In this case a correlation coefficient of 

0.63 was achieved, which closely matches with findings from Falchikov and Goldfinch (2000). 

Finally, Aschenafi’s (2017) most recent review investigates eight studies to build on Falchikov 

and Goldfinch’s (2000) meta-analysis. He does acknowledge his small sample size; however, his 

findings also corroborate Falchikov and Goldfinch, with an average correlation coefficient of 

0.80. This sample of literature clearly supports the notion that student grading is valid with 

respect to instructor and student agreement, and as Lui & Carless (2006) note “Whilst 
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acknowledging that establishing the reliability of student judgements is an important issue, we 

feel that it is now well-recognized that students are reasonable reliable assessors.” 

Even though instructors may be comforted by peer assessment literature that demonstrates the 

validity of peer grading, this doesn’t always change student perceptions. Ballantyne, Hughes, and 

Mylonas (2002) found that one of the most challenging obstacles with implementing peer 

assessment in a large class was convincing them that the assessment approach is valid when 

certain tools are used, like detailed rubrics and instructions. Students express distrust of peer’s 

assessing their work, while also voicing concerns regarding their own capabilities to evaluate 

material they themselves are in the process of learning (Ballantyne et al., 2002; Harris, 2011; 

Kaufman & Schunn, 2011; Wilson et al., 2015). Even when students are shown the literature on 

the reliability and validity of peer assessment, this doesn’t necessarily influence their perceptions 

towards the approach (Topping, 1998). As such, it is important to understand why students have 

certain negative perceptions regarding peer assessment and how they might be remedied.  

Wilson, Diao, and Huang (2015) found negative perceptions of peer assessment were widespread 

amongst their study participants and argued that not enough attention in the literature is being 

paid to student concerns regarding the fairness of this pedagogical model. The study contests the 

dominant presence of positive-perception peer assessment studies amongst the literature, and 

questions whether it is right for instructors to offload grading and assessment onto students. 

Through student interviews, Wilson, Diao, and Huang (2015) conclude that their study 

participants found the approach to be unfair not only because they felt it wasn’t their job to mark 

their peer’s work, but also because they didn’t trust their peers to evaluate them fairly. Wilson, 

Diao, and Huang (2015) rationalize some of this mistrust with the competitive atmosphere of 

tertiary education, which they argue can limit the benefits of collaborative learning strategies like 

peer assessment.  

Student competency in assessment is commonly reported as a student concern in peer assessment 

literature (Ballantyne et al., 2002; Bradford & Vale, 2017; Harris, 2011; Kaufman & Schunn, 

2011). Bradford and Vale (2017), who reported on the 2016 data from the larger study presented 
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in this chapter, found that students were concerned with the ability of their peers to evaluate their 

work, especially strong students who didn’t see how weaker students could fairly assess work 

that relied on a greater understanding of the material. This concern was then validated by 

students who indicated they would avoid commenting or providing feedback on a concept if they 

weren’t sure their understanding was correct (Bradford & Vale, 2017).  

Other studies also reported students expressing concern with their own capabilities to assess their 

peers. Ballantyne, Hughes, and Mylonas (2002), for example, found that 31% of students 

mentioned concerns about their own capabilities in marking their peer’s work, and Harris (2011) 

reported similar findings. Kaufman and Schunn (2011) probed their study participants in focus 

groups and found that even after the participants agreed with the notion that the assessment of 

five peers is likely to be more accurate than that of one instructor, they still felt uncomfortable 

with whether they were qualified to evaluate peer writing.  

Liu and Carless (2006) also described how some students in their study expressed concerns about 

whether their peers were qualified to assess their work. In contrast, however, Liu and Carless 

(2006) also found that some students found it easier to accept feedback from peers compared to 

instructors. Similarly, Topping (1998) reported on literature that observed some students feeling 

peer feedback was more accessible than expert feedback. More accessible feedback, however, 

does not necessarily mean the feedback is correct or useful. Nicol, Thomson, and Breslin (2014) 

did report that over half their study participants said the quality of the feedback they received 

was excellent or good, with only 12% saying the feedback was poor; however, several other 

studies reported student concerns regarding feedback quality. For example, Bradford and Vale 

(2017) found some students were concerned with inappropriate feedback, and Lin, Liu, and Yuan 

(2001) reported complaints from students regarding the vagueness of feedback received from 

peers. Student perceptions of the accuracy of peer feedback is also discussed by Topping (1998) 

who found that some students simply do not accept the feedback of their peers as accurate. These 

findings support Kaufman and Schunn’s (2011) conclusion that student perceptions regarding the 

quality of feedback they receive has the greatest impact on how that student feels about the 
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fairness of peer assessment. This emphasizes the importance of ensuring students are capable and 

prepared to provide good quality, effective feedback. 

Critiquing a peer’s work and providing good quality feedback, however, takes time. This time 

requirement is often one of the rationales for using peer assessment in the first place; instructors 

don’t have the time to critique and provide meaningful feedback in growing undergraduate 

classes, so the responsibility is shifted onto students. This perception of instructors offloading 

their responsibilities onto students is a key factor in negative attitudes towards the peer 

assessment approach (Harris, 2011; Wilson et al., 2015). Wilson, Diao, and Huang (2015) quote 

several students with strong opinions regarding the unfairness of having to assess their peer’s 

work because they don’t see it as their job. In fact, the title of the article is a segment of a larger 

student quote in the paper: “If you want to pay me to do it fine. But I’m not here to learn how to 

mark someone else’s stuff. I’m here to do MY work” (Wilson et al., 2015). Other participants in 

Wilson, Diao, and Huang (2015), as well as Ballantyne, Hughes and Mylonas (2002), express 

their frustration with how time-consuming peer assessment was. This sentiment arises in 

multiple studies when students must assess multiple peers (Ballantyne et al., 2002; Liu & 

Carless, 2006; Topping, 1998; Wilson et al., 2015). As such, when applying peer assessment, 

instructors should be cognisant of the time required for students to complete the peer 

assessments, especially if students see the peer assessment model as being implemented 

primarily to offload instructor marking responsibilities.  

While students may see peer assessment as a means of reducing instructor workload, instructors 

may still experience time management challenges with using this active learning strategy. While 

reducing workload may be an objective of using peer assessment, often the time is shifted rather 

than freed-up (Ballantyne et al., 2002). Instructors must spend time planning and facilitating peer 

assessment, as well as checking for validity of student assessments, collating grades, and 

conducting re-grades for students upon request (Liu & Carless, 2006). This shift in time 

allocation, however, will likely be more apparent in the first few offerings of peer assessment, as 

planning time will be greatly reduced and facilitation time can be streamlined with practice 
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(Ballantyne et al., 2002). The shift and/or reduction in instructor workload, however, largely 

depends on how the instructor chooses to implement the active learning strategy.  

Another concern of instructors is the class time taken away for peer assessment (Lin et al., 2001). 

If an instructor already struggles to cover all the material during available class time, how can 

they take away class time for active learning? Bradford and Vale (2017) found that some 

students were even concerned with peer assessment taking away from lecture time. This is 

certainly a challenge when peer assessment is done in-class; however, because active learning 

takes time on the part of the student, and on the part of the instructor, perhaps the time is not only 

warranted, but needed to improve student learning.  

Student perceptions vary greatly amongst peer assessment literature. Nicol, Thomson, and 

Breslin (2014), and O’Moore and Baldock (2007) for example present largely positive student 

perceptions of the peer assessment model. There are even instances of students requesting the 

approach be implemented in other courses (O’Moore & Baldock, 2007). In contrast, however, 

there are studies, like Wilson, Diao, and Huang (2015), and Kaufman and Schunn (2011) that 

emphasize the negative student perceptions of peer assessment. With such inconsistencies in 

student perception of peer assessment, it is difficult to conclude that the negative student 

perceptions of peer assessment are due to the inherent unfairness of the approach (Wilson et al., 

2015). Rather, the student perceptions are likely related to how peer assessment is applied within 

the course context. As such, to maximize the potential benefits of peer assessment, while 

minimizing additional workload and factors that influence negative perceptions of students, peer 

assessment best practices based on academic literature are needed.  

3.1.2.3 Best Practices for the Peer Assessment Model 

Achieving the benefits of the peer assessment approach while minimizing negative student 

perception can be overwhelming when an educator first attempts to implement this pedagogical 

approach. Instructors must balance not only student learning and marking workload objectives, 

but also consider how the chosen approach will influence peer grading reliability and validity, 
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and student perception. With a series of best practices, the instructor can choose how to prioritize 

these outcomes, and through an iterative process develop a suitable peer assessment model for 

their particular context.  

Topping’s (1998) typology offers a means to organize and form conclusions regarding best 

practices for peer assessment. Several of Topping’s (1998) typology variables are used to 

categorize best practices, including: objectives, focus, relation to staff assessment, official 

weight, constellations, product, privacy, and place (Topping, 1998). Other best practices 

discussed in the literature, not found in Topping’s (1998) typology, include assessment criteria, 

training, and computer-assisted peer assessment. Each of the variables are discussed within the 

context of developing best practices in the following sections.  

Several of the best practices discussed are based on how to minimize occurrence of negative 

student perceptions, as negative perceptions can affect student engagement in peer assessment 

(Zou, Schunn, Wang, & Zhang, 2018). One may assume that explaining the learning and 

professional skill benefits to the students is enough to foster engagement in the approach; 

however, Zou et al. (2018) found that instructors should focus on addressing student concerns of 

the procedural elements of peer assessment. Negative perceptions regarding peer assessment 

methods, rather than potential benefits, are related to student engagement in the approach (Zou et 

al., 2018). Little additional research is available on the influence of student perceptions of peer 

assessment on learning and professional skill development; however, Zou et al.’s (2018) findings 

demonstrate that student negative perceptions may be important to mitigate to optimize benefits. 

Furthermore, Kaufman and Schunn (2011) discuss how negative student perceptions can have an 

impact on instructor evaluations, which are frequently used for evaluation of the instructor’s 

career. This worry may be enough to deter instructors from using peer assessment in their class, 

but if suitable approaches are provided to promote positive student perceptions, then the 

instructor can focus on maximizing learning and professional skill development amongst 

students. 
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Objective, Focus, and Relation to Staff Assessment 

An instructor’s rationale for implementing active learning strategies, like peer assessment, drives 

the intended objective(s) and consequently the methodology. As mentioned previously, peer 

assessment is typically used to accomplish at least one or both of the following: manage teaching 

team workload in larger classes and improve student learning and/or professional skill 

development (Ballantyne et al., 2002). Achieving both objectives is desirable, however, one may 

come at the expense of the other. For example, while an instructor may include peer assessment 

in their classroom to manage their time spent marking, their workload may not actually decrease, 

but rather shift to different responsibilities like preparation, administration and facilitation of the 

active learning strategy (Ballantyne et al., 2002; Harris, 2011). In contrast, if the emphasis is 

clearly set on managing instructor workload, then students may be reluctant to engage in the 

approach and distrust its value for learning and professional skill development (Cho & 

MacArthur, 2011; Harris, 2011). As such, the course instructor must decide what the primary 

objective of using the approach is, and work to achieve this while maximizing the alternate 

objective. 

Once determined, the primary objective of using peer assessment tends to inform the focus of the 

approach, as well as whether peer assessment is being used as a substitution for or supplementary 

to the instructor’s evaluations (referred to as Relation to Staff Assessment in Topping, 1998). The 

focus of the approach refers to whether the assessment is primarily formative and includes 

qualitative feedback, or if it is primarily summative requiring a quantitative mark (Topping, 

1998).  For example, if an instructor’s only objective is managing workload, they may choose a 

peer assessment approach that is substitutional (peer assessment replaces instructor assessment), 

summative (peer assessment is used for final assessments), and primarily quantitative (a mark is 

provided). Several studies advocate for the importance of having students provide both 

qualitative feedback in addition to marks when a summative focus is implemented as it improves 

the validity of peer marking (Li et al., 2016; van den Berg, Admiraal, & Pilot, 2006). Other 

researchers, however, think the primary objective for peer assessment should always be student 
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learning and instructors should not require students to mark their peer’s work at all, given the 

negative student perceptions associated with this approach (Liu & Carless, 2006; Nicol et al., 

2014; Wilson et al., 2015). Kaufman and Schunn (2011) explain that students perceive peer 

assessment more positively when the instructor’s grading is included in the final assessment, as 

opposed to having peer assessment be completely substitutional.   

It is important that instructors consider student receptiveness of peer assessment when the 

approach is first explained (Kaufman & Schunn, 2011). For example, Ballantyne, Hughes, and 

Mylonas (2002) remarked that when tutors provided the explanation in tutorials there was a clear 

difference in how students understood and perceived the active learning strategy when the tutor 

had a more positive, negative or impartial view of the approach (Ballantyne et al., 2002). As 

such, they suggest providing a clear coherent message to students in a lecture setting regarding 

why the approach is being used and what benefits may be achieved (Ballantyne et al., 2002). 

O’Moore and Baldock (2007) suggest introducing the approach as a skill needed in the 

workplace to prompt positive student perceptions, and Harris (2011) cautions that introducing 

the approach primarily as a means to offload instructor marking responsibilities is likely to result 

in negative perceptions. Instructors should also make sure they address student procedural 

concerns, in addition to the potential learning and professional skill benefits, to foster greater 

student engagement (Zou et al., 2018). How peer assessment is presented to students at the 

beginning of the course is important, and at the very least, instructors need to ensure students 

understand and are prepared for the alternate assessment approach (O’Moore & Baldock, 2007). 

Official Weight and Constellations 

Students tend to be driven by grades (Biggs, 1999), and as such careful consideration regarding 

how grades are determined through the peer assessment process, and how this contributes to their 

final course grade (official weight as referred to in Topping 1998) is important. As mentioned, 

students tend to have a more positive perception of peer assessment when the instructor also 

contributes to the assessment of their work (Kaufman & Schunn, 2011). This, however, does not 

support the objective of reducing instructor grading time. Alternative compromises are suggested 
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in the literature to appease both students and instructors. For example, having the instructor 

grade a sample of the assignments at random can be used to verify peer grading validity 

(Ballantyne et al., 2002; O’Moore & Baldock, 2007). This form of verification is beneficial 

because the instructor receives feedback regarding whether students are understanding course 

concepts, and then they can provide collective feedback to the class. Further, it motivates 

students to put effort into the assessments they are preparing because they are aware the 

instructor may review it (O’Moore & Baldock, 2007). O’Moore and Baldock (2007) comment 

that when using this strategy, they rarely encountered issues of students grading too easily. They 

do, however, also suggest that the instructor provides students with the option to indicate on the 

assessment if they had any difficulties so the instructor can take a second look (O’Moore & 

Baldock, 2007). This takes some pressure off the students, while still reducing the number of 

assignments the instructor needs to grade. Finally, implementing a policy in which students can 

request a re-grade from the instructor is also recommended; however, it is important students 

recognize that their grade may decrease, otherwise the instructor may be inundated with re-grade 

requests (Ballantyne et al., 2002). These strategies work to encourage fair grading as well as 

engaged participation in the active learning strategy. 

The weight distribution of grades for peer assessment assignments may also motivate students to 

engage in the learning activity. Assigning a low-weighted grade for the quality of their 

assessment, for example, is recommended to ensure students put sufficient effort while assessing 

their peers, benefiting both themselves and the peer receiving the feedback (Ballantyne et al., 

2002). Further, instructors should carefully consider the weight of the course deliverable being 

peer assessed towards the student’s final grade (Ballantyne et al., 2002). When peer assessment 

contributed to a large portion of the final course grade students became more concerned with 

fairness and reliability of peer grading, thus influencing their perceptions towards the approach 

in general (Ballantyne et al., 2002). Finally, to manage student negative perceptions of peer 

assessment, instructors need to consider how much peer assessment exists throughout the 

curriculum (Ballantyne et al., 2002). While students may support this approach in some of their 

courses, having entire courses and/or several courses within the curriculum using this approach 



 

 

57 

 

may result in students resenting it (Ballantyne et al., 2002).  While peer assessment can have 

numerous benefits for students, and it can be received very positively, how an instructor chooses 

to situate it within their course and how it affects a student’s final grade will greatly influence 

how students respond to peer assessment.  

Receiving more feedback is one of the potential learning benefits of peer assessment and is 

accomplished in part by having multiple peers assess the same piece of work (Kaufman & 

Schunn, 2011). Aggregating the grades from multiple assessors also improves the validity of 

peer grading (Cho, Schunn, & Wilson, 2006). Cho, Schunn, and Wilson (2006) determined that 

with at least four peer assessors the aggregated grade is as valid as the grade of one instructor. 

Similarly, Kaufman and Schunn (2011) suggest that receiving the aggregated grade of five 

students is equivalent to the grade from a single expert. Bradford and Vale (2017) also 

referenced the improved fairness of using multiple assessors; however, they noted that students 

were concerned with the variability in peer grades received. Furthermore, including multiple 

assessments per student assignment means that each student must assess more peer work, which 

can be time-consuming. It is important instructors don’t have students grading too many of their 

peer’s work, otherwise the effort into each assessment will be reduced and student resentment 

will increase. While using an aggregated grade from multiple peers is common practice, there are 

potential challenges that should be considered when determining how many students should 

mark each piece of student work.  

Product 

The product, referring to what is being assessed (Topping, 1998), can have implications on the 

success of the peer assessment approach. For example, having students peer assess written work, 

and evaluating it based on the quality of the writing as well as the quality of the content is 

common in several studies (Cho & Schunn, 2007; Cho, Schunn, & Charney, 2006; Cho, Schunn, 

& Wilson, 2006). In contrast, some studies had students evaluate peer solutions to numerical 

problems in engineering courses (O’Moore & Baldock, 2007; Verleger, Rodgers, & Diefes-Dux, 

2016). While no research has directly compared student success or student perceptions regarding 
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different types of assessment products, many studies do indicate it is important that both the 

students and instructors are familiar with the type of assessment (Ballantyne et al., 2002; 

O’Moore & Baldock, 2007). Furthermore, Falchikov and Goldfinch (2000) indicate that the 

validity of peer assessments is improved when students are evaluating within the familiar 

classroom context rather than in professional practice situations (e.g. assessing responses to test 

questions compared to clinical skills in a practicum).  

Privacy, Place and Computer Assistance 

Selecting the degree of privacy in peer assessment, meaning whether the process is anonymous, 

confidential or not private, can be a challenging decision for instructors. The literature appears to 

be somewhat divided on the issue as some studies strongly recommend instructors preserve 

anonymity during the peer assessment process (Ashenafi, 2017; Ballantyne et al., 2002; Bradford 

& Vale, 2017), while others support approaches in which anonymity, nor confidentiality, can be 

maintained (Kaufman & Schunn, 2011; van den Berg et al., 2006). For example, van den Berg, 

Admiraal, and Pilot (2006) found that students were more engaged with the peer assessment 

process when they provided feedback to one another face-to-face in small feedback groups. The 

use of oral feedback certainly has benefits, such as the opportunity for the assessor and assessee 

to engage in a discussion about the assessment, however, not only does this pose logistical 

challenges in large classes, but anonymity cannot be preserved (Ashenafi, 2017).  

Anonymity is important because it limits bias and favouritism (Ashenafi, 2017; Ballantyne et al., 

2002; Liu & Carless, 2006). Bradford and Vale (2017) investigated student perceptions regarding 

anonymity and found students think their peers would grade differently if the process were not 

anonymous, and that they themselves would as well. Bradford and Vale (2017) found that 

students seemed concerned with the potential negative social implications of giving their friends 

a bad assessment. Similarly, Kaufman & Schunn (2011), and Liu & Carless (2006) concluded 

that students tend to be uncomfortable grading their classmates. Unfortunately, even with the 

intention of making the process anonymous, sometimes anonymity is not effectively preserved 

(Bradford & Vale, 2017). 
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An important consideration regarding whether anonymity is preserved is whether the 

administrative and coordination work must be done by hand. Several papers discussed the 

challenges of preserving anonymity without computer assistance (Ashenafi, 2017; Ballantyne et 

al., 2002). Coding systems are needed, as well as a means of getting the assignments to the 

assessors and back to the assessees and tracking it all through an anonymous process can be 

cumbersome, especially in a large class (Ballantyne et al., 2002). There are, however, computer-

assisted peer assessment tools that can be used to administer the approach anonymously 

(Bradford & Vale, 2017; Lin et al., 2001; Wilson et al., 2015). Ashenafi (2017) strongly argues 

that peer assessment instructors need to collaborate more closely with computer scientists to 

support more efficient delivery of peer assessment, helping instructors achieve workload-

oriented objectives of the active learning strategy. One concern, however, is that when Li et al. 

(2016) compared the validity of peer grading in studies that used computer-assisted models of 

peer assessment with those that conducted the peer assessment without digital assistance, they 

found the validity was significantly lower when the computer system was used. Despite this 

finding, Li et al. (2016) acknowledge the progression towards heavily and entirely digital 

courses, and thus encourages researchers to investigate means in improving peer grading validity 

using computer-assisted peer assessment programs. 

Assessment Criteria and Training 

Developing suitable assessment criteria for students to use while conducting the peer assessment 

can greatly improve reliability and validity, along with student perceptions of the approach. As 

with the objectives of using peer assessment, students need to have a clear understanding of the 

assessment criteria before they start assessing (Ballantyne et al., 2002). One way this can be 

accomplished is by having students involved in the process of developing assessment criteria 

(Ashenafi, 2017; Falchikov & Goldfinch, 2000; Li et al., 2016; Liu & Carless, 2006; Wilson et 

al., 2015). Liu and Carless (2006) rationalize that the students will be better able to apply the 

criteria if they contributed in the development process. While this seems logical, some studies 

encountered challenges with its implementation. For example, Ballantyne, Hughes, and Mylonas 
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(2002) and Harris (2011) determined that using this approach with large class sizes is 

inconsistent and “unwieldy.” Bradford and Vale (2017) also attempted to have students develop 

assessment criteria but found that the students struggled to identify the key elements needed for 

the assessed product (a design report). Using this approach also takes time away from class 

(Bradford & Vale, 2017), and as such, the instructor should carefully consider whether it is 

suitable for the class size and the product being assessed. Alternatively, having students provide 

a global assessment rather than using a series of assessment criteria can improve validity and 

reliability of peer marking (Falchikov & Goldfinch, 2000). This, however, could pose different 

challenges as students may then give vague holistic feedback rather than being constructive and 

specific (Lin et al., 2001). Ensuring students understand how to effectively assess the work of 

their peers is clearly important, and as such training students on conducting such an assessment 

can prove beneficial. 

Training has many benefits for increasing peer grading reliability and validity, as well as 

improving student perceptions regarding fairness of the peer assessment model (Kaufman & 

Schunn, 2011; van Zundert et al., 2010). Typically, this training involves familiarizing students 

with the assessment criteria, and then using exemplars to depict varying qualities of work 

(Ballantyne et al., 2002; O’Moore & Baldock, 2007). Verleger, Rodgers, and Diefes-Dux (2016) 

studied how to choose appropriate examples for training, within an engineering context when the 

peer assessment product is the solution to an open-ended problem. The study found that while 

students may think seeing a high-quality solution is best for training, fewer students made errors 

in grading when trained with a poor quality example that included the assessment of the 

instructor (Verleger et al., 2016). While it is unknown if these results are limited to peer 

assessment of similar products (i.e. calculation focused solutions rather than largely written 

work), the findings demonstrate that simply providing a top-quality example for training may not 

be enough. Ballantyne, Hughes, and Mylonas (2002) recommend using “good”, “average”, and 

“poor” exemplars to provide students with a suitable range. Beyond training students on how to 

conduct the assessment, which likely focuses on assigning a grade, instructors should consider 

training students to give effective feedback. Kaufman & Schunn (2011) found that student 
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perception of the fairness of peer assessment was strongly tied to the quality of the feedback they 

received, supporting the need to train students to give positive, useful feedback when assessing 

their peer’s work. If instructors want their students to be able to effectively assess and provide 

feedback to their peers, it cannot be expected that they will already know how to do this, 

underlining the need for training (van den Berg et al., 2006) 

The literature demonstrates that there are numerous ways peer assessment can be applied to a 

given course. Topping (1998) highlights this in his paper and presents a typology that is helpful 

for instructors looking to implement this pedagogical approach. When choosing how to apply 

peer assessment, instructors must carefully consider their objectives, what is being peer assessed, 

how it contributes to the student’s final grade, whether and how anonymity will be preserved, if 

some form of training can be incorporated, as well as many other pedagogical and logistical 

decisions. While best practices from the literature are helpful, considering the course peer 

assessment is being applied to is also important when choosing an appropriate peer assessment 

methodology. As such, it is essential to understand the course context and what factors have 

contributed to investigating the use of peer assessment. 

3.1.3 Course Context 

ENGG*4370 Urban Water Systems Design is a 4th year technically focused design course 

required for all Environmental Engineering (ENVE) and Water Resources Engineering (WRE) 

students. The course covers the design of three types of urban water systems: water distribution, 

sanitary sewer and stormwater management systems. The course has historically combined 

traditional teaching approaches with student-centered learning strategies. This 0.75 credit course 

(0.5 credits is a typical weighting for a 1 semester course) is time intensive for both students, the 

instructor and graduate teaching assistant(s) (GTAs).  

The technical content and knowledge portions of the course build on prerequisite course material 

in fluid mechanics and hydrology, along with design skills developed through the design 

sequence courses. The water distribution systems theory and sample problems are covered in 
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lectures during the first three weeks of class and are supplemented with a weekly 2-hour lab in 

which students learn one of the US Environmental Protection Agency (EPA) open source 

software packages, EPANet. Students are evaluated with an in-lab test (referred to as Test 1) that 

draws on theoretical material as well as an EPANet component. The sanitary sewer design 

portion of the course is about two weeks and culminates in a written test (referred to as Test 2), 

this time during the lecture period as there is no software component. Finally, stormwater 

management systems design, the largest portion of the course, spans approximately 7 – 8 weeks. 

Theory and practice problems are again covered in a lecture style class, and another US EPA 

software package is introduced during lab periods. EPASWMM is a stormwater management 

modelling software package that students use to support the design of a conventional and water 

budget focused stormwater management system for a provided catchment (i.e. urban area) 

(referred to as the Design Project). This project is the largest portion of the course and the 

modelling can be time intensive. Despite the heavy workload, however, students often enjoy 

Urban Water Systems Design (herein referred to as Urban) and find it valuable for their 

undergraduate learning experience. 

The learning objectives of the course cover five of the 12 CEAB graduate attributes (GAs) 

(discussed in the general literature review of the thesis): Knowledge Base for Engineering, 

Design, Use of Engineering Tools, Communication and Impacts on Society and the 

Environment. The learning objectives include: 

1. Apply the laws of conservation of mass, energy and momentum to the analysis of 

hydraulic conditions in pipes flowing full or partially full 

2. Apply knowledge of design considerations and employ software to design water 

distribution and wastewater collection systems 

3. Translate an understanding of the effects of urbanization on the urban hydrologic cycle 

to specify stormwater management requirements 

4. Apply knowledge of a broad suite of stormwater management alternatives to perform 

preliminary screening given design constraints and criteria 

5. Integrate preventative design techniques into engineering solutions. 
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6. Design a stormwater management system to meet design criteria. 

7. Evaluate a stormwater management system design using simulation software. 

8. Concisely and articulately communicate the results of an evaluation of a stormwater 

management system design, as well as the relevance and implications of the results. 

The knowledge and skills gained from Urban are frequently used directly in many co-operative 

(co-op) education terms, as well as in several engineer in training (EIT) positions upon 

graduation. Both software packages are used in industry for water distribution and stormwater 

management system design, thus providing students with valuable employability skills. Urban is 

thus an extremely valuable course for many of the students in the ENVE and WRE programs. 

The design project, in particular, provides students with an opportunity to apply new and existing 

knowledge to an authentic problem: managing stormwater in an urban setting while minimizing 

the potential environmental and social risks. Using authentic projects improves motivation of 

students and encourages them to use deep rather than surface learning strategies, which improves 

understanding, transfer to long-term memory, and the ability to apply knowledge to new 

problems (Woolfolk et al., 2013). 

In previous iterations of the course, the instructor was responsible for most of the grading and the 

GTA primarily spent their allotted hours supporting students with learning the software programs 

during designated lab time and additional help sessions. This approach worked reasonably well 

for a number of years; however, in 2012 the enrolment in the school of engineering increased 

greatly. Urban went from a class of approximately 50 students, to 80 to 100 students with no 

proportional increase in teaching resources. The course, which normally runs only in the fall 

semester, was offered in both winter and fall semesters from 2012 to 2015 but was then 

collapsed back into a single offering.  

While the delivery of the course content could have remained largely the same, the assessment 

portion became too much for the instructor to do alone. Increasing time to grade tests was less of 

a concern than grading over 80 proposals and design reports, while providing valuable 

individualized feedback. Moving to a group project was an option, however, this was one of the 
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only courses left in the curriculum with individual design reports, which forced students to 

practice their technical writing skills. Further, if the design projects were done in teams, rather 

than all students becoming proficient with the model, the one or two students with strong 

modelling skills would likely do most of the model set-up and analysis work, and the rest of the 

team wouldn’t learn these valuable skills. Removing the design project all together was also 

considered; however, as previously mentioned, this was an extremely valuable component of the 

course. As such, the instructor was forced to explore alternative options, namely the use of peer 

assessment.  

3.2 Research Objectives 

The peer assessment (PA) model was initially investigated for use in Urban to manage instructor 

assessment time in an enlarged class; however, once the instructor started learning about the 

approach, they realized the potential learning benefits, thus shifting the purpose for using this 

pedagogical strategy. Consequently, the objectives for the original iterations of PA in Urban 

(Fall 2016 and Fall 2017) were to determine what learning benefits of peer assessment were 

realized and gauge student receptiveness to the approach. In Fall 2018 potential benefits of PA to 

professional skills development was also considered. The finalized study objectives, based on the 

research objectives described in Section 1.1, include the following:  

1. Assess the effectiveness of PA on improving deep learning and professional skills;  

2. Explore student perceptions of the impact of PA on deep learning and professional skill 

development; and,  

3. Contribute to best practices of PA and provide recommendations for further studies.  

The specific research questions associated with each of the objectives are listed and described 

further. 

Understanding when students experience deeper learning from peer assessment is beneficial for 

determining appropriate best practices to maximize this potential benefit. Several more focused 
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research questions are investigated to assess the effectiveness of peer assessment on improving 

deep learning and professional skills in Urban. The research questions regarding the impact of 

PA on improving deep learning include: 

1. Does a student’s approach to learning shift towards deep learning through PA? 

2. Do students think they are engaging in deep learning through the PA process?  

3. What phases of PA do students feel they experience deep learning and why? 

4. What factors (e.g., the product being assessed) influence student learning and 

performance using the PA approach? 

Less research is available regarding the impact of PA on professional skills development. As 

such, understanding when and how such benefits are realized is important to refine PA 

methodologies to achieve this objective. Similar research questions to the deep learning 

questions are asked to assess whether professional skills development is realized through the 

three phases of the PA process. The research questions include: 

5. Does student self-assessed professionalism increase after participating in PA? 

6. Do students feel their professionalism changed because of the PA process?  

7. What phase of PA do students think improves their professional skill development? 

8. What factors (e.g., the product being assessed) influence student professional skill 

development using the PA approach? 

Exploring student perceptions regarding of peer assessment is needed to best minimize negative 

perceptions. The research questions created to address this objective include: 

9. What is the general perception of students on the peer assessment approach used in 

Urban? 

10. What factors affect student perceptions of peer assessment? 
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Finally, the experience of using PA in Urban is used to comment on whether select best practices 

were effective or not within the context of a large senior engineering design course. The best 

practices that are investigated are as follows: 

1. Objectives 

2. Focus 

3. Relation to Staff Assessment & Official Weight 

4. Constellation (referring to Topping’s 1998 constellation of assessors and assessees) 

5. Product 

6. Privacy 

7. Place and Time 

8. Assessment Criteria 

9. Training 

The results, discussion and conclusions made from answering these research questions and 

achieving the desired study objectives will improve general understanding of peer assessment 

and how it affects student learning and professional skill development, while also contributing to 

best practices. While largely an exploratory study, that draws heavily on student perception, the 

findings can provide instructors hoping to use peer assessment in the classroom with an 

understanding of the approach, how students perceive, and how best to apply within their given 

context. 

3.3 Methodology 

The peer assessment model was included in Urban for three consecutive years from Fall 2016 to 

Fall 2018 (three offerings). Concurrently data was collected for research purposes to achieve the 

objectives and answer the research questions previously discussed. The methodology section is, 

therefore, broken into two components: the PA method, which focuses on how PA was 
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integrated into Urban, and the study method, which focuses on data collection and analysis. The 

PA approach used in Urban remained largely the same from year to year; however, there were 

some modifications made based on student feedback and instructor observations. These changes, 

and the rationale, are described throughout the methodology. The study objectives and 

consequently the method, however, did change between Fall 2017 and Fall 2018. As a result, not 

all the data collected and analyzed spans the three-year period. A substantially larger dataset 

(sample size & type of data) was collected in Fall 2018, and therefore, much of the study method 

section emphasizes the most recent offering of the course. The rationale for making these 

changes is explained throughout this section. All relevant course delivery material can be found 

in Appendix A.1. 

3.3.1 Pedagogical Design 

Peer assessment was first integrated into Urban in Fall 2016. It was used for all course 

assessments, including two tests and all deliverables for the design project. The approach 

remained largely unchanged in Fall 2017 and Fall 2018. A summary of the PA approach used for 

the tests and for the design project deliverables is provided in Table 3.3.1 based on Topping’s 

(1998) typology.  
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Table 3.3.1 Topping (1998) Peer Assessment Typology in ENGG 4370 Urban Water Systems Design from 

Fall 2016 to 2018 

Topping’s (1998) 

Typology 
Fall 2016 Fall 2017 Fall 2018 

Curriculum 

area/ subject 
Undergraduate Engineering (Senior Design Course) 

Objectives 
Time Savings 

Improved Learning 

Improved Learning 

Professional Skill Gains 

Focus Both Quantitative/Summative & Qualitative/Formative 

Relation to Staff 

Assessment 
Substitutional 

Substitutional 

(with moderation from instructor 

& GTAs) 

Official Weight 
Contributes to 100% of student final official grade 

Small weighting for the quality of the assessments 

Directionality One-way 

Privacy Anonymous 

Contact 
Distance 

(written assessment only) 

Year 

Same 

(some students are in a 5-year co-op program, which influences when 

students take Urban; therefore, some students are in their 4th year of the 

program, while others are in their 5th year.) 

Ability Same 

Product/Output Tests 
Design 

Project 
Tests 

Design 

Project 
Tests 

Design 

Project 

Constellation5 1 4 1 4 1 4 

Place/Time In Class 
Out of 

Class 
In Class 

Out of 

Class 
In Class 

Out of 

Class 

Requirement Required 

Reward None 

                                                 

5 Topping (1998) uses the word constellation to describe the arrangement between number of assessors and 

assessees. While often, in his review of the literature, the constellation was 1 to 1, with one student assessing one 

piece of work and each student being assessed by one other student, other instances where groups collaborated to 

assess an individual’s piece of work, or individuals assessed multiple pieces were encountered. In Urban the number 

of individuals that assessed someone’s work was equal to the number of pieces that student reviewed.  
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In each of the three cohorts (Fall 2016, 2017 and 2018) the peer assessment model, the 

pedagogical rationale, and potential benefits of the approach were clearly explained. In 2016 and 

2017 these benefits included the following:    

• Maintain learning activities that have been found to be particularly effective, including 

a challenging design and simulation project  

• Allow the instructor to shift time from grading and providing feedback on individual 

work, to monitoring learning and providing substantive feedback to the class as a 

whole 

• Take advantage of the active, collaborative, learning opportunity provided by grading 

tests in class (including immediate feedback for both students and instructor, ability to 

quickly identify and address misunderstandings, chance to learn from the mistakes of 

others, chance to engage in discussion of complexities that may go beyond the 

expectations for the tests)   

• Take advantage of the active, collaborative, learning opportunity provided by 

reviewing the work of others (and participating in the development of 

rubrics/evaluation criteria and examining exemplars of strong and weak efforts) and 

by receiving feedback (including formative feedback received in a timely enough 

manner to help focus learning) 

In 2018, additional explanation of the potential for professional skill benefits was included. Two 

new learning outcomes were also added to the course outline to emphasize the intention of 

promoting professional skill development through peer assessment in Urban. These learning 

outcomes were as follows: 

1. Critique a stormwater management design and provide constructive feedback on a 

design report, and 

2. Use feedback to reflect on and self-assess competencies in urban water systems design 

and create a plan for continued development. 

In 2016 and 2017 the instructor provided the initial explanation of peer assessment during the 

first lecture; however, in 2018 a brief explanation was provided in lecture and the details of the 

pedagogical rationale and potential benefits of the approach were explained through a short 

video posted on the course’s learning management system.  
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Peer assessment was used for the tests and design project in all three cohorts. Some changes 

were made in 2017, and then 2018 based on student feedback and instructor observation. The 

application of peer assessment to the tests and design project and any differences between the 

different cohorts are explained in the following sections.  

3.3.1.1 Tests 

Test 1 was the final assessment of student understanding of water distribution systems design. 

The test was hand written; however, some questions required the students to run and interpret a 

previously prepared EPANet model of a water distribution system (EPANet is one of US EPA’s 

open-source software packages).  As a result, the test was conducted during the computer lab 

periods, which occur in one of two time slots during the week. This means there were two 

versions of the test (A and B). The content of the tests remained mostly the same; however, there 

were slight differences, primarily in the numbers used, to manage academic misconduct. During 

the lecture period (80 min) following both tests, each student was given another student’s 

anonymized test to grade, regardless of whether it was the same version of the test that they 

themselves took. The instructor projected acceptable answers to both versions of the test 

questions on the screen and went through them with the class pointing out where marks might be 

awarded. Students were permitted to ask questions if there was doubt regarding appropriate 

grading for a particular answer, and often this resulted in a discussion amongst the class and/or 

the instructor re-explained a concept from the course. Many of the questions required numeric 

answers, however, there were also short answer questions with written responses and simple 

calculation questions. The instructor asked that if students weren’t sure of the marking for a 

question on the test to star the question so the instructor or a GTA could review it. This provided 

some element of quality control along with other randomly sampled tests that were checked for 

appropriate grading.  

After the instructor finished going over the answer key, the students were given a final test 

question. The final test question differed from year to year. In 2016 and 2017 the final test 

question was a small reflection on the PA process for Test 1, while in 2018 it included this 
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reflection as well as a secondary attempt at one of the conceptual short answer questions from 

the first part of the test (before the peer assessment). The final test question served two purposes: 

It ensured students attended the peer assessment lecture, as participation grades alone are not 

permitted at the University, and it provided students with an opportunity to apply what they’d 

learned through the peer assessment process. While the intent was for students to complete the 

final test question in class to ensure they attended, in 2018 there were technical difficulties and 

as such only one version of the test could be shown at a time. This resulted in insufficient time 

for the final test question during the class period, and therefore it was made into a take home 

assignment. 

The second test, on sanitary sewer design, did not require access to a computer and therefore was 

written during a lecture period. During this test, students were required to complete the 

calculations necessary to determine the design parameters of a sanitary sewer. The main output 

of the test was a large table with a summary of the design parameters. Like with Test 1, in the 

next lecture period each student was given an anonymized test of one of their peers, and the 

instructor put appropriate answers up on the screen to support student grading. Only one version 

of the test was required. Students checked the final table answers, as well as the individual 

calculations to provide marks. Once complete, the students wrote a final test question, to ensure 

attendance. In contrast to Test 1, the final test question after the PA was not reflection based. 

This time the question was a shortened version of the sanitary sewer design table. This provided 

students with an opportunity to implement what they’d learned about sanitary sewer design from 

reviewing their peer’s test.  

3.3.1.2 Design Project 

The design project required students to simulate a stormwater management system in another US 

EPA package, EPASWMM. In previous offerings of Urban (prior to 2018) the project was set up 

in two Phases, one requiring a conventional stormwater management system design, and the 

second focusing on restoring the water budget of the catchment area using low impact 

development technologies (LID). There was also a preliminary report required before the Phase 1 
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& 2 designs that required preliminary modelling of the stormwater flow in the catchment pre- 

and post-development without controls. This meant there was an initial report that students 

received individualized peer feedback, and whole-class instructor feedback, on before starting 

the two different designs, each of which were reported on separately.  

In 2018, the naming convention of the design project deliverables was altered to mitigate 

previous misconceptions. The preliminary report became a proposal so that students provided a 

proposed methodology rather than the method used for the modelling accomplished to date. The 

two phases became designs for different clients (Phase 1 became Client A’s design, and Phase 2 

became Client B’s design) because some students didn’t realize Phase 1 needed to be a complete 

design and provided an incomplete report assuming the complete design was provided in Phase 

2. The projects otherwise remained nearly identical, although different catchment areas were 

used each year to manage academic misconduct. For the purpose of this study the new 

terminology (Proposal, Client A and Client B) will be used when distinguishing between 

deliverables.  

Peer assessment for the design project was first used for the proposal, which had a small overall 

weighting (~5%). The proposals were peer assessed by 4 other students, and distributed using the 

Peer Evaluation, Assessment and Review (PEAR) tool. The tool allowed the reports to be sent to 

4 other students in the class anonymously, and then once the assessment was complete, returned 

to the original author.  Students received both a grade and qualitative feedback on their 

proposals. Students then prepared a final design report for Client A and were expected to update 

the design objectives and criteria from their proposal based on the feedback obtained and from 

reviewing the work of their peers.  

In 2016, the instructor followed recommendations from the literature to co-develop assessment 

criteria with the students (Ashenafi, 2017; Falchikov & Goldfinch, 2000; Liu & Carless, 2006; 

Wilson et al., 2015). This was done in class, shortly after the project was assigned. The instructor 

found this approach challenging as students were not engaged in the process. When asked for 

assessment criteria based on their understanding of concepts from lectures, students did not raise 
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their hands to contribute. It is possible students did not want to participate because they were 

worried about saying something wrong, or they may not have gotten far enough into the project 

and thus, didn’t really understand what an important assessment criterion should be. As such, in 

2017 and 2018, once the Client A reports were submitted and distributed for assessment using 

PEAR, an 80-min training session with a follow-up quiz was conducted in the subsequent lecture 

period using assessment criteria created by the instructor. The training consisted of the instructor 

going through the report rubrics in detail, one for technical content and a second for 

communication. The instructor provided explanations of what needed to be included in the 

reports, and how to come up with appropriate scores for each assessment criteria. Some guidance 

on providing effective feedback was also provided. The training quiz, again partially used to 

ensure students attended class that day, had students practice assessing an example report from a 

previous year. The chosen exemplar for 2017 was a moderately well-done report, while the one 

chosen for 2018 was a strong report, which had been awarded over a 90% in a previous offering 

of the course.  

After the training quiz, the peer assessment was conducted similarly to the proposals, with each 

student assessing 4 peer reports. Finally, students formed teams of 4 and worked collaboratively 

to prepare a final design for Client B. There was no final design report for Client B; however, the 

teams presented their designs to the Instructor, GTAs, and other peers during the exam period. 

PA of the presentations was also conducted, however, the grade received was primarily based on 

the Instructor and GTA’s assessments of the presentation and Client B final design, and as such 

was not included as part of the peer assessment research. More details regarding the design 

project can be found in Appendix A.1.2. 

3.3.2 Study Design 

Fall 2018 was the third year the peer assessment model was used in Urban. In all three offerings 

a pre-test/post-test quasi-experiment was used; however, the research approach in Fall 2018 also 

incorporated qualitative methods by analyzing student reflections. The mixed methods approach, 

which used concurrent triangulation of quantitative and qualitative data collected, was chosen to 
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improve the confidence in the results obtained, and to acquire richer data that allowed for a 

greater understanding of the implications of using peer assessment in a senior engineering design 

course.  

Data was obtained from study participants in Fall 2016, 2017 and 2018 cohorts of Urban. In Fall 

2016 and 2017, this included those students that chose and consented to completing the pre- and 

post-term surveys. In Fall 2018, all students were required to complete the pre- and post-term 

surveys because responses to some of the items included in the surveys were used later to prompt 

the student reflections. Students, however, had a choice regarding what data they consented to 

have included in the study. Participants from 2018 could choose any combination of the 

following data sources to have included in the study: pre-term survey, post-term survey, course 

grades, and/or student reflections. All students in the course completed the pre-term and post-

term surveys as well as the student reflections for course requirement. The scores from the 

surveys were given back to the students at the end of the semester to prompt their reflections. 

Students consented for their data to be included in the study at the beginning of the post-term 

survey. 

The quasi-experimental design included only one treatment: the peer assessment approach in a 

senior engineering design course (Urban). The treatment was applied to the entire class due to 

the ethical implications of treating students differently within the same course offering. There 

was also no available data from cohorts prior to 2016 (when peer assessment was first 

implemented), which limited the opportunity for using a cohort control. As such, there was no 

control group for the study. Rather, a change in the post-term survey measures as compared to 

the pre-term was used to suggest a treatment effect. The additional qualitative data from the 

student reflections was used to support findings of a treatment effect from the student’s 

perceptions.  

The study methodology in 2016 and 2017 were nearly identical, while some changes were made 

for the Fall 2018 course to improve the quality of the study results and allow for a greater 

understanding of the impact of peer assessments on student learning and professional 
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development. A summary of specific changes to the study method (largely data collection) made 

in 2018 are provided below.  

• Increase response rate to improve study reliability and validity by making survey 

completion a course requirement, but inclusion of individual responses in the study 

was still voluntary.  

• Determine the student overall perception of the peer assessment model through 

inclusion of a new survey item. 

• Collect qualitative data through document analysis of student reflections to triangulate 

with the quantitative results and acquire richer data and gain a deeper understanding 

of the peer assessment model in Urban. 

• Improve clarity and continuity between pre- and post-term survey items by making 

small modification to wording and scale used.  

More details regarding data collection and analysis for the study are provided in the following 

sections. 

3.3.2.1 Data Collection  

Data collected in Fall 2016 and Fall 2017 included self-assessment questionnaires and grade data 

only (final grades, as well as grades on tests and project deliverables). In Fall 2018 self-

assessment questionnaires and grades were still used; however, student reflections were also 

included for concurrent triangulation of quantitative and qualitative data to improve richness of 

the data and confidence in the results.  

Pre-Term and Post-Term Surveys 

In Fall 2016 and 2017 the pre-term and post-term surveys included student background 

information (pre-term only), perception items and a validated self-assessment scale. The 

background items included potential moderators of treatment effect. The perception items were 

specifically related to pre- and post-term perceptions of the peer assessment model and were 
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responded to on a 5-point Likert Scale (most often strongly disagree, disagree, neither agree nor 

disagree, agree, strongly agree, however, sometimes different 5-point Likert Scales were used). 

Most perception items were included in both the pre-term and post-term surveys, with the pre-

term items asking for anticipatory perceptions and post-term determining student perceptions 

after participating in peer assessment. More perception items were included in the post-term 

survey, however, as not all items made sense to include in the pre-term survey.  The self-

assessment validated scale from Biggs et al (2001), the Revised Two-Factor Study Process 

Questionnaire (R-SPQ-2F) measured student study processes and provided an indication of how 

deep a student approaches learning. Details on the scale are provided in the general literature 

review for this thesis (See Section 2.3.1). In Fall 2018, the surveys were largely the same, 

however, a self-assessment validated scale for professionalism was included for both pre-term 

and post-term surveys, an additional overall perception item was included, and some 

modifications were made to select items to improve student interpretation and comparison 

between pre-term and post-term items. Additionally, based on small effect sizes observed 

between the pre-term and post-term study process scale results in both Fall 2016 and Fall 2017, 

this scale was only included in the pre-term survey for Fall 2018. 

The pre-term and post-term surveys were designed to attempt to overcome challenges with 

survey reliability. First, nearly all questionnaire items were answered using a 5-point Likert 

Scale (i.e., strongly disagree, disagree, neither agree nor disagree, agree, strongly agree). This 

helps avoid survey fatigue because of the reduced cognitive load associated with interpreting 

many different scales. It also helps avoid instances where participants don’t notice the scale has 

changed, and therefore, their responses are not actually reflective of their perception. Further, the 

Fall 2018 pre- and post-term surveys were quite long because the 33-item Professionalism 

Assessment Tool (PAT) from Kelley et al. (2011) was included. As such, efforts were made to 

minimize the number of items where possible to reduce respondent fatigue. For example, the 

study process validated scale was removed from the post-term survey in Fall 2018 when the 

professionalism scale was added. Furthermore, time was provided in class for participants to 

complete the pre-term survey. This was done to alleviate issues with insufficient effort 
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responding including haphazard, careless and random responding that would result in low quality 

data. Finally, because of the increased length of the surveys in 2018, a couple of items were 

included to screen for insufficient effort responding. One item was a self-report item at the end 

of the survey that said, “I carefully considered each item”, and another was an item that had an 

incorrect/impossible answer, which might be selected if a student wasn’t paying attention to the 

questions asked (“I was born on February 30th”).  

Items regarding participant background information were included in the pre-term surveys for all 

three cohorts. The items included potential moderators of treatment effect, such as undergraduate 

grade point average (split into 5 categories with grade ranges of 10%), academic program 

(Environmental Engineering, Water Resources Engineering, and Graduate Student), and three 

items regarding student experience. The student experience items included whether the student 

had prior experience with urban water systems, whether they’d taken ENGG*3100 Engineering 

Design III, and finally whether the student had prior experience using peer assessment. The item 

regarding ENGG*3100 was included because this course emphasizes design constraints and 

criteria, and students get a lot of experience writing design reports, both of which are built upon 

in Urban. 

The two validated scales used in the surveys were the Revised Two Factor Study Process 

Questionnaire (R-SPQ-2F), and the Professionalism Assessment Tool (PAT). The R-SPQ-2F is a 

well-established and heavily validated scale that measures a student’s tendency towards deep and 

surface learning. Deep and surface scores are determined for a student’s motive and strategy, 

which when combined gives the overall deep and surface approach scores. The scale includes 20 

items that use a 5-point Likert Scale of Strongly Agree to Strongly Disagree. The PAT is a 

relatively new scale that measures the professional behaviour of pharmacy doctoral students. It 

includes 33-items that provide scores for 5 domains of professionalism: Responsibility, 

Reliability & Accountability, Lifelong Learning & Adaptability, Relationship with Others, 

Upholding Principles of Integrity & Respect, and Citizenship & Professional Engagement. More 
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detail regarding both validated scales is provided in the general literature review of this thesis 

(See Sections 2.3.1 and 2.3.3). 

The student perception items remained largely the same for each cohort. As previously 

mentioned, some items were modified to improve comparison between responses in the pre- and 

post-term surveys and to obtain some additional information, such as an overall perception item, 

which was included in the 2018 surveys. The pre- and post-term surveys for each of the three 

cohorts, with the changes noted, are included in Appendix B.4.  

Grades 

The student final grades and grades on each deliverable were obtained. The grades were not only 

used to describe the different cohort populations, but also as an indicator of learning from peer 

assessment. This was done by comparing grades before and after the peer assessment was 

conducted. In 2018, these comparisons were done for both tests as both included a follow-up test 

question immediately after the peer assessment. Similar data was not retained in 2016 and 2017, 

and therefore this analysis was not conducted. A comparison of the proposal and Client A report, 

however, was conducted for all three cohorts (although the proposal was called the preliminary 

report, and the Client A report was called the Phase 1 report). While these are not perfect 

comparisons that depict a causal relationship between peer assessment and student learning, an 

increase in a student’s grade may suggest a treatment effect, namely that the students learned 

from the peer assessment approach. Details regarding the grade breakdowns can be found in 

Appendix A.1.1 with the Course Outline Content. 

Reflections 

The 2018 final reflections, completed during the examination period at the end of the semester, 

were analyzed to gain greater insight into student perceptions of the peer assessment model. Part 

A of the final reflection prompted students to reflect on their R-SPQ-2F scores from the 

beginning of the semester, and their PAT scores from both the pre- and post-term surveys. 
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Specifically, students were asked whether they felt their scores were reflective of their 

experience in Urban, and to elaborate on why or why not. For Part B, the reflection was left 

more open ended and simply asked students to reflect on their experience with the PA approach 

in Urban. Several prompt questions were included to help guide student reflections; however, 

students were not required to answer all or any of the prompt questions, as long as the emphasis 

was on the PA approach used in the course.  The specific wording of the reflection questions is 

provided in Appendix A.1.3. 

These reflections were analyzed to corroborate the results obtained from the quantitative data. It 

is important to note, however, that the qualitative data differs greatly from the quantitative data. 

Qualitative data is used to answer research questions regarding how participants feel and what 

they believe about the study (Martella, Nelson, Morgan, & Marchand-Martella, 2013). In 

contrast, the quantitative data looks for more measurable changes to dependent variables as a 

result of independent variables. Connecting the qualitative data to the quantitative data is, 

however, of value as the feelings of the students regarding their perceived learning may support 

or counter the changes observed using the quantitative data.  

3.3.2.2 Data Analysis 

As this is a mixed methods study, both quantitative and qualitative data was analyzed. Once 

collected, the researchers deleted any course data from students that did not consent to their data 

being included in the research. This included survey results from 2018 participants (as the 

surveys were compulsory for course completion), grades, as well as student reflections. Then the 

remaining data was assigned a unique identifier code that included the cohort year and a unique 

two-digit number for that year so the student’s identifying information could be removed. 

Different data types were combined using these identifier codes. The specific data cleaning, 

aggregation and analysis conducted for quantitative and qualitative is explained in detail in the 

following sub-sections. 
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Quantitative Data 

After the survey data was anonymized it was reviewed for indications of insufficient effort. As 

mentioned in the data collection methodology for the surveys, items were included to pinpoint 

students that did not put sufficient effort into completing the survey. The insufficient effort items 

were only included in the 2018 surveys; however, in 2016 and 2017 students were not required 

to complete the surveys for course credit, and therefore it is assumed that if the student chose to 

participate in the study then their responses were chosen carefully. Two items were included in 

the 2018 surveys, one that stated, “My birthday is February 30th” and another that stated, “I 

considered my responses carefully.” For the birthday item, students could respond agree, 

disagree or I prefer not to answer. When a student responded agree to this item it was clear they 

were not reading the questions carefully enough to provide meaningful data, and their data was 

removed. Similarly, if students disagreed with the statement “I considered my responses 

carefully” then their data was removed, because either they were not paying attention to the 

questions being posed, or they were being honest and did not carefully consider their responses. 

Then the researchers verified that each participant had completed both the pre-term and post-

term surveys. If data wasn’t available for both surveys their survey data was removed from the 

analysis; however, for non-pairwise analyses (i.e. pre-term/post-term) their grades, and 

reflections were kept.  

Further data cleaning of the surveys was required because there were several instances of 

missing data. Students could not complete the surveys without answering all questions; however, 

an option “I prefer not to answer” was included for all items in case a student did not feel 

comfortable responding. When “I prefer not to answer” was chosen for perception survey 

questions or background questions the response was converted to NA (Not Available) so the 

numeric code did not get included in the analysis for that item. For the R-SPQ-2F and PAT 

items, however, it was not possible to simply remove “I prefer not to answer” responses, because 

the scores from these validated scales are based upon sums, and an NA would result in skewed 
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results. As such, if an item from one of the validated scales had an “I prefer not to answer” 

response, then that student’s set of scores for the validated scale were removed from the study. 

Prior to any statistical analysis, quantitative data was subject to the Shapiro-Wilk test to assess 

whether the data was normally distributed. In some instances, even if the data was not normally 

distributed according to Shapiro-Wilk (α > 0.05)6 it was treated as such as it was assumed that if 

more data were collected the distribution would approach normality.  

Descriptive statistics were calculated for all quantitative data to summarize the data collected and 

to describe the populations. Further, a single factor ANOVA was used to compare the grade data 

between the three cohorts, to depict any differences amongst the cohort study participants. Then 

sample means were compared for several dependent variables. This included the pre- and post-

term R-SPQ-2F scores from Fall 2016 and 2017, the pre- and post-term scores for the PAT 

scores, as well as the grade data. Either parametric or non-parametric tests were used for 

comparing sample means when appropriate. In the case of normally distributed data (or data 

approaching normal distribution) one-sided paired t-tests were used. For non-parametric tests the 

Wilcoxon Signed Rank test was used. The comparison tests were conducted based on the 95th 

percent confidence interval (α = 0.05).  

While a difference in means may be statistically significant, this does not mean the difference is 

necessarily practically significant. Practical significance can be quantified using effect size, 

which can be calculated using Cohen’s d. Effect size describes the difference between means 

using units of the samples’ standard deviations (Lakens, 2013). A Cohen’s d value close to 1.0 

would indicate a large effect size because the sample mean changed by one standard deviation 

(Lakens, 2013). An effect size of 0.8 is considered large, while around 0.5 is considered 

moderate, and 0.2 is considered small (Lakens, 2013). As such, when statistically significant 

                                                 

6 Note that for a Shapiro-Wilks test the null hypothesis is that the data is normally distributed, and the null 

hypothesis is accepted when α > 0.05. 
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results were observed (α < 0.05), effect size, using Cohen’s d was calculated using the following 

equation: 

𝑑 =
𝑥𝑓̅̅̅ − 𝑥𝑜̅̅ ̅

(𝜎𝑓 + 𝜎𝑜)/2
 

Where d is Cohen’s effect size, 𝑥𝑓̅̅̅ is the post-effect sample mean, 𝑥𝑜̅̅ ̅ is the pre-effect sample 

mean, 𝜎𝑓 is the standard deviation of the post-effect sample, and 𝜎𝑜 is the standard deviation of 

the pre-effect sample.  

Qualitative Data 

The Fall 2018 final reflections were the only source of qualitative data used in this study. They 

were analyzed for themes and trends in student perceptions using a qualitative research tool, 

NVivo 12. This software was used to facilitate coding and analysis of the results. First, however, 

theme analysis for Part A and Part B of the final reflections was conducted to inform coding. 

A random sample of twelve reflections were used for theme generation. Twelve reflections in the 

sub-sample was deemed representative of the themes likely found in the complete sample of 60 

reflections, based on Guest, Bunce, and Johnson (2006). In this study, the researchers found that 

for their sample of interview data, saturation of themes occurred within the first twelve 

interviews (Guest et al., 2006). Saturation occurs when no new themes are observed in a sample 

of qualitative data.  Therefore, using a random sub-sample of twelve reflections to determine the 

themes likely found throughout the sample of reflections, required for coding, is appropriate.  

Two graduate student research assistants that were familiar with qualitative analysis using NVivo 

reviewed the twelve reflections separately and then collaborated to generate an initial list of 

themes based on the research questions and the content in the subsample of reflections. Different 

sets of themes were generated for Part A and Part B of the reflections. All themes were translated 

into “nodes” and defined in codebooks for the two parts of the reflection. Two iterations of 

coding the twelve reflections individually, and then combining the results to compare for 
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interrater reliability was conducted. After the first iteration both codebooks (for Part A and Part 

B of the reflections) were modified to improve clarity, avoid potential overlap in nodes, and to 

improve interrater reliability. The finalized codebooks for Part A and Part B of the reflections 

can be found in Appendix C.1.1 and Appendix C.1.2, respectively. 

Once the codebooks for each portion of the reflection were finalized and both coders were 

comfortable with the meaning of each node, each coder was tasked with a subsample of nodes to 

code in the reflections. To facilitate this, parent nodes were created, and each coder coded two or 

three parent nodes. Parent nodes were created so that all statements of interest to the study 

should be coded by at least one node within each parent node. This approach limited the 

incidences of missed nodes in a coded statement, as the coder only had to ensure each statement 

was coded with nodes from two or three parent nodes, rather than going through a long list of 

nodes (~20) and ensuring none were missed. This improved consistency in coding.  

Once all reflections were coded by each coder, the lead coder (and one of the researchers) went 

through all coding to search for issues with consistency or missing nodes. During this time the 

researcher sometimes changed the name of a node or the organization of the nodes within parent 

nodes to improve clarity. Most of the analysis conducted based on the coding involved searching 

for instances where nodes tended to overlap, and then reviewing the phrases coded as such. 

Unfortunately, the software limits the user to search for coded phrases with two overlapping 

nodes. As there were often several nodes for a single coded phrase, relationships (a type of node) 

were used. The relationships were created to connect two frequently overlapping nodes, which 

facilitated analysis that involved searching for phrase coded with a relationship and another 

node, which is effectively the intersection of three nodes. Once the researcher was satisfied by 

the consistency of the coding, and the logic of the node hierarchies and relationships, analyses 

were conducted. Figure 3.3.1 shows the NVivo 12 interface during coding to depict the 

qualitative methods used.
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Figure 3.3.1 Screenshot of NVivo interface while coding with labels 
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Co-occurring nodes and relationships were used to semi-quantify the results from the reflections. 

The basis for the analyses conducted were co-occurring nodes depicting a sentiment, with an 

outcome and possibly a factor affecting that outcome. The analyses were somewhat exploratory; 

however, they were led by the research questions. This meant that the NVivo analyses mostly 

investigated the presence of a student perception of peer assessment regarding a desired benefit 

like learning or professional skill development, a phase of the peer assessment process, and peer 

assessment best practices, among others. Figure 3.3.2 shows an example of coded text with 

overlapping nodes. 
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Figure 3.3.2 Illustration of overlapping nodes on coded text. The nodes are labelled, and different shading/delineation is used to 

depict the overlaps. For example, the text coded with the node Review, is also coded with the nodes Positive, Learning and Design 

Project. Note that later the Outcome nodes (Learning, Grades, Professional Skills etc.) were combined with Sentiment nodes 

(Positive & Negative) to create relationships, which eased the analysis. Relationships are not depicted explicitly in this figure.  
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The units used for all analyses were the number of student reflections. This unit simply depicts 

the presence or absence of a node, relationship or node overlap (herein referred to collectively as 

nodes) within a given reflection. An alternate unit would be the number of references of a node 

within a given reflection; however, because the number of references (which corresponds 

roughly to the number of sentences or ideas) varies greatly in each reflection, using this unit may 

distort the results. For example, if the students who wrote primarily positive comments about 

peer assessment had longer reflections with more references than those with predominately 

negative comments, even if the number of reflections with positive and negative comments were 

equal, the number of references would suggest that the class felt positively about peer assessment 

because there would be a disproportionate number of references from the positive comment 

reflections.  As a result, the number of student reflections was deemed a more representative unit 

to depict the overall perceptions of the class, rather than the perceptions of students who wrote 

long reflections.   

While using the reflections to generate semi-quantitative data provides a helpful depiction of the 

overall perceptions of the class, quotes from the reflections provide more depth and insight into 

why students felt a particular way about peer assessment. As such, when investigating specific 

nodes, relationships or node overlaps, the coded statements were reviewed, and conclusions were 

drawn from these statements. Example quotations are included in the results to support the 

conclusions drawn. 

3.3.3 Study Limitations 

While careful consideration of the study methodology was taken, the researchers must consider 

various threats to validity including internal validity, construct validity and external validity. 

Internal validity refers to whether the data collected indicates a treatment effect, while construct 

validity is concerned with whether the metrics used adequately measure the desired construct, 

and external validity refers to the applicability of the findings to other contexts. In this study 

threats to internal validity are the primary concern because a control is not used for ethical 
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reasons; however, potential issues with construct validity and external validity also exist, and as 

such each are described further below.  

3.3.3.1 Internal Validity 

As previously mentioned, this study is not a randomized controlled study, but rather quasi-

experimental using a pre-test/post-test design. As such there are several threats to validity to 

consider. These include threats such as self-selection of participants, history, maturation, and 

testing. 

The data collected in 2016 and 2017 is highly threatened by self-selection. For these cohorts, 

students self-selected to participate in the study through the decision to complete the survey. This 

may have resulted in students with a particular experience or with a specific background being 

disproportionately represented in the sample and therefore the results are not necessarily 

reflective of the population. For example, students may have been more likely to participate in 

the study if they had either strong positive feelings or strong negative feelings about peer 

assessment, and thus wanted to complete the survey to express this. It is also possible that a 

group of students was more likely to complete the survey, such as students with high GPAs, who 

might have high GPAs because they like to engage in school, and as such are more likely to want 

to participate in pedagogical research. While this threat was not eliminated in 2018, it was 

greatly reduced. All students were required to complete the survey in 2018 for course 

requirement, and thus only students who actively did not want their data (or a subset of their 

data) used in the study were not included. This greatly increased the sample size, thus 

moderating the threat to internal validity for the 2018 cohort. Students did, however, still self-

select out of the study, which may have similar impacts on the results; however, the much larger 

sample size creates greater confidence that sample is more representative of the population. 

Other possible threats to internal validity that are inherent in a pre-test/post-test quasi-

experimental design are maturation, history, and testing. Maturation occurs when the effect 

observed, for example improved professional skills, is a consequence of the natural growth of an 
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individual over time rather than the treatment (i.e., peer assessment). Similarly, if the cohort is 

getting instruction or training in professional or learning skills in another course, then this can 

confound the results. This is known as history. Testing as a threat to internal validity is of 

significant concern for this study as students may learn to provide a “desirable” response to the 

questionnaire scales after repeated exposure to the questionnaire. Alternatively, as the validated 

scales are self-assessments students may acquire a better understanding of the constructs being 

assessed and realize that they assessed themselves incorrectly during the pre-test, and thus adjust 

accordingly in the post-test. Therefore, a drop in professionalism according to the PAT may not 

indicate a student became less professional as a result of the peer assessment, but rather they 

became more aware of how they need to improve their professionalism and thus assessed 

themselves more harshly. Qualitative analysis of the reflections, that ask participants to comment 

directly on the perceived effectiveness of the peer assessment treatment at improving their 

professional skills and learning helps corroborate the results from the survey, thus minimizing 

the likelihood that an observed treatment effect is due to a threat to internal validity.  

3.3.3.2 Construct & External Validity 

The constructs of interest for this study include learning and professional skill development. 

Validated scales were used to ensure the constructs of interest were appropriately 

operationalized, and threats to construct validity were minimized. The R-SPQ-2F scale measures 

a student’s tendency towards deep learning and surface learning. A shift from surface learning to 

deep learning, according to the scale, is a suitable measure of learning. Similarly, the PAT scale 

is used to measure professional behaviour, and while this may be one professional skill, the scale 

is split into five domains of professionalism, which encompass several other professional skills. 

As such, this scale is an appropriate means of measuring professional skill development. Grades 

are also used to measure learning and professional skill development; however, grades are not 

necessarily a good indicator of these constructs, but rather a student’s ability to perform on an 

academic assessment. This limits construct validity, and as such results from grade data will be 

considered carefully.  
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External validity is a concern with this study as it may be difficult to replicate the results 

obtained in another course, or at another school. This, however, appears to be the nature of the 

peer assessment approach, as each application of the strategy differs based on the context within 

which it is being applied. As such the researchers do not attempt to suggest any causal 

relationships, but rather acquire insight into further developing existing best practices. 

3.4 Results & Discussion 

The peer assessment model was used in Urban for three Fall offerings, 2016, 2017 and 2018; 

however, there were several adjustments made in Fall 2018 to support professional skill 

development in addition to deep learning, to acquire more data and in different forms, and to 

increase the participation rate of the study. As such, some sections of the results and discussion 

section are based only on data from the Fall 2018 offering. More detailed results, both for the 

quantitative and qualitative analyses can be found in Appendix D.1. 

3.4.1 Participant Descriptive Statistics 

Of the potential 86 students in Urban in Fall 2016 and the 89 students in Fall 2017, 53 and 39 

students responded to at least one of the two surveys, respectively. Only the responses from 

students who participated in both sets of surveys (pre- & post-term), however, were included in 

the statistical analyses. This is because the pre- and & post-term surveys were compared for each 

individual, requiring each participant to have responded to both surveys. This left 29 participants 

in Fall 2016 (34% response rate), and 15 participants in Fall 2017 (17% response rate). The 

response rates in both years were low, which limits the reliability and validity of the study as the 

bias is high, and as such results are not necessarily representative of the population.  

In Fall 2018, in contrast, students were required to complete the surveys as the R-SPQ-2F and 

PAT scores were later used as a prompt for the final reflection. Participation in the study was still 

voluntary; however, the participation rate was much greater than in the previous years. Of the 79 

students in the course, 75 consented to their surveys being used for the study, and 59 consented 
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to their grades being used for the study. All students that consented to their grades being used in 

the study also consented to their surveys being used. In Fall 2018 there was one student that did 

not complete both surveys, and therefore, despite having consented to their data being included 

in the study, their survey data was removed due to an incomplete data set. Furthermore, one 

student’s data was removed based on their response to the screening for insufficient effort put 

into the survey. There were 60 students that consented to their reflections being used in the 

study, and as such, the final participation rates for survey data, grade data and reflections were 

92%, 75%, and 76%, respectively. These participation rates are much greater than the previous 

years, and likely are more reflective of the class population.  

The final sample sizes used for different datasets within this study for the three cohorts are 

summarized in Table 3.4.1. The sample sizes are not consistent within the survey datasets (i.e. 

Both Surveys, R-SPQ-2F, and PAT) because some students chose the response “I prefer not to 

answer,” which meant their data was removed from the sample for that portion of the survey. In 

most cases this only resulted in the removal of the responses for a few participants, however, for 

the PAT scores, data from 15 participants was removed. This may be because students were less 

familiar with the scale used for PAT (i.e., Knows, Knows How, Shows, Shows How, and 

Teaches), which may have resulted in more selections of “I prefer not to answer.” This is an 

important consideration for future studies that use this scale. 

Table 3.4.1 Sample sizes of study datasets for each cohort based 

on student consent and removal of incomplete participant data 

and participant data with evidence of insufficient effort. 
 

2016 2017 2018 

Class Size 86 89 79 

Pre-Term Survey 47 26 76 

Post-Term Survey 32 24 73 

Both Surveys 29 15 73 

R-SPQ-2F 27 14 68 

PAT - - 58 

Grades 52 38 59 

Reflections - - 60 
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3.4.1.1 Student Background 

While the nonresponse bias is large for the 2016 and 2017 portion of the study, the descriptive 

statistics of the two cohorts of study participants provides an indication of which students did 

participate in the study. Descriptive statistics regarding participant background can then be 

compared against the Fall 2018 participants to gain an understanding of the degree of response 

bias in 2016 and 2017, assuming the student population is comparable from year to year. The 

descriptive statistics for all three cohorts, based on the survey participant sample, are provided in 

Table 3.4.2. Most students were from the Environmental Engineering program (ENVE), with the 

Water Resources Engineering (WRE) students making up a third or less of the participant 

sample. This is consistent in all 3 cohorts as the WRE program is much smaller than the ENVE 

program at the University. The self-reported student GPAs were mostly between 70 – 79.9% for 

all cohorts. The distribution of self-reported student GPAs in 2017 and to a lesser extent in 2016 

appear to demonstrate a grade related response bias when compared to the more complete dataset 

in 2018. With regards to experience, a greater percentage of the 2017 cohort had taken 

ENGG*3100, a third-year design course required for all engineering students, compared to 2016, 

with 2018 falling in the middle. Those who have not taken ENGG*3100 prior to Urban are 

likely co-op students according to the recommended program calendars. This question was asked 

as ENGG*3100 emphasizes learning to determine constraints and criteria and is very focused on 

developing student communication skills, which are both design competencies applied in Urban. 

A small portion (28%) of the 2016 and 2018 cohorts had experience with urban water systems, 

largely in co-op terms. In 2017, in contrast, nearly half the study participants had experience with 

urban water systems. Most students had some or little experience with PA in all cohorts. It is 

interesting, however, that a much greater percentage of the sample participants in 2018 had 

moderate to quite a bit of experience in PA. One might expect that students who have experience 

in PA would self-select into a survey regarding PA, as there are empirical studies that 

demonstrate that when students have experience with PA their attitudes towards the active 

learning strategy are improved compared to when initially introduced (van Zundert et al., 2010). 
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It is also possible, however, that PA is being used more frequently in higher education than 

previously, and thus more students in the later cohort have been exposed to PA.  

Table 3.4.2 Cohort Participant Data 

Variable 2016 2017 2018 

Sample Size 29 15 73 

Discipline 

ENVE 19 (66%) 11 (73%) 56 (77%) 

WRE 10 (34%) 4 (27%) 15 (21%) 

GRAD 0 0 2 (3%) 

Reported GPA 

60 – 69.9% 3 (10%) 1 (7%) 14 (19%) 

70% – 79.9% 18 (62%) 14 (93%) 38 (52%) 

80% – 89.9% 8 (28%) 0 18 (25%) 

90% or higher 0 0 1 (1%) 

Prefer not to 

answer 
0 0 2 (3%) 

Experience 

ENGG*3100 11 (38%) 11 (73%) 31 (42%) 

Urban Water 

Systems 
8 (28%) 7 (47%) 19 (26%) 

Peer 

Assessments 

19 (66%) Little 

8 (28%) Some 

2 (7%) Moderate 

7 (47%) Little 

7 (47%) Some 

1 (7%) Moderate 

24 (33%) Little 

31 (42%) Some 

13 (18%) Moderate 

5 (7%) Quite a Bit 

3.4.1.2 Course Grades 

The mean grades from each cohort for the different course deliverables in addition to the mean 

final course grades are summarized in Table 3.4.3. It should be noted that these descriptive 

statistics are from the students who participated in both pre- and post-test surveys in 2016 and 

2017, and from the sample of students in 2018 that specifically consented to the use of their 

grades in the study. The numbers in Table 3.4.3 do not necessarily represent the entire Fall 2016 

and Fall 2017 classes, but the statistics from 2018 are likely more representative as the 

participation rate for grade data was 75%. Complete descriptive statistics for grade data can be 

found in Appendix D.1.1, along with the results of the Shapiro-Wilks test for normality. 
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The results of the ANOVA indicated that the final grades for the three cohorts are not 

significantly different, whereas, there is a significant difference (α < 0.05) amongst the Test 1 

grades and the Client A report grades for the three cohorts. For Test 1, the highest mean grades 

were observed in the 2018 participants, followed by 2016 and then 2017. For Client A report, 

however, the highest mean grades were observed in 2016, followed by 2018, and 2017 was again 

the lowest. It is possible these results are reflective of response bias, as the respondents to the 

2017 survey indicated their GPAs were almost entirely in the 70 – 80% range, while the 2016 

and 2018 cohorts had 28% and 26% of respondents, respectively self-report GPAs as greater 

than 80%. It is expected that students with higher GPAs have stronger academic competencies 

(Woolfolk et al., 2013), which supports the findings that the 2017 cohort may be somewhat 

weaker academically than 2016 and 2018 thus resulting in a difference in mean grades for some 

of the deliverables. The final grades, however, were not significantly different amongst the three 

cohorts, which suggests the grades received between the cohorts did not vary greatly as the peer 

assessment approach was modified. This finding justifies the inclusion of data from all three 

cohorts because, with respect to final grades and most other course assessments, the 2016 and 

2017 cohorts performed similar to the 2018 cohort. This reduces the likelihood that if a treatment 

effect is observed in the 2016 and 2017 cohorts that it is because of threats to internal validity 

from nonresponse bias. 

Table 3.4.3 Mean and Standard Deviation of Grades for each deliverable and the 

final course grades for each cohort 

Variable 2016 Grades 

(%) 

2017 Grades 

(%) 

2018 

Grades (%) 

Mean SD Mean SD Mean SD 

Sample Size 52 38 59 

Test 1* 81 11 79 10 84 8 

Test 2 89 11 83 13 83 13 

Proposal 81 12 81 16 77 12 

Client A Report* 84 8 75 10 80 9 

Client B Presentation 79 11 79 12 83 10 

Final Grade 82 7 80 7 83 8 
* significant to α<0.05 according to a single factor ANOVA of the three cohorts 
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3.4.2 Deep Learning 

Improved understanding of concepts in Urban was one of the desired benefits of the peer 

assessment process. While it is difficult to measure the presence of improved understanding 

because of this pedagogical approach without a control group, three forms of data were analyzed 

to form conclusions. First comparisons of grades before and after peer assessment for each 

course deliverable were conducted using a paired one-sided t-test. Then the change in the R-

SPQ-2F scores were analyzed to determine if students shifted to a greater tendency in deep 

learning because of peer assessment. Finally, Part A of the final student reflections were 

analyzed to determine is students felt they experienced deeper learning as a result of the peer 

assessment approach, and why. Relevant descriptive statistics for the dependent variables (R-

SPQ-2F scores and grades) can be found in Appendix D.1 along with the results of the Shapiro-

Wilks test for normality. 

3.4.2.1 Grades 

Grades are frequently used as an indicator of learning and course success. While this may have 

limitations, an effectively designed series of assessments may be able to indicate whether 

students learned more from a pedagogical strategy based on a pre-/post-grade analysis. In all 

three cohorts this was a feasible analysis for the design project. The design project consisted of a 

proposal which was peer assessed, followed by a final design report that built upon feedback 

received on the proposal. Students thus had an opportunity to learn from reviewing and 

critiquing their peer’s initial assignments, as well as utilizing their peer’s feedback on their own 

initial assignment to improve the quality of work produced for the design report. As such, the 

mean grades obtained for each assignment were compared within each cohort to determine if an 

increase in grade, which may suggest increased understanding of course concepts, was observed. 

A one-sided paired t-test was used as only an increase in course grade was of interest. 

Significance was determined at the 95th percent confidence interval (α<0.05). Cohen’s effect size 

was also calculated to determine the practical significance of the difference in grades.  
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The results in Table 3.4.4 show that in 2016 and 2018 there was an increase in mean grade, 

significant to the 95th percent confidence interval.  In 2017, however, the mean grade decreased 

by 6%. The effect size of each change in mean grade (as shown by Cohen’s d in Table 3.4.4) 

further depicts that even when a statistically significant increase in grade was observed, the 

change in grade was small (i.e., less than 0.3). These results do not produce confidence in the 

peer assessment’s effectiveness in increasing grades of the design project deliverables. 

Table 3.4.4 Comparison of first design project deliverable grades (Preliminary Report and Proposal were the 

same assignment; however, the naming was altered to improve clarity of deliverable expectations) and design 

report grades, which were completed after peer assessment of the initial deliverables 
 

2016 2017 2018 

Preliminary 

Report 

Design 

Report 

Preliminary 

Report 

Design 

Report 

Proposal Design 

Report 

Sample Size 52 38 59 

Mean Grade 81% 84% 81% 75% 77% 80% 

Standard Deviation 12% 8% 16% 10% 12% 9% 

p-value 0.04 - 0.004 

Cohen's d 0.29 -0.44 0.30 

While effect size for grades is small when comparing the design report and the proposal, this 

does not necessarily indicate students did not learn from peer assessment. The instructor 

reflected that the expectations for the two deliverables differ, which influences the grades 

obtained. The proposal is intended as an opportunity for students to receive feedback, and 

confirm they are on the right track for the larger project, and thus the expectations are lower. 

Further the weight of the proposal (5%) is much less than the design report (20%) to reflect its 

purpose as a formative assessment. The final design report, however, has higher expectations as 

per the quality of the report because students have had the opportunity to make changes based 

the formative assessment. Furthermore, it is a substantial portion of the student’s grade and is 

meant to be a summative assessment that reflects the student’s understanding of stormwater 

management. The instructor suggests that if the same grade was achieved on a deliverable with 

higher expectations as the earlier, lower expectation deliverable, then this suggests learning 
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occurred. Therefore, the effect size for learning from peer assessment on the proposals, at least in 

2016 and 2018, is likely greater than is depicted by the change in grades.  

In 2018, additional opportunities for comparing grades pre- and post- peer assessment were 

introduced. These opportunities were created in the course tests as explained in Section 3.3.2.2. 

The results of the comparison between students grades on question 3 (Q3) on Test 1 before and 

after the peer assessment, as well as the grades on Test 2 before and after the peer assessment are 

shown in Table 3.4.5. In Test 1 just one question was re-done by students after having taken up 

and graded a peer’s test. The re-attempt grades were not only significantly higher, but the grades 

were increased by over 1 standard deviation (i.e., Cohen’s d is greater than 1), which suggests 

large practical significance. For Test 2 in contrast, while an increase in mean grade was 

observed, this change was not statistically or practically significant.  

Table 3.4.5 Comparison test grades pre- and post-peer assessment in Fall 2018 Cohort 
 

Test 1 

Q3 

Test 1 Q3 

(re-attempt) 

Test 2 

Part 1 

Test 2  

Part 2 

Sample Size 58* 59 

Mean Grade 46% 74% 83% 84% 

Standard Deviation 21% 30% 13% 20% 

p-value 0.00 0.28 

Cohen's d 1.09 0.07 
* one student missed the peer assessment for Test 1 

The difference in results may be explained from some differences between the two grade 

comparisons. First, the re-attempt of question 3 of Test 1 was a take-home re-attempt. This 

means students had more time to prepare their response and could collaborate with peers to 

ensure they responded correctly. Furthermore, an appropriate answer to the question was 

explained by the instructor while the tests were being taken-up. For Test 2, however, the post-

peer assessment test question was not an exact replication of that on the pre-peer assessment test. 

Part 2 involved slightly more challenging concepts and corresponding calculations than Part 1. 

Finally, students did Part 2 in class, immediately after taking up Part 1. This reduced the 

available time to prepare their answers, and students could not collaborate to complete Part 2. As 
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such, the results from comparing Part 1 and Part 2 of Test 2 is likely more representative of the 

effectiveness of peer assessment in increasing student grades. Therefore, as with the comparison 

of the design project deliverables, comparing the pre- and post-peer assessment portions of Test 

2 indicates that peer assessment did not effectively increase student learning as reflected by their 

grades.  

The results of the grade comparisons conducted do not depict practically significant increases in 

student grades after peer assessment. This suggests that peer assessment, as it was applied in 

Urban, was not effective in increasing student learning as reflected by their grades; however, this 

does not necessarily mean students did not learn more from engaging in the active learning 

strategy. For projects, grades may be an indicator of learning, but they are also an indicator of 

how much effort a student was able to put into an assignment and how well they understood the 

assignment requirements. For tests, grades are also an indicator of how well a student performs 

in test scenarios, how much time they spent studying and if they studied the correct material. As 

such, relying on changes in grades alone as an indicator of the effectiveness of peer assessment 

at improving student learning is not enough. Further investigation into whether students felt they 

learned from peer assessment and why their grades may not have reflected this is described later 

when discussing student perception of peer assessment as per their final reflections.  

3.4.2.2 Revised Two-Factor Study Process Questionnaire 

The R-SPQ-2F generates six scores that act as an indicator for an individual’s tendency towards 

deep and surface learning. The scale accounts for the potential discrepancy between an 

individual’s type of learning motive, and the chosen strategy. Together, the motive and strategy 

decide a person’s approach to learning. The six scores include: surface strategy, surface motive, 

surface approach, deep strategy, deep motive and deep approach to learning. The approach 

scores are calculated from the sum of the strategy and motive scores. The ratio of the deep 

approach score to the surface approach score (DSr) was also calculated to act as a single 

indicator of learning process and to attempt to quantify a change in learning approach based on 
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the pre- and post-term surveys. A change in the DSr, or any of the scores, may suggest a 

treatment effect. The scores obtained from the R-SPQ-2F are shown in Table 3.4.6. 

Table 3.4.6 Average R-SPQ-2F scores for the pre-Term and post-Term questionnaires from all 

cohorts, where n = sample size, DSr = deep approach to surface approach ratio, DM = deep motive,  

SM = surface motive, DS = deep strategy, SS = surface strategy, DA = deep approach and SA = 

surface approach 

Score 

2016 Pre-

Test 

2016 Post-

Test 

2017 Pre-

Test 

2017 Post-

Test 

2018 

Pre-Test 

2018 Post-

Test 

Average Score (Standard Deviation) 

n 27 14 68 

DSr 1.3 (0.5) 1.2 (0.5) 1.6 (0.3) 1.5 (0.5) 1.3 (0.5) 

Did not 

include 

SPQ in the 

Post-test 

DM 13.7 (3.4) 12.9* (3.3) 16.1 (2.5) 15.5 (2.0) 14.2 (3.5) 

SM 8.7 (2.4) 9.5 (3.3) 9.4 (2.1) 9.6 (3.2) 9.9 (3.0) 

DS 12.3 (2.9) 12.7 (2.4) 15.1 (1.7) 13.9 (3.1) 14.4 (3.0) 

SS 12.7 (3.3) 13.7* (3.8) 11.2 (2.0) 11.4 (3.3) 13.6 (3.7) 

DA 26.0 (5.6) 25.6 (4.8) 31.2 (3.5) 29.4 (4.7) 28.6 (5.9) 

SA 21.5 (4.9) 23.3* (6.5) 20.6 (3.5) 21.0 (5.6) 23.5 (6.1) 
* the post-term mean score is significantly different from the pre-term mean score where p < 0.05. The 

effect sizes (d) are as follows: dDM = -0.26, dSS = 0.28, and dSA = 0.31. 

Looking first at the 2016 and 2017 results, many of the pre- and post-term mean scores are 

similar. A paired t-test reveals that all scores in 2017, and the surface motive, deep strategy and 

deep approach scores in 2016 remained statistically the same. In 2016, however, the mean deep 

motive score significantly decreased, and the mean surface strategy and approach scores 

increased in the post-term survey. This suggests that the student’s approach to learning in Urban 

shifted away from deep learning regarding their motive, and towards using a surface strategy and 

consequently surface approach. This is contrary to the intended outcome for which the peer 

assessment approach is intended. The objective of peer assessment is to increase a student’s 

strategy and approach to deep learning, while reducing their surface approach. When interpreting 

these results, however, it is important to consider the stress students may have been under while 

completing their post-term survey.  

The post-term surveys were completed in the last week of classes, or during the exam period, 

both of which are stressful periods, whether completing final projects and assignments, or 
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studying for final exams. This may have influenced how students responded to questions 

regarding their learning preferences. Several of the R-SPQ-2F items discuss elements of learning 

for learning sake and putting more work than is needed by a course because the student simply 

wants to understand it. Putting more work into their learning is not something many students feel 

they can engage in by the end of a likely busy and potentially stressful semester. As such, while 

significantly different results were obtained, these results to not necessarily suggest students did 

or did not shift their learning processes towards or away from deep learning due to the peer 

assessment approach.  

It is also important to consider the effect size of the statistical differences in sample means. In 

contrast, the Cohen’s d values obtained for the deep motive, surface strategy and surface 

approach pre- and post-term scores in 2016 are -0.26, 0.28, and 0.31, respectively. This suggests 

the difference in post-term mean scores from pre-term mean scores, while statistically 

significant, are not practically significant (i.e. the effect sizes are small, less than a third of a 

standard deviation).  

The results obtained from comparing the pre-term and post-term R-SPQ-2F student scores in 

2016 and 2017 revealed few statistically significant results, and no practically significant results, 

according to Cohen’s d. As such, one may assume the peer assessment does not achieve the 

objective of shifting student approaches to learning from surface to deep. While a possibility, the 

researchers hypothesize that the effect may not be observable over a short period of time, such as 

a four-month course, or through this metric alone. As such, the scale was only administered in 

the pre-term survey in 2018. Rather than using R-SPQ-2F as an indicator of students shifting 

their learning approach due to the peer assessment model in Urban it was used to assess whether 

the impact of this active learning strategy differs based on a student’s existing tendencies 

towards deep or surface learning.  

The deep to surface approach ratio (DSr) scores of all three cohorts suggests that on average 

students in Urban had a greater tendency towards a deep approach to learning compared to a 

more surface approach. The mean DSr scores ranged from 1.3 to 1.6, demonstrating that the 
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mean deep approach scores were always greater than the mean surface approach to learning. This 

tendency towards deep learning is also observable in all three cohorts in the deep motive scores, 

which were consistently greater than the surface learning motive scores. This indicates Urban 

students’ learning tends to be more motivated by “intrinsic interest” rather than a “fear of 

failure” (Biggs et al., 2001). The deep and surface strategy scores, however, are more similar, 

with the 2016 surface strategy scores being slightly greater than the deep strategy scores. This 

suggests, that while students are motivated to learn more deeply, they engage in surface 

strategies like “rote learning”, rather than strategies that “maximize meaning” (Biggs et al., 

2001). As strategies like rote learning are not as effective for long term retention of information 

and application of knowledge to new scenarios, encouraging students to engage in strategies that 

emphasize understanding is preferred. Active learning, like peer assessment, is one means to help 

students increase the use of strategies that encourage deep learning. 

3.4.2.3 Student Reflections 

Students completed the R-SPQ-2F scale by Biggs et al. (2001) at the beginning of the semester. 

At the end of the semester in the final reflection they were asked to reflect on their scores, 

whether they thought they were representative of their experience in Urban and why. Out of the 

60 reflections, 73% of respondents felt at least part of their scores were representative of their 

experience.  Of the ~17%7 of students that did not feel their R-SPQ-2F scores were reflective of 

their experience, many emphasized that the scores were not representative of their experience in 

Urban but perhaps more representative of their learning approaches in other courses.  

Of more interest to the researchers than whether students felt their scores were accurate or not, 

was why students felt they exhibited more deep learning or surface learning in Urban. Students 

attributed various factors to their tendency towards deep or surface learning, including those 

                                                 

7 Not all students clearly indicated whether the scores were or were not reflective of their experience in Urban 

(~15%), and some students felt part of their score (motive, strategy and/or approach) was reflective, while another 

portion was not. Therefore, the percentage values reported do not add to 100%. 
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related to the course content and delivery, external factors, personal attributes, as well as the Peer 

Assessment model. The number of student reflections that connected their study process to each 

of the factors identified are shown in Table 3.4.7. 

Table 3.4.7 Factors influencing student tendency 

towards deep and surface learning in urban (Fall 2018, 

n = 60). 

Factors 

Deep 

Learning 
(# of student 

reflections) 

Surface 

Learning 
(# of student 

reflections) 

 Course Content 10 3 

 Interest 14 4 

 Tests 3 6 

 Design Project 11 0 

 Software 8 1 

 Group Work 0 0 

 Peer Assessment 6 1 

 Review 1 0 

 Critique 0 0 

 Feedback 0 0 

 Time 0 30 

 Self-Awareness 4 0 

 Attitude 0 0 

 Outside of Class 3 2 

The analysis of Part A of the final reflections shows that several students attribute their tendency 

towards deep learning in Urban either to the course content itself and/or their interest in the 

course content. There seemed to be some intrinsic motivation in this course for students to 

achieve deeper learning and actually learn the material as opposed to simply pass the course. 

Some felt this intrinsic motivation because they were innately interested in the material, they felt 

the course content required deep learning to succeed, and/or they saw the connection between the 

course material and future career opportunities. Quotations from student reflections depicting 

each of these drivers of intrinsic motivation are provided below:  
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“For a course like Urban, where I am genuinely interested in the material, I 

take a more deep-learning approach, as was evident from my R-SPQ-F2 

scores.” 

 “…as the content of the course required more of the comprehensive 

understanding of different aspects of stormwater management design/sanitary 

sewer systems. This motivated me to put efforts in deep learning rather than 

merely skimming through the content and memorizing” 

 “I see the value in deep learning for ENGG4370 because when I will use these 

concepts in the future it will not be in a test scenario, but in a setting where I 

have access to all the guiding technical documents. In this regard, having a 

deep understanding is crucial as it allows for critical thinking about design 

concepts, rather than following guidance documentation.” 

The use of the design project and software packages were also frequently referenced as a factor 

that promoted deep learning. This reinforces the importance of the design project in the course, 

and that finding strategies to ensure it can remain in the course delivery despite larger class sizes 

must be prioritized. The use of the PA model generally, or one of the three phases of PA 

(Review, Critique, Feedback), were only referred to in 7 of 60 reflections, regarding its benefits 

for promoting deep learning relative to their R-SPQ-2F scores. While fewer than an instructor 

may hope, those who did make this connection were confident in the learning benefits of PA: 

“…the way [the instructor] teaches leans more towards deeper learning 

especially with assessments such as the peer marking because it really forces 

you to make sure you fully understand the topic.” 

“I think that some of the techniques in this course, such as peer review, could 

be transferred to other courses and will become a practice I use more 

regularly.” 

Fortunately, only one student felt the PA model promoted a more surface learning approach. 

Students attributed using a surface learning approach to the nature of the course content, their 

lack of interest in select subjects and the use of tests as evaluation tools. The most common 

factor influencing surface learning, as perceived by the students, however, was time. 
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Approximately 50% of reflections identified a lack of time as the primary reasoning for using 

surface learning approaches. Several students discussed their heavy workload, time spent doing 

extracurriculars, and the excess time needed to engage in deep learning of material. The chosen 

evaluation methods were also worked into their reflections, indicating that given a lack of 

available time to learn content deeply, and the emphasis on grades within the University context, 

they “end up only studying what is necessary to achieving a good grade.” Those students that did 

recognize that deep learning is limited by available time had an underlying frustration apparent 

in their reflections. They didn’t appear to want to engage only in surface learning, but with the 

current educational framework of their program they feel they are left with little choice on the 

matter. One student, as an example, said: 

“Unfortunately, that deep learning is hard to achieve because I am usually very 

busy. Between all of my courses and extracurriculars (and wanting free time), 

it is almost impossible to prioritize learning material that I know will not be 

tested on or be used in a project. I am not happy with this, but I don’t think 

there is much that I can do better.” 

Students clearly recognize that deep learning takes time. From these reflections, however, they 

don’t seem to be frustrated that deep learning takes time, but rather that they don’t have the 

available time with their existing workload to engage in deep learning. A feeling of hopelessness 

and frustration comes through when a student says, “I am not happy with this, but I don’t think 

there is much that I can do better.” This not only highlights the importance of considering 

student workload and available time when implementing active learning strategies, but also 

acknowledging how this may impact their receptiveness of the approach. Available time may 

dictate whether the student chooses to utilize the presence of an active learning strategy to 

engage in deeper learning, or if “…due to a heavy workload and poor time management…” they 

“end up only studying what is necessary to [achieve] a good grade.”    
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3.4.3 Professional Skill Development 

Improving professional skills development in Urban was another desired benefit of the peer 

assessment process. It is challenging to measure professional skills, let alone operationalize a 

change in professional skills. As such, multiple indicators of professional skills were used to 

determine whether student professional skills improved over the Fall 2018 semester. First student 

grades on reflections were used to depict student lifelong learning skills. Then professional 

behaviour was assessed using a validated professionalism assessment tool (PAT). Finally, 

student reflections were analyzed for trends in perceived changes in professional skills, and the 

factors contributing to this change. Relevant descriptive statistics for the dependent variables 

(PAT scores and reflection grades) can be found in Appendix D.1 along with the results of the 

Shapiro-Wilks test for normality. 

3.4.3.1 Grades 

Typically, grades are used as indicators of understanding concepts and student ability to apply 

knowledge; however, sometimes grades are also given for professional skills. Professional skills 

are difficult to evaluate objectively, and thus, the grades are less likely to be accurate. While this 

limits the use of grades to assess whether student professional skills were improved through the 

peer assessment, similar to the use of grades to assess learning, they can be used as one of 

multiple indicators. In 2018 grades were given for peer reviews8 done on two different 

assignments, the design project proposal and the design project report. An increase in review 

grade may indicate a student has improved their ability to give effective feedback, which is an 

important professional skill for students to develop. The reflections, in contrast, may be an 

indicator of student lifelong learning and metacognition. The grades for the reviews and 

reflections completed earlier in the semester were compared with those from later in the semester 

                                                 

8 Note that while one of the phases of Peer Assessment, as referred to in this study, is the Review phase, when 

referring to a peer review, this describes the product from the peer assessment that one student completes on the 

work of one of their peers. The peer reviews act as feedback for the student who’s work was assessed. 
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using a one-sided paired t-test.  The results are summarized in Table 3.4.8 and demonstrate that 

the change in mean grades was not only statistically significant, but also has as moderate effect 

size (d~0.5), which suggests practical significance. Therefore, it is possible the experience of 

engaging in PA not only improved the student’s abilities to write good quality assessments of 

their peer’s work, but that their reflective skills were also improved. These results may be very 

positive; however, they must be taken with caution as grading of the reviews and reflections 

were treated as a global assessment rather than using specific assessment criteria. Additionally, 

for the reflection, while the effect size may be moderate and the results statistically significant, 

the pre-peer assessment reflection grades were very high to begin with, which begs the question 

of whether the increase from 90% to 96% is meaningful. Finally, using grade data as a proxy for 

professional skill development is not ideal, and as such results from the PAT scores and 

reflections are also analyzed. 

Table 3.4.8 Comparison of grades for early and later term Peer Reviews and Early 

and Later Term Reflections in Fall 2018 
 

Proposal 

Peer 

Reviews 

Report 

Peer 

Reviews 

Reflection 

Test 1 

Final 

Reflection 

Sample Size 59 59 

Mean Grade 76% 85% 90% 96% 

Standard Deviation 27% 14% 12% 15% 

p-value 0.001 0.004 

Cohen's d 0.45 0.47 

3.4.3.2 Professionalism Assessment Tool 

The pre-term and post-term professional assessment tool (PAT) scores were only collected in 

Fall 2018. The scores for each domain are the average response of each domain’s items, based on 

the five-point Likert Scale used in Kelley et al. (2011): 1 – knows, 2 – knows how, 3 – shows, 4 – 

shows how, 5 – teaches. The mean score and standard deviation of the 58 respondents are shown 

in Table 3.4.9. The total PAT score is mean response of the 33-items in the tool. 
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Table 3.4.9 Professionalism Assessment Tool (PAT) mean Pre- and Post-term 

survey scores for Fall 2018 cohort. SD = standard deviation. 

Professionalism Domain Mean (SD) 

Pre-Term 

Mean (SD) 

Post-Term 

Sample Size 58 

Reliability, Responsibility & 

Accountability (RRA) 

3.5 (0.8) 3.5 (0.9) 

Lifelong Learning & Adaptability 

(LLA) 

3.2 (0.7) 3.4 (0.8) 

Relationship with Other (RwO) 3.4 (0.6) 3.7* (0.8) 

Upholding Principles of Integrity & 

Respect (PIR) 

3.8 (0.7) 3.9 (0.9) 

Citizenship & Professional 

Engagement (CPE) 

3.2 (0.9) 3.4 (1.1) 

PAT Score 3.5 (0.6) 3.6 (0.8) 

* the post-term mean score is significantly different from the pre-term mean score 

where p < 0.05. The effect size (d) is dRwO = 0.33.  

Like the R-SPQ-2F pre- and post-term scores from 2016 and 2017 there was little difference in 

the scores from the beginning of the semester to the end of the semester in most of the PAT 

scores. The exception from the 2018 cohort is that a statistically significant difference was 

observed in the Relationship with Others professionalism domain. The effect size of this 

difference, however, was only 0.33, indicating that the practical significance is limited. A more 

detailed discussion of these scores and why minimal change was observed, from the perspective 

of the students is discussed in the analysis of the reflections.  

3.4.3.3 Student Reflections 

In Part A of the final reflections students were also asked to comment on their Professionalism 

Assessment Tool (PAT) scores, paying attention to whether their scores changed over the 

semester, whether they felt the scores were representative of their experience, and why. The 

same set of factors used to code the R-SPQ-2F score-based portion of the reflection were used 

for analyzing why students felt their professionalism, in general (Figure 3.4.1) and broken into 

Kelley et al.’s (2011) five domains of professionalism (Figure 3.4.2), changed or not. 
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Figure 3.4.1 Factors impacting professionalism based on student final reflections (n=60) in Fall 2018.  
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Figure 3.4.2 Factors impacting professionalism, broken into Kelley et al (2011) five domains of professionalism. Note these results do not differentiate 

between whether the factor is attributed to a positive or negative description of the professionalism domain. 
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Figure 3.4.1 and Figure 3.4.2 demonstrate that when students were discussing professionalism, 

they most often reflected on the impact of group work, whether within the context of Urban or 

not. The second most frequent rationale provided while discussing professionalism, however, 

was peer assessment. Factors outside of class were also attributed to professionalism, as was self-

awareness, which was likely referring to an increased sense of self-awareness regarding their 

professionalism and how that influenced their scores.  

While some insights can be drawn from Figure 3.4.1 and Figure 3.4.2 regarding what factors 

were discussed alongside professionalism and its domains, it is more valuable to determine what 

factors students felt improved their professionalism. Students observed changes as well as an 

absence of change in their scores when comparing the pre- and post-term PAT results. As such, 

when the student comments were coded as a positive sentiment this was attributed to an increase 

in a score observed, while a negative sentiment could be either a drop in the score or no change. 

A positive description of professionalism scores thus, suggests improved professional behaviour, 

while a negative description, suggests no improvement or a decline in professional behaviour.  

Despite the minimal differences in scores observed when looking at the entire class, as discussed 

in Section 3.4.3.2, many students observed changes in their PAT scores. Both increases and 

decreases in PAT scores were discussed, as well as reasoning for why scores may not have 

changed much at all. 

The most prominent factors students attributed to the change in their professional skills was their 

multitude of group projects in various courses this semester and throughout their degree. Group 

work was required in Urban, however, only for a portion of the design project. The change in all 

professionalism domains were attributed to group work in at least three student reflections, with 

most referencing Responsibility, Reliability, and Accountability and Relationship with Others. 

The latter seems like an obvious connection for students to make, but it was more interesting that 

students felt group work made them more responsible, reliable and accountable. It appeared 

students were more likely to exhibit this professional domain when others were relying on them: 
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“My accountability and reliability were definitely more important this semester 

compared to others. I had a lot more people relying on me and wanted to do my 

best not to let them down.” 

“My fear of disappointing others improves my reliability, responsibility, and 

accountability.” 

From these quotes it is apparent that students are highly influenced by their peers when working 

in team environments.  

Of the 17 student reflections with comments regarding PA and professionalism, 14 were 

referring to increases in their professionalism because of PA. Most often they were referencing 

the impact PA had on their Lifelong Learning and Adaptability professionalism domain, 

specifically referencing how it promoted self-evaluation: 

“I feel this course improved [m]y self-evaluation and observing when I need 

help from participating in the peer-evaluations” 

Some also commented on how receiving feedback supported this professionalism domain: 

“Domain 2, lifelong learning and adaptability did increase slightly this 

semester and I suppose that I did improve in my ability to accept and reflect on 

critical feedback.”  

“I believe that through this course I have improved my skills associated with 

domain 2, contrary to what is expressed in my scores, by becoming better at 

accepting feedback from peers, and being able to recogni[z]e when this 

feedback is constructive or not.” 

Other comments connecting peer assessment with positive change in professionalism focused on 

how giving feedback supported their professional development, along with seeing different 

perspectives: 
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“…maintaining respect for the students I was assessing, through providing fair 

and appropriate feedback regarding their performance.” 

“ENGG 4370 has developed my ability to look at situations/problems from 

different perspectives. When peer assessing I attempted to put myself in their 

shoes so I could understand why they expressed their understanding in a certain 

way.” 

Finally, some appeared to feel responsible for the grades of their peers, and therefore, ensured 

they were grading accurately and fairly and providing good effective feedback. 

“I believe these values were assets throughout the PA process because I was 

confidential with my grading to ensure work remained confidential and took 

responsibility for a large portion of one’s grade.” 

“In being responsible for reading over others’ reports and providing insightful 

comments, I improved in this category.” 

“This is because when marking others’ work, I did not want to mark 

subjectively and wanted to provide constructive comments to the best of my 

ability.” 

Again, this supports the notion that students are highly motivated and influenced by their peers.  

Part A of the final reflections somewhat demonstrates the influence of peer assessment on 

improving student professionalism. Between the increase in grades from the reviews and 

reflections, along with some increases in professionalism scores, but primarily through the 

comments observed in the reflection, it appears that students were able to improve their 

professional skills as a result of the peer assessment approach applied in Urban. 

3.4.4 Student Perceptions of the Peer Assessment Approach 

Student perceptions of the peer assessment approach were obtained from student surveys and the 

final student reflections in 2018. The post-term survey perceptions questions were included in 
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2016, 2017, and 2018 and provide an overall perspective of the peer assessment approach across 

the three cohorts.  Several of the perception-based survey items focused on the student’s general 

feelings of the peer assessment model. The overall student perception of the approach was also 

captured in the student reflections, however only for the Fall 2018 cohort. The reflections 

provide greater depth to the reasoning behind student perceptions of the approach. While both 

the surveys and reflections include student perceptions to specific aspects of how peer 

assessment was delivered in Urban, first the students’ overall perceptions of peer assessment and 

the fundamental aspects of the pedagogical approach were analyzed. This included discussions 

regarding the phases of peer assessment and their impact on learning and professional skill 

development, along with student perceptions of having peers involved in assessing their work. 

3.4.4.1 Post-Term Survey 

While most of the survey items in the post-term survey used a 5-point Likert scale, the results 

were analyzed using three categories to facilitate comparison between the three cohorts. For 

items using the Strongly Agree to Strongly Disagree 5-point Likert scale, the results were 

summarized as Agree, Neutral, and Disagree. Some items, however, had inconsistent scales, and 

as such the data was split into For, Neutral and Against, relating to whether the student’s 

response depicts a perception that is in favour (For) of the peer assessment approach 

implemented in Urban, Neutral or Against it. Summarizing the data in this way facilitates 

comparison of results in different cohorts and provides a better picture of the overall student 

perception of the PA approach. 

The first summary table, Table 3.4.10, demonstrates that in 2016, 2017 and 2018 the students 

primarily selected responses that reflect favourably on the PA approach or reflected neutral 

feelings towards the approach. For example, 83% of students in 2016 said they felt they would 

have learned less or the same amount without the PA approach, and in 2017 and 2018 these 

numbers were 93% and 87%, respectively. While it would be preferred to have the majority of 

students feel they would have learned less without the PA approach, as in 2017 when 60% of 

respondents felt that way, having primarily neutral and positive responses towards the perceived 
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impact of PA on learning is encouraging. When specifically asked if reviewing their peers work 

was a valuable experience, in all three years the majority of respondents did select responses 

indicating they did feel this was true, and approximately a quarter or less of the respondents felt 

that it was not a valuable learning experience.  

Similar perceptions are found in the remaining items, except for the final two regarding the 

perceived purpose of the PA model and whether it was achieved. While the item regarding the 

main purpose of using the PA model, was not included in the 2016 survey, in both 2017 and 

2018 approximately half of respondents agreed that the reason PA was being used in Urban was 

to reduce instructor and GTA workload. While part of the objective was to reduce the grading 

load of the teaching team, the primary objective was regarding student learning and shifting 

resources of the teaching team towards facilitating a better learning experience. In the final item 

in Table 3.4.10, however, students seem to be evenly split in 2016 and 2018 regarding whether 

this second objective of allowing more time for the instructor and GTA to invest in improving 

learning activities was realized. It is somewhat concerning that many students do not fully 

understand the purpose behind using the PA approach, despite efforts to explain the pedagogical 

rationale of PA orally in lecture in 2016, 2017 and 2018, as well as an online video in 2018. This 

is important to understand as the student’s overall perception of the PA approach may be largely 

dependent on their perception of its purpose. 
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Table 3.4.10 percentage of students for, neutral and against elements of pa from select perception items in the post-term survey with varying 

Likert scales for fall 2016, 2017, and 2018. 

Survey Item 
Fall 2016 Fall 2017 Fall 2018 

For Neutral Against For Neutral Against For Neutral Against 

Sample 29 15 73 

Overall Opinion - - - - - - 25% 34% 41% 

I found assessing my 

peers work valuable 

for my learning 

69% 21% 10% 80% 20% 0% 51% 23% 26% 

Amount learned 

without PA 
31% 55% 14% 60% 33% 7% 34% 53% 12% 

How would grades 

differ if done by 

Instructor & GTA 

76% 17% 7% 27% 53% 20% 12% 59% 27% 

Peers marked my 

work fairly 

69% 

(Yes) 
- 

28% 

(No) 
40% 0% 60% 47% 22% 27% 

Quality of peer 

feedback on 

technical content 

41% 45% 14% 40% 33% 27% 32% 38% 29% 

Quality of peer 

feedback on 

communication 

38% 52% 10% 67% 27% 7% 19% 67% 14% 
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Most of the final reflection assignment asked students to comment on their perception of the peer 

assessment approach. This question was open-ended to allow students to decide what they felt 

most important to discuss and reflect upon; however, a list of prompts was provided to help 

students get started. The list of prompts included: 

• How did using PA help your depth of learning of concepts in ENGG 4370? 

• How did using PA help you develop professional skills? 

• Did the PA approach work better for tests or for the project deliverables? Why? 

• Did your perspective of PA change throughout the course? Why? 

• What did you like/dislike about how the PA approach was used? Why? 

• Do you think the PA approach was more beneficial for some students than others? 

Why? 

• What changes would you recommend to the course delivery? 

Most students chose a few of the prompts to respond to, rather than answering each question. 

Students were permitted to use some, all or none of these prompts, so long as they discussed 

their perception of the pedagogical strategy employed.  

Part B of the final reflections were coded based on the outcome being discussed, the sentiment 

regarding the impact of peer assessment on that outcome, and the factor(s) involved. Students 

discussed five main outcomes (learning, professional skills, grades, time and affect) and their 

sentiments (positive, neutral or negative) regarding how peer assessment influenced these 

outcomes. The primary objective of the peer assessment approach was to improve the depth of 

student learning and their professional skills, and as such these two outcomes were of the 

greatest interest to the researchers. Grades, time and affect, however, are also important to 

consider, as a student’s overall perception of the approach can be greatly influenced by how they 

felt peer assessment impacted their grades, whether it was a good use of their time, and how it 

influenced their mood.  The percentage of student reflections that consisted of only negative, 
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only positive, both or neither comments towards each of the five outcomes is shown in Figure 

3.4.3. 

 

Figure 3.4.3 Percentage of Fall 2018 student reflections that discussed the impact of peer assessment on 

various outcomes as positive, negative, both or neither (n = 60) 

The results demonstrate that the student reflections most often discussed both positive and 

negative impacts of peer assessment on their learning, with more discussing only the positive 

aspects of peer assessment than only negative. For professional skills, most reflections provided 

positive comments regarding the impact of peer assessment on professional skill development, 

while over 20% of reflections did not comment on this outcome at all. Further, approximately 

two thirds of the reflections analyzed discussed how peer assessment influenced grades. Of these 

comments, more students discussed grades negatively than did positively, which is expected 

because if a student brought up grades in their reflection, it was likely regarding peer grading as 

unfair. There were however nearly the same number of reflections that provided both positive 

and negative comments on grading using peer assessment, as reflections that just provided 

negative comments, suggesting a large portion of the class had mixed feelings. Finally, while 

only a small number of reflections discussed the influence of peer assessment on time and 
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student affect, those that did most often discussed these outcomes as being negatively impacted 

by peer assessment. 

3.4.4.2 Peer Assessment Phases 

Improving deep learning of course material was a primary objective of the peer assessment 

approach throughout each of the three cohorts and was clearly explained to students. As 

discussed in Cho and MacArthur (2011), students benefit not only from receiving more abundant 

and frequent feedback in peer assessment, but also from being the assessor who reviews and 

critiques their peer’s work. The phases of PA, Review, Critique, and Feedback can help to 

improve student learning as well as professional skill development.  

When coding the final reflections, the researchers coded statements regarding learning and 

professional skill development that were attributed to peer assessment generally, as well as to the 

specific phases of the peer assessment process. Both positive and negative comments were 

observed; however, these comments provide valuable insight into how students perceive their 

learning and skill development processes while engaging in peer assessment. Figure 3.4.4 shows 

the number of reflections with positive and/or negative comments regarding the influence of peer 

assessment and its three phases on student learning and professional skill development. Overall, 

when students commented on how peer assessment influences their learning and professional 

skills development, the comments were more often positive in nature. In fact, there were very 

few negative comments regarding professional skills development due to peer assessment. There 

were, however, a substantial number of negative comments regarding the pedagogical strategy’s 

impact on student learning. Understanding what portions of the peer assessment process students 

find most helpful for their learning or professional skill development, along with which aspects 

are not helpful, requires further investigation into each of the strategy’s three phases.  
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Figure 3.4.4 Number of Fall 2018 reflections (n = 60) with comments regarding the impact of peer assessment 

and its three phases on learning and professional skills development. The Peer Assessment coding includes 

general references to peer assessment as well as the references that are specific to each peer assessment phase. 

Review 

While engaging in peer assessment, students go through a Review phase in which they must read 

and understand the work of a peer. When students discussed learning benefits regarding peer 

assessment in their final reflections it was most often regarding their cognition during the Review 

phase. Out of 60 student reflections, 45 recognized and commented on the value of reviewing a 

peer’s work. Students commented on learning from going over the material again, understanding 

what an appropriate answer looks like, and observing how their peer’s approached problems 

differently. For example, students made some of the following quotations in their final 

reflections: 

“I liked that PA required me to re-look over my tests and the discussions in 

class really helped me to understand how I could have elaborated in my test 

responses…” 

“For certain concepts taught in the course that were more difficult to grasp it 

was helpful to have them reiterated through the peer assessment process; 
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whether that was by reviewing other student’s projects and reports, or going 

over the test answers in class.” 

“In addition I believe viewing the work from others allowed me to see what I 

was missing or how someone else approached the project and compare it to 

mine and see where I could have improved or incorporate some of the concepts 

or points from others.”  

Recognizing the value in reviewing work after the assignment is completed was certainly 

reinforced through the peer assessment approach as many students commented on how looking 

at the material again after writing the test or submitting the report helped with their 

understanding of course material. 

While the Review phase of peer assessment is beneficial for improving learning by simply 

increasing the amount of time students spend thinking about the material, as well as correcting 

and confirming understanding of concepts, students also discussed the benefits to their 

professional skills.  Students commented on the influence reviewing a peer’s work has on their 

communication skills, professionalism and metacognition.  Regarding communication skills and 

professionalism, the comments were specific to observing these skills (whether good or bad) in 

their peers through their written submissions. For example: 

“Marking peers also broadened exposure to different design methods and 

report writing techniques: I was able to utilize my peer’s successes to improve 

my own work.” 

“Through reading others reports it was apparent which ones showed 

professionalism and which did not.”  

Metacognition and reflective skills were also recognized by some students as being improved 

through the review process. Self-assessing where they stand amongst their peers is a powerful 

metacognitive process in which the students gain insight into their own understanding, as well as 

the quality of the work they produce. For example, students said the following: 
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“I had the chance to see different levels of professionalism demonstrated 

through these tasks, and that was beneficial in improving my own 

professionalism and grasping where I stood among my peers.” 

 “… PA also had upsides such as being able to see the quality in peers work 

and understanding how you compare.” 

Knowing where one stands amongst their peers provides insight into where a student can 

improve their work, both in terms of communication and presentation, but also in technical 

analysis and depth of understanding of concepts. One student that acknowledged this value of 

peer assessment stated the following: 

“I found that I did learn quite a bit by commenting on peer reports. The act of 

peer reviewing forced me to reflect more on what I had written and how I 

could have improved on my own report before even receiving a grade, than I 

do in other courses where peer reviewing is not done.” 

The Review phase of peer assessment has numerous potential benefits with respect to learning 

and skill development; however, some students felt that if they already understood the material 

they did not benefit from this portion of the pedagogical strategy.  

Many students acknowledged the benefits of reviewing their peers work; however, there were 

also students that did not find it valuable for various reasons. Often, especially with respect to 

reviewing peer’s design project reports, students found the review phase was not valuable to 

their learning because of student competence and effort put into the assignments. For example: 

“However, from marking several reports that were of poor quality, there was 

little I gained from marking other than frustration. 

One student even found that reading poorly done assignments confused them more. 

“On the downside of this, reading poorly written reports was not as good of a 

use of time and sometimes made me question my own report or confuse me.” 
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While the presence of poorly done assignments is inevitable, several students were able to see 

the value of critiquing a peer’s work rather than simply reviewing it. Reviewing a poorly done 

assignment when the individual already has a good understanding of the material may not add 

value to the student’s learning; however, having to critique and identify errors in the peer’s work 

and communicate them through feedback was also viewed as a positive learning experience. 

Critique 

Cho and MacArthur (2011) demonstrate a student can make more improvements to their own 

writing when they must assess and provide feedback to a peer, as opposed to simply reviewing 

their peer’s work. Students in Urban also perceived the learning benefits that occur while 

critiquing another’s work. The Critique phase of peer assessment requires greater critical 

thinking and understanding of the material so that a fair assessment is conducted. The student 

must decipher not only what is correct and incorrect, but how correct it is and why. Fewer 

students perceived the benefit of this phase of peer assessment than the review phase (~28 out of 

60). Those that did, however, made some insightful comments as to why this phase was valuable 

to their learning. For example, one student said: 

“As well, if I was unsure about a discussion point they made, or the accuracy 

of their methods and results, I was challenged to seek out the correct answers, 

expanding my understanding.” 

Being able to recognize a deficiency in another’s understanding supports learning, however, 

from this comment students are also forced to question and confirm their own understanding of 

the material. Another student expressed a similar experience: 

“Having to not only review but grade the projects I felt was also very helpful as 

in order to properly grade some ones report and give constructive feedback I 

must also be well versed in the content given to me. As a result the learning 

continued as I returned to notes or concepts from tutorials to ensure that I was 

fairly grading or giving correct constructive feedback.” 
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When students commented on the lack of benefit to learning from critiquing another’s work it 

primarily referenced the experience of grading the numeric answers in the tests, rather than the 

design project reports. One student clearly explained why grading numeric answers on the tests 

provided little benefit to student learning: 

“…marking numerical values also has no room for interpretation, which limits 

the productivity of the learning process.” 

The differences in how student perceived learning benefits based on the tests as compared to the 

design projects was commonly reported in the student final reflections. This is further discussed 

later in the assessment of student perceptions of peer assessment best practices. 

Although fewer reflections commented on the value of critiquing a peer’s work with reference to 

improved learning, 33 of 60 reflections commented on the valuing of the Critique phase for 

professional skill development. These reflections discussed how they learned to provide 

constructive feedback in a professional manner. Some students even connected this experience as 

being valuable for their future careers as engineers. Some example statements from the 

reflections include: 

“It also helped me develop professional skills, particularly communication 

skills like critically reviewing someone else’s work yet provide them with 

thoughtful and constructive feedback. This is a crucial skill for me to have as 

an engineer as I will likely work on many team projects and collaborative 

reports.” 

“It is important to not just receive feedback all the time, but to learn how to 

give feedback as well. In our future careers as engineers we may be required to 

review somebody’s work and provide constructive feedback, so the peer 

assessment process in this course gave us practice for this.” 

“Additionally, being able to provide constructive criticism on formal design 

reports proved to be extremely valuable to my personal professional 

development. This is a skill that I highly value moving forward into an actual 

workplace setting.” 
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When the students discussed learning and practicing giving good feedback, they often described 

needing to learn to give constructive feedback in a respectful way that uses professional 

language. This suggests some may have found it initially difficult or were uncomfortable to point 

out mistakes or areas that needed improvement. While students did not directly discuss this 

struggle, they did clearly convey what they needed to be more conscious of when providing the 

critique. For example:  

“In addition, I also found that the PA approach could help to develop my 

professional skills as I was able to learn how subjective marking can be, and 

how to specifically provide constructive feedback to my peers without putting 

down another student and their ideas.” 

“The response aspect also helped with my professionalism. I wanted to ensure 

that reviews I gave were able to be outline the good in a person’s work and 

understanding, and provide suggestions for improvement without trying [to 

attack] them, as it is after all the work of one of my classmates. Because of this 

I had to be thoughtful in what I said, while still wanting to provide quality 

feedback that would hopefully help them in the future." 

These types of comments demonstrate the strong sense of empathy some students possess, as 

well as their understanding of the delicacy of providing effective feedback.  

Having been exposed to Kelley et al.’s (2011) Professionalism Assessment Tool, students also 

made direct linkages between how practicing critiquing a peer’s work supports the different 

professionalism domains, particularly Responsibility, Reliability and Accountability (Domain 1). 

When discussing how the Critique phase supported their development in Domain 1 it was 

regarding the added responsibility of grading a peer and feeling accountable for the grade they 

provide. This feeling of having influence over a peer’s success in a course, while potentially 

overwhelming for some, can also be a motivator to ensure the critique provided is thoughtful, 

helpful, fair and respectful. Realizing that they needed to put effort into the critiques not for 

themselves but for the sake of their peers certainly helps to support student Responsibility, 

Reliability and Accountability. Some example statements that reflect this are as follows: 
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“In terms of developing my professional skills, I believe that peer assessment 

held me accountable to be consistent among grading and hold others to the 

standard required by the course assessments.”  

“PA helped develop my professional skills because I had to learn how to mark 

less subjectively to make sure that my marking for each person was fair and 

reasonable.” 

“The grading aspect also improved my professional growth as I was more 

focused on providing good feedback as to what grades I gave them to ensure 

that they would be somewhat less confused about a certain concept and as a 

result also benefit from this process.” 

These comments demonstrate that sometimes students are more motivated by the external impact 

of their work on others rather than if their efforts influence only themselves. One student 

mentioned that giving good feedback was rewarding: 

“However, one benefit was developing professional skills. Giving adequate 

feedback to my peers is something that should be done well, and in a 

professional manner. Therefore, taking time to properly do this is rewarding in 

that sense...” 

This is not always the case, however. When some students do not put an effort into producing 

good quality critiques, then the value of receiving this feedback is lost.  

Feedback 

Receiving a large quantity of feedback in a timely manner from non-experts can be more 

beneficial to learning than small amounts of feedback from an expert (Topping, 1998). For this 

reason, it was expected that students would appreciate the abundance and timeliness of the 

feedback received using peer assessment. Unfortunately, more final reflections discussed the 

impact of peer feedback on their learning negatively (27) than positively (16). Like the negative 

comments regarding the influence of reviewing peer work on their learning, several students 

discussed the poor quality of feedback received on their work. The poor feedback described 

included: a lack of constructive criticism or explanation for why something was incorrect; 
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discrepancies between written comments and grades received on rubric items; and even feedback 

that was incorrect. Many students seemed very frustrated by the poor feedback received and the 

lack of feedback from GTAs and instructors to support self-assessment of their understanding. 

One student’s frustration with the feedback was clear from their final reflection: 

“One aspect I found frustrating about peer-grading was that I never received 

direct feedback from the professors or TA’s about my proposal or Client A 

reports. Although I benefited in some ways from my peers, I cannot be fully 

confident in how I performed my modelling or my final design. I feel this is 

detrimental to my confidence in applying these modelling strategies in the 

future in the work place. I had many varying comments from my peers, often 

contradicting, so it was confusing to know how to improve if I didn’t know if 

my peers were giving appropriate feedback.” 

Students also discussed feeling confused because they weren’t sure whether feedback was 

correct or not. While potentially worrisome that students are receiving incorrect feedback, this is 

also a learning opportunity as students must critically assess the quality of the feedback received 

and determine whether it is appropriate to apply it moving forward. A feeling of confusion is not 

necessarily detrimental to learning if the student responds to feeling confused by seeking 

clarification.  

Despite most students feeling negatively towards the feedback received, some students did 

recognize the potential value in getting a poor-quality review. Being able to distinguish between 

good feedback and bad feedback and knowing what feedback to use to improve the quality of 

your own work is a valuable learning experience. One student expressed this in their final 

reflection through the following statement: 

“Peer Assessment helped my depth of learning by constantly giving me the 

perspectives of different people either in the feedback for my tests or Client A 

design. It was most helpful when I received either really good and accurate 

feedback or very bad and inaccurate feedback. This is because even when I 

received bad feedback, it forced me to be inquisitive and ask more questions 
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which I would eventually find out and learn about myself or discuss with my 

peers and/or TA’s.” 

Even if students didn’t see the value in receiving poor quality feedback, many appreciated the 

benefit of receiving an abundance of feedback, and that with four reviews of their work, they 

were likely to get at least some good quality reviews. For example, one student said: 

“I think it was also beneficial to receive feedback from our peers as well. 

Given that our reports were graded by four other students instead of just one 

TA or professor, we were able to receive much more feedback that we could 

learn from.” 

Those students that did get valuable feedback were pointed to misunderstandings of concepts 

apparent in their work, which helped to improve their understanding of the material. Some 

students also specified the value in receiving feedback on an earlier deliverable that was directly 

related to a subsequent deliverable. For example, a student said: 

“In my opinion, PA was the most useful for the proposal, as the feedback 

received and gained knowledge could be directly applied to the Client A 

report.” 

From these comments, whether positive or negative, students appear to value formative feedback 

on their work. Students, however, don’t always seem to agree on whether it is more important to 

receive an abundance of lesser quality feedback in a timely manner, or limited feedback from an 

expert. The instructor found it interesting that a number of students expressed their discontent 

with not receiving feedback from the instructor. Despite the instructor taking a full 80-min class 

to provide whole-class feedback after they reviewed the class’s submissions, not a single student 

mentioned this in their final reflection. The instructor did provide substantial feedback, far more 

they remark than would have been possible to provide individually; however, the students did 

not recognize this as valuable. This begs the question, why do students value individualized 

feedback, even if detail is compromised, over abundant whole-class feedback? 
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Very few students commented on the influence of receiving feedback on their professional skill 

development, whether positive or negative. Some of the positive comments mentioned being 

better at receiving feedback, suggesting they were able to utilize the feedback given to improve 

their following deliverables. While this may seem more like a learning focused benefit, being 

able to interpret and apply feedback is also a professional skill. The two negative comments 

expressed that without feedback on the quality of their peer reviews, they could not improve their 

professional skills relating to giving feedback. Having students respond to critiques is sometimes 

included in peer assessment and was initially intended to be included in Urban; however, due to 

limited time and the existing workload of the course, the instructor decided to remove this 

requirement.   

Peer Assessment Overview 

The final reflections provide greater insight into what phases of the peer assessment approach 

students find valuable for their learning and professional skill development, as well as which 

phases are not as valuable and why. From the sample of reflections in Urban, it can be concluded 

that nearly all students had at least something positive to say regarding the impact of peer 

assessment on their learning; however, there were also many students that did not find certain 

aspects helpful or found them detrimental to their learning. The Review phase was largely 

viewed as helpful for learning, while Feedback was mostly viewed negatively due to the quality 

of the feedback received. The Critique was viewed as beneficial for learning by several students, 

with some acknowledging the value of critiquing poor-quality work; however, many students did 

not find this phase valuable for learning. In contrast, the comments regarding professional skills, 

where almost exclusively regarding the Critique, except for some positive comments discussing 

the Review phase. Very few negative comments regarding professional skills development from 

peer assessment were observed, however, it is important to note that nearly 25% of reflections 

did not mention professional skill development at all, which may suggest students did not 

experience these benefits and thus did not feel the need to mention it.  
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This analysis of the phases of the peer assessment approach in Urban depicts primarily positive 

responses towards the impact of the pedagogical strategy on learning and professional skill 

development. While this is expected based on the literature that demonstrates the value of peer 

assessment broadly, there were still three other outcomes students discussed that were primarily 

negative in nature: Grades, Time and Affect. While some modifications can be made to the 

delivery of peer assessment to manage negative perceptions towards these outcomes, some 

perceptions are based on the fundamental aspects of peer assessment that cannot be changed 

while choosing to sustain the strategy. The following section focuses on the fundamental 

implications of having peers involved in assessment, which includes questions regarding whether 

it is fair for grades to be based on this approach, whether the time requirements are worthwhile, 

and if it imposes too many negative affective impacts that the benefits are not realized. 

3.4.4.3 Peer Involvement in Assessment 

In addition to their own engagement in PA, some students discussed the involvement of their 

peers as having an influence on their own experience in the peer assessment process. Figure 3.4.5 

shows the number of student reflections that provided either positive or negative comments on 

the impact of peer involvement in their assessments on their grades, time and affect. While both 

positive and negative comments are depicted, very few positive comments were observed 

regarding these outcomes because if a student felt positively (or neutrally) about their grades, 

time and affect they often did not express this directly. Further, those students that did comment 

positively (almost exclusively regarding grades) it was mentioning that they did not feel peer 

assessment adversely impacted these outcomes, rather than a statement indicating peer 

assessment benefited these outcomes. As such, the researchers are more interested in the 

negative comments to provide insight into why some students dislike having their peers involved 

in their assessments.  
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Figure 3.4.5 Number of Fall 2018 reflections that commented on Grades, Time and Affect and the influence of 

peer bias, competence and effort (n = 60). 

The negative comments associated with peer involvement in course assessments were 

categorized as concerns of peer biases, peer competence and the effort their peers put into their 

assignments and assessments. Most comments were regarding the influence of peer assessment 

on grades. Students are often most concerned with and motivated by grades (Biggs, 1999). As 

such, it is no surprise most comments that didn’t directly relate to learning and professional skill 

development were about grades.  Most frequently, students were concerned with the influence of 

peer bias on their grades. An anonymous process was used for peer assessment in Urban, which 

one would expect to minimize peer bias; however, students recognized that biases exist despite 

anonymity. Some peers will assess more strictly or more liberally, which results in variable 

grading.  Peer bias in grading was made apparent when students saw the range of grades they 

received on their design project reports. There were four individuals grading each report, and the 

grading was not always consistent. This concerned students and made them less confident in the 

peer assessment model due to the fairness of grading, even if they felt they’d learned more 

because of it. 

Distrust in peer competence was also observed in the final reflections. Several students 

questioned how students with a weak understanding of the concepts could adequately grade 
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peers with a firm grasp of the material. Students were even more concerned with peer 

competence after reviewing their peer’s work and observing errors that demonstrate a very poor 

understanding of the material: 

“Given that on the Client A report, ¾ people I marked used the wrong L:W via 

an equation we were explicitly told not to use and one even made a dry pond 

and didn’t know it, I don’t feel comfortable that those people are out marking 

… and being critical of others’ work.” 

There were also students that commented on their lack of confidence in their own ability to grade 

their peers: 

“Additionally, in these situations I was making comments based on what I 

thought was the correct procedure, however after reviewing the comments on 

my report I was no longer sure if my comments were even relevant.” 

These findings are consistent with the literature as several studies found, that even with 

assurance of peer grading validity and reliability, along with rationales of the strength of multiple 

assessments of peers over that of an instructor, students were still skeptical of the fairness of 

using peer assessment (Kaufman & Schunn, 2011; Topping, 1998). 

Another, primarily negative factor students commented on regarding their perceptions of peer 

assessment was regarding effort.  These comments referenced all three outcomes, grades, time 

and affect, with most discussing the connection between effort and time as it relates to peer 

assessment.  For example, several students discussed how peer assessment was time-consuming 

because it required a lot of effort, while others discussed the lack of effort they put into the 

assessments because of their heavy workloads. When talking about effort and grades, often it 

was an expression of frustration regarding the lack of effort their peers put into assessments, and 

thus the influence this had on the accuracy of the grading and the quality of feedback received. 

Effort was also discussed positively in a few instances, with some students commenting on how 

peer assessment encouraged students to put more effort into their assignment; however, there 
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were also those that felt their peers would put less effort into their assignments because it was 

being peer assessed. 

Clearly there were plenty of negative perceptions of PA in Urban, despite several positive 

perceptions. Issues of fairness, reflected in comments regarding grades, time and affect, are 

clearly still prominent in the PA offering of Urban, as discussed in the literature (Wilson et al., 

2015). As such, there is still work that needs to be done to manage these negative perceptions 

and support the development of PA best practices. 

3.4.5 Student Perceptions of Peer Assessment Best Practices 

As peer assessment can be applied in numerous ways, understanding student perceptions 

regarding specific approaches is needed to inform best practices. Best practices can be helpful to 

maximize benefits to students and instructors, while managing student perceptions. In the post-

term surveys and final course reflections, students in Urban discussed some of the delivery-

oriented issues they had with peer assessment. Sometimes they explicitly stated they understood 

and appreciated the theory of peer assessment but didn’t feel it was applied effectively or that it 

was suitable for this course. This section investigates peer assessment best practices through 

analysis of the perception questions in the post-term surveys, the final reflections, as well as 

anecdotal evidence from the instructor’s observations.  

Seven peer assessment best practices, six of which are from Topping’s (1998) typology, were 

investigated. Each best practice has a range of options for implementation, as noted by Topping’s 

(1998) typology (refer to Table 3.1.1) and are discussed within the context of Urban. The results 

from relevant student perception items in the post-term surveys from all three cohorts are 

summarized in Table 3.4.11. Most items used the 5-point Likert scale Strongly Agree to Strongly 

Disagree; however, to facilitate comparison of perceptions between the cohorts the data was 

aggregated into Agree, Neutral and Disagree. The student perceptions from the final reflections 

regarding the seven best practices are depicted in Figure 3.4.6. Each best practice variable is 

discussed separately with relevant results from Table 3.4.11 and Figure 3.4.6. 
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Table 3.4.11 Percentage of Students that Agree, Are Neutral, Or Disagree with Best Practice Focused Items Aggregated from the Post-Term Survey 

Using the Strongly Agree - Strongly Disagree 5-Point Likert Scale for Fall 2016, 2017 and 2018 

Question 
Fall 2016 Fall 2017 Fall 2018 

Agree Neutral Disagree Agree Neutral Disagree Agree Neutral Disagree 

Sample 27 15 73 

Objective 

Main purpose of PA to reduce 

workload of Instructor & TAs 
- - - 47% 40% 7% 55% 29% 16% 

PA freed time for Instructor/ 

GTA to improve other 

learning activities 

31% 34% 34% 60% 13% 20% 23% 37% 37% 

Time 

PA took a lot of time 48% 24% 28% 40% 40% 20% 51% 30% 19% 

Sufficient time provided to 

complete PA 
90% 7% 3% 93% 7% 0% 93% 5% 1% 

Feedback provided in timely 

manner 
83% 17% 0% 60% 20% 20% 67% 25% 8% 

Privacy 

Peers would grade differently 

if not anonymous 
- - - 80% 13% 7% 70% 19% 10% 

I would grade differently if not 

anonymous 

62% 

(Yes) 
- 

34% 

(No) 

33% 

(Yes) 
- 

53% 

(No) 

40% 

(Yes) 
- 

48% 

(No) 

PEAR tool was effective 72% 24% 3% 80% 7% 13% 67% 19% 14% 

Training 

Training helpful for grading 55% 24% 21% 67% 7% 20% 67% 15% 18% 

Training helpful for giving 

feedback 
62% 28% 10% 87% 7% 7% 64% 18% 18% 
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Figure 3.4.6 Number of Fall 2018 reflections that included positive and/or negative comments regarding the seven best practice variables (n = 60).
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3.4.5.1 Objectives 

The objective of using peer assessment in Urban was initially to manage a growing class while 

retaining the valuable design project with primarily individual assessments; however, while 

investigating how to implement peer assessment the instructor came to recognize the potential 

learning benefits from using the approach (Bradford & Vale, 2017). Student learning became the 

primary objective in 2016 and 2017, and then in 2018 the potential for professional skills 

development was also incorporated. The pedagogical rationale was explained in the first lecture 

each semester, with part of the explanation discussing the need for such an approach to keep the 

valuable design project in a growing class and limited resources. In 2018 the pedagogical 

rationale was also explained in an online video.  

Two questions were included in the post-term surveys regarding student perceptions of the peer 

assessment objectives. First the students were asked if they agreed with the following statement: 

“The main purpose of peer assessment is to reduce the workload for instructors and teaching 

assistants.” While not asked in 2016, the results from 2017 and 2018 shown in Table 3.4.11 

demonstrate that most students agreed or strongly agreed with the statement. This observation 

may be a factor in why the overall perception of peer assessment was predominately negative or 

neutral in 2018 (refer to Table 3.4.10). As Harris (2011) explains, students are unlikely to 

perceive peer assessment positively if they think the main reasoning is to offload instructor 

responsibilities to students. It is interesting, however, that from the instructor’s perspective, the 

workload of instructors and GTAs was in fact not reduced, and potentially required more of their 

time.  

The second objective item in the post-term survey was: “Peer assessment freed up time for the 

instructor and TAs to improve the quality of other learning activities/experiences in the course.” 

In 2016, the percentage of respondents that agreed, disagreed and were neutral regarding this 

statement was nearly split evenly (Table 3.4.11). Similarly, in 2018 the responses were mostly 

evenly split, with a somewhat lower percentage of respondents agreeing with the statement than 
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responded neutral and disagree. The 2017 cohort, in contrast, had most respondents (60%) 

indicate that they agreed with the statement. It is interesting that while nearly half of the study 

participants in 2017 felt the main purpose of peer assessment was to reduce the workload of the 

teaching team, most also recognized that this time was used to improve the learning activities. In 

2018, however, far fewer students recognized that the instructor’s time was spent improving 

learning activities.   

Investigating the final reflection comments regarding the peer assessment objectives in Urban, it 

is clear some students focused on one or two aspects of the instructor’s explanation for using 

peer assessment, and thus may have taken the explanation out of context. The aspect students 

focused on appears to be based on whether they felt the learning and professional skill benefits 

for students were realized. If the student does not feel the benefits are realized, they seem to 

assume this was never the intent and that the purpose was only to reduce instructor workload. 

Six reflections provided comments that indicated a negative perception of peer assessment 

relating to the objectives of peer assessment. The comments depict how an instructor’s intent and 

explanation of the objectives can be misunderstood, especially if the student didn’t feel they 

benefited from the experience. For example, one student said the following: 

“For me, although PA was supposed to be more of a learning tool, I believe it 

felt more like a chore TA or the professor should be doing. I feel this way for a 

few reasons. The first is [the instructor] came out and said she was too busy to 

do grading in this course when introducing the PA system. That initially made 

PA seem more of a way out of hiring TA’s and/or doing the grading herself 

and was a weird thing to let us know.” 

This student indicates they did not experience learning benefits, and as such focuses on the 

resource issue that motivated the approach. Another student also commented on the financial 

reasoning for using peer assessment. They said the following: 
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“I understand that this is a time saver for the prof, but I do not think that that 

should be the driving factor for this style of marking. I feel that I pay tuition, so 

I can gain knowledge from the prof in my lecture time not saving them time.” 

Both students describe their feelings that the approach is unjust because they don’t think students 

should have to make up for the instructor’s lack of time to mark student work. They fail to 

acknowledge that the resource issue isn’t necessarily within the instructor’s control (i.e. they 

don’t necessarily have the means to hire more GTAs), and that the approach is being used, not to 

reduce instructor workload, but to maintain a valuable learning activity in the course, the design 

project. These types of comments demonstrate that students do not (not that they necessarily 

should) understand how resources are allocated within a university, and what control instructors 

have over this. This is useful for instructors to remember when providing an explanation 

regarding why managing instructor marking time is one of the objectives, what alternatives exist, 

and why the instructor believes peer assessment is the most suitable alternative in this case. 

Some students focused on the objective of reducing instructor time spent marking and 

disregarded the learning benefits. For example, a student said the following: 

“If the purpose of the peer assessment program is to save marking time for the 

instructor and TAs, then they should not have to go back and mark projects that 

have already been marked by students, as it makes the whole process 

redundant." 

These students expressed confusion when the instructor spent time reviewing student work after 

it was peer graded, because then the instructor’s marking workload was not decreased.  The 

student thus concludes the approach is not meeting its objective. 

Those students that provided positive comments regarding peer assessment objectives, focused 

on the learning benefits achieved. These students did experience these benefits and thus did not 

frame peer assessment as an approach where the sole objective was to reduce instructor 

workload. The comments were more variable, with one indicating the approach was used so the 

instructor could “…[increase] the amount of beneficial projects that can be offered…” and 
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another highlighted how promptly they received feedback. The third comment demonstrates that 

at first the student felt that peer assessment “…was just a tactic for the professor/TAs to reduce 

their workload…”, however, this student was able to see the “direct student-based benefit of the 

concept.” The student concludes by saying, “I think overall PA has improved my experience and 

assessment results throughout this term in this course.” 

From the few student reflections that discussed the overall objective of peer assessment, it is 

clear not all students understood the intended primary objective, and that their post-term 

impressions were largely dependent on whether they felt the approach was beneficial for their 

learning and/or professional development. When students did not perceive the benefits of the 

approach, they focused on aspects of the instructor’s explanation that emphasize time savings for 

the instructor. One student did comment that they felt the peer assessment system wasn’t “…well 

explained and laid out,” and that that contributed to their negative perceptions regarding the peer 

assessment objective. This highlights the importance of carefully and clearly delivering the 

intended message regarding why peer assessment is being used in the course. 

3.4.5.2 Grade Weighting Scheme 

The grade weighting scheme used for peer assessment was discussed in nearly a third of the 

student reflections. Most of these comments, 15 of 19, depicted negative student perceptions. 

Those that perceived the grade weighting scheme more positively felt they received a fair grade 

in the end, while those that had negative perceptions emphasized how the grade weighting 

scheme was unfair.  The grading, thus, certainly played a big role in the students’ overall 

perceptions of the approach. One student noted: 

“I think the Pear Assessment was beneficial for most students however I think 

its usefulness was overshadowed by the grading aspect, some student were 

more concerned about others not correctly grading them especially for the 

Client A report which was worth 20% and as a result they were left with a bad 

impression with the use of this tool.”  
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Another student recognized the potential learning opportunity from using the approach but 

revealed that because of the importance of grades in University that peer assessment should not 

be used. Additionally, a student commented that they thought peer assessment had potential to be 

beneficial, but it shouldn’t be used as part of all course assessments: 

“I think that there may have been a place for some peer marking, but this class 

over used it.” 

The importance of grades to students clearly influences how students perceive an alternate 

assessment method, and as such appropriate grade weighting schemes must be carefully crafted. 

Instructors should also consider how much of a student’s final grade is determined with the peer 

assessment approach. 

Most students that disliked peer assessment in part because of the grade weighting scheme 

expressed their concerns with the large variability of grades received from their peers. Despite a 

vast amount of literature that supports the validity of peer grading (Falchikov & Goldfinch, 

2000; Li et al., 2016), students are still concerned with whether the grades they receive are fair. 

Topping (1998) observed this as well and notes that whether a student perceived peer assessment 

positively is not strongly related to demonstrated reliability and validity. As such, it is no 

surprise the students in Urban still question how their final grade was fair given large variance in 

the assessments from their peers. One student reported receiving grades ranging from 60% to 

90%. The large variation for some of the deliverables was addressed, and the instructor went 

through each report to verify the assigned grade. The students, however, then felt their 

perception that their peers cannot appropriately grade their work was justified. One student said 

the following: 

“My concerns in this regard were validated by the professor when she regraded 

our proposals. Clearly, the evaluations done by peers were not trusted as [the 

instructor] went through each student’s Client A proposal and removed 

evaluations.” 
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It is interesting that even when the instructor went through everyone’s proposals and removed 

outlier peer assessments to ensure each student received the appropriate grade, students still had 

concerns regarding fairness of the approach. Several students said they thought it was unfair that 

the instructor removed some of the peer assessment grades. Some sample comments include: 

“This is one of the biggest disadvantages of peer assessment because the 

highest mark/marks are excluded from the aggregate on pear tool. I understand 

why the highest mark was eliminated, but I do not know why the lowest mark 

was not.” 

“I do not agree with the fact that if high grades were awarded to students they 

were taken away and none of the low grades were taken away, even if they 

were outliers among the others.” 

“Some things I disliked about the PA process was the vetting process of final 

marks for project deliverables. Personally, it was viewed as unfair to have 

some peer marks removed from the average calculation of Client A and 

proposal reports because scores were removed without prior knowledge of this 

practice and the seemingly random nature of the removals (ie. outlier marks 

which were significantly different from the other peer marks were not removed 

thus resulting in an artificially low score than what is likely to have been 

rewarded through traditional means.” 

“This begs the question of how it is fair to us students, that our mark solely 

depends on those who mark it. When looking at our marks, often the outliers 

were removed, however, there are outliers of too lenient as well as too harsh. 

Often only the too lenient was removed, which in my opinion was not fair.” 

Based on these comments, it is likely students didn’t understand the approach the instructor took 

in determining the student’s grade. They were not just removing outliers, but rather removing 

grades that were not appropriate based on the instructor’s review of the report. The fact that 

many high grades were removed means that generally students were being too lenient. This may 

not have been adequately explained to the students or was not explained early enough in the peer 

assessment process.  
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One student commented on the instructor’s approach, acknowledging that the removal of grades 

was not necessarily arbitrary, but rather the student argued that given the number of reports and 

the time spent reviewing them that it was not possible the instructor adequately reviewed each 

one to know what the appropriate grade should be. Other students also commented on the 

paradoxical nature of using peer assessment to manage instructor marking time, but then having 

the instructor regrade each report. From the instructor’s perspective, in contrast, reviewing 

reports that were already graded increased the pace they could go through each one. If after a 

quick read the instructor agreed with most of the peer grades, then it was easy to assign a grade, 

leaving more time to review reports that had greater variation in grades received.  

Upon reflection of how the reports for the design project (less so the tests) were assessed and the 

student responses in the reflection, it appears that the lack of clarity regarding how the grades 

were being determined exacerbated any existing negative perceptions. It is important that grade 

weighting schemes are clearly designed and explained early in the semester to avoid later 

confusion. While removing outlying grades is not necessarily unfair, students should be made 

aware how the instructor is choosing to remove the grades. Transparency is important, otherwise 

students may make false assumptions. Wilson, Diao, and Huang (2015) also addressed this issue 

of transparency in the computer program used to determine the student’s grades. The paper 

quotes a unit convenor who said, “It does seem a bit mystical when you first think about it, which 

doesn’t give you as much confidence about what’s going on.” (Wilson et al., 2015). Students are 

more likely to be receptive to a grade weighting scheme they understand, rather than one that 

seems arbitrary or random. 

3.4.5.3 Constellation 

The assessee – assessor constellations used in peer assessment can present logistical challenges if 

not carefully thought through in advance. Few students (7) commented on the constellations used 

in Urban, with a nearly even split between positive oriented comments and negative oriented 

comments. From the final reflections, some students appreciated having four assessments of their 

work, both for ensuring grade validity and for having more feedback to draw from. This was 
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especially appreciated when a student received a poor-quality assessment, and thus had others to 

draw from. The negative comments, in contrast, demonstrated discontent with having to assess 

so many of their peers. Some said it was “repetitive,” while others expressed frustration with 

having to assess four of their peers, when some of the grades were removed anyways. These 

seem to be typical comments, as some students will appreciate having multiple assessments, 

while others dislike the time requirements. One student did provide a unique comment that will 

be considered in future years: 

“The final issue with the marking of the deliverables is that everyone had 

different understanding of the guidelines so often when issues from the 

proposals were corrected on the Client A report since the same peer was not 

marking the comments were not consistent.” 

Having someone provide feedback on the proposal, and then if the student applies the feedback 

for the following report (which builds on the proposal) and their next reviewer does not agree 

with the original feedback given, this detracts from the formative feedback cycle the peer 

assessment approach offers. In similar circumstances, perhaps students should receive the same 

reports to assess in instances where deliverables build upon one another. However, one may 

argue that part of the learning opportunity is determining what feedback to include and what to 

disregard. Regardless, it is an important logistical aspect of the chosen constellation in Urban 

that should be considered. 

3.4.5.4 Product 

In the final reflection, students were asked to comment on whether they found peer assessment 

was more effective for the tests or the design project deliverables. Surprisingly, nearly equal 

number of students preferred the peer assessment for the tests as did the design project reports. 

Most of these students had strong opinions one way or the other, with only a few admitting it 

was difficult to choose which one, either because it worked effectively for both the tests and the 

design project or neither. The reasoning students liked and disliked peer assessment for each type 

of product, in accordance with the final reflections, is summarized in Table 3.4.12. 
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Table 3.4.12 Reasoning for Student preference for using peer assessment for tests or design project reports 

based on student reflection quotes 

Peer Assessment for Tests Peer Assessment for Design Project 

Reports 

Positive Negative Positive Negative 

“Since there are 

correct answers… it 

is easier for the 

markers and fairer…” 

“… feel that it is 

detrimental to student 

success to spend class 

time on peer marking 

of numeric tests.” 

“…beneficial for 

critical thinking skills 

and… other 

professional skills…” 

“…the quality of 

reports can be up to 

interpretation.” 

“…it was less likely 

to have a large 

variance in the grades 

received.” 

“…did not provide 

any thinking, as it 

was a yes or no 

answer.” 

“…I felt that I had 

obtained a 

comprehensive 

understanding of the 

concepts.” 

“…wide range of 

grades received from 

peers for my work.” 

“…the tests are 

straight forward to 

mark and there is 

little room for 

interpretation; there is 

one clear correct 

answer.” 

“The numerical value 

solutions did not 

benefit me, …I had 

already forgotten the 

process I used to 

answer these 

questions.” 

“…you got to learn 

more about a project 

that was just 

completed 

which…helped with 

my deep learning of 

the topic.” 

“…peer assessment 

for marking mostly 

written reports can 

never be consistent.” 

“The second term test 

…was the best suited 

…because the 

answers had written 

work, instead of just 

a numerical answer.” 

“…if I marked 

someone incorrectly, 

I did not have their 

software in front of 

me to follow through 

on where they made a 

mistake.” 

“…because there was 

not one concrete 

answer and all the 

models were 

different, it allowed 

for greater 

interpretation of the 

project...” 

“…harder to mark 

due to the vagueness 

and variation between 

students writing 

styles and individual 

interpretations of the 

project criteria and 

rubric…” 

“The peer assessment 

was beneficial for 

marking the concept 

questions.” 

“For the short answer 

questions on both 

tests… I felt it was 

challenging to 

provide a mark when 

an answer wasn’t 

phrased in the exact 

way as posted…” 

“…the proposal I 

found the most 

effective, as there 

were other students 

with … beneficial 

ideas which were 

added during the 

process.” 

“…the lack of project 

requirements meant 

that not all reports 

necessarily included 

all requirements, 

making the marking 

process more 

difficult.” 

Based on the student quotes presented in Table 3.4.12 it is clear there was not a dominant 

preference, and in fact some attributes of peer assessing the tests were both what students liked 
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and disliked. For example, some students preferred peer assessment for the tests because the 

answers are more objective, and it is easier to grade; however, others felt that there was no 

learning benefit to assessing answers that are numeric and right or wrong.  Similarly, for the 

design project reports, some students explained their preference for peer assessment of this 

product because of the learning benefit of having to interpret and critically think about a peer’s 

work, while others disliked peer assessment for written work because grading was more 

subjective. The stark contrast in opinions present in the final reflections demonstrates that the 

way the students view the benefits of peer assessment differ. Some students answered the 

question, which product is better suited to peer assessment for learning purposes (the design 

project reports or conceptual questions on the tests), while others considered which was better 

suited for peer grading validity and reliability (the numeric test questions). This demonstrates 

that student perceptions may differ starkly despite the students having gone through the same 

experience. What one student prefers another dislikes; however, when the product selected is 

appropriate for the clearly defined objective students may be more receptive of the approach. 

3.4.5.5 Privacy 

Anonymity, or privacy as Topping (1998) calls the peer assessment variable, is another 

important consideration for instructors. With both potential benefits and challenges this can 

greatly influence the validity of peer grading and student perception. From one of the items 

included in the post-term survey (refer to Table 3.4.11) students clearly do not trust that if the 

process were not anonymous that students wouldn’t let biases and friendships influence their 

grading. There is, however, less consensus in the second privacy-based item, regarding whether 

the students feel they themselves would grade differently if the process were not anonymous. In 

2016 most thought they would grade differently, but in 2017 and 2018 more thought they would 

not grade differently in a non-anonymous peer assessment. Even if most students did conduct 

their assessments the same way, it seems students do not trust their peers to do the same, and as 

such students may perceive the approach as being less fair. 
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Few students (8 of 60) commented in their final reflections on anonymity in the peer assessment 

approach applied to Urban. One student did affirm that they felt anonymity supported their 

ability to remain objective while assessing; however, the remainder of comments were more 

negatively presented. Unfortunately, several students felt that despite efforts to preserve 

anonymity, it was not always possible. Especially for the peer assessments done on the design 

project reports, which were completed outside of class, students found that collaboration 

amongst their peers limited preservation of anonymity. One student explained the following: 

“A limitation I noticed however was that many students collaborated once the 

reports had been released on PEAR, and in many cases found their friends 

reports amongst their four to mark, even though the anonymous feature was 

required. There is not much that can be done to remedy this however, as 

students will always cross paths in computer labs and in Thornborough 

[engineering building on campus], and the class size is relatively small, making 

the odds of finding a friends report greater.” 

Another student commented on the issues of their peers making comments about the reports they 

were assessing quite loudly. While the students doing the assessment, in this situation, do not 

necessarily know who’s report they are talking about, if that person is working nearby and 

recognizes it as theirs then they may hear negative comments about their work.  

While anonymity was not entirely preserved based on student comments, efforts to preserve 

anonymity were made, such as the use of a computer software, PEAR (Peer, Evaluation, 

Assessment and Review. Most students in each cohort found the tool was effective (refer to 

Table 3.4.11); however, one student, in 2018, did comment in their final reflection that the PEAR 

tool added stress to the peer assessment experience because Word documents were uploaded, and 

thus the student needed to anonymize their document9. Students were shown how to accomplish 

                                                 

9 The name of the individual registered to the Microsoft package remains attached to the document unless 

anonymized. This issue was first noted in 2016, so in 2017 the instructor showed students how to anonymize their 

word documents in class. Then in 2018 a video was posted on the course website to show students how to 

anonymize word documents.  
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this through a video, however, the student that commented on this issue mentioned they used a 

different computer system (Mac instead of Windows), and as a result found it difficult to 

anonymize their reports. While this situation was specific to PEAR and a single student, it does 

depict potential logistical issues that may be difficult to foresee but can impact a student’s 

experience with peer assessment. Especially when computer-based tools are used, instructors 

should ensure students are comfortable using it and that it can be used with multiple computer 

systems when possible.  

3.4.5.6 Place and Time 

Where and when the peer assessment takes place also has an influence on student perceptions, as 

well as the benefits they experience. Three questions were included in the post-term survey that 

focused on timing. The first asked students whether they felt peer assessment took up a lot of 

their time. It is not surprising, each cohort had 40 to 51% of the participants agree that it took a 

lot of time (refer to Table 3.4.11). This supports warnings that instructors should be mindful of 

how many reviewers to include for each assignment as this will increase the time students spend 

assessing. The other two items, however, reflect favourably on how peer assessment was applied 

in Urban. In each cohort the majority, sometimes up to 93% of respondents, agreed that 

sufficient time was provided to complete the peer assessment tasks, and that the feedback they 

received was timely. The semester schedule was certainly busy, but the instructor carefully 

considered when different peer assessment elements should take place to maximize student 

learning. Often the assessments occurred, or were explained, the lecture period after submission. 

This meant that students started the assessments immediately after having completed their report 

or written their test, thus maximizing the potential learning benefits of reviewing and critiquing 

before students forget what the test/report included. Unfortunately, this was not possible in all 

cases, and some students did pin point delays in peer assessment. For example, the first term test 

was taken during the student’s lab time, rather than during lecture, because it was done on the 

computer. As there are two lab sections, one section completed the test on Friday, and the other 
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the following Wednesday. The peer assessment period was the subsequent Thursday lecture. One 

student commented on the disadvantage of being in the first section: 

“Firstly, for the first term test since I was in the first section to do the test then 

it was marked around a week after. By that time, I had forgotten a lot about the 

questions on the exam but for the other section it was very fresh to them, so 

they probably had a better experience.” 

This was less of an issue for the second term test, which was completed in lecture on a Tuesday, 

and it was taken up two days later in the Thursday lecture.  

Some students did express discontent with using in-class time to do the peer assessments for the 

tests. Especially when students did not find the activity beneficial to their learning, they were 

frustrated that entire lecture periods were taken to conduct the peer assessment. One student 

described the peer assessment lectures as “tedious” and others expressed their annoyance with 

having to use two additional lectures to take up the tests. In contrast, however, several students 

felt the peer assessment lectures for the tests were too pressed for time. These students frequently 

described the experience as “rushed,” some explaining that there wasn’t enough time for them to 

“reflect on why answers were right or wrong while rushing the marking…” The time constraints 

imposed by doing the peer assessment in class were frustrating for both those that found the 

process “tedious” and those that found it “rushed.” If they didn’t find it useful, then the lecture 

period felt like a waste of time, while if they felt they could have learned from the process, 

students found the pace needed to get through the questions limited their time to think about the 

answers to encourage deep learning. It is important to acknowledge that in 2018 there were some 

technical difficulties, which further limited the time available to do the peer assessment in class. 

In contrast, there were also challenges with having peer assessment occur outside of class. One 

student commented on struggling with time management as the peer assessment had to occur 

outside of class time: 

“As it was a separate responsibility outside of class, I found that I put it off 

towards the deadline and then had to rush to finish them. I don’t think I 
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provided adequate critical analysis of the assignments simply because I hadn’t 

allowed enough time.”   

The other challenges with allowing peer assessment to be done outside of class is that students 

talk. Especially by fourth year the students in this program know each other very well, and 

frequently work and study in similar locations. While this promotes highly collaborative 

learning, this was also a challenge when students were assessing peer’s work in common study 

areas alongside their friends: 

“As well as marking around other peers had an influence as well. People would 

be critical of me personally for ‘giving below a 70’ despite the person failing to 

understand what makes a wet pond wet.”  

“The final comment I have is that vocal comments made during the peer 

marking process need to be controlled better as a lot of people were making 

comments while marking reports in thorn [engineering building on campus] 

that where quite rude and discouraging when the writer of the report could 

potentially overhear”. 

If the peer assessments are going to be done outside of class, the instructor needs to consider this 

issue carefully. Students need to understand that these assessments are to be done individually, 

and students should not be discussing the assessments with their friends. When explaining the 

peer assessment approach at the beginning of the semester, the instructor should clearly explain 

that when peer assessments are done outside of class, students must be respectful of the peers 

they are assessing by not sharing or discussing their peer’s work with their friends. This provides 

a good opportunity for instructors to discuss the importance of professional integrity, and 

connect a student’s conduct during peer assessment with professional behaviour in the workplace 

and within the students’ future profession. In engineering, as an example, this may provide an 

opportunity to discuss professional conduct as an engineer and the code of ethics relevant to the 

local regulatory body (i.e. Professional Engineers of Ontario). 
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Some benefits were also discussed by students for both doing peer assessments in class, as well 

as out of class. When grading the tests, some students felt that the more professional 

environment of a classroom, with the presence of the instructor, was advantageous for eliciting 

more professional behaviour. Further, students liked being able to ask the instructor and GTAs 

questions when they weren’t sure how to assess one of the answers. Students felt this also 

prompted more consistent grading and a more valuable learning experience where they could ask 

questions and discuss with their peers.  

Just as students disliked having to manage their time because the assessments were done outside 

of class, some students appreciated this because there was more time to read the reports and 

think through concepts. For example, one student commented that they were better able to go 

through the report in detail because it was on their own time: 

“This is because reading peers’ work on my own time helped me understand 

each detail that were required as a part of the report and allowed me to go back 

to my report and fix any possible errors that it contained.” 

Similarly, a student commented on having more time to provide useful feedback: 

“… with the project deliverables there was plenty of time to consider the 

effectiveness of people’s work and give useful feedback while reflecting on 

concepts.” 

These students appear to appreciate the time needed to engage in deep learning; however, as 

previously discussed (refer to Section 3.4.4.3), the students have limited available time given 

heavy course loads. As such, instructors must carefully consider where peer assessment will take 

place and how to time it to ensure students benefit from the experience without feeling 

overwhelmed by the additional work peer assessment can create. 
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3.4.5.7 Training 

Student involvement in developing assessment criteria is recommended in the literature 

(Ashenafi, 2017; Falchikov & Goldfinch, 2000; Li et al., 2016; Liu & Carless, 2006; Wilson et 

al., 2015); however, as previously mentioned some researchers have found this approach 

infeasible due to issues such as class size and student understanding (Ballantyne et al., 2002; 

Bradford & Vale, 2017; Harris, 2011). For the 2016 cohort of Urban, Bradford and Vale (2017) 

did attempt to have students involved in the assessment criteria process for the design project 

deliverables, but found the students were unable to identify these key elements of the design 

report. From the post-term survey perception items (refer to Table 3.4.11), students did appear to 

primarily agree that the “training” process was beneficial (referring to the co-development of the 

assessment criteria and oral suggestions on giving feedback), but many felt that more specific 

assessment criteria, exemplars and perhaps a grading quiz, would have been helpful (Bradford & 

Vale, 2017). As such, primarily from student recommendations, a full 80-min class was used for 

training students on the assessment criteria in 2017 and 2018, using exemplars and an assessment 

quiz (Bradford & Vale, 2017).  

Training is also frequently recommended in the literature as it is known to be highly beneficial 

for improving peer grading validity, as well as student perceptions towards peer assessment 

(Kaufman & Schunn, 2011; van Zundert et al., 2010). From the post-term survey items regarding 

training, both the 2017 and 2018 cohorts primarily agreed that it was helpful for grading as well 

as providing feedback (refer to Table 3.4.11). Upon review of the 2018 final reflections, 

however, some greater insight was observed. A similar number of students commented on the 

training positively as did negatively; however, the comments were not always directly referring 

to the training process, but rather the desired outcomes of the training (i.e. consistent grading and 

effective feedback). Additionally, some discussed the guidance provided during the peer 

assessment of the tests, which was also considered “training” for the purposes of coding the 

reflections. These comments were largely favourable, primarily because having the instructor 

and GTAs available to answer questions improved grading consistency and accuracy. For those 
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that commented directly on the training done for the design report, most felt favourably towards 

it, and even wished it had been done for the earlier proposal: 

“The training quiz for the Client A report was very helpful to me and I 

would’ve liked to seen it implemented for the Proposal too.” 

Some students even felt that the training for the design report improved their understanding on 

some of the course concepts: 

“I felt that the marking quiz really helped strengthen my skills in terms of the 

concepts surrounding stormwater management systems.” 

These comments demonstrate that generally students felt they benefited from the training 

provided. 

There were, however, negative comments as well, although not directly relevant to the training, 

but that may indicate the training needs improvement. For example, students commented on the 

vagueness or lack of clarity of the assessment criteria for the report: 

“I also found that the grading rubrics were quite vague, leaving a lot of room 

for varying interpretations. Although [the instructor] provided some guidance 

in grading, rubric criterion such as; “Breadth & Depth” could be interpreted 

very differently depending on the student.” 

“I think the rubric/ assessment criteria needs to be more detailed to increase 

improve the learning process for this course. I found that the rubrics were very 

vague, and the requirements for the projects were not outlined as clearly as 

they could have been.”  

Clarifying the assessment criteria may be somewhat beneficial; however, some vagueness was 

intentional, as it is expected that fourth year engineering students should be able to determine for 

themselves what specifically is needed. For example, one of the criteria in the rubric was 

“Design criteria: Criteria provided to address all appropriate SWM [stormwater management] 

objectives. Well justified and clearly stated.” While the explicit list of what criteria should be 

included was not provided, this was discussed during the training session. Even still, to some 
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degree students needed to assess for themselves what criteria are needed to address the SWM 

objectives.  Balancing student expectations regarding how much detail is provided when 

assessing the reports, with challenging students to start to develop this “engineering judgement” 

in a low-risk setting through the peer assessment process, is a challenge for the instructor when 

using peer assessment.  

Some of the negative comments that may indicate the training should be adapted included those 

regarding poor feedback received. For example, one student expressed this frustration as follows: 

“On my Client A report I received the comment “Executive summary and 

background information were well written and professionally introduces the 

site and the clients intentions for development” and yet received 2.5/4 in this 

section.” 

This demonstrates that perhaps more emphasis on providing effective and constructive feedback 

was warranted, and an explanation of how the feedback should match the marking. The poor 

quality of feedback received was clearly a challenge, as observed in the discussion regarding the 

different phases of the peer assessment process (refer to Section 3.4.4.2). More students 

commented negatively on the feedback they received than did positively, thus suggesting that the 

students need more direction on how to give constructive feedback. While not requested by 

students, perhaps using the findings from Verleger, Rodgers, and Diefes-Dux (2016) that 

providing poor quality exemplars with the instructor’s assessment may be the most valuable. 

This provides students not only with a sense of what a poor-quality report looks like, but also 

what a good quality assessment consists of. In 2018, a ~90% exemplar from a previous student 

was used for the training with the rationale that this provides students a sense of what a great 

report looks like, but perhaps when asking students to do an assessment, it is more effective to 

show them what a strong assessment looks like.  
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3.4.5.8 Observations of Best Practices in Urban 

After using peer assessment for three years in Urban, the application of the active learning 

strategy has been carefully modified and iterated upon. What the researchers have learned, from 

student perceptions as well as instructor observations and perceptions provide insight into how 

best to apply peer assessment in senior design engineering courses. Table 3.4.13 provides a 

summary of the findings in Urban compared with best practice findings in the literature 

(originally discussed in Section 3.1.2.3). 

Table 3.4.13 Comparison of Best Practices in the Literature with those determined from peer assessment in 

Urban 

Best Practice 

Variable 
Findings in the Literature Findings in Urban 

Objectives 

Prioritize student learning, as instructor 

workload isn’t likely to decrease but 

rather shift (Ballantyne et al., 2002) 

The time spent planning and implementing 

peer assessment did not decrease workload. 

The primary objective quickly shifted to 

student learning and later professional skill 

development 

Provide a clear and consistent message to 

students from the beginning (Ballantyne 

et al., 2002; Kaufman & Schunn, 2011) 

The message presented to students regarding 

peer assessment objectives must be clearly 

communicated, and be consistent with how the 

model is applied 

Address student concerns with peer 

assessment during initial explanations, 

rather than only discussing benefits (Zou 

et al., 2018) 

A student’s perception of the peer assessment 

objectives (if both managing time and student 

learning/professional skill development are 

presented) may be dependent on whether they 

experienced the learning/professional skill 

development benefits 

Focus & 

Relation to Staff 

Assessment 

Formative feedback only is preferred to 

promote positive student perception 

(Nicol et al., 2014) 

 

Include both qualitative feedback in 

addition to marking when used for 

summative purpose. Improves peer 

marking validity (Li et al., 2016; van den 

Berg et al., 2006) 

 

Student perception is improved when the 

instructor’s grading is included in 

addition to peer grading (i.e. 

supplementary rather than substitutional) 

(Kaufman & Schunn, 2011) 

Not directly investigated in this study; 

however, students seemed very focused on 

their distrust in their peers being able to assess 

them fairly. Had only a formative approach 

been used, perhaps student negative 

perceptions of fairness would have been less 

prominent. 
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Best Practice 

Variable 
Findings in the Literature Findings in Urban 

Grade Weighting 

Scheme 

Encourage having instructors verify peer 

grading, and provide a re-grade option 

(Ballantyne et al., 2002; O’Moore & 

Baldock, 2007) 

Some students did use the re-grade option; 

however, often the re-grade resulted in a drop 

in the student’s grade. 

Small portion of grade for doing the 

assessing to encourage engagement 

(Ballantyne et al., 2002) 

A small portion of the student grade was 

included for assessing peer work. The grade 

was awarded by the instructor, but some 

students expressed that they would have liked 

the opportunity to assess the assessments 

received. 

Best not to over-use peer assessment in a 

class/curriculum, and students don’t 

perceive the approach as positively when 

a large portion of their final grade is peer 

assessed (Ballantyne et al., 2002) 

Having all course assessments use peer 

assessment may result in resentment of the 

approach from students. 

- 

The intended grade weighting scheme 

(including instructor involvement) should be 

explained very clearly at the beginning of the 

semester. If peer grades are going to be 

omitted at the discretion of the instructor, the 

instructor must clearly articulate how the 

instructor decides which grades to omit. 

Constellations 

Multiple assessors (4 or 5) are preferred 

to improve validity of peer grading (Cho, 

Schunn, & Wilson, 2006) 

Some students will appreciate having multiple 

peers assessing their work to improve validity 

of the grades and receive more feedback; 

however, just as many students may dislike 

having multiple assessors because they don’t 

want to spend the time marking multiple 

peers’ work. 

Product 

Peer assessment is often used for written 

work (Cho & Schunn, 2007; Cho, 

Schunn, & Charney, 2006; Cho, Schunn, 

& Wilson, 2006); however, it has also 

been successfully implemented for 

calculation-based solutions (O’Moore & 

Baldock, 2007; Verleger et al., 2016) 

There was a nearly equal number of students 

that preferred peer assessment for tests 

(largely numerical, with some conceptual 

questions) as those that preferred the approach 

for design project reports. It appears that the 

reason one student prefers peer assessment for 

tests (i.e., more objective grading) is the same 

reason another student dislikes it (i.e., no 

learning from marking answers that are either 

correct or incorrect). The student preference 

appears to be based on whether successful 

peer assessment means highly valid and 

reliable grading, or improved student learning. 

Instructor and students should be familiar 

with the type of assessment (Ballantyne 

et al., 2002; O’Moore & Baldock, 2007) 

This was not investigated 
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Best Practice 

Variable 
Findings in the Literature Findings in Urban 

Privacy 

Anonymity should be carefully 

considered because it limits bias and 

favouritism (Ashenafi, 2017; Ballantyne 

et al., 2002; Liu & Carless, 2006); 

however, some suggest using small 

feedback groups to discuss the feedback 

orally, which means anonymity cannot 

be preserved (Kaufman & Schunn, 2011; 

van den Berg et al., 2006) 

Students feel they would grade differently if 

the process were not anonymous, and that they 

prefer an anonymous process, so they can be 

more objective. 

Computer-assistance for preserving 

anonymity in peer assessment may be 

helpful to same administrative time and 

logistical challenges (Ashenafi, 2017); 

however, it’s been found to significantly 

decrease the validity of peer grading (Li 

et al., 2016) 

Just because a computer-assisted program is 

used to preserve anonymity, does not mean 

anonymity is successfully preserved. Students 

reported peers discussing the reports they 

were assessing in common study areas, which 

can still pose emotional stress and dislike for 

peer assessment. 

Place & Time 

Some oral feedback can be beneficial for 

student learning and engagement in peer 

assessment. Recommend using small 

feedback groups (van den Berg et al., 

2006) 

In-class peer assessment is more controlled, 

anonymity can more likely be preserved, and 

the instructors/GTAs can support students 

while they’re assessing; however, there are 

strict time constraints and it uses up class time 

that some think is better used for going 

through course material. 

 

Out-of-class peer assessment allows students 

to do the assessment at their own pace, which 

supports more reflection and time for critical 

thinking; however, students may procrastinate 

and then rush the assessment (influence their 

own learning and the learning of the 

individual receiving the assessment), and 

students may collaborate, which means 

anonymity may not be preserved. 

Assessment 

Criteria 

Many suggest including students in 

developing assessment criteria so they 

are more familiar, and thus more readily 

capable to apply it (Ashenafi, 2017; 

Falchikov & Goldfinch, 2000; Liu & 

Carless, 2006; Wilson et al., 2015); 

however, some have experienced issues 

with having students co-develop 

assessment criteria, especially in large 

classes (Ballantyne et al., 2002; Harris, 

2011) 

Found a lack of student engagement in the co-

development process. This may be because 

students were worried about being wrong, or 

they didn’t have a strong enough technical 

understanding yet to provide suggestions for 

assessment criteria. 
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Best Practice 

Variable 
Findings in the Literature Findings in Urban 

Training 

Training is proven to improve peer 

grading and reliability, as well as student 

perception regarding fairness of peer 

assessment (van Zundert et al., 2010) 

Students generally liked the training and 

found it beneficial; however, there were still 

complaints regarding large variation in grades, 

Use previous student exemplars. Some 

suggest using “good”, “average”, and 

“poor” exemplars (Ballantyne et al., 

2002), while it was also determined that 

using a poor-quality exemplar with the 

instructor’s good quality assessment is a 

more effective approach (Verleger et al., 

2016) 

A moderate quality exemplar was used in Fall 

2017 and a very good quality exemplar was 

used in Fall 2018. While this was not 

investigated directly, the researchers think a 

poor-quality exemplar with the instructor’s 

good quality assessment would work best. 

Training students on the assessment 

criteria, as well as how to give effective, 

useful feedback, as the quality of 

feedback received is strongly related to 

student perceptions of peer assessment 

(Kaufman & Schunn, 2011) 

There were complaints about receipt of poor-

quality feedback and suggesting that 

improvements to the training, specifically 

regarding how to give effective feedback, may 

be necessary. 

3.5 Conclusion 

Several research objectives were included in this study, such as determining whether benefits of 

the peer assessment approach were realized, understanding student perception of peer 

assessment, and contributing to best practices of peer assessment. Data was drawn from three 

cohorts, Fall 2016, 2017 and 2018, as well as several data sources including pre- and post-term 

surveys, grades, and final reflections. While the results do rely heavily on student perception, the 

researchers argue that student perception, especially conveyed through written reflection, is an 

essential component of understanding peer assessment and how students can benefit from it. 

Promoting deep learning through peer assessment was an objective of its inclusion in Urban. 

While the comparison of grade data before and after peer assessment did not strongly support 

peer assessment’s influence on learning, and nor did the R-SPQ-2F scores, some reflections did 

indicate that peer assessment supported their engagement in deep learning while discussing their 

R-SPQ-2F scores.  More students, however, felt that factors such as course content, their interest 

in the course, the inclusion of the design project and the software element of the course 
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contributed to promoting deep learning in Urban. Therefore, deep learning appears to only 

moderately be influenced by peer assessment in Urban, based on these datasets. 

These results, however, are in contrast with those regarding learning in peer assessment more 

generally and not tied to grades or the R-SPQ-2F scores. In the survey perception items, for 

example, most students in all three cohorts felt that assessing their peers was a valuable learning 

experience. Then, in part B of the final reflections, 93% of students had something positive to 

say about the impact of peer assessment on their learning. Most of these students found that the 

Review phase of peer assessment was most valuable for their learning, followed by Critique, and 

then Feedback. Negative comments regarding the impact of PA on learning were also discussed, 

primarily regarding poor quality feedback received; however, overall it appears the learning 

benefit of peer assessment was at least partially realized. 

The results regarding PA and professional skills development more clearly depicted a positive 

relationship. There were significant increases in the professional skill grade indicators, from the 

review and reflections, that suggest an effect of the treatment, along with a significant increase in 

the professionalism domain relationship with others. More importantly, many students attributed 

positive changes in their professionalism scores with peer assessment, commenting on how 

practicing giving and receiving feedback were valuable for their Lifelong Learning and 

Adaptability, as well as their ability to be respectful and take responsibility while critiquing 

someone’s work. 

These findings were reinforced in the general peer assessment approach analysis, where Part B 

of the reflections was analyzed. Although fewer students commented on the impact of PA on 

professional skill development as did learning, over two thirds of the student reflections 

attributed PA positively to professional skill development. This was primarily through the 

Critique phase in which students referred to practicing giving feedback as a means to develop 

communication skills, as well as professionalism because they recognized the importance of 

giving effective constructive feedback in a respectful way. 
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Unfortunately, several negative aspects of PA were also clearly experienced by students, which 

was apparent in Part B of the student reflections. Students primarily discussed the negative 

impact of PA on grades, as well as time and affect. Issues of peer biases, and distrust of peer 

competence in grading were common, along with challenges regarding the effort required of 

themselves and their peers to engage in peer assessment. These findings regarding peer negative 

perceptions support findings in the literature (Kaufman & Schunn, 2011; Wilson et al., 2015), 

and indicate the need for better best practices to foster positive perceptions of the PA approach. 

Finally, using all the insight gained from the study, contributions towards PA best practices were 

made. Several best practices presented in the existing literature were confirmed, including the 

importance clearly explaining objectives and the intended grade weighting scheme when the 

approach is first presented to the class, and the importance of working to preserve anonymity. 

Some best practices were also challenged, such as having students partake in the development of 

assessment criteria. Finally, progress was made for PA best practice variables without clear 

guidance in the literature, namely the impact of using PA for tests compared to reports, and the 

advantages and disadvantages of using an in-class or out-of-class approach to PA. 

While the results of this are not overwhelmingly positive, they are also not overwhelmingly 

negative. Some learning and professional skills development seems to have occurred, and nearly 

all students had something positive to say about the approach in their final reflections. The true 

value of this study, however, comes in the richness of the data in understanding how students 

perceive the peer assessment approach, and how those perceptions reflect in PA best practices.  

There are several limitations to this study, namely the lack of a control and threats to external 

validity because of the contextual nature of peer assessment. There is, however, an opportunity 

to improve the study as the PA approach will not be used in Fall 2019. As such, a new set of 

baseline data for a cohort analysis can be collected, and a new refined version of the PA model 

can be developed for delivery in Fall 2020. This will allow the researchers to further investigate 

the role PA plays in deep learning and professional skill development, and possibly the role of 

individual differences and how this impacts PA best practices.  
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Chapter 4. Intentionally Teaching Professional Skills in a 

Problem-Based Learning Engineering Design Course 

The classic engineering curriculum focuses primarily on acquisition of basic science, 

mathematics, and engineering science knowledge. While important, this body of knowledge 

alone is not enough to solve the complex, multidisciplinary problems of today’s society. A call 

for change in the engineering curriculums globally has increased the research efforts towards 

understanding the skills needed by engineers of the 21st century; however, much of the effort has 

been on cognitive competencies including problem analysis and critical thinking (Pellegrino & 

Hilton, 2012). Professional skill development within the undergraduate engineering curriculum 

must also be investigated.  

Widespread awareness of the importance of professional skills is clear now that accreditation 

bodies, such as the Accreditation Board for Engineering and Technology (ABET) in the United 

States and the Canadian Engineering Accreditation Board (CEAB) in Canada, have incorporated 

outcome-based accreditation, which addresses outcomes related to professional skills in addition 

to cognitive competencies. Professional skills, however, are difficult to teach, and instructors 

often assume students will develop these skills through course group projects. Students are 

expected to figure out on their own how to engage and work productively in a team, how to 

demonstrate professional behaviour, and how to regulate their learning. Without more intentional 

teaching of professional skills, however, students may not achieve professional competencies 

upon graduation.  

This study looks to modify an existing required course in the University of Guelph’s School of 

Engineering’s curriculum to foster the intentional instruction, development, and assessment of 

professional skills. Three professional skills, from Canadian Engineering Accreditation Board 

(CEAB)’s list of graduate attributes, were emphasized in this study: Individual and Teamwork, 

Professionalism, and Lifelong Learning. The course in question has successfully utilized the 

active learning strategy, problem-based learning, for many years, supporting student learning and 
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development by guiding student teams through the design process. While it is thought this 

approach supports professional skill development on its own, there is no clear evidence that this 

is the case. The researchers are interested in whether incorporating intentional teaching of 

professional skills supports student professional skill development.  

4.1 Background 

Solving the complex problems of the world requires strong teamwork skills to support 

interdisciplinary collaboration, professionalism to work effectively with numerous stakeholders, 

and lifelong learning to keep up in a rapidly changing world. It is not uncommon, however, that 

instructors in higher education assume that students learn teamwork skills simply by being 

forced to do group work (Vik, 2001), demonstrate professional behaviour because they dress in 

business casual for class presentations, and are lifelong learners if they can “Google” something.  

Unfortunately, professional skill development is not as simple as that, and educators must be 

even more active in supporting students as they develop these skills.  

Active learning strategies, while beneficial for improving understanding of concepts, can also be 

used to support development of professional skills. An example is problem-based learning, an 

approach frequently used in undergraduate engineering programs, where students, often in teams, 

work to solve a problem and learn through that process (Sheppard et al., 2009). This type of 

active learning can be used to promote development of many professional skills such as 

teamwork, professionalism and lifelong learning. The active learning strategy, however, is not 

always enough, and instructors must intentionally teach students to develop professional skills. 

First, students need direct instruction of the declarative, procedural and conditional knowledge 

needed to understand professional skills (Woolfolk et al., 2013). Then students require 

opportunities to apply and practice their newly acquired knowledge, so they can develop their 

professional skills in a safe environment. Finally, students require feedback on their professional 

skills through an assessment process so they can adapt and refine their new skills.  
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Successfully fostering professional skill development in undergraduate engineering students 

requires an understanding of existing literature on the active learning strategy being used, along 

with why it is important to incorporate intentional instruction, development and assessment of 

professional skills in the classroom. Further, an understanding of course context is needed to 

determine how to integrate intentional teaching of professional skills. A review of the literature 

and a discussion of the course context, are thus, provided in the following sections.    

4.1.1 Literature Review 

Teaching professional skills is not only difficult, but instructors often feel there isn’t sufficient 

time to teach them (Abdulwahed & Hasna, 2017). As a result, students are expected to develop 

these skills on their own or with fragmented unstructured support and be prepared to use them in 

the workplace upon graduation. The lack of structure regarding the instruction, development, and 

assessment of the professional skill graduate attributes (teamwork, professionalism, and lifelong 

learning) is the motivation for this study.  

Literature on problem-based learning (PBL), and teaching professional skills is reviewed. 

Academic literature on PBL is widely available; however, it is only briefly discussed here to 

provide background on the existing pedagogical approach used in the course of interest. The 

emphasis of the study, in contrast, is intentionally teaching professional skills within this existing 

pedagogical framework, and as such the literature review focuses on the on direct instruction, 

development and assessment of professional skills. 

4.1.1.1 Problem-Based Learning 

The active learning strategy used in the course of interest for this study (ENGG 3100 

Engineering & Design III) is problem-based learning. Problem based learning (PBL) is a student-

centered approach, in which students start with a problem in order to facilitate learning. There 

are many different subtle variations of PBL, with slightly different words used to replace 

problem (e.g. project, product, process, people etc.), however, the main student-centered 
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approach is the same. PBL is thought to foster intrinsic motivation, which facilitates deeper 

learning (Sheppard et al., 2009), and enhance lifelong learning through the self-directed learning 

required (Sheppard et al., 2009; Stawiski et al., 2017). 

PBL is often delivered using a group project (the project comes from an identified problem) 

approach. While this is a resource intensive style of teaching (Sheppard et al., 2009), the learning 

benefits can be appreciated by students. Volkov and Volkov (2015) as an example, found that 

students acknowledged the benefit in learning from one another, learning together and improving 

understanding in an accounting course that utilized group work. This is considered a great 

outcome, in addition to the interpersonal skills developed.  

The student perception of PBL is not always positive, and not always consistent, however. For 

example, Fong (2010) created a multidisciplinary course on building construction, with students 

from four disciplines: building surveying, building engineering and management, construction 

economics and management, and real estate.  He found that the elements of working in a PBL 

team that students liked (greater idea generation, division of workload, comradery etc.), seemed 

to be directly connected to those they did not like (inability to come to a consensus, increased 

workload, conflict with team members etc.). This demonstrates a divide in how the course was 

perceived, and a challenge in assessing its success from the student perspective.  

The challenges with team projects are even greater when most of the course deliverables are 

based on team grades. Riebe, Roepen, Santarelli, & Marchioro (2010) report that students are so 

concerned with being on a bad team because of the potential impact on grades and future career 

opportunities, that the collaborative process within the team is inhibited. Similarly, unfair team 

assessments is a common concern for students, because a single grade is often given to the whole 

team (Riebe, Roepen, Santarelli, & Marchioro, 2010; Sheppard et al., 2009). Students typically 

dislike this approach to team assessment if the workload is not fairly distributed amongst the 

team members, and students feel they did the majority of the work while others contributed 

minimally but are given the same grade. Studies refer to those students who do not contribute 
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sufficiently as “free riders” (Falchikov & Goldfinch, 2000; Fong, 2010; Jones, 2017; Ruiz-

Esparza, Medrano, & Zepeda, 2016; Vik, 2001).  

When combatting the frequent “free rider” complaint instructors will often come back with a 

justification relating to the working world. For example, a client doesn’t provide evaluations of 

the individuals who contributed to the project, they read the report and decide whether it is good 

enough, or in the real world you must work with people you don’t like working with. Sheppard et 

al., (2009) explains that if your name is on a report you are just as responsible for its contents as 

everyone else who’s name is on the report. In some cases, however, instructors will have 

incentives to ensure equal workload distribution. Sheppard et al. (2009) describes an approach 

from the University of Michigan where students can “fire” a team mate if they are not adequately 

contributing to the project. Peer assessments are also commonly used as both formative and 

summative assessments, giving students the opportunity to comment on team members strengths 

and weaknesses (Sheppard et al., 2009; Vik, 2001). 

The potential benefits, and challenges associated with PBL, especially when offered as a group 

project, are important to consider carefully. The effectiveness of the active learning strategy can 

be compromised by some of these challenges, but the opportunity for student engagement, active 

learning, and the development of teamwork, professionalism and lifelong learning attributes is 

substantial. This style of course can closely mimic work settings, which prepares students for 

working as an engineer after graduation (Christie & de Graaff, 2017).   

4.1.1.2 Intentional Instruction 

It is expected that students develop professional skills throughout their undergraduate degree so 

that once they graduate, they can use those skills in industry. Unfortunately, teamwork, 

professionalism and lifelong learning are rarely taught in engineering curricula. There are many 

studies that reinforce this idea with teamwork in particular (Fong, 2010; Riebe et al., 2010; Vik, 

2001). Students are told to work in teams and expected to figure out the best way to do this. 

Regarding professionalism, it is clear from the CEAB definition that the emphasis is on the 
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knowledge of the engineering profession; however, there is very little emphasis on how to 

behave like a professional. Finally, lifelong learning is clearly an essential skill of future 

engineers, but direct instruction of self-regulated learning, metacognition and the importance of 

the mindset and belief of learners is rare (Kistner et al., 2010). This leaves students to “sink or 

swim” as (Vik, 2001) references in his study title.  

Using direct instruction methods to promote academic strategies has been found to be effective 

in improving academic performance, as well as metacognitive and motivational strategy use 

because students are made aware of the learning strategies, their significance and when and how 

to use them (Dignath et al., 2008; Donker et al., 2014; Kistner et al., 2010). Similarly, it is 

posited that providing direct instruction of professional skills, will improve the student 

awareness of the importance of these skills and how to use and develop them. The direct 

instruction will follow a cognitive view of learning where direct instruction includes three types 

of knowledge: declarative (knowing what), procedural (knowing how), and conditional (knowing 

when to use the knowledge) (Woolfolk et al., 2013).  

4.1.1.3 Developing Professional Skills 

Behavioural views of learning describe learning as a process in which antecedent conditions 

shape the behaviour of an individual, and the consequence of that behaviour either strengthen or 

weaken that behaviour (Woolfolk et al., 2013). Cognitive views of learning instead suggest that 

the behaviour and consequence of the behaviour provides information to the person, which is 

then used to make decisions regarding future behaviours (Woolfolk et al., 2013). While each 

theory of learning is different in what fosters learning, in both scenarios the person is learning 

from the experience of a behaviour. Therefore, once students are provided with the knowledge 

(declarative, procedural, and conditional) of teamwork, professionalism and lifelong learning, 

students will need time to practice applying the skills, or experiencing the behaviour and its 

consequences. Problem-based learning environments provide an excellent opportunity for 

students to practice these skills as they often work in teams, interact with stakeholders (GTAs, 
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Instructors, and possibly clients & industry representatives), and learn new concepts in order to 

solve the problem.   

While having time and an experiential scenario to practice skills, the key component of learning, 

modelled in both the cognitive & behavioural views of learning, is the consequence, either as 

reinforcing or weakening the behaviour or by providing information to the individual. In the 

context of the classroom and development of professional skills, the consequence to a behaviour 

is through feedback, or formative assessment (Goldie, 2013; Sheppard et al., 2009). Formative 

feedback typically does not contribute greatly to the final grade, which allows students to learn 

through failure (getting it wrong) without significant consequence (Sheppard et al., 2009). 

Receiving and implementing feedback is a skill itself and is also important to develop.  

4.1.1.4 Assessment 

There are considerable debates regarding the reliability of using grades as an indication of 

learning; however, the grade itself is not necessarily the issue, but rather the quality of the 

assessment and how it aligns with the desired learning outcomes (Biggs, 1999). The issue 

though, is that professional skills are challenging to operationalize, and consequently difficult to 

assess  (Sheppard et al., 2009). Pellegrino and Hilton (2012) call for more research in the 

assessment of cognitive, interpersonal, and intrapersonal competencies so that assessments can 

be used to evaluate the effectiveness of interventions in research, can be used for formative 

assessment, and finally can be used for summative assessment once properly validated.  

In addition to the challenge of using high quality assessments with good construct validity, there 

is the challenge of the student views of summative assessments. Within the academic context the 

summative assessment, or final grade, is the ultimate driver of most students (Biggs, 1999). 

Students will learn to the assessment; therefore, careful consideration of the assessment is needed 

to foster the learning processes instructors want students to use (Biggs, 1999). The assessment 

should capture behaviours and attitudes to ensure the student is not simply “faking” the 

professional skills (namely professionalism), but rather internalizing the importance of 
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demonstrating the competency moving forward (Goldie, 2013). Goldie (2013) suggests using 

observational and discussion-based assessments. This, however, is not always feasible in large 

classes that do not allow for the Instructor to observe and discuss professional skills with each 

student. Evaluating reflections is another opportunity for summative assessment of professional 

skills, however, as Goldie (2013) expressed, this may be a good opportunity to “fake it.” Clearly, 

assessments, while valuable in fostering learning and skill development, must be thoughtful to be 

effective. 

4.1.2 Course Context 

Engineering & Design III (often referred to as Design III) is a 3rd year course offered in the 6th  

or 7th academic semester for students in a regular and co-op programs, respectively. The course 

is a requirement for all engineering students and is an opportunity for students from different 

disciplines to work together to solve a moderately complex open-ended problem. As the course 

is offered once per year (in the winter semester), the class size is large, around 300 – 400 

students.  

Design III is the third course in the SOE’s “Design Sequence”, a series of courses that utilize 

problem-based learning to ensure students are developing design skills throughout the 

curriculum. At this stage, students have had two previous Design courses in which the design 

process is introduced, and students are given defined problems to solve in teams. In Design III, 

however, problem-based learning makes up the entire course, and student teams must identify an 

open-ended problem and come up with a solution. Multidisciplinary teams are encouraged, as is 

a problem that encompasses each of the disciplines on the team, however, this is not a 

requirement. The course consists of 3 hours of lecture a week where broader design related 

concepts are discussed, and a 2-hour lab period where 5 to 6 teams have time to work on their 

project and interact with a graduate teaching assistant (GTA) and an instructor. The lab period is 

often used to give teams feedback on previous deliverables, and answer questions related to 

upcoming requirements, however, the structure is very informal. All deliverables and 

assessments for the course are related to the project, and there is no final exam. 
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Once in teams, students identify a problem that they can develop a design solution for over the 

12-week course. Problem definition, along with constraints & criteria are the focus of the 

course’s first deliverable, the proposal, where students articulate the problem they’ve chosen, 

provide background research, and include a plan and budget to complete the work. The 

subsequent deliverables include: an interim report, technical memorandum, cost memorandum, a 

presentation, and a final report. The interim report requires teams to develop several design 

alternatives that meet all constraints and are evaluated using the design criteria they develop. The 

report concludes with their selected design alternative, which they develop further during the 

second half of the course. The technical and cost memorandum require students to further refine 

and analyze their design, before presenting it in front of their lab section. Strong teams are then 

selected to present in the lecture, and subsequently on design day where they are judged by 

industry professionals. Finally, the teams provide a final design report that provides sufficient 

detail that the solution could be implemented; however, prototypes and implementation are not 

required. Each deliverable is a team assessment, and students are only assessed as individuals for 

their reflection submissions; however, individual grades on the team assessments can (and are) 

modified based on observations of the Instructor/GTA and peer evaluations throughout the 

course. 

Compared to the earlier design courses, Design III emphasizes problem definition and 

communication skills. This is the first opportunity students have to choose their own design 

problem that they take through the design process from beginning to end. It also demands more 

from students technical writing skills as there are deliverables almost every week. The weekly 

labs that involve dedicated time for the team with both the Instructor and GTA is a unique 

opportunity to provide frequent and abundant feedback. This study was conducted because the 

teaching team wanted to take advantage of this unique opportunity for specific feedback to 

support greater professional skill development. 
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4.2 Research Objectives 

One of the key challenges with integrating professional skills development into the curriculum is 

time. As mentioned, the content covered in engineering undergraduate programs is already very 

heavy, thus, adding courses focused on professional skills development is difficult to justify 

(Abdulwahed & Hasna, 2017; Stawiski et al., 2017). Abdulwahed & Hasna (2017) suggest 

integrating skills development into existing courses. The purpose of this study is to better 

understand how to teach professional skills within an existing active learning course. 

ENGG*3100 Engineering & Design III (Design III) was the course in question.  

The study is designed to achieve research objectives related to professional skills development in 

Design III. The study objectives, based on the research objectives described in Section 1.1, 

include the following:  

1. Determine whether student professional skills improve during courses that utilize active 

learning strategies 

2. Assess the effectiveness of intentionally teaching professional skills within a problem-

based learning course on improving professional skills; and, 

3. Implement and assess possible professional skill assessment tools 

The specific research questions associated with each of the objectives are listed and described 

further. 

The first research objective is related to whether students improved their professional skills 

throughout Design III. Three professional skills were emphasized in the Winter 2019 Design III 

offering, including: teamwork skills, professionalism10, and lifelong learning skills. The 

corresponding research questions are as follows: 

                                                 

10 For the purpose of this study, a student’s ability to give and receive feedback is included as a subset of 

professionalism. 
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1. Did students improve their teamwork skills, lifelong learning skills and/or 

professionalism in Design III? Was this moderated by professional experience (i.e. 

Co-op, Engineering work experience, general work experience) 

2. Why do students think they developed these professional skills in Design III? 

3. How do students value their professional skills relative to technical skills upon 

completing Design III? 

Intentional instruction and development of each of the three professional skills was integrated 

into the Winter 2019 offering of Design III, through the use of lectures and activities. One of the 

research objectives is to determine the effectiveness of this approach in supporting professional 

skill development, as well as awareness, in Design III. The corresponding research questions are 

as follows: 

4. Does intentional instruction and development of professional skills, through lectures 

and activities support professional skills development according to student 

perceptions? 

5. Did students become more aware of their professional skills as a result of the 

intentional instruction and development of professional skills? 

6. How effective do members of the teaching team (Instructors and GTAs) think the 

lectures and activities used for intentional instruction and development of 

professional skills were? 

Finally, various assessment tools were introduced into Design III in Winter 2019 to support 

assessment of professional skills. Understanding the effectiveness of these tools is the final 

research objective of the study. The corresponding research questions are as follows: 

7. Did members of the teaching team (instructors and GTAs) find the assessment tools 

for professional skills development effective? 

8. Did students find the self-assessment tools representative of their skills, and how 

they changed? 

The findings of these research objectives support the progression for supporting professional 

skill development in senior engineering students as they prepare for their future careers. This 
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study is somewhat explorational in nature, and as such, findings will help direct future studies to 

further refine understanding of teaching professional skills.   

4.3 Methodology 

Using a quasi-experimental design, professional skills development in Design III was 

investigated. The course has been offered in a problem-based learning (PBL) format for many 

years, to provide students with the opportunity to practice preparing a design solution for a 

moderately complex open-ended problem. The traditional offering of the course did emphasize 

professional skill development; however, it was determined that more was required to help 

students improve these skills through intentional efforts, rather than hoping if they are tasked 

with a project in teams that the skills will follow. As such, in Winter 2019, intentional teaching 

of professional skills was added to the course. The three professional skills of interest were, 

teamwork skills, professionalism and lifelong learning. The intentional teaching included direct 

instruction through lectures, scaffolded development in lab activities, and various forms of 

professional skill assessment throughout the course.  

The study was implemented in the Winter 2019 offering of Design III, which is a required course 

for all engineering students at the University of Guelph. A combination of quantitative and 

qualitative methods was used to identify changes in student professional skills development, and 

student perceptions of their Design III experience relating to professional skills. The 

methodology is broken into the pedagogical design, which includes the various teaching 

strategies included to foster professional skill development, and the study design, which goes 

through details of data collection and analysis. All relevant course delivery material can be found 

in Appendix A.2. 

4.3.1 Pedagogical Design 

The focus of this study is on professional skill development, particularly the development of 

select graduate attributes. As a result, participants included those that signed consent forms in the 
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first year of their engineering program indicating they consent to their academic data regarding 

graduate attributes be made available for pedagogical research and dissemination. All students in 

Design III were required to take part in lecture and lab activities and surveys to contribute to the 

graduate attribute continual improvement program; however, only those that provided consent 

had their data included for dissemination. 

The overall treatment to the entire class is the project-based learning model with intentional 

teaching of professional skills. It is unethical to treat students differently within a single course 

when the hypothesis is that one group is expected to perform better than another. As a result, 

there is no control group, but rather the research study uses a pre-test/post-test quasi-

experimental approach in which the students are evaluated before and after the course to see if 

professional skill development has occurred. Details regarding how intentional teaching of 

professional skills was included in the delivery of the course is provided in the following 

sections. 

A key change to the offering of Design III in Winter 2019 is the inclusion of lectures, lab 

activities, and assessment tools to foster student professional skill development. A summary 

schedule for the course is provided in Table 4.3.1. Details regarding the lectures specific to 

professional skills development, the lab activities, and the assessment tools used (shaded cells in 

Table 4.3.1) are provided in the following sections. 
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Table 4.3.1: ENGG 3100 Engineering Design III Winter 2019 Course Schedule. Shaded cells include the interventions used for 

intentionally teaching professional skills and are described further in the following sections. 

Week Lecture 1 Lecture 2 Lab Deliverable Skills Assessment 

1 
Course Background Information 

Project Ideas & Design Process/Competencies 

Professionalism 

Workshop 
 Pre-Term Survey 

2 
Project Ideas & 

Problem Definition 
Constraints & Criteria 

Team Building & Team 

SWOT Analysis 

Team & Project 

Selection 
Process Assessment 

3 

Generating Design 

Ideas & Accessing 

Library Resources 

Project Management 

Part 1 
Support for Proposal  Process Assessment 

4 
Evaluating Design 

Solutions 

Collaboration & 

Leadership 

Team Roles & 

Leadership Styles 
Design Proposal Process Assessment 

5 Due Diligence Technical Writing Proposal Feedback  Process Assessment 

6 
Project Management 

Part 2 
Conflict Resolution 

Support for Interim 

Design Report 
Preliminary Report 

Process Assessment 

Mid-Term Survey 

Reading Week 

7 Material Selection 
Life Cycle 

Assessment 
Giving Peer Feedback Interim Reflection Process Assessment 

8 Cost Analysis Sales & Marketing Interim Report Feedback Technical Memo Process Assessment 

9 
Refining/ Optimizing 

Designs 

Technical 

Communications 

Workshop 

Refining/ Optimizing 

Designs 
Cost Memo Process Assessment 

10 Ethics & Equity Ethics & Equity Design Presentations Presentation  

11 
Design Project Presentations 

(Semi-finals) 

Tech Memo, Cost Memo 

& Presentation Feedback 
 Process Assessment 

12 Wrap up & Design Day 
Final Reflection & 

Support for Final Report 

Final Report 

Final Reflection 

Post-Term Survey 

Process Assessment 
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4.3.1.1 Instruction 

Intentional instruction of select professional skills was integrated in the Winter 2019 offering of 

the course. While most lectures did not focus on a professional skill, they were designed to 

encourage engagement and active participation through activities. The lectures specific to 

intentional professional skills instruction are described as follows: 

• Course Background Information (Week 1): During the two introductory lectures the 

teaching team was introduced as were the learning outcomes of the course and the graduate 

attributes of interest. There was particular emphasis placed on professional skill 

development, especially regarding professional behaviour. 

• Professionalism Workshop Results (Week 2): A short portion of one of the lectures was 

taken to disseminate the results of the Professionalism workshops run in Week 1. This 

provided students with more directed information regarding what professionalism is, what 

is appropriate professional behaviour, and how one measures an individual’s 

professionalism.  

• Collaboration & Leadership (Week 4): A full-length lecture was delivered that focused 

on interdisciplinary collaboration and different styles of leadership. Tuckman’s model of 

team development was reviewed, along with types of disciplinarity (crossdisciplinary, 

multidisciplinary, interdisciplinary, transdisciplinary etc.), and leadership theory. A short 

activity to emphasize the value of working collaboratively rather than “dividing and 

conquering” was included in the lecture. Strategies for fostering collaboration and being an 

effective leader were provided.  

• Conflict Resolution (Week 6): A nearly full-length lecture was delivered on conflict 

resolution and how to have difficult conversations. Some theory of conflict was provided, 

along with what causes conflict, how conflict is dealt with, how to minimize or prevent 

conflict, and finally how to have a difficult conversation when conflict arises. The lecture 

emphasized valuing alternative perspectives and looking for win-win solutions to a conflict 

and including two brief activities to reinforce these concepts.  

• Reflections (Week 6 & Week 12): Reflections were discussed for a small portion of a 

lecture in Week 6 and Week 12 to prepare students for the interim and final reflections, 

respectively. In Week 6 a brief discussion of why reflecting is important, and how to 
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reflect effectively using Bloom’s Taxonomy was provided, followed with an explanation 

of the expectations for the interim reflection. In Week 12 some of the concepts discussed in 

Week 6 were reviewed, and guidance was provided on the final reflection. 

While most other lectures did not discuss professional skills directly, some did include 

discussion of skills that would be beneficial for professional skill development. For example, an 

“Accessing Library Resources” lecture was done in Week 3, and was important for supporting 

student research skills, which fostered self-directed learning, and consequently lifelong learning.  

There were also two lectures on project management. Project management is very important to 

the delivery of a successful design solution and relies heavily on good teamwork skills and 

professionalism. The remaining lectures, did however, focus on the design process and other 

important concepts for design engineering.  

4.3.1.2 Development 

Opportunities for students to apply what they learned in lectures regarding professional skills 

were provided through lab activities. While a professional skill lab activity was not delivered 

each week, several were included to promote professional skill development and awareness. 

Each activity is briefly described below: 

• Professionalism Workshop (Week 1): A workshop on professionalism was administered 

in the first labs of the semester. Some students even went through the workshop prior to 

having their first lecture based on the lecture/lab schedules. The workshop was based 

around Kelley et al.’s (2011) five domains of professionalism: Reliability, Responsibility 

& Accountability (RRA), Lifelong Learning & Adaptability (LLA), Relationships with 

Others (RwO), Upholding Principles of Integrity & Respect (PIR), and Citizenship & 

Professional Engagement (CPE). The main learning outcome was to improve student 

awareness and understanding of professionalism. The workshop was done in groups and 

was also intended to provide students with an opportunity to meet their peers before 

forming teams for the course project. Students were taken through four activities: 

brainstorming “What is professionalism,” scenario-based discussions of professional 

behaviour, assessing their peers on various items pertaining to professionalism (from 

Kelley et al. (2011)), and development of a professionalism rubric. As previously 
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mentioned, the results of the workshops were aggregated and presented in a lecture the 

following week. 

• Team Building & Team SWOT (Strengths, Weaknesses, Opportunities & Threats) 

Analysis (Week 2): Once students were in teams, they went through some team building 

exercises to get to know one another. The instructor and GTA for the lab chose between 

several games. Then students were asked to take some time to reflect on their own 

strengths and weaknesses and write them down in their log book. Students were 

encouraged to consider both technical and professional skills. Then, coming together as a 

team, students wrote their names on a whiteboard with two or three strengths and 

weaknesses each. Next, students identified potential opportunities and threats to their 

team’s success based on the combination of strengths and weaknesses of individuals on the 

team. For example, an opportunity may be if an individual’s strength is another’s weakness 

and the one can mentor the other. A threat, in contrast may be that all team members have 

the same weakness with no one to help offset the weakness. Finally, the team came up with 

a plan to maximize on opportunities and minimize potential threats over the semester.  

• Team Roles & Leadership Styles (Week 4): Teams went through a series of brainteasers 

and tried to solve the problem faster than the other teams in the lab. After each brainteaser, 

teams debriefed how they worked together and what kind of role they each played (a list of 

team roles with descriptions were provided). Teams then voted for a team MVP (Most 

Valuable Player), who was restricted in the following round (e.g., they can’t participate, 

they can’t speak, they can’t write anything down, they must keep their eyes closed etc.). 

This provided an opportunity for some of the more passive students to “step-up” and 

contribute to the team in different ways, while showing more outspoken/confident students 

the potential in their team members. The workshop was concluded with a discussion about 

leadership and different ways that leadership can be demonstrated.  

• Receiving Feedback (Weeks 5, 8 & 11): While not a structured activity, students received 

oral feedback on their various project deliverables, and practiced being receptive and open 

to feedback. The ability to take feedback graciously and respectfully and being able to 

decipher how one chooses to use the feedback, is a skill important for professionalism. 

• Giving Peer Feedback (Week 7): Students were guided through how to provide their 

peers with oral constructive feedback. Time for individual reflection and formulating 

thoughts was provided, and then one at a time peers gave their constructive feedback. Each 

student practiced giving feedback to one of their team members, and each team member 

received feedback from one peer. The individual receiving feedback and other members of 
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the team then provided the feedback “giver” with suggestions to improve the feedback 

delivery. Students were encouraged to be open minded and reminded that everyone 

struggles with this, and not to take offence if the feedback was not delivered as tactfully as 

it could be.  

Each lab activity was facilitated by the Instructor and GTA in a section that included 

approximately five or six teams per Instructor/GTA pair. The relatively low student to teaching 

team ratio provided a safe space for students to practice their professional skills through low risk 

activities.  

4.3.1.3 Assessment 

Several assessment tools were incorporated into Design III to foster professional skill 

development. Students tend to learn to the assessment, and as such it is important to design 

thoughtful assessments that effectively measure the desired attribute (Biggs, 1999). Furthermore, 

just as feedback is important for students to learn concepts and gain technical skills, formative 

feedback is important for students to develop professional skills. Self-assessments, peer 

evaluations, and rubrics for Instructors/GTAs were employed in Design III in Winter 2019 as 

part of intentional teaching of professional skills.  

Self-assessments were the primary tool to promote student reflection on their professional skills. 

These tools were also used to operationalize professional skill improvement for the purpose of 

the study. Students completed two validated self-assessment scales in their pre-term and post-

term surveys and were required to complete these surveys as they were used as prompts for 

reflections later in the semester. The first validated scale measured student teamwork in 

accordance with Marks et al.’s (2001) teamwork processes (Varela & Mead, 2018), and included 

eight dimensions of teamwork categorized into three processes. The second validated scale 

measured five domains of professionalism, emphasizing the behavioural aspects of 

professionalism, from Kelley et al.’s (2011) professionalism assessment tool (PAT). The scales 

are discussed in more detail in Section 4.3.2.1, and the selection of the scales is discussed in 

Section 2.3.  



 

 

182 

 

In both reflections, students were asked to do peer evaluations for their team members. Scoring 

was based on a -2 to +2 scale in which 0 represented the average for the team. As such, students 

had to provide some positive and some negative scores to depict who was stronger in what skills 

compared to their team members. The evaluation criteria for the interim peer evaluation 

included: Teamwork Skills, Leadership Skills, the Reliability, Responsibility & Accountability 

domain, the Upholding Principles of Integrity & Respect domain, and Communication. Brief 

descriptions of each criterion were provided. In the final reflection an additional criterion was 

added, technical skills. While students did not receive the evaluations of themselves from their 

peers directly, as previously discussed, students participated in an activity after the interim 

reflection where students were encouraged to share some of the constructive feedback. This 

provided students an opportunity to not only develop skills in giving feedback, but also provided 

formative feedback for professional skills from their team members.  

The final assessment tools used were administered by the Instructor & GTA. There were two 

rubrics with a variety of criteria. The first was used for observational assessments of students 

during lab activities, and the second was a rubric for assessing student design processes, which 

were administered weekly. Rubric items, on both tools, were assessed on a scale of 1 to 4, 

similar to the design report rubrics used in the course. Similar criteria were used in both the 

activity and process assessment rubrics, the difference being the activity rubrics were specific to 

when students were participating in the lab activities, as opposed to working on their project or 

meeting with the Instructor/GTA to discuss their project. The rubrics included criteria such as, 

Attitude, Demonstrates Leadership, Active Listening, Receiving Feedback, Timeliness and others. 

Each criterion was mapped to one of the graduate attribute indicators (sub-items developed by 

the School of Engineering for their graduate attribute and continual improvement program), and 

thus, corresponded to either Teamwork, Professionalism, or Lifelong Learning. While the 

intention was for the Instructor/GTA to evaluate students individually, and then later provide 

individualized feedback on student professional skills, this was not completed. The rubrics were, 

however, used to inform a portion of the student’s final grade, which is further described in the 
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following section. The rubrics were modified throughout the semester based on feedback from 

the teaching team and will likely continue to be modified and adapted from year to year. 

4.3.2 Study Design 

The study uses a quasi-experimental study design, using a pre-term/post-term approach, and 

draws on both quantitative and qualitative data. The quantitative data includes pre-/post-term 

survey responses, as well as select grades that depict professional skills. The qualitative data 

includes the student interim and final reflections. Detail regarding the data collection and data 

analysis is provided in the following sections. 

4.3.2.1 Data Collection 

All data was collected in the Winter 2019 offering of Design III. Data was collected through 

student questionnaires using Qualtrics at the beginning and end of the semester, as well as a hard 

copy mid-term survey complete in lecture. The Qualtrics surveys were required for course 

completion as students used scores from the survey as prompts for their reflections. The mid-

term survey in lecture, however, was only completed by students who attended the lecture. Grade 

data from GTA & Instructor assessments were also used in the analysis and were developed 

based on a newly designed process assessment form. Qualitative data was also collected, 

including an interim and final reflection from students.  

Surveys were administered to all students in the Winter 2019 offering Design III. Pre- and post-

term surveys were conducted to assess how student’s professional skills changed over the 

duration of the course. In addition to the pre-term data collected before the first lab session, and 

the post-term after the final lab session, there was a mid-term survey with student perception 

questions about the course design and delivery. The mid-term survey was administered during 

one of the Week 6 lectures.  

Demographic and other background information were also collected at the end of the pre-term 

survey. This data was used to check for moderators, such as co-op or discipline. Student 
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perception items were also included in the surveys to evaluate how students perceived the 

importance of professional skills, and what they thought about different elements of the course 

delivery model. In addition to the perception items included in the surveys, validated scales were 

incorporated to measure specific professional skills in the pre-term and post-term surveys.  

The teamwork measure that was included in the pre-and post-term surveys was a modified 

version of Varela & Mead’s (2018) teamwork skill assessment test for academia. The 24-item 

scale was adjusted for use as a self-assessment as opposed to the GTA/Instructor assessment 

wording in its current form. This measure was created following Hinkin's (1998) brief tutorial on 

measure development, and is based on Marks et al.’s (2001) model of teamwork, which 

identifies three teamwork processes: transition processes, action processes and interpersonal 

processes. Each process has lower level dimensions that make up the process. Varela & Mead’s 

(2018) used the lower level dimensions as factors of the teamwork construct, and as guides for 

the item generation. The lower dimensions include: mission analysis and strategy formulation 

(transition processes), situation monitoring, backup behaviours, and coordination (action 

processes), and conflict management, motivating & confidence building, and affect management 

(interpersonal processes). Students responded to the 24-item scale on a 7-point Likert Scale, 

indicating how strongly they agree or disagree with the statement. More detail about the 

selection of the scale is provided in Section 2.3.2. 

The Professionalism Assessment Test (PAT) was developed by Kelley et al. (2011) to provide a 

measure of professionalism for pharmacy students. While there are other professionalism scales 

used to evaluate pharmacy students, Kelley et al. (2011) found that these scales had a ceiling 

effect in which students tended to rate themselves at the top of the measure. This limited the 

applicability of the measure to demonstrate improvement of student professionalism throughout 

the pharmacy program, and further inhibited the use for informing changes to the curriculum. As 

a result, Kelley et al. (2011) took two existing professionalism scales, from Hammer et al. (2000) 

and Chisholm et al. (2006) that focused on behavioural professionalism and used these, along 

with a white paper on professionalism in pharmacy to inform the development of the new scale. 
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The finalized 33-item scale covers 5 domains of professionalism: Reliability, Responsibility & 

Accountability, Lifelong Learning & Adaptability, Relationships with Others, Upholding 

Principles of Integrity and Respect, and Citizenship & Professional Engagement. Each item is 

evaluated using a modified version of Miller’s Taxonomy (Knows, Knows How, Shows, Shows 

How/Does, and Teaches). As one of the domains of professionalism is Lifelong Learning & 

Adaptability, the results from this domain were used to assess any improvements in lifelong 

learning, rather than incorporating another scale and further lengthening the survey. More detail 

about the selection of the scale is provided in Section 2.3.3.  The complete pre-term, mid-term 

and post-term surveys can be found in Appendix B.5. 

Some grade data was collected as an indicator of professional skills development. The grades 

assigned to reflections, along with those received for design process were included in the study. 

As there were two reflections, an interim and a final reflection, the grades assigned were 

compared to suggest improvement in reflections, which may suggest improved lifelong learning 

skills. The design process grades data was also collected as an indicator of both professionalism 

and teamwork skills in the class by the end of the semester; however, no similar grade is 

available earlier in the term that can be compared to suggest a change in skills. Details regarding 

the grade breakdown can be found in Appendix A.2.1 with the Course Outline content. 

Finally, students completed two reflections throughout the term. While both reflections were 

graded using a rubric, the reflection grade did not contribute to the student’s final grade, but 

passing was required to get the affiliated deliverable grade (the interim report for the interim 

reflection, and the final report for the final reflection).  

The interim reflection was due approximately a week after the interim reports were submitted. 

The reflection included three parts. First, students were asked to reflect on their pre-term scores 

from the teamwork assessment test and include whether they felt the scores were representative 

of their skills prior to Design III. Further, students were asked to comment on whether they felt 

their teamwork skills had changed over the first half of the semester and develop a plan for how 

to improve select teamwork skills over the remainder of the semester. Then students reflected on 
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the team dynamics in their group, including what roles the team members had taken on, whether 

any challenges had been encountered, and how they had or planned to manage these challenges 

as the semester progressed. Finally, as explained in Section 4.3.1.3, students were required to 

evaluate their peers on their professional skills. 

The final reflection followed a similar format to the interim reflection. There were three parts, 

one using scores from the surveys as prompts, another more general about a specific professional 

skill, and finally a peer evaluation. This time, however, both professionalism and lifelong 

learning were emphasized. Students were asked to comment on the pre- and post-term scores 

they received from the professionalism assessment tool, including whether they felt their 

professional skills had changed and why. Students were only required to comment on two of the 

five professionalism domains from the scale. The more general questions pertained to lifelong 

learning specifically and was further broken into three questions. First, students had to identify 

something they had to learn to help their team complete the project and reflect on how they 

learned it. Then they chose one of the learning outcomes from the course outline and self-

assessed relative to the outcome. Finally, they were asked to discuss how Design III helped them 

achieve or work towards achieving one of their career goals. The peer evaluation portion of the 

final reflection was nearly identical to that from the interim reflection, except that students were 

also asked to evaluate their peers on their technical skills and provide a distribution of effort 

amongst the team members. The interim & final reflection assignments can be found in 

Appendix A.2.4. 

4.3.2.2 Quantitative Data Analysis 

All quantitative data was cleaned prior to use, including removal of survey data from students 

that did not complete both surveys and calculation of dimension/domain scores for the two 

validated scales. A check for normality using Shapiro-Wilks was then conducted on all 

quantitative data to determine whether parametric or non-parametric tests were more suitable.  
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As most of the data from the surveys were not normally distributed, when means were compared 

the Wilcoxon-Ranked Sign test was used (α<0.05). If the difference in means was deemed 

significantly different Cohen’s d was calculated to determine the size of the effect. If the effect 

size was approximately 0.2 it was considered a small effect, 0.5 was a moderate effect and 0.8 

was a large effect (Lakens, 2013). These comparison statistical tests were primarily performed 

for the pre- to post-term score change for the two validated scales. 

At first a visual inspection of the impact of moderators on the comparisons was done using 

figures rather than a statistical test. This was done to determine if discipline, co-op and the 

approximate number of months of work experience impacted any of the changes in professional 

skill scale scores. Where a potential moderator effect was observed from the figures an ANOVA 

(or non-parametric equivalent) was used to determine whether the moderator had an effect, 

statistically speaking. Then, where statistical significance occurred from the ANOVA, then a 

multiple-comparison procedure was followed to pinpoint which differences between pairs were 

significant.  

Analysis of the perception items from the mid- and post-term surveys were handled on an 

individual basis. This primarily consisted of using visual representations, such as bar charts, of 

the data to derive conclusions or potential conclusions. In one instance a more detailed analysis 

was done using the Kruskal-Wallis Rank Sum test and subsequent pairwise comparison using 

Wilcoxon Ranked Sum test to determine whether there was a significant difference between 

whether students thought Teamwork skills, Professionalism, Lifelong Learning, and Technical 

skills can be taught. Any further quantitative analysis is described as the results are presented.  

4.3.2.3 Qualitative Data Analysis 

Prior to analysis, 12 reflections were randomly sampled from the interim reflections and another 

12 from the final reflections. This is in accordance with suggestions from Guest, Bunce, and 

Johnson (2006), who found that theme saturation was reached after review of 12 interviews. 

While interviews were not reviewed for this study, it is assumed that saturation of themes would 
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be similar in written reflections. The subsample of reflections was, thus, used to support theme 

generation. First, however, preliminary parent nodes were created a priori to reflect the research 

questions that emphasize student perceptions. This included: Improve, Static, Decline, 

Awareness, and Factor. The first three parent nodes are referencing a type of change in 

professional skill, while Awareness is referring to a student discussing their increased awareness 

of their professional skills rather than a change in the skill, and finally Factor is used to 

categorize anything that influenced the change in professional skills and/or improved awareness 

of professional skills.  Through the theme generation process nodes were added beneath each 

parent node and re-organized as needed. The same codebook (list of nodes with explanations of 

what is included and excluded from being coded with the node) was used for the interim and 

final reflections. The final codebook for the reflections can be found in Appendix C.2.  

As there were 340 students in the class, each of whom wrote a three-part interim reflection and a 

three-part final reflection, it was not feasible to review all 680 reflections for the purpose of this 

study. As such, a stratified random sampling method was used to get a cross section of responses 

for the analysis. This sample of reflections was then coded using the two codebooks for the 

interim and final reflections, respectively.  

One of the primary objectives of the study is to determine whether students improved their 

professional skills. Three professional skills, teamwork, professionalism, and lifelong learning 

were emphasized in Design III in Winter 2019, and each was quantitatively measured using a 

validated self-assessment scale. Teamwork was measured using Varela and Mead’s (2018) 

teamwork skill assessment, and professionalism generally, as well as lifelong learning 

specifically, were measured using Kelley et al.’s (2011) professionalism assessment tool, for 

which lifelong learning and adaptability is one of the five domains of professionalism. Using the 

difference between the pre- and post-term scores for each dependent variable, the participants 

were ranked from greatest increase to greatest decrease in score. Then 10 reflections were 

sampled at the 90th, 50th, and 10th percentile scores so that representation of scores increasing, 

decreasing and staying approximately the same are included. This ranking and sampling system 
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were done separately for each dependent variable. The interim reflections were sampled 

according to the teamwork scores, as this was the focus of that reflection, while final reflections 

were sampled based on the professionalism and lifelong learning scores. As the lifelong learning 

and adaptability score is a subset of the professionalism score, there were some instances where 

the same reflection was sampled for both dependent variables. In total, 30 unique interim 

reflections were analyzed, along with 53 unique final reflections.  

Coding and analysis were done using NVivo, a qualitative research software. The coding units 

were unique ideas, rather than coding by phrase or word. Especially when coding changes in 

professional skills students often mentioned what their scores were, whether they thought they 

reflected their experience, and provided evidence, such as examples of situations or changes in 

behaviour during the semester. As conveying this information normally took several sentences, 

ideas were selected as the coding unit. Once the coding was completed analysis was conducted 

by determining the number of reflections coded with a specific node, and then later the coded 

ideas within a node were reviewed, and trends were assessed.  

4.4 Results & Discussion 

The primary objective of the study was to foster professional skill development in Design III 

through intentional teaching. Teamwork, professionalism and lifelong learning were emphasized 

through lectures, lab activities and assessment tools. The results and discussion presented 

emphasize generally whether there was evidence of professional skill development in the Winter 

2019 offering of Design III, and if students and the teaching team felt that teaching professional 

skills more intentionally contributed to student growth. This study is exploratory, and as such 

will be used to inform a more rigorous study for subsequent years based on the findings 

presented herein. More detailed results, both for the quantitative and qualitative analyses can be 

found in Appendix D.2. 
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4.4.1 Sample 

All undergraduate engineering students at the University are required to take Design III during 

their 6th or 7th semester, depending on whether they are in the co-operative stream or not. As 

such, the class is large with 369 students at the beginning of the semester, coming from all seven 

disciplines. Some background data, primarily regarding professional experience, was collected in 

the pre-term survey. The background data was collected for a moderator analysis regarding 

professional skills development to better understand what influences how a student benefits from 

the teaching strategies employed.  

All students were required to complete both the pre- and post-term surveys for course credit, 

along with two reflections. Despite both data sources being course requirements, some students 

did not complete the surveys and/or reflections. Further, some students dropped the course, and 

thus were removed from the study. Some students who were added to the course late, did not 

complete the pre-term survey. In total, 340 students completed both surveys and both reflections 

and were retained for the purpose of the study. This results in a small nonresponse bias of less 

than 8%. 

4.4.1.1 Moderating Factors 

While teaching professional skills is emphasized in the core design courses, which all students 

must take, students from different disciplines may have been given opportunities to develop 

professional skills that other students haven’t. As such, engineering discipline was included as 

one of the moderators. There are seven disciplines within the School of Engineering: 

Mechanical, Biomedical, Biological, Environmental, Water Resources, Systems and Computing, 

and Computer Engineering. Figure 4.4.1 shows the distribution of students in each discipline and 

demonstrates that not only is the largest discipline Mechanical, but it makes up 39% of the class. 

This means the data collected will be somewhat biased towards the experiences and development 

of the Mechanical engineering students. 



 

 

191 

 

 

Figure 4.4.1 Distribution of engineering discipline in the Winter 2019 offering of Design III. One survey respondent did not complete the background 

questions, so n = 339 for this figure. 
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Co-operative (co-op) education is an option for students in all disciplines that meet a grade point 

average. The co-op program consists of four to five four-month work terms throughout the five-

year degree (the co-op stream adds one year onto the program). Of the Winter 2019 Design III 

students, 46% (158) of the class are in the co-op stream. These students are in their fourth year of 

the program when they take Design III and have just come off two sequential work terms. The 

students in the traditional stream, in contrast, are in their 3rd year of study. As the co-op students 

typically have at least 8 months of engineering work experience by the time they take Design III 

(the summer after their first year is an optional work term, as students only need to complete four 

of the five work terms) it is possible their professional skills are more developed than those in 

the traditional stream. As such, it was included as another moderator of professional skills 

development in Design III. 

While all students in the co-op program have completed at least 8 months of engineering work 

experience, this does not necessarily mean non-co-op students do not have any engineering work 

experience. Some students will seek out engineering work terms during their summer semesters, 

or even alter their program schedule and take a work term during school terms, essentially “self-

co-oping”. Further, while not all students in Design III have engineering work experience if they 

aren’t in co-op, it is likely they have work experience in another field. Professional skills can be 

developed in nearly all forms of employment, and as such understanding how much work 

experience in general someone has may influence their professional skills development in Design 

III. The distribution of engineering and non-engineering work experience of the Winter 2019 

Design III class is shown in Figure 4.4.2. 
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Figure 4.4.2 Amount of work experience of winter 2019 Design III students (n = 339) 
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does somewhat reflect the strength of professional skills in Design III students by the end of the 

semester; however, this grade is very loosely based on professional skills, and more so if 

students seemed engaged. While engagement can be considered an element of professionalism, it 

is challenging for the instructors and GTAs to deliver the activities while also observing roughly 

30 students at once on several professional skill related criteria. As such, this data more so 

suggests that 75% of students were engaged and did not show poor professional skills while 

participating in the lab activities. 

The grade assigned for design process is somewhat more reflective of the strength of 

professional skills as the assessment was based on observations during weekly meetings in the 

labs with the team, instructor and GTA. While challenging to provide individual grades at the 

beginning of the course, as the instructor and GTA got to know the individuals on the teams they 

were able to make a fairer assessment of a student’s professional skills at the end of the semester. 

Approximately 65% of students were assessed as demonstrating strong professional skills, with 

those students receiving a design process grade above 80%.  

While these grades do not necessarily suggest students improved their professional skills over 

the semester, it does provide an indication of how student professional skills were viewed by the 

teaching team at the end of the semester. More detailed grades were recorded from week to week 

using rubrics; however, these rubrics were not always used consistently, and the final grades 

assigned in these two categories (lab activities and design process) were not calculated directly 

from the rubrics. Rather the rubrics were used for instructors and GTAs to record their 

perceptions of students, regarding their professional skills each week. The documentation could 

then be reviewed at the end of the semester and based on this review along with the teaching 

team’s overall perception of the student’s professional skills as observed in the labs, a grade was 

assigned. The grades for both the lab activities and design process suggest that most students 

demonstrated strong professional skills during the labs by the end of the semester. 
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Figure 4.4.3 Student grades relating to teamwork and professionalism development. The grade on the x-axis 

is the maximum grade in that 10% bin (n = 340). 

4.4.2 Teamwork 

Development of teamwork skills is incredibly important for engineering students as they will be 

required to work in teams, often multidisciplinary teams, throughout their careers. As such, they 

must learn to work with people from different backgrounds and with different perspectives. 

Teamwork skills were measured using a self-assessment tool, and student perceptions extracted 

from a sample of student reflections. The corresponding descriptive statistics and results from the 

Shapiro-Wilks test for normality can be found in Appendix D.2.1. 

4.4.2.1 Teamwork Scale 

Teamwork was measured using Varela and Mead’s (2018) teamwork skill assessment scale, 

which is based on Marks, Mathieu, and Zaccaro’s (2001) taxonomy of team processes. The self-

assessment scale was included in both the pre- and post-term surveys. Students received scores, 

between 1 and 7, in eight teamwork dimensions, each categorized within one of three of Marks et 

al.’s (2001) teamwork processes, as well as an overall average teamwork score. The scores from 

the beginning of the semester were compared with those from the post-term survey using a 

7 14 4

53

8

254

8 14
36

62
79

141

0

50

100

150

200

250

300

50 60 70 80 90 100

N
u
m

b
er

 O
f 

S
tu

d
en

ts

Grade (%)

Lab Activities Design Process



 

 

196 

 

Wilcoxon-Sign Ranked test, as the data was not normally distributed according to the Shapiro-

Wilk test. The results are summarized in Table 4.4.1 and Figure 4.4.4. 

Table 4.4.1 comparison of Mean teamwork domain scores from the beginning 

of design III with the end of the course (n = 340). SD is standard deviation.  

Teamwork Domain Pre-Term Mean 

Score (SD) 

Post-Term Mean 

Score (SD) 

Transition Processes 

Mission Analysis 6.0 (0.7) 6.0 (0.6) 

Strategy 

Formulation 

5.8 (0.7) 5.8 (0.7) 

Action Processes 

Situation Processes 5.7 (0.8) 5.8 (0.7) 

Backup Behaviours 5.5 (0.8) 5.6* (0.8) 

Coordination 5.6 (0.8) 5.7 (0.8) 

Interpersonal Processes 

Conflict 

Management 

5.7 (0.8) 5.7 (0.8) 

Motivating & 

Confidence Building 

5.6 (1.0) 5.7* (0.9) 

Affect Management 5.9 (0.9) 6.0 (0.8) 

Overall 

Teamwork 5.7 (0.6) 5.8 (0.6) 
* significantly greater than the pre-term mean score (α < 0.05). Cohen’s d for both 

Backup Behaviours and Motivating & Confidence Building was 0.2.
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Figure 4.4.4 Pre- and Post-term mean teamwork scores, Design III Winter 2019 (n = 340). Error bars depict standard deviation. 
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The results show that the change in teamwork domain scores from the beginning of the term to 

the end were very small for all domains. Only the post-term scores for backup behaviours and 

motivating & confidence building were significantly greater than the pre-term scores. The effect 

size for both sets of scores, as depicted by Cohen’s d, was 0.2, which is considered a small 

effect. As such, the results suggest that the students in Design III did not develop teamwork 

skills, in accordance with Varela and Mead’s (2018) teamwork skill assessment. 

As there was no significant change in the average teamwork skills, it was deemed unlikely that 

there would be a moderator effect of engineering discipline, enrolment in the co-op stream, or 

work experience. Figures were used to do a visual comparison to determine whether statistical 

tests were needed. Figure 4.4.5 shows that the mean change in average teamwork score is 

approximately 0 for each discipline. Systems & Computing appears to have a slightly higher 

mean change in average teamwork score, potentially suggesting this group of students benefited 

more from Design III with respect to teamwork skill development; however, these results are not 

significant given the large variance in the change in average teamwork score. Figure 4.4.6 shows 

that when the difference in average teamwork score from pre-term to post-term is plotted as a 

function of pre-term score, whether the student is in co-op or not does not seem to influence 

whether the student developed their professional skills; the trendlines are nearly coincident. 

Finally, Figure 4.4.7 depicts the relationship between the difference in average teamwork score 

from pre-term to post-term as a function of approximate number of months of work experience. 

The slope of the linear trendline is approximately 0, suggesting there is no observable 

relationship between the two variables. Furthermore, the R2 value is very low, indicating that 

even if a relationship existed, it is very weak. As such, it was deemed a statistical moderator 

analysis was not needed given no observable effects of discipline, co-op and work experience on 

the change in average teamwork score over the semester.  
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Figure 4.4.5 Difference between post-term average teamwork score and pre-term average teamwork score for 

each discipline (n = 339). An outlier from the Environmental group was removed as the difference in average 

teamwork score was 5.13, over twice as large as any other score. 
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Figure 4.4.6 Difference in Average Teamwork Score as a function of pre-term score for students in the co-op 

stream and traditional stream (n = 339) 

 

Figure 4.4.7 Linear regression of the difference in average teamwork score as a function of the approximately 

number of months of work experience (n = 339). 
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4.4.2.2 Student Reflections 

The interim reflections focused on teamwork. Students commented on their pre-term teamwork 

scores, provided peer evaluations, and commented on team dynamics. Throughout the 

reflections, students discussed their perceived impact of Design III on their teamwork skills. 

These comments were coded as Static, Improve, or Awareness to suggest how the teamwork 

skills were affected. The first two refer to teamwork in the behavioural domain, while, the 

Awareness node was used when the comments suggest an increased understanding of what 

teamwork is and/or a self-assessment of their own team skills as a result of Design III. In some 

instances, the increased awareness was a realization that their teamwork skills were not as strong 

as they thought at the beginning of the semester, so while their behaviour regarding team skills 

did not change, their self-assessment of team skills would change. 

While the final reflections did not emphasize teamwork, several students commented on the 

impact Design III had on their teamwork skills. Often these comments occurred when students 

discussed interactions with their team members when explaining their Relationship with Others 

scores of their PAT self-assessment scores. Alternatively, students provided such comments 

when discussing which learning outcome they achieved, or how Design III will help them 

achieve their career goals. The same coding scheme was used as in the interim reflections. 

Figure 4.4.8 shows the results from coding the interim and final reflections for comments 

regarding how Design III impacted the development of their teamwork skills. The results 

demonstrate that most of these comments, whether from the interim or final reflections, suggest 

Design III improved student teamwork skills directly. Nearly a third of all teamwork skill 

comments indicated an increased awareness of teamwork skills, while very few students 

discussed a lack of change in their teamwork skills directly.  
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Figure 4.4.8 Student perceptions of the impact of Design III on their teamwork skills as per the interim and 

final reflection analysis 
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skills. I realized this when one group member complemented me on my 

leadership style.” 

When no change in teamwork skills was experienced (static), students that attributed this to their 

team were often referring to a very positive team dynamic without major challenges, thus 

minimizing the opportunity to develop conflict resolution skills: 

“Finally my conflict and affect management has not seen much development 

because, as a team, we are frequently in agreement – partly due to the fact that 

we were all good friends and knew each other’s tendencies before agreeing to 

work together.” 

Team influence was also referred to when students improved their awareness of teamwork skills, 

however, less often than other factors. 

 

Figure 4.4.9 Factors impacting skill development and the number of references for each type of impact 

(improved skill, improved awareness, skill level stayed the same – static) 
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When the student reflections indicated an improved awareness of team skills students were 

primarily discussing self-realizations they’d come to over the semester: 

“Coming into this course, I believed I had excellent peer relations and took 

pride in my ability to relate to others and adapt to working with others. 

However, throughout the term I realized this is not my strongest skill. I 

struggled with keeping a positive and adaptable attitude throughout the entire 

project.” 

One individual noticed a change in their negotiation skills in a team through increased self-

awareness:   

“The ability to negotiate is critical in a team setting, and is something that I 

increasingly became more aware of. I initially wanted to push my team to 

pursue a design problem however became aware that everyone has different 

interests and backgrounds, and I could not push a problem everyone was not 

passionate about. Through the first-half of the semester I noticed how my 

negotiating changed from demanding to understanding as I had to understand 

others first to properly respond during negotiation.”  

In addition to engaging in reflective processes throughout the course to then improve teamwork 

skills, some students went into the course with the intention of developing specific team skills. 

This factor was coded as “Individual Effort,” and was often used for discussions of improved 

teamwork skills because of a student’s own initiative.  

The project seemed to promote improvements in teamwork skills as well. While not as common 

as influences of the group work itself, the project and design of the course was acknowledged as 

a factor contributing to teamwork skill development. Frequently, these comments discussed how 

a chosen project necessitated multidisciplinary groups, which helped students develop teamwork 

skills with peers outside of their own discipline with different educational background and 

perspectives.   

The lectures, lab activities, and reflections were not as frequently connected to changes in 

teamwork skills as other course factors. The reflections were coded as a factor influencing 
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student awareness of teamwork skills when students provided insightful comments regarding 

their team’s dynamic and how that may pose challenges in the future. While the student didn’t 

directly suggest the reflection prompted this improved awareness, it is assumed that some 

reflection was necessary to develop this insight. For example, one student identified potential 

challenges with not confronting one another: 

“I believe because we work so well together, and since we all respect each 

others intelligence we often do not challenge ideas or inquire further on ideas. 

This could be problematic because if we do not challenge each other, problems 

that could have been foreseen may not come up until they happen.” 

The impact of lectures and labs were only coded when directly referred to by the student. The 

lectures were referenced five times, while the lab activities were referred to four times. For 

example: 

“I was definitely able to improve upon my leadership skills which is a very 

important attribute in becoming a good project manager. I never really strived 

to take on a leadership role in prior projects but the lab activity where we had 

to complete brainteasers without our main leader within the group showed me 

that I am capable of leading and it is something I can work on to be better at.” 

While few students referred to the impact of labs and lectures on teamwork skills, there is some 

indication that they had a positive impact for select students. It is also possible students benefited 

from the lectures and lab activities but did not reference them directly or did not realize the 

impact.  

Despite few statistically significant results in the pre-/post-term comparison of the teamwork 

assessment test domains, and the small effect size of those that were significantly different, the 

reflections appear to depict that students think they were able to improve their teamwork skills in 

Design III. The primary factors contributing to improvements in teamwork skills were the 

students experience in their teams, along with individual efforts to develop such skills. Similarly, 

the reflections suggest that several students improved their awareness of teamwork skills, but 

few attributed this to the intentional teaching efforts. As such, it is difficult to conclude whether 
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intentional teaching of teamwork skills positively impacted teamwork skill development in 

Design III students. 

4.4.3 Professionalism 

While development of teamwork skills has been a clear learning objective of Design III for 

several years, development of professionalism is a more recent focus for the teaching team, 

specifically the behavioural elements of professionalism. The construct is abstract, and as such 

difficult to directly teach, consciously develop, and assess. To determine whether students 

improved their professionalism in Design III, a self-assessment tool, along with the analysis of 

student reflections, were used. The corresponding descriptive statistics and results from the 

Shapiro-Wilks test for normality can be found in Appendix D.2.1. 

4.4.3.1 Professionalism Assessment Tool 

Professionalism was self-assessed using Kelley et al.’s (2011) professional assessment tool using 

a pre-term/post-term comparison. Post-term scores for each domain of professionalism, as shown 

in Table 4.4.2, were compared with pre-term scores to determine whether student 

professionalism improved over the semester. As the data was not normally distributed according 

to Shapiro-Wilks test, a Wilcoxon Signed-Rank test was used to identify instances of statistically 

significant increases in score (α<0.05). The statistical test revealed that all professionalism 

domain scores increased significantly over the term, suggesting improved professionalism 

among Design III students. The effect size was also calculated, using Cohen’s d, however, and 

shows that while statistically significant, the increase in scores was small. Lifelong Learning & 

Adaptability had the largest effect, with a Cohen’s d of 0.29, which will be discussed further in 

the following section. Overall, student total scores for professional behaviour increased by 6, or 

0.25 of a standard deviation.  
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Table 4.4.2 comparison of Mean Professionalism domain scores from the beginning of design III with the end 

of the course (n = 340). SD is standard deviation.  

Professionalism Domain 
Maximum 

Score 

Pre-Term 

Mean Score 

(SD) 

Post-Term 

Mean Score 

(SD) 

Effect Size 

(Cohen’s d) 

Reliability, 

Responsibility & 

Accountability 

25 17.7 (4.2) 18.3* (4.1) 0.14 

Lifelong Learning & 

Adaptability 
35 22.4 (5.7) 24.1* (5.3) 0.29 

Relationships with 

Others 
45 29.9 (7.1) 31.6* (6.7) 0.24 

Upholding Principles of 

Integrity & Respect 
40 28.5 (6.5) 29.8* (6.2) 0.21 

Citizenship & 

Professional Engagement 
20 11.7 (3.6) 12.5* (3.6) 0.20 

Overall 

Professionalism 165 110.3 (24.7) 116.3* (23.3) 0.25 
* significantly greater than the pre-term mean score (α < 0.05). Cohen’s d was calculated using the average standard 

deviation of the pre-term and post-term scores. 

While the comparison results summarized in Table 4.4.2 are helpful for determining statistical 

significance and effect size, it is still challenging to understand what an increase of 6 or 0.25 of a 

standard deviation of a professional behaviour score means. It is made more challenging as the 

magnitude of the overall professionalism score is the sum of the five domain scores, each of 

which has a different number of items, and therefore, a different maximum potential score. As 

such, an average score was used to depict the change in scores relative to the scoring system 

from Kelley et al. (2011): Knows, Know How, Shows, Shows How, and Teaches. The pre-term 

and post-term average scores for each domain and for overall professionalism are shown in 

Figure 4.4.10, with standard deviation being used as error bars. 
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Figure 4.4.10 Professionalism Assessment Tool mean scores pre- and post-term Design III, Winter 2019. Error bars indicate the standard deviation of 

the sample (n = 340). 
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The figure shows that students self-assessed most of their domain scores between Shows and 

Shows How, suggesting they feel they can demonstrate most of the behaviours, and can 

demonstrate the procedural knowledge associated with the behaviour; however, none of the 

average scores, pre-term or post-term, approached the Teaches level, which would suggest the 

students feel they can become the educators regarding professionalism. The only professionalism 

domain that did not quite have an average score of Shows is Citizenship and Professional 

Engagement in the pre-term test. The average score for this domain, did however increase 

beyond the Shows level in the post-term test. Finally, as Table 4.4.2 suggests, while all mean 

post-term scores increased, the amount increased is quite small, with the largest increase being 

0.2 of a level. As such, it is difficult to conclude that student professionalism improved by a 

meaningful amount from being in Design III. 

As with the Teamwork scores, a visual inspection of the impact of potential moderators on the 

overall professionalism score was done to determine if a statistical analysis was needed. Figure 

4.4.11 shows the similarity in mean difference in overall PAT score from the pre-term to post-

term survey for each discipline. As with the teamwork score, the Systems & Computing 

discipline appears to have a somewhat higher mean difference in overall PAT score; however, 

the difference is not significant. Figure 4.4.12 shows the impact of co-op on the difference in 

overall PAT score as a function of the pre-term score. Again, the trendlines are nearly coincident, 

and thus do not suggest a significant moderator effect. Finally, Figure 4.4.13 shows the 

relationship between months of work experience and the difference in overall PAT score is 

negligible. As such, it was deemed unnecessary to do any additional statistical calculations. 
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Figure 4.4.11 Difference in Overall PAT Score by Discipline (n = 339) 
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Figure 4.4.12 Impact of Co-op on the change in Total PAT score over the semester as a function of the pre-

term Overall PAT Score (n = 339) 

 

Figure 4.4.13 Difference in Total PAT Score, Pre-Term to Post-Term, as a function of months of work 

experience (n = 339) 
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4.4.3.2 Student Reflections 

The final reflections had greater emphasis on professionalism compared to the interim 

reflections. Students were asked to discuss their pre-term and post-term professionalism 

assessment tool scores, conduct peer evaluations of their team members, and do some reflection 

on their experience in Design III more broadly. When students discussed professionalism, 

whether regarding specific domains or their general professional behaviour, it was primarily in 

the context of skill improvement (73 references). The next most common type of professional 

behaviour comment was regarding a student’s awareness of professionalism. This was expected 

to be a common discussion point as professional behaviour was emphasized in the lectures and 

labs, and to the knowledge of the instructors had not been focused on in previous courses; 

however, there were only 12 references for awareness of professionalism. This was followed by 

9 references regarding no change in professionalism, and 2 references discussing a decline in 

professionalism. 
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Figure 4.4.14 Factors impacting professionalism in design III according to references in student final reflections 
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When students wrote about how their professionalism improved as a result of their experience in 

Design III it was primarily due to their team, the project itself, or their own individual efforts. 

Similar to the findings from the teamwork skills analysis of the reflections, when discussing their 

experience with their team members with reference to improved professionalism students felt 

they made improvements from learning from their peers. This was commonly discussed when 

students rationalized their scores for the professionalism domains Reliability, Responsibility & 

Accountability: 

“Reliability, Responsibility, and accountability was something my team 

members noticed a change in… I wanted to improve this specific domain 

because my team approached me and told me that this is a problem slowing 

down the team. I didn’t want to disappoint my teammates… I used a project 

management tool called Trello to organise my tasks and track my progress. 

Being able to track my progress helped in making the improvement process 

easier.” 

Comments that attributed elements inherent to the team’s project as helping to improve their 

professionalism often discussed the individual’s development of professional relationships with 

GTAs, instructors, industry contacts, and clients. For example: 

“My ENGG*3100 design project presented a rare opportunity for students in 

this course as we were able to take on a real, existing problem that a business 

was facing … Once my group was given the contact information of our 

potential Client… I volunteered to draft the first email to him. From that point 

on we decided that … I would act as the sole contact point for communication 

with our Client. This responsibility had me communicating with the Client 

frequently… Our team also met on site with the Client twice throughout the 

project… This communication helped me develop my level of comfort with the 

art of professional communication when talking with a Client.” 

Alternatively, some students discussed how working with peers from different disciplines 

supported improvement in professional behaviour, and others individually put an effort into 

improving their professional behaviour.  
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Similar to the results from the teamwork skills development reflection analysis, there were few 

references to the impact of the lectures, lab activities and assessments included in Design III to 

intentionally teach professional skills. These teaching strategies were still incorporated into some 

student reflections involving improved professionalism and professionalism awareness. With 

respect to awareness students mentioned how brainstorming about professionalism in the lab, 

and discussing different aspects of professionalism was beneficial: 

“This course has taught me that a professional engineer is more than just 

technical knowledge, but also includes the behaviour and actions to back it up. 

For example, early labs in the course had us brainstorm what an engineer is or 

must have, and I had hardly thought of many of the characteristics my peers 

included. In summary, … I also furthered my understanding of what it means 

to be an engineer as there is a whole professionalism and citizenship category 

that I had not fully thought about.” 

The self-assessment surveys were also identified as contributing to awareness of professionalism. 

One student discussed how the surveys helped them realize what areas of their professional 

behaviour they need to improve: 

“Professional behavior is a crucial quality that every engineer must posses[s] in 

order to have a successful career. Therefore, reflecting on professional 

behavior during an individual’s undergraduate period can help him or her 

improve specific characteristics. In ENGG*3100 completing the pre and post 

term surveys help the students come to a realization that certain qualities can 

be improved in various possible ways.” 

The remaining comments focused on the benefit of the lecture and lab activity that discussed 

how to have difficult conversations and provided students with an opportunity to practice giving 

oral feedback, on their professionalism development. 

As with the conclusions from the Teamwork skills section (Section 4.4.2.1), based on the 

statistically significant, while small, differences in PAT scores, along with evidence from student 

reflections, it seems reasonable that student professionalism improved during Design III. Again, 
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however, a direct link to the intentional teaching strategies used, including lectures, lab activities, 

reflections and the self-assessment surveys, is missing except for a few cases. This means one 

can’t conclude that the improvement in professionalism and professionalism awareness is due to 

the strategies implemented. It is, however, worth investigating further, as several comments 

regarding professionalism were attributed to individual effort. If a student chose to work on a 

professional skill this may have been motivated by something in the course design. As such, 

further investigation into why students think their professionalism improved, and/or why their 

awareness increased, is needed. 

4.4.4 Lifelong Learning 

Lifelong Learning is the final graduate attribute and is an essential skill in a rapidly changing 

world. Students must learn how to learn and reflect on their learning skills. This skill was 

assessed using one of the professionalism domains from Kelley et al. (2011), grade data of the 

two student reflections (interim and final), and an analysis of the student reflections. The 

corresponding descriptive statistics and results from the Shapiro-Wilks test for normality can be 

found in Appendix D.2.1. 

4.4.4.1 Professionalism Assessment Tool 

One of the domains of professionalism in Kelley et al’s (2011) Professionalism Assessment Tool 

is Lifelong Learning & Adaptability (LLA). Rather than include a separate measure for lifelong 

learning, this domain of professionalism was used as an indicator of student improvement in this 

professional skill. As previously described, a Wilcoxon Signed-Rank test was used to compare 

the pre-term mean score with the post-term, as the data was not normally distributed. The mean 

scores were determined to be significantly different; however, the effect size was 0.29, 

suggesting a small effect (refer to Table 4.4.2). The scores suggest that students feel confident in 

their lifelong learning & adaptability, but still have room for improvement. Most students scored 

between the Shows and Shows How level (refer to Figure 4.4.10), indicating students can 

demonstrate the behaviour, but would struggle to teach it. While the increase in score for this 
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professionalism domain was the greatest, it is still difficult to determine whether students really 

did improve their lifelong learning as a result of Design III. 

A moderator analysis specific to the Lifelong Learning & Adaptability domain of the PAT was 

done. First, figures depicting whether a potential moderating effect exists were created to assess 

the need for further investigation. Figure 4.4.15 shows that discipline doesn’t appear to 

significantly moderate the change in lifelong learning & adaptability after completing Design III. 

Figure 4.4.16 shows very similar trends between the change in LLA score over the semester and 

the pre-term score for both the traditional stream and the co-op stream. Similarly, Figure 4.4.17, 

shows no strong relationship suggesting months of work experience influences student change in 

LLA score. As such, not further statistical analysis was conducted to assess potential moderators.  

 

Figure 4.4.15 Difference in lifelong learning and adaptability (LLA) score, pre-term to post-term survey, for 

each discipline (n = 339) 
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Figure 4.4.16 Impact of co-op on the change in lifelong learning & Adaptability (LLA) Score, Pre-Term to 

Post-Term Survey, as a function of the pre-term score (n = 339) 

 

Figure 4.4.17 Relationship between months of work experience and the difference in Lifelong Learning & 

Adaptability (LLA) Score, Pre-Term to Post-Term (n = 339) 
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4.4.4.2 Grades 

While the reflections in Design III did not have a weight contributing to a student’s final grade, it 

was required and as such was assessed as a pass/fail assessment. Rubrics were used and 

emphasized the quality of the reflection the student submitted, rather than what the reflections 

indicate about the individual’s work and professional skills (the rubrics can be found in 

Appendix A.2.4). This was done to encourage honesty while writing the reflections. Learning 

from mistakes and challenges encountered can be valuable for developing professional skills, 

especially when students reflect on the experience and develop a plan to address the issue.  

The reflection grades were used to determine if an improvement in lifelong learning could be 

detected from an increase in a student’s reflection grades. An increase in the mean reflection 

grades may suggest that students were able to provide more insightful reflections and learning 

plans, which may reflect improvements to lifelong learning skills. The interim and final 

reflection grades are shown in Figure 4.4.18. The histogram in Figure 4.4.18 demonstrates that 

while more students received grades on their final reflections in the 70% to 85% range, there 

were also fewer grades in the 85% to 100% range than with the interim reflections. Additionally, 

the variance of grades provided was greater for the interim reflection than the final reflection as 

shown by the flatter distribution.  

A one-sided paired t-test (α<0.05) reveals that the mean final reflection grade (79.4%) is not 

significantly different from the mean interim reflection grade (78.9%) (p = 0.28). This indicates 

that an increase in lifelong learning is not observable from the comparison of the reflection 

grades; however, this does not necessarily mean this professional skill was not improved. Other 

data was analyzed to determine whether students improved their lifelong learning skills in 

Design III. 
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Figure 4.4.18 Reflection Grades in winter 2019. The grade on the x-axis is the maximum grade in that 5% bin 

(n = 340).  

4.4.4.3 Student Reflections 

Lifelong learning was the least discussed professional skill in the reflections. Less than half of 

the reflections analyzed included a comment regarding the improvement or awareness of their 

lifelong learning. The factors that were coded alongside lifelong learning comments are shown in 

Figure 4.4.19. Project related aspects of the course, primarily referring to research and learning 

new concepts to solve the identified problem, was most commonly associated with 

improvements in lifelong learning, followed by individual effort. This is similar to the factors 

that were attributed to changes in teamwork skills and professionalism; however, there was only 

one comment that discussed how their team influenced their lifelong learning. The influence of 

instructors and GTAs on development of lifelong learning was the next most common factor and 

focused on learning from feedback and getting help from the teaching team in order to succeed. 

For example, one of the comments was the following: 

“One of the key points of this domain was self-assessing one’s own skills to 
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construed through constant feedback from [the instructor] and the teaching 

assistant….” 

Finally, as with the other professional skills, few students connected changes in their lifelong 

learning with the intentional teaching in lectures and labs. The comment regarding lectures and 

lifelong learning was specific to the “Library Research Strategies” lecture and its impact on 

supporting research skills. One of the lab comments also directly referred to a lab activity: 

“Specific examples of learning more about these softer skills, are some of the 

ice-breaker games done at the beginning of the semester by having the team 

write down 3 things they do well and 3 things they do not-so-well, which 

allowed for us to make connections and see where our team’s strengths and 

weaknesses are, so we can handle them appropriately.” 

As with the previous two professional skills, it is possible the lectures and labs, along with the 

reflections and assessment tools had a greater impact than is demonstrated by the coded sample 

of reflections. Regardless, it appears that aspects inherent in the project and an individual effort 

made to improve lifelong learning skills were more impactful than the strategies added to teach 

professional skills more intentionally.  

 

Figure 4.4.19 Factors impacting student development and awareness of lifelong learning 

skills in Design III 

Project, 11

Individual 

Effort, 5

Instructor & 

TA, 3

Labs, 2

Team, 1
Lectures, 1



 

 

222 

 

4.4.5 Student Perceptions 

In the surveys administered over the semester, students were asked several questions regarding 

their perceptions of professional skills and Design III. In the mid-term survey the primary 

emphasis was the effectiveness of lectures and labs, while the post-term survey posed more 

general questions about how students value their professional skills. One question from the post-

term survey inquired whether the students felt professional skills could be taught. From Figure 

4.4.20, it is clear the students were far more confident that technical skills could be taught in 

comparison to the three professional skills, as over half of the students indicated they strongly 

agreed that technical skills can be taught. The figure also shows, however, that most students did 

at least somewhat agree that the professional skills can be taught. 

A statistical comparison of the difference in student perceptions regarding whether the three 

professional skills, and technical skills can be taught was done using a Kruskal-Wallis Rank Sum 

Test, as shown in (n = 340) Table 4.4.3. The results of the statistical analysis suggest the at least 

two of the mean scores for these items were significantly different (α<0.05). As such, a pairwise 

comparison, using the Wilcoxon Rank Test were conducted to determine what skills were 

statistically different with respect to whether students felt they could be taught. This analysis 

(also shown in (n = 340) Table 4.4.3), demonstrates that there was statistical difference in each 

of the mean scores. This suggests that not only do students more strongly agree that technical 

skills can be taught than the professional skills, but that they feel more strongly professionalism 

can be taught, followed by lifelong learning and teamwork. These findings provide some context 

for assessing the other student perception items. While most students do at least somewhat agree 

that teamwork, professionalism and lifelong learning can be taught, an overwhelming majority of 

students strongly agreed that technical skills can be taught. These perceptions depict the 

hesitation students have regarding whether professional skills can be taught like their technical 

skills.
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Figure 4.4.20 Student perceptions regarding whether certain skills can be taught, as per the post-term survey (n = 340) 

1%
4% 5% 5%

27%

44%

14%

0%

3% 1%
2%

23%

50%

21%

2% 3%
7%

11%

29%

37%

11%

0% 0%
1%

1%

5%

34%

60%

0

50

100

150

200

250

Strongly

Disagree

Disagree Somewhat

Disagree

Neither Agree

nor Disagree

Somewhat

Agree

Agree Strongly Agree

N
u
m

b
er

 O
f 

S
tu

d
en

ts

Teamwork skills can be taught Professionalism can be taught

Lifelong learning can be taught Technical skills can be taught



 

 

224 

 

Table 4.4.3 Statistical analysis of student perceptions of whether professional skills can be taught 
 

Lifelong Learning Professionalism Teamwork Technical 

Kruskal-Wallis Rank Sum Test 

Mean 5.4 5.8 5.2 6.5 

Standard Deviation 1.2 1.0 1.3 0.8 

p-value < 2.2E-16 

Pairwise Comparisons Using Wilcoxon Rank Sum Test 

p-value 

Professionalism 0.0000 - - - 

Teamwork 0.0033 0.0001 - - 

Technical 0.0000 0.0000 0.0000 - 

Cohen’s d 

Professionalism 0.51 - - - 

Teamwork -0.20 0.31 - - 

Technical -1.27 0.79 1.06 - 

Similar student perception questions were asked in the surveys, including their views of the 

effectiveness of the lectures and labs regarding professional skill development. Further, the 

reflections provide some indication of what students think about what factors most influenced 

their professional skill development in Design III.  

4.4.5.1 Lectures 

The value of the lectures was determined from student responses in the mid-term survey, and 

from some comments in the reflections. As previously mentioned, the professional skills lectures 

were referenced infrequently in the reflections as factors impacting professional skill 

development; however, some students did acknowledge the benefit of these lectures, and others 

indicated they could use the lecture slides as a resource in the future: 

“As well, my teamwork skills were able to be built upon. In prior group 

projects I always seemed to have to carry the team in terms of making sure the 

work was completed on time and in good quality. However, in this course my 

team members were equally committed to this project and through learning to 

trust them, combined with lectures regarding teamwork and conflict resolution, 
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I was able to “loosen the reins” and allow myself to trust that my group 

members were going to complete their work on time with good quality.” 

“There are a bit of communication challenges the team members met. To 

address these challenges… [d]ifferent techniques to invigorate great 

correspondence could be utiliz[ed], [including] a few methodologies that were 

explained in the Design III lecture by [GTA name] and the professors. 

Despite few references to the professional skills lectures in the reflections, the comments that do 

discuss these lectures demonstrate that some students did find them valuable. 

In the mid-term survey students were asked to rate each lecture to date in terms of value, from 

Very Low to Very High. As the Collaboration & Leadership lecture, along with the Conflict 

Resolution lecture were completed prior to the mid-term survey they were rated by those 

students that attended the lecture in which this survey was administered. The results are shown in 

Figure 4.4.21. Most students felt these lectures were of Low to Moderate value, with very few 

students rating them as High or Very High value. The average ratings for all of the other lectures 

was compared against the ratings of the two teamwork lectures, and it was determined that 

students valued the other lectures more highly, on average, than the teamwork lecture. While 

these results do not necessarily mean students did not benefit from the teamwork lectures, and 

they did not contribute to the development of student professional skills, it does indicate that 

students did not necessarily see the value. As such, the lectures may require modification or 

inclusion of more advanced concepts that can students can apply directly to their projects.  
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Figure 4.4.21 Value of professional skill lectures compared with the average perceived value of non-

professional skill focused lectures as per the mid-term survey (n = 153) 
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These types of comments demonstrate that not only are some students recognizing the value of 

the lab activities, but they also believe the activities have helped them practice and further 

develop their professional skills, which is the intended objective. 

Like with the lectures, the mid-term survey had students rate each lab activity to date. The mid-

term survey results for the three lab activities completed in the first six weeks of the course are 

shown in Figure 4.4.22. The results demonstrate that students tended to think the professionalism 

workshop was of Low or Very Low value, with a quarter of students indicating the workshop was 

of Moderate value. The Team SWOT Analysis activity, in contrast had over a third of 

respondents indicate the activity was of moderate value, and a quarter indicating the activity was 

of either High or Very High value. From the mid-term survey results, it appears students valued 

the Team Roles & Leadership Styles activity the most of the three activities. Approximately 40% 

of respondents thought the activity was of either High or Very High value. These results 

demonstrate that while the professionalism workshop was not as highly valued as the other two 

lab activities, there are students that value these new professional development opportunities, 

despite few comments regarding lab activities appearing in the reflections.  
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Figure 4.4.22 Value of three lab activities conducted in the first 6 weeks as per the mid-term survey (n = 153) 
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Figure 4.4.23 Aggregated lab activity comments from the mid-term survey (n = 153) 
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in Figure 4.4.24, however, do shown that most students Somewhat Agreed, Agreed or Strongly 

Agreed with both statements, reflecting favourably on the lab activities.  

 

Figure 4.4.24 student perceived impact of lab activities on professional skills as per the post-term survey (n = 

340) 
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provided additional feedback on the tools, which provides greater insight into their effectiveness 

in Design III. Students commented on the teamwork assessment test from Varela & Mead (2018) 

in the interim reflection and discussed Kelley et al.’s (2011) professionalism assessment tool in 

the final reflection. 

In the interim reflections, most students commented on all, or nearly all, eight teamwork 

domains, which meant students often found some of their scores were reflective, while others 

were not. Rather than code reflective and not reflective for each score discussed by the student, 

an overall assessment of how reflective the student seemed to perceive their scores overall was 

done. If it was clear the student thought all of their scores were reflective or not reflective, then 

those codes were used. Otherwise, mostly reflective or somewhat reflective were coded based on 

whether more or less than half of the scores were deemed reflective, respectively. The results for 

the teamwork assessment test are shown in Figure 4.4.25. The majority of reflections indicated 

that their scores were mostly reflective of their experience, and only three reflections said their 

scores were not reflective. This suggests that, from the student perspective, the scale seems to 

appropriately represent most of their teamwork skills.  

A similar coding scheme was used to understand how students perceived the professionalism 

assessment tool scores.  As more final reflections were reviewed (53) there were more reflections 

with comments regarding how reflective the scores were of the student’s experience. The results 

are also shown in Figure 4.4.25. Similar to the teamwork assessment test, the majority of 

reflections indicated the PAT scores were mostly reflective of their experience; however, there 

were almost as many students that thought their scores were reflective of their experience.  
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Figure 4.4.25 How reflective the teamwork assessment test and Professionalism Assessment Tool are of the 

student’s experience (n = 30 for interim reflection when students were asked to discuss teamwork assessment 

test scores, n = 53 for final reflection when students were asked to discuss the professionalism assessment tool) 

Of the students that found the scores for either tool not reflective or somewhat reflective, many 

commented on how their awareness of the professional skill increased. For example, one student 

stated the following: 

“Across all domains, my scores decreased from pre term to post term. I believe 

that this trend is accurate because when I did the pre term survey, I did not 

have an accurate understanding of the topics or my own ranking in them.”  

Some students, however, felt like their mood and feelings while taking the post-term survey 

compared to the pre-term survey may have influenced the accuracy of their scores. For example: 

“My original score was 0.76 and my final score was 0.60. I feel as if my scores 

show that I was more honest in my post term survey and overstated how I felt 

about myself in the pre term evaluation. My current level of anxiety also has 

made my view of myself very skewed and so I feel this has dropped my score 

lower than it should be.” 

These factors are important to consider regarding the effectiveness of these self-assessment tools 

in estimating professional skill development. While the tools are validated, improved 
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understanding of professional skills after taking the first survey, suggests a threat of maturation 

and/or testing to the validity of the experimental results.  

Students also discussed aspects they disliked about the tools. For example, the Teamwork scale 

was generated for Master of Business Students, and the PAT scale was generated for doctoral 

pharmacy students, and a student argued that the tool is not appropriate for use in a third-year 

engineering design course as the maturity of the students differs. Another student commented on 

the scale used in Kelley et al.’s (2011) PAT scale: 

“Overall I find these scores a fair assessment of my position, but I will say I 

find them difficult to connect with only because of how the domains were 

assessed. The “Know”, “Know How”, “Show”, “Show How” and “Teach” 

terms of the survey were unfamiliar, and in my opinion, hard to relate to. Still, 

I think reflecting in these areas is valuable.” 

Other students also anecdotally shared their frustration with this alternative scale saying it was 

difficult to understand what the difference between the different levels were. The familiarity of a 

traditional Strongly Disagree to Strongly Agree Likert scale may have been better received. 

Generally, however, most students seemed content with the self-assessment tools applied and 

found the scores were reflective of their experience.  

Students were not asked to comment on the peer evaluation tool used. While completing the peer 

evaluations, however, some students did comment on the scales chosen and their frustration with 

having the scores sum to 0. Further, some students commented on the peer evaluation rating 

scheme in their reflections: 

“While reflecting on group members is important, it is my belief that being 

forced to sum all a group’s achievements to zero does not allow for accurate or 

even truthful reflecting. If one group member does something well which 

would give them a +1 or even +2, that means that we must give another group 

member a lower score, even if they were average. All this does is make us 

choose whether or not it is worth rewarding that group member with a positive 
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number, if we also have to give someone a lesser number who may not fully 

deserve it.”  

Student grades were not influenced by these peer evaluations, which students understood; 

however, students clearly were not comfortable with down-grading their peers, even if it didn’t 

influence anyone’s grade. The instructors, however, viewed this approach as a means to force 

students to think critically about their team member’s strengths and weakness, as well as their 

own. This discomfort with down-grading peers, may have actually prompted more reflection.  

The activity assessment and process assessment rubrics were not discussed by students in 

reflections as students did not have much exposure to them. As previously mentioned, while the 

intent was to use the rubrics for feedback, it was decided that this was not going to be done based 

on feedback from the teaching team. Debrief interviews were held with some of the course’s 

Instructors and GTAs, and some insight into the teaching team’s perceptions of the rubrics were 

obtained. For example, one instructor indicated they didn’t feel the rubrics were very accurate for 

assessing student professional skills; however, they were unsure what they would use instead. 

They went on to indicate that while they weren’t very accurate, they were helpful for 

documenting student behaviour in the lab, although, the behaviour recorded was typically very 

good or very poor behaviour. Nearly the entire teaching team interviewed also commented that 

the rubrics were difficult to use for individuals. At the beginning of the semester, even though 

name cards were used, the teaching team was not familiar enough with the students to evaluate 

them individually. They also took a lot of time, or would have taken a lot of time, to fill in, so 

most instructors and GTAs opted to spend the time in discussion with the team rather than trying 

to assess their professional skills while talking to them about their project. Generally, it seems 

that while the teaching team liked the idea of the rubrics, they were too cumbersome to use to 

assess several professional skills at the individual level every week. They did, however, 

encourage instructors to document each lab. 

This was the first year that many of these assessment tools for professional skills were 

implemented and as such there is still a lot of room for improvement. The researchers will 
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continue to try new assessment approaches and refine the existing tools for suitability within the 

context of Design III. 

4.4.5.4 Value of Professional Skills 

In the post-term survey students were asked a series of questions regarding how they value 

professional skills after having completed Design III. The first series of questions were directly 

with reference to how students value their professional skills, their technical skills, and one 

relative to the other. Figure 4.4.26 shows that when asked directly, most students at least agreed, 

if not strongly agreed, that they valued both their professional and their technical skills. When 

asked to compare one against the other, however, students were less consistent in their response. 

More students agreed that they at least somewhat valued their technical skills over their 

professional skills, than responded that they somewhat disagreed, disagreed or strongly disagreed 

with that statement. There were, however, over a quarter of the respondents who chose neither 

agree nor disagree, indicating they could not make a decision one way or the other. While some 

students do appear to admit to more strongly valuing their technical skills over their professional 

skills, it is clear that there is unease with making this claim, and that in truth they value both.  
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Figure 4.4.26 How students value professional skills compared to technical skills (n = 340) 
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Students were then asked how they thought employers valued professional skills and technical 

skills. The results, shown in Figure 4.4.27, suggest that slightly more students agree or strongly 

agree that employers value professional skills, than do that employers value technical skills. 

Again, however, the results are comparable, and students seem to feel that employers value both 

skillsets, with slightly more confidence in their value of professional skills. When asked whether 

employers value technical skills more so than professional skills in their recent graduates there 

were more students that disagreed with that statement than when they were asked about their 

own values. This suggests that while some students may value their technical skills more than 

their professional skills, they think employers tend to value professional skills more. 
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Figure 4.4.27 How students think employers value professional skills and technical skills (n = 340) 
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In general, however, the results between the two series of questions (shown in Figure 4.4.26 and 

Figure 4.4.27) are quite similar. Most students at least agreed that they value professional skills 

and technical skills, as do employers. When asked to choose between the two, however, the 

consensus for personal values and employer values isn’t clear as the most common response is 

“Neither Agree nor Disagree.” This suggests that students understand the value in both 

professional skills and technical skills as they pertain to their future careers as engineers.  

The final questions regarding student values of professional skills involved having students rank 

each of the twelve graduate attributes, with 1 being the most important, and 12 being the least 

important. Figure 4.4.28 shows the results for the three graduate attributes emphasized in this 

study (Individual & Teamwork, Professionalism, and Lifelong Learning), in addition to 

Knowledge Base for Engineering to represent a more technical skill. The number of students that 

ranked Knowledge Base for Engineering as the most important far exceeds those that ranked one 

of the three professional skill graduate attributes as most important (approximately 110 to 80). 

This more clearly depicts how most students still seem to prioritize technical knowledge (in this 

case knowledge) over professional skills.  
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Figure 4.4.28 Student perceived ranking of Graduate Attributes. Individual & Teamwork, Professionalism, 

Lifelong Learning, and Knowledge Based for Engineering Rankings relative to remaining graduate attributes 

(n = 335) 
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These results seem to suggest that while students do value their professional skills, and they even 

understand that employers value professional skills, this is not necessarily at the expense of 

technical skills. When faced with a choice, many students would rather not indicate a preference, 

which depicts their struggle with how to prioritize professional skills against technical skills. 

Then, when asked to rank the graduate attributes it becomes clearer that students do heavily 

value their technical skills, at least when referring to engineering knowledge. How the three 

professional skills rank amongst themselves is not quite as clear. Figure 4.4.28 seems to suggest 

that students seem to value Individual & Teamwork comparably with Professionalism; however, 

Lifelong Learning is more clearly less valued. 

4.5 Conclusion 

A pre-term/post-term quasi-experimental study with mixed methods was completed in Winter 

2019 to assess the effectiveness of teaching professional skills intentionally in a large 

undergraduate engineering design course. The treatment included several additions to the 

existing course, including lectures that focused on professional skills (instruction), lab activities 

that provided students with an opportunity to practice and explore their skills (develop), as well 

as measures of professional skills for students to self-assess (assessment). Three professional 

skills were investigated: Teamwork, Professionalism, and Lifelong Learning.  

While all self-assessment scores used to measure a change in professional skills from the 

beginning of the semester to the end of the semester either did not increase significantly, or only 

had a small effect size, the student reflections suggest that some students did improve their 

professional skills throughout Design III. The majority of the student reflections reviewed 

included a comment suggesting an improvement in at least one of the three professional skills. 

Several students also commented on an improved awareness of select professional skills as a 

result of the course. The factors that were attributed to these student perceptions, however, were 

primarily the students experience with their team, aspects inherent in their project, or a conscious 

individual effort made to improve a particular subset of skills. 
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Some students did discuss the lectures, labs, and assessment tools directly in their reflections; 

however, these comments were few and far between. From these student comments and 

perception questions included in the mid- and post-term surveys, it appears that students did not 

find the teamwork lectures as valuable as the other lectures completed by mid-semester, but 

students seemed to mostly appreciate the lab activities. While many students liked and valued the 

lab activities, many students in the mid-term survey commented that while they enjoyed the lab 

activities, they would have preferred to spend more time working on their project with the 

Instructor and GTA. This suggests, that even if students see the value in professional skill 

development, their priorities will emphasize technical needs and work that will contribute to their 

success in the course. This was also made clear by the ranking graduate attributes question where 

more students ranked Knowledge Base for Engineering as most important than did the total 

students that ranked Teamwork, Professionalism, and Lifelong Learning as most important.  

The self-assessment measures of teamwork and professionalism were both perceived as mostly 

reflective of student experience; however, some students questioned comparing pre- and post-

term scores when a student’s mood while taking the surveys can influence their responses. 

Further, some students attributed an increased understanding and awareness of their professional 

skills to the scores not being reflective of the student’s actual skill level. Some students provided 

other concerns with these self-assessment tools, as well as the peer evaluation scheme. From 

debrief interviews with instructors, it also appears that more changes need to be made to the 

process assessment rubrics in order to effectively assess student professional skills. 

Additionally, from the student reflections and post-term survey items it was made clear that 

students value lifelong learning less than the other two professional skills discussed in this study. 

Incorporating opportunities that required students to do some self-teaching did appear to provide 

students with some practice using lifelong learning skills, and perhaps supported their self-

awareness. The second factor most often attributed to lifelong learning in the reflections was 

individual effort, which is somewhat concerning given the lower ranking lifelong learning tended 

to receive when compared with other graduate attributes. If development of lifelong learning 
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does need to be more driven by the individual’s desire to advance the skill, the value of lifelong 

learning needs to be emphasized.   

In summary, this study provides an abundance of insight into whether students develop 

professional skills in Design III and how effective some of the strategies implemented for more 

intentional teaching of professional skills was perceived by students. This information will be 

used to modify the delivery of the lectures, lab activities and assessment tools used in Winter 

2019 for the 2020 offering of the course. Finally, improvements to the experimental design will 

be made to improve confidence in the results obtained. From a preliminary standpoint, it seems 

as though students are developing or at least increasing their awareness of teamwork, 

professionalism and lifelong learning skills while taking Design III, and that intentionally 

teaching these professional skills may support this learning outcome. 

  



 

 

244 

 

4.6 References 

Abdulwahed, Mahmoud, and Mazen Hasna. 2017. “The Role of Engineering Design in 

Technological and 21st Century Competencies Capacity Building: Comparative Case 

Study in the Middle East, Asia, and Europe.” Sustainability 9 (4): 520. 

https://doi.org/10.3390/su9040520. 

Biggs, John. 1999. Teaching for Quality Learning at University: What the Student Does. 

Buckingham: Society for Research into Higher Education & Open University Press. 

Canadian Engineering Accreditation Board. 2015. “A Guide to Outcomes-Based Criteria 

(DRAFT).” 

Christie, Michael, and Erik de Graaff. 2017. “The Philosophical and Pedagogical Underpinnings 

of Active Learning in Engineering Education.” European Journal of Engineering Education 

42 (1): 5–16. https://doi.org/10.1080/03043797.2016.1254160. 

Dignath, Charlotte, Gerhard Buettner, and Hans-peter Langfeldt. 2008. “How Can Primary 

School Students Learn Self-Regulated Learning Strategies Most Effectively? A Meta-

Analysis on Self-Regulation Training Programmes.” Educational Research Review 3: 101–

29. https://doi.org/10.1016/j.edurev.2008.02.003. 

Donker, A S, H de Boer, D Kostons, C C Dignath Van Ewijk, and M P C Van Der Werf. 2014. 

“Effectiveness of Learning Strategy Instruction on Academic Performance : A Meta-

Analysis.” Educational Research Review 11: 1–26. 

https://doi.org/10.1016/j.edurev.2013.11.002. 

Falchikov, Nancy, and Judy Goldfinch. 2000. “Student Peer Assessment in Higher Education : A 

Meta-Analysis Comparing Peer ...” Psychology 70 (3): 287–322. 

Fong, Patrick S. 2010. “Building Teams That Learn: Study of Learning Effects in Engineering 

Student Teams.” Journal of Professional Issues in Engineering Education and Practice 136 

(July): 121–27. https://doi.org/10.1061/(ASCE)EI.1943-5541.0000017. 

Goldie, John. 2013. “Assessment of Professionalism : A Consolidation of Current Thinking.” 

Medical Teacher 35 (2): 952–56. https://doi.org/10.3109/0142159X.2012.714888. 

Guest, Greg, Arwen Bunce, and Laura Johnson. 2006. “How Many Interviews Are Enough?: An 

Experiment with Data Saturation and Variability.” Field Methods 18 (1): 59–82. 

https://doi.org/10.1177/1525822X05279903. 

Hinkin, Timothy R. 1998. “A Brief Tutorial on the Development of Measures for Use in Survey 

Questionnaires.” Organizational Research Methods 1 (2): 104–21. 



 

 

245 

 

Jones, Michael L W. 2017. “Information Behavior and Knowledge Management in Project-

Based Learning (PBL *) Engineering Teams : A Cultural-Historical Activity Theory 

Approach By.” 

Kelley, Katherine A., Luke D. Stanke, Suzanne M. Rabi, Sarah E. Kuba, and Kristin K. Janke. 

2011. “Cross-Validation of an Instrument for Measuring Professionalism Behaviors.” 

American Journal of Pharmaceutical Education 75 (9): 179. 

https://doi.org/10.5688/ajpe759179. 

Kistner, Saskia, Katrin Rakoczy, Barbara Otto, Charlotte Dignath-van Ewijk, Gerhard Büttner, 

and Eckhard Klieme. 2010. “Promotion of Self-Regulated Learning in Classrooms: 

Investigating Frequency, Quality, and Consequences for Student Performance.” 

Metacognition and Learning 5 (2): 157–71. https://doi.org/10.1007/s11409-010-9055-3. 

Lakens, Daniël. 2013. “Calculating and Reporting Effect Sizes to Facilitate Cumulative Science: 

A Practical Primer for t-Tests and ANOVAs.” Frontiers in Psychology 4. 

https://doi.org/10.3389/fpsyg.2013.00863. 

Marks, Michelle A, John E. Mathieu, and Stephen Zaccaro. 2001. “A Temporally Based 

Framework and Taxonomy of Team Processes.” Academy of Management Review 26 (3): 

356–76. https://doi.org/10.5465/AMR.2001.4845785. 

Pellegrino, James W., and Margaret L. Hilton. 2012. Education for Life and Work: Developing 

Transferable Knowledge and Skills in the 21st Century. Washington, D.C.: The National 

Academic Press. https://doi.org/10.17226/13398. 

Riebe, Linda, Dean Roepen, Bruno Santarelli, and Gary Marchioro. 2010. “Teamwork : 

Effectively Teaching an Employability Skill.” Education + Training 52 (6/7): 528–39. 

https://doi.org/10.1108/00400911011068478. 

Ruiz-Esparza, Elizabeth, Araceli Medrano, and Jesus Zepeda. 2016. “Exploring University 

Teacher Perceptions About Out-of-Class Teamwork.” PROFILE Issues in Teachers’ 

Professional Development 18 (2): 29–45. https://doi.org/10.15446/profile.v18n2.53364. 

Sheppard, Sheri D., Kelly Macatangay, Anne Colby, and William M. Sullivan. 2009. Educating 

Engineers: Designing for the Future of the Field. San Francisco: Jossey-Bass. 

Stawiski, Sarah, Amy Germuth, Preston Yarborough, Vernal Alford, and Leotis Parrish. 2017. 

“Infusing Twenty-First-Century Skills into Engineering Education.” Journal of Business 

and Psychology 32 (3): 335–46. https://doi.org/10.1007/s10869-016-9477-2. 

Varela, Otmar, and Esther Mead. 2018. “Teamwork Skill Assessment: Development of a 

Measure for Academia.” Journal of Education for Business 93 (4): 172–82. 

https://doi.org/10.1080/08832323.2018.1433124. 



 

 

246 

 

Vik, Gretchen N. 2001. “Doing More to Teach Teamwork Than Telling Students to Sink or 

Swim.” Business Communication Quarterly 64 (4): 112–19. 

Volkov, Arabella, and Michael Volkov. 2015. “Teamwork Benefits in Tertiary Education: 

Student Perceptions That Lead to Best Practice Assessment Design.” Education + Training 

57 (3): 262–78. https://doi.org/10.1108/ET-02-2013-0025. 

Woolfolk, Anita, Philip H. Winne, and Nancy Perry. 2013. Educational Psychology. 6th ed. 

Upper Saddle River: Pearson.  



 

 

247 

 

Chapter 5. Conclusions & Recommendations 

The research presented in this thesis investigated learning and professional skills development 

objectives within the context of active learning strategies applied in senior engineering design 

courses.  The overarching motivation for the research was to better understand how to support 

students in their learning and professional skills development through the use of active learning 

strategies. The research objectives included assessing the effectiveness of the active learning 

strategy, or the modified active learning approaches employed, understanding student 

perceptions related to active learning and professional skills, and finally, contributing to best 

practices for select active learning strategies. 

5.1 Peer Assessment 

Peer assessment was incorporated in a technically focused senior engineering design course in 

Fall 2016, 2017, and 2018. The instructor aimed to foster deep learning using this approach, and 

later professional skills. While the quantitative data did not indicate any moderate or large effects 

of peer assessment on deep learning or professional skill development, the conclusions drawn 

from the final reflections indicate that students did experience improved understanding of 

concepts, and to a lesser extent, improved professional skills. Despite this outcome, however, 

there were also several student concerns regarding grades, as well as the time spent doing peer 

assessment. Understanding these student perceptions in greater detail, especially those that 

reflect negatively on peer assessment, were used to contribute to best practices on peer 

assessment best practices. Some interesting findings that contribute to peer assessment best 

practices include the following: 

• Objective: While presenting the primary objective of peer assessment is important 

so students understand why the approach is being used and the potential benefits, the 

instructor found that no matter how PA was explained, there were always students 

that did not perceive the approach favourably. It is possible the student’s perception 

is related to whether the learning and/or professional skill benefits were realized; 
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however, it is also possible students did not recognize these benefits because of 

negative perceptions. 

• Staff Involvement in Assessment: There seemed to be a contradictory sentiment 

regarding the instructor’s involvement in determining the final grades for course 

deliverables. While many expressed concerns with the capabilities of their peers to 

provide fair grades, when the instructor reviewed every report and eliminated grades 

that were not reflective of the quality of work, students still expressed frustration 

with this “unfair” approach.  

• Product: A nearly equal number of students preferred peer assessment for primarily 

objective tests, as did those that preferred peer assessment for more subjective design 

reports. What one student valued in peer assessment of a given product, the other 

disliked.  

• Individualized & Group Feedback: While the instructor chose to spend an entire 

80-min lecture period to provide whole-class feedback on a formative assessment 

that was peer assessed (the proposal), students still commented in their reflections 

about the lack of feedback from the instructor. From the instructor’s perspective, in 

contrast, the students received far more feedback from the instructor using the whole-

class approach, with individualized feedback coming from the peer assessments, than 

in the traditional offering of peer assessment.  

• Assessment Criteria & Training: The researchers discovered that while having 

students engage in co-developing assessment criteria improves  validity of peer 

assessment, if students are not confident in what the criteria should be (whether 

because of social anxieties or because they don’t have a sufficient understanding 

prior to the project, but require criteria to start it), then the approach is not successful. 

Greater success was achieved by incorporating an 80-min training period that used 

exemplars.  

The findings from the peer assessment study provide opportunities for further research to better 

understand the fundamental aspects of peer assessment and how they influence student learning, 

professional skill development, and perceptions, and contribute to best practices for specific 

methodologies of peer assessment. For example, given the clearly divided student perceptions of 

peer assessment, some see it very positively, while others strongly dislike it, investigating the 



 

 

249 

 

role of individual differences on the benefits of peer assessment realized and student perceptions 

of the approach would provide a greater understanding as to when and why peer assessment is an 

effective pedagogical tool, and how to manage student perceptions.  

The researchers hope to continue investigating peer assessment within the context of Urban. The 

Fall 2019 offering of the course poses an opportunity to develop a longitudinal study as peer 

assessment will not be used due to strong negative perceptions in previous years and the 

workload for the instructor. As such, data collected in Fall 2019 can be compared with the peer 

assessment cohorts to understand any differences in deep learning and/or professional skill 

development as a result of peer assessment.  

5.2 Intentionally Teaching Professional Skills 

Instruction, development and assessment of three professional skills, Teamwork, 

Professionalism, and Lifelong Learning were incorporated into an existing problem-based 

learning course. Intentional instruction took the form of lectures on professional skills, 

development was fostered through lab activities, and assessment of professional skills was 

conducted using validated self-assessment scales and a process assessment rubric. The 

conclusions drawn include: 

• Improved professional skills: Generally, the quantitative results from select student 

grades and the validated scale comparisons of the pre- and post-term scores suggest 

that students may have improved their professional skills; however, the effect sizes 

observed were generally small. Student reflections supported the impact of Design III 

on improving professional skills, as students felt that at least one of their teamwork, 

professionalism, and lifelong learning improved as a result of their experience in 

Design III.  

• Student perceptions of professional skills: Students appear to value their 

professional skills; however, not as much as their technical skills. When asked to 

rank the CEAB graduate attributes, Knowledge Base for Engineering was more 

commonly ranked 1st than the three professional skills studied combined. It was also 
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clear that students value Teamwork and Professionalism more than Lifelong 

Learning.  

• Intentionally Teaching Professional Skills: Few students commented on the value 

of the professional skill lectures, the lab activities or the assessment tools used. When 

discussed, the lab activities were more often mentioned as compared to the lectures, 

thus suggesting a preference to the development portion of the intentional teaching 

strategies implemented. Student comments on the mid-term survey revealed that 

while most students did value or at least enjoyed the lab activities, many did not 

think the value exceeded that of time with their instructor and GTA during the lab 

period to work on their design project. 

• Assessment Tools: The teamwork assessment test and professionalism assessment 

tool were successfully implemented into Design III as prompts for reflections, and 

most students found their scores were representative of their abilities. Students, 

however, did express a dislike for the rating scale used in the PAT, and the 

instructors found the dimensions in the teamwork scale did not reflect how teamwork 

was being taught in the course. The process assessment rubrics were not very 

effective as an observational assessment tool of professional skills due to several 

factors; however, the teaching team liked that it encouraged documentation of 

student performance related to the design process. 

While the results from this study are not conclusive, the findings do provide valuable insight into 

how to make improvements to the course, as well as the research methodology. The next offering 

of Design III will continue to include the intentional teaching strategies used to improve student 

professional skills, however, modifications, such as the amount of time taken to do the lab 

activities, and inclusion of more advanced material in the lectures will be made. A new 

teamwork self-assessment tool will be investigated, and students will take the pre-term survey 

after familiarizing themselves with what professional skills are. Finally, the process-assessment 

rubrics will be simplified so that the teaching team can manage them more readily during the lab. 

A second year of data collection will hopefully produce more conclusive results.  
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5.3 Student Perceptions in Active Learning Classrooms 

Upon review of the conclusions drawn from each study individually, themes that were apparent 

in both studies were extracted. These themes were largely driven by student perception data and 

provided insight into how students perceive active learning. The themes included:   

• Time: A theme apparent in both studies is the issue of time. In Urban, students 

commented, in their final reflections, on challenges with peer assessment relating to 

time. In some instances, this included students indicating peer assessment took up too 

much of their in-class time, and they would have rather had more lectures, while 

others expressed their discontent with peer assessment requiring additional out-of-

class time. Similarly, in Design III, some students perceived the value of the lab 

activities intended to provide students with an opportunity to develop professional 

skills, and even admitted to enjoying them; however, they indicated that while they 

enjoyed the activities, they would have rather used the time to work on their projects 

and discuss their design with the instructor and GTA.  

• Professionalism Assessment Tool: While the self-assessment tool used to 

operationalize professionalism and its five domains may not have been entirely 

representative of student experiences due to threats to internal validity such as 

testing, it was useful as a tool to improve student understanding and awareness of 

professionalism. In both courses, while the student reflections did not always indicate 

the individual had necessarily improved their professional skills, several felt they had 

a better understanding of professionalism after the course. This serves as an 

important first step in fostering professional behaviour in undergraduate engineering 

students. 

Future research opportunities are apparent from the synthesized outcomes of the two studies, 

including how much time are students willing to spend on more active learning approaches, and 

how does improved awareness of professionalism affect development of professional behaviour.   

Additionally, there are limitations inherent in both studies, namely challenges with internal 

validity due to the lack of a control, threats to external validity because of the contextual nature 

of single course-based pedagogical research, as well as issues of construct validity. The research 

presented could be improved by forming longitudinal studies to manage threats to internal 
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validity, which is proposed for the peer assessment study. Additionally, now that the pedagogical 

modifications to Urban and Design III have been developed and the research has been conducted 

at the course-scale, the findings presented could inform a larger-scale study spanning courses, or 

perhaps institutions to limit threats to external validity. Finally, researchers should continue to 

develop, and test scales and tools used to assess deep learning and professional skills, and if 

possible, to detect changes in learning and professional skills over a short period of time, such as 

a course. The findings from this study provide useful insight into student perceptions regarding 

active learning, however, more rigorous research is needed to develop effective active learning 

strategies, that students perceive positively, and that can be more widely applied to improve 

student learning and professional skill development. 

5.4 Course Specific Recommendations 

The most important outcome of pedagogical research is course improvement for student learning 

and professional skill development. As such, based on the intensive investigation of 

ENGG*4370 Urban Water Systems Design, and ENGG*3100 Engineering Design III, course 

specific recommendations are provided. 

ENGG*4370 Urban Water Systems Design 

While the inclusion of peer assessment in Urban was not always well received by students, this 

course does provide a good opportunity to use this powerful active learning strategy to improve 

student deep learning and professional skill development, namely professionalism and lifelong 

learning. Recommendations to improve the effectiveness of the course and student perceptions 

are as follows: 

1. Tests: Continue to use peer assessment for course tests, however, the objective will be 

primarily managing marking as there is limited value in having students grade numeric 

answers, but it can be more time efficient. Consider not trying to convince students of the 

pedagogical rationale here, but rather indicate that this form of marking is simply a part 

of this course. 
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2. Design Project: Continue to use peer assessment for the design project deliverables; 

however, have the assessments be formative rather than summative. Consider having 

students still provide a grade, but the instructor grade is final. To ensure students still put 

effort into the assessments, continue to allocate a modest amount of marks for doing the 

peer assessments.  

3. Training: Conduct training prior to the proposal submission of the design project, and 

then a secondary (perhaps shorter) training prior to the design report. In the first training 

session emphasize how to give effective feedback and use a poor-quality exemplar with a 

good-quality assessment to structure the training.  

ENGG*3100 Engineering Design III 

Many changes were made in the Winter 2019 offering of Design III, some of which proved to be 

effective, while others require modifications. Recommendations regarding intentionally teaching 

professional skills in Winter 2020 are as follows: 

1. Professional Skills Workshop: The Professionalism Workshop in Winter 2019 

provided an excellent basis for student understanding of professional behaviour using 

Kelley et al.’s (2011) Professionalism Assessment Tool. Consider integrating 

foundational information regarding Teamwork and Lifelong Learning during this initial 

course workshop as well. Take the opportunity to frame Lifelong Learning as a 

deliberate practice, and emphasize the individual skills needed to foster an effective 

team. Use validated scales similar to the Professionalism Assessment Tool, but for 

Teamwork and Lifelong Learning. Using dimensions to define professional skills proved 

effective when explaining abstract constructs, like professional skills, to students.  

2. Lab Activities: Continue to incorporate professional skill activities, especially those like 

the Team Roles and Leadership activity that involved fun brain teasers. Use these 

activities as a “warm-up” for the lab to get students engaged, but do not let the activities 

run for more than 15-20 min as students tend to want to utilize the lab time to work on 

their projects and gain feedback from the Instructors/GTAs.  

3. Professional Skill Assessments: Utilize the extensive peer-to-peer team interactions in 

Design III to provide students with professional skill feedback. Rather than relying 

primarily on self and Instructor/GTA assessments, have students assess one another on 

professional skills throughout the course, potentially using validated scales as a guide. 
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Continue to have a lab activity about having difficult conversations and giving 

constructive feedback and use this as an opportunity to have students give and receive 

professional skill feedback. The process assessment rubrics should also be adapted so 

that there are fewer criteria to assess. Perhaps designing the assessments so that 

qualitative comments are given rather than quantitative assessments would improve 

Instructor/GTA use of the assessment tools. This will hopefully reduce the time required 

for Instructors/GTAs to fill out the forms and will enable regular professional skill 

feedback from the teaching team to students at an individual (or team) level. 

5.5 Final Considerations 

The active learning strategies investigated for the research presented can be very effective tools 

to foster both improved student learning and professional skill development. This can be very 

exciting for passionate educators who seek to provide high quality learning and growth 

opportunities for students. It is essential to recognize, however, that active learning strategies, 

including the two discussed in this thesis, take time. Both student and instructor workloads may 

greatly increase when these pedagogical models are employed. Unfortunately, engineering 

students already struggle to manage their time in jam-packed curriculums, and sometimes the 

potential benefits of an active learning strategy aren’t realized as a result of insufficient available 

time to put into a single course. As such, when modifying a course, educators must consider the 

increased workload and determine whether students will have the time needed to properly 

engage and benefit from the active learning strategy.  
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APPENDICES 

Appendix A Course Delivery Material 

A.1 ENGG*4370 Urban Water Systems Design 

The relevant course material for the first study on peer assessment, which was conducted in 

ENGG*4370 Urban Water Systems Design (Urban), is provided below. Most of the information 

comes from the Fall 2018 offering of Urban, and any differences in the Fall 2016 or Fall 2017 

offerings are noted with footnotes. 

A.1.1 Course Outline Content 

Course Aim: The main goals of this course are (1) to learn to apply knowledge of hydrology and 

hydraulics to design of urban water systems; (2) to gain competence using software in the design 

and evaluation of urban water systems; and (3) to improve ability to clearly and concisely 

communicate the findings and implications of an engineering analysis. 

Learning Outcomes: At the successful completion of this course, the student will have 

demonstrated the ability to: 

1. Apply the laws of conservation of mass, energy and momentum to the analysis of 

hydraulic conditions in pipes flowing full or partially full 

2. Apply knowledge of design considerations and employ software to design water 

distribution and wastewater collection systems 

3. Translate an understanding of the effects of urbanization on the urban hydrologic cycle to 

specify stormwater management requirements 

4. Apply knowledge of a broad suite of stormwater management alternatives to perform 

preliminary screening given design constraints and criteria 

5. Integrate preventative design techniques into engineering solutions. 

6. Design a stormwater management system to meet design criteria. 

7. Evaluate a stormwater management system design using simulation software. 

8. Concisely and articulately communicate the results of an evaluation of a stormwater 

management system design, as well as the relevance and implications of the results. 
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9. Critique a stormwater management design and provide constructive feedback on a design 

report.11  

10. Use feedback to reflect on and self-assess competencies in urban water systems design and 

create a plan for continued development.12  

Table A.1.1 Graduate Attributes13 

#  Outcome Set Name  
Course Learning 

Outcome  

1  Knowledge Base  1, 2, 3, 4, 5, 9  

1.4  
Recall, describe and apply program-specific engineering principles and 

concepts  
1, 2, 3, 4, 5, 9  

2  Problem Analysis  1  

2.2  Identify, organize and justify appropriate information, including assumptions  1  

2.3  
Construct a conceptual framework and select an appropriate solution 

approach  
1  

2.4  Execute an engineering solution  1 

4 Design  2, 3, 4, 5, 6, 7, 9  

4.2  
Construct design-specific problem statements including the definition of 

criteria and constraints  
3  

4.3  Create a variety of engineering design solutions  5, 6  

4.4  Evaluate alternative design solutions based on problem definition  2, 4, 6, 7, 9  

4.5  
Develop and refine an engineering design solution, through techniques such 

as iteration, simulation and/or prototyping  
6, 7  

5  Use of Engineering Tools  2, 7  

5.2  Demonstrate proficiency in the application of selected engineering tools  2, 7  

5.3  Recognize limitations of selected engineering tools  2, 7  

                                                 

11 This was a new learning outcome added in Fall 2018 
12 This was a new learning outcome added in Fall 2018 
13 The differences in the graduate attributes mapped to the learning outcomes in Urban varied each year, in part 

because the indicators changed in 2018, and expectations of what courses included what graduate attributes was also 

under discussion. The relevant graduate attributes in the course outline were not provided at the indicator level in 

2016 & 2017. In 2016 the relevant graduate attributes included: Knowledge Base for Engineering, Investigation, 

Design, Use of Engineering Tools, Communication, Impact on Society and the Environment, and Lifelong learning. 

In 2017 the relevant graduate attributes included: Knowledge Base for Engineering, Design, Use of Engineering 

Tools, Communication, and Impact on Society and the Environment.  
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#  Outcome Set Name  
Course Learning 

Outcome  

7  Communication Skills  8, 9, 10  

7.3  

Construct the finished elements using accepted norms in English, graphical 

standards, and engineering conventions, as appropriate for the message and 

audience  

8  

7.4  
Substantiate claims by building evidence-based arguments and integrating 

effective figures, tables, equations, and/or references  
8  

7.5  

Demonstrate ability to process oral and written communication by following 

instructions, actively listening, incorporating feedback, and formulating 

meaningful questions  

9, 10  

8  Professionalism  9  

8.3  Demonstrate professional behaviour  9  

9  Impact of Engineering on Society and the Environment  3, 7, 9  

9.1  
Analyze the safety, social, environmental, and legal aspects of engineering 

activity  
3, 7, 9  

9.2  Evaluate the uncertainties and risks associated with engineering activities  3, 7, 9  

9.3  
Anticipate the positive and negative impacts of introducing innovative 

technologies to solve engineering problems  
7, 9  

12  Life Long Learning  10  

12.2  Self-assess skills relative to career goals and SOE defined learning outcomes  10  

12.3 
Demonstrate capability for continuous knowledge and skill development in a 

changing world 
10 

Assessments 

Test 1 (20%): Friday, September 28, 3:30 - 5:20 pm, THRN 2313 (for Section 1, Friday Labs) 

OR Wednesday, October 3, 3:30 - 5:20 pm, THRN 2313 (for Section 2, Wednesday Labs) AND 

Thursday, October 4, 8:30 - 9:50 am, RICH 2529  

Test 2 (20%): Tuesday, Nov. 20 AND Thursday, Nov. 22, 8:30 - 9:50 am, RICH 2529  

Project (60%) 

• Proposal (5%): Document and Model Files due Thurs., Oct. 25, 11:59 pm  

• Proposal Reviews (2%): Required to receive report grade. Mon., Oct. 29, 11:59 pm  

• Report on Traditional Design and Simulation (20%): Report and Model Files due Mon., 

Nov. 12, 11:59 pm  
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• Quiz on Evaluation Rubric and Expectations (3%): Required to receive report review 

grade. Tues., Nov. 13, 8:30 - 9:50 am14  

• Design Report Reviews (5%): Required for Report grade. Sat., Nov. 24, 11:59 pm15  

• LID Design, Simulation and Evaluation (20%): Model files due Sat. Dec. 1, 11:59 pm, 

Presentations to be Scheduled Dec. 3-716  

• Reflection and Response to Feedback (5%)17 

A.1.2 Design Project Information18 

Proposal Reviews (2%, required to receive report grade): Each student is responsible for grading 

four assigned submissions according to the evaluation rubric (grading form). Students are 

expected to complete the grading form AND insert constructive feedback, on technical content 

and writing, into the reports that they review. The reviews are anonymous, so any personal 

information must be removed before uploading the reports with comments. 

Client A Report: The Client A report and models will be submitted using the Pear Tool. Model 

files are to be submitted for three conditions: 1. pre-development; 2. post-development (no 

control); and 3. post-development (with control). The submissions must be anonymous, so you 

are expected to remove any personal information before submission. 

Training/Quiz on Evaluation Rubric & Expectations (2.5%, required to receive report grade): 

After students have submitted the Phase 1Client A reports, a session will be held during the 

lecture period to provide training on peer evaluation of the reports. This is being provided to 

ensure the expectations are well understood by all students, to improve the consistency of grades 

and quality of feedback provided by peers. Exemplars of weak and strong reports will be used to 

demonstrate expectations. This training has been added in response to feedback received from 

Urban students in Fall 20162016 and was successfully implemented in Fall 2017. 

Client A Report Reviews (5%, required to receive report grade): Each student is responsible for 

grading four assigned submissions according to the evaluation rubric (grading form). Students 

are expected to insert constructive feedback, on technical content and writing, into the reports 

that they review. The reviews are anonymous, so any personal information must be removed 

before uploading the reports with comments. 

                                                 

14 This was not included in Fall 2016. In Fall 2017 it was worth 2.5% 
15 Fall 2017 had an additional 2.5% for “Reflection and Response to Feedback” for the Design Report Reviews.  
16 This was worth 23% in Fall 2016 
17 The reflections were not required in Fall 2016, and were worth 3% in Fall 2017 
18 Only information relevant to the peer assessment portions of the project are included. Slight differences to 

wording between cohorts is not, excluding footnotes for different assessment criteria/grade weighting scheme. 
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Figure A.1.1 Proposal Evaluation Rubric19 

                                                 

19 Criteria 2 & 3 was a single criterion in 2017 (unknown for 2016), and 4 & 5 were worth 4 marks each. 
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Figure A.1.2 Client A Rubric 
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Figure A.1.3 Client A Rubric Continued 
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A.1.3 Final Reflection Assignment 

Now that you’ve nearly completed ENGG*4370 we are asking that you reflect on your learning 

experience in the course and comment on the performance of your team members (Client B 

design). Please submit your responses to all parts (A, B & C) in a single word document to the 

appropriate Dropbox on CourseLink by Friday December 14th at 11:59pm. You will be evaluated 

based on the demonstrated effort put into thinking critically about your responses. You can earn 

up to 10 marks for this submission, which will count towards 5% of your final grade. Please 

direct questions about the reflection to Sam Mehltretter at mehltres@uoguelph.ca.  

Note that Part A & B of your response should be approximately 2 pages combined (12 pt font, 

double spaced). The length of Part C may vary based on formatting used in the table20.  

--------------------------------------------------------------------------------------------------------------------- 

(A) Using your R-SPQ-F2 and PAT scores (provided as Feedback on your “Survey Scores” 

dropbox submission) please comment on your learning process and professional skills 

development in this course. Do you think your scores accurately represent your experience in 

ENGG 4370, why or why not? (2.5 marks).  

(B) Comment on your experience with the Peer Assessment (PA) approach used in ENGG 4370. 

Feel free to discuss anything relating to this pedagogical strategy in ENGG 4370. This is an 

opportunity to provide feedback regarding whether the approach was beneficial, detrimental or 

some combination of the two (5 marks). Some questions you may consider answering in this 

part of the reflection include: 

• How did using PA help my depth of learning of concepts in ENGG 4370? 

• How did using PA help me develop professional skills? 

• Did the PA approach work better for tests or for the project deliverables? Why? 

• Did your perspective of PA change throughout the course? Why? 

• What did you like/dislike about how the PA approach was used? Why? 

• Do you think the PA approach was more beneficial for some students than others? Why? 

• What changes would you recommend to the course delivery? 

 

                                                 

20 Part C is not provided as the responses were not used for the reflection analysis 
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A.2 ENGG*3100 Engineering & Design III 

The relevant course material for the second study on intentionally teaching professional skills, 

which was conducted in the Winter 2019 offering of ENGG*3100 Engineering Design III 

(Design III) is provided below.  

A.2.1 Course Outline Content21 

Course Aims: This course builds on the design skills taught previously and focuses on a project-

based model of learning. The lab time is designed to use a studio-style pedagogical approach to 

design. Each student is to apply the knowledge that they learned in their discipline-specific 

courses in the design environment. 

Learning Outcomes: By the end of this course, you should be able to: 

1. Apply skills and knowledge from core and program specific engineering courses to a 

relevant engineering problem 

2. Define a problem with modest complexity and develop appropriate design criteria and 

constraints. 

3. Build on experience with the design cycle to create, develop and assess a design 

solution. 

4. Select, apply, and recognize the limitations of various engineering design tools, 

including model simulation and sensitivity analysis. 

5. Critically evaluate information from many sources including engineering 

publications, data processing, and engineering analysis, and disseminate design 

information in technical communications. 

6. Recognize professional and ethical behaviour and perform accordingly. 

7. Analyze the social, environmental, economic and legal impacts of engineered 

designs. 

8. Apply project management techniques to allocate time and resources and meet project 

objectives. 

                                                 

21 Only content relevant to the study (i.e. teaching professional skills) is included 
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9. Work effectively and demonstrate leadership as a member of a team. 

Table A.2.1 Graduate Attributes 

#  Outcome  
Learning 

Outcome(s)  

1  Knowledge Base  1  

1.3  
Recall, describe and apply fundamental engineering principles and 

concepts  
1  

1.4  
Recall, describe and apply program-specific engineering principles and 

concepts  
1  

4  Design 2, 3, 7  

4.1  Describe design process used to develop design solution  3  

4.2  
Construct design-specific problem statements including the definition of 

criteria and constraints  
2, 7  

4.3  Create a variety of engineering design solutions  3  

4.4  Evaluate alternative design solutions based on problem definition  3, 7  

4.5  
Develop and refine an engineering design solution, through techniques 

such as iteration, simulation and/or prototyping  
3  

5  Use of Engineering Tools  4  

5.1  Select appropriate engineering tools from various alternatives  4  

5.3  Recognize limitations of selected engineering tools  4  

6  Individual & Teamwork  9  

6.3  
Execute and adapt individual role to promote team success through, for 

example, timeliness, respect, positive attitude  
9  

6.4  Apply strategies to mitigate and/or resolve conflicts  9  

6.5  

Demonstrate leadership through, for example, influencing team vision 

and process, promoting a positive team culture, and inspiring team 

members to excel  

9  

7  Communication Skills  5  

7.1  
Identify key message(s) and intended audience in verbal or written 

communication as both sender and receiver  
5  

7.3  

Construct the finished elements using accepted norms in English, 

graphical standards, and engineering conventions, as appropriate for the 

message and audience  

5  

7.4  
Substantiate claims by building evidence-based arguments and 

integrating effective figures, tables, equations, and/or references  
5  
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#  Outcome  
Learning 

Outcome(s)  

7.5  

Demonstrate ability to process oral and written communication by 

following instructions, actively listening, incorporating feedback, and 

formulating meaningful questions  

5  

8  Professionalism  6  

8.3  Demonstrate professional behaviour  6  

9  Impact of Engineering on Society and the Environment  3, 7  

9.1  
Analyze the safety, social, environmental, and legal aspects of 

engineering activity  
3, 7  

9.2  
Evaluate the uncertainties and risks associated with engineering 

activities  
3, 7  

9.3  
Anticipate the positive and negative impacts of introducing innovative 

technologies to solve engineering problems  
7  

10  Ethics & Equity  6  

10.3  
Demonstrate values consistent with good ethical practice, including 

equity, diversity, and inclusivity  
6  

11  Economics and Project Management  3, 7, 8  

11.1  
Apply project management techniques and manage resources within 

identified constraints  
8  

11.2  
Identify risk and change management techniques, in the context of 

effective project management  
8  

11.3  

Estimate economic impact and feasibility of an engineering project or 

design using techniques such as cost benefit analysis over the life of the 

project or design  

3, 7  

Assessments 

*Must earn a Pass on the Interim and Final Design Reflections to receive a grade on the 

associated design deliverable (Interim or Final Report). Individual grades may be reduced from 

team grades if peer comments and/or instructor observations indicate that an individual has not 

made an equitable contribution (quality or quantity) to the design and/or design deliverables. 
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Table A.2.2 Course Deliverable Grade Weightings 

Name  Scheme A (%)  

Course Learning Activities  10  

Design Process Reviews  10  

Design Proposal  10  

Interim Design Report*  20  

Technical Memo  10  

Cost Memo  5  

Design Presentation  10  

Final Design Report*  25  

Total  100  

Course Learning Activities (10%): Mon, Jan 7 - Fri, Apr 5, In weekly lectures and design labs  

Design Process Reviews including Project Management (10%): Mon, Jan 14 - Fri, Apr 5, In 

weekly design labs  

Students are required to maintain a logbook to keep a record of all group and individual 

activities, notes, ideas, calculations, planning, decisions etc. Logbooks will be checked weekly.  

Team and Project Selection (0%): Sun, Jan 20, 10:00 PM, Submitted to CourseLink Dropbox.  

Design Proposal (10%): Sun, Jan 27, 10:00 PM, Submitted to CourseLink DropBox.  

Interim Design Report* (20%): Thu, Feb 14, 10:00 PM, Submitted to CourseLink Dropbox.  

*Must pass Interim Design Reflection in order to earn individual grade on the Interim Design 

Report 

Interim Design Reflection (0%): Sun, Feb 17, 10:00 PM, Submitted to CourseLink DropBox.  

The Interim Design Reflection must be completed individually and submitted to Courselink by 

the due date. A passing grade on the reflection must be earned in order to receive the grade for 

the Interim Report. If the reflection is not submitted or does not earn a passing grade, the 

individual student will receive a zero on the Interim Design Report.  

Technical Memo (10%): Thu, Mar 7, 10:00 PM, Submitted to CourseLink DropBox.  

Cost Memo (5%): Thu, Mar 14, 10:00 PM, Submitted to CourseLink DropBox.  

Design Presentation (10%): Mon, Mar 18 - Fri, Mar 22, In Design Lab.  

Final Design Report* (25%): Sat, Apr 6, 10:00 PM, Submitted to CourseLink Dropbox.  

*Must pass Final Design Reflection in order to earn individual grade on the Final Design Report. 

At the time of final report submission, groups will be asked to submit a separate file containing 

the Executive Summary and a selected graphic(s) for inclusion in a Compendium of Winter 2019 

3100 Design Projects, which will be made accessible to the public.  

Final Design Reflection (0%): Sun, Apr 7, 10:00 PM, Submitted to CourseLink DropBox.  

The Final Design Reflection must be completed individually and submitted to Courselink by the 

due date. A passing grade on the reflection must be earned in order to receive the grade on the 

associated design deliverable (Final Design Report). If the reflection is not submitted or does not 

earn a passing grade, the individual student will receive a zero on the Final Design Report. 
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A.2.2 Lab Activities 

Week 1: Introduction & What is Professionalism? 

Purpose: Introduce the lab component of the course, explore the meaning of professionalism, and 

determine what suitable professional behaviour looks like in ENGG*3100. 

Graduate Attribute/Indicators: 8. Professionalism, 8.3.18 Professional Behaviour 

Materials: Chart Paper, Handouts (Scenarios & discussion questions, Professionalism Domain 

Scales, Blank Professional Behaviour Rubrics) 

Lab Overview: 

1. Introduction (15min) 

a. Introduce Instructors & GTAs, explain that your team MUST be with people in 

this room (not other sections).  

b. Explain the general format of the lab periods 

i. Introduction: Review upcoming deliverables and deadlines, go over plan 

for the lab period 

ii. Professional Skills Activity: often only 15min, but today’s will be most of 

the time 

iii. Project Work: process assessment form, deliverable feedback, team 

meeting opportunity 

2. Professional Skills Activity (120min) 

a. What is professionalism/professional behaviour? (20min) 

i. Have each group brainstorm what professionalism is 

ii. Give the domains and allow them to add to their definitions  

iii. Pass around the ideas generated by other groups and then allow the groups 

to add to their definitions if they want to. 

iv. Change Groups – leave the professionalism brainstorm paper on the table 

(subsequent groups can refer to it for other parts of the activity). 

b. Scenario prompted discussions (20min) 

i. Give each group 2 handouts: professional behaviour scenarios, and 

professional behaviour discussion questions.  

ii. Give the students time to engage in the discussions and have the GTAs 

and Instructors circulate to facilitate discussion as necessary. 

iii. After the discussions have the groups pick out some key points from the 

discussion and write it on the professionalism brainstorm paper at the 

table.  

iv. Change Groups 

c. Professional behaviour scale (20min) 
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i. Give each group the professional domain scale handout and ask them to 

fill out where they think their skills for each item are now, and where they 

should be by the end of ENGG*3100. 

ii. Ideally the groups will come to a consensus for where they are/want to be 

on the scales; however, if there are major discrepancies have them identify 

why people within the group differ in opinions (e.g. maybe a certain 

discipline has developed a certain skill more than another, maybe it is 

more about personality, or extracurricular/work experiences). Then have 

them add annotations to their scales accordingly. 

iii. On the “where they should be by the end of 3100” get the students to 

indicate how they’ll know if they’ve reached the objective. 

iv. Change Groups 

d. Develop professional behaviour rubric (20min) 

i. Give each group a blank professional behaviour rubric and have them 

choose 1 or 2 of the 5 professional behaviour domains.  

ii. Get the students to fill in criteria for the domains they selected. 

iii. If there is still some time you can have students pass around the rubrics 

and add to them. 

e. Collect the professionalism brainstorm sheets, scales & rubrics. A summary of 

what the entire class came up with will either be presented in lecture and/or 

posted on CourseLink 

 

Professional Behaviour Scenarios 

Read through a couple of the scenarios below and discuss whether you think the people are 

acting professionally or not. Consider what constitutes professional behaviour in that scenario, 

and how that influences the interactions between the individuals involved. Take a look at the 

professional behaviour discussion questions provided on the back of this handout to prompt 

some more discussion within your group. 

Once you’ve had a good discussion within your group (or when the Instructor/GTAs tell you to) 

choose a few key points from your discussion and add them to the professionalism brainstorming 

paper at your table.  

Scenario #1 

You asked your co-worker, Michael, to drop off a package at the post office after work on 

Tuesday. It is not too far out of the way home for him to do so, and you live farther away. It is 

important that the package be at its destination, National Manufacturing Incorporated, by noon 

on Wednesday. It includes a proposal that is going to be discussed at a meeting with international 

business partners who are in town only for that day. You find out on Wednesday afternoon that 

the package never arrived. Who is responsible for the proposal not getting to the meeting?  
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https://www.realityworks.com/ftp_uploads/sample-cards-test.pdf 

Scenario #2 

You are part of a team that is preparing a presentation for a major conference. The final meeting 

on the presentation is this morning at 9 a.m. There are four participants: Mia, Julio, James and 

yourself. You arrive in the meeting room at 8:55 and James is there. Julio arrives at 9:02. You 

continue to wait for Mia to arrive so you can begin. No one has heard from her. You are getting 

irritated and feeling anxious. At 9:10 you can feel your muscles tightening and breathing 

increasing. James and Julio are visibly angry and talking about how stressed they are. You 

NEED to get this done today. At 9:20, all of you are fidgeting and decide to begin. At 9:23, Mia 

arrives with no apology or explanation. Is Mia the only one behaving unprofessionally by 

showing up 23 min late? When is it okay to be late? And how late is acceptable? Are James and 

Julio behaving professionally if they are “visibly angry and talking about how stressed they are”? 

https://www.realityworks.com/ftp_uploads/sample-cards-test.pdf 

Scenario #3 

You’re submitting a final report for a team project and one of the requirements is that everyone 

who worked on the project must sign the front page. It is an electronic submission and you have 

scanned copies of the team’s signature from the proposal for that project, but one of the team 

members hasn’t finished their part yet. You decide to add the signatures and send it to the final 

team member to add their part and ask them to submit it by 10pm (the deadline). The next day 

you find out that it was submitted late, and there is a concern that portions of the document have 

been plagiarized. Who is responsible?  

Scenario #4 

You were just offered a job with a local bank. The job posting did not give wage information. 

During the interview, the human resources manager said that the pay range would be based on 

the candidate’s experience and qualities. You leave the interview still unsure of what the pay 

range was. You really want a minimum of $12 per hour with two weeks of vacation per year. 

You have prior experience as you worked for another bank for six months. You have also been 

the student manager at an on-campus coffee shop. The offer you just received is for $10.50 an 

hour with one week of paid time off after one year. Would you try to negotiate? If so, how would 

you negotiate this in a professional way? 

https://www.realityworks.com/ftp_uploads/sample-cards-test.pdf 

Scenario #5 

One of your employees needs help with a project that is due soon. You also have another 

employee who is asking for you to mentor her. You need to meet with the Board of Directors 
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tomorrow for an important quarterly meeting. The board members will be arriving tonight and 

you need to pick them up from the airport and take them out to dinner. In addition, you have 

several important presentations to prepare in the morning for the board meeting. You are feeling 

anxious, tense and having difficulty concentrating and getting things done. You feel pulled in 

many directions and are feeling very stressed out! What should you do/not do to ensure you’re 

acting professionally, while still managing your stress? 

https://www.realityworks.com/ftp_uploads/sample-cards-test.pdf 

Scenario #6 

You work for a small dog daycare and grooming company. You have held the same position, dog 

walker, for over three years. Your boss, Mercedes, tells you that you will now be working the 

front desk, meeting with customers and answering the phone. This is not in your current position 

description. You know that being flexible in your position will help you become a more valuable 

employee but are hesitant to take on this task. You are very shy and like working only with the 

dogs. You have a hard time making small talk with strangers. What should you do? 

https://www.realityworks.com/ftp_uploads/sample-cards-test.pdf 

Professional Behaviour Discussion Questions 

1. In the scenarios provided are the people acting professionally? What should have been 

done differently? Would that same behaviour have been considered 

professional/unprofessional in a different setting? 

2. How does professional behaviour differ in the work place vs. school? Should they differ?  

3. What does professional behaviour look like in ENGG*3100? 

4. What are the benefits/consequences of professional behaviour? 

5. How do you learn to behave professionally?  

6. How do you evaluate someone’s professional behaviour? 

7. Is professional behaviour important? When is it/is it not important? 

8. What prevents people from behaving professionally? 

9. How does culture/upbringing play into professional behaviour? 

10. Is there such a thing as acting too professional?  

11. How do you determine what is professional behaviour in a particular environment? 

12. What factors influence what is considered professional behaviour within a given setting 

(e.g., age, relationships, hierarchies, precedents etc.) 

 

Week 2: Team Building & Identifying Strengths & Weaknesses 

Purpose: Give students the opportunity to get to know their team. Have students reflect and 

determine their strengths and weaknesses. Develop learning plan for 1 or 2 weaknesses. Help 

students come up with an appropriate problem for their project. 
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Materials: Large pieces of paper (chart paper, ledger, legal etc.), markers, White board markers 

(THRN 1002 & 1006) → students should have their Log Books 

Professional Skill Activity (35min) 

* Students may still be finalizing groups in the first few minutes of class. You can get students 

who are settled started on the name plates, and even introduce the ice breaker while students 

trickle in. If possible, don’t start the SWOT activity until all teams are formed. 

1. Name Plates (5min) 

a. Have students create their own name plates (these will be used in every lab) with 

their First & Last names 

2. Ice breaker (10min) – Choose one of the 3 below (Social Network, Electricity OR Count 

to 10) 

a. Social Network 

i. If there are team members that don’t know each other get everyone to 

introduce themselves (name, discipline) 

ii. Give the groups a large piece of paper and have them each write their 

names spread out on the page (or they can do it on a White Board) 

iii. Then have students connect themselves to all of the other team mates with 

a line & write how they know each other (e.g. Joe & Peter were in the 

same res in first year) 

iv. If some of the team members have just met, have them try and find a 

mutual connection with someone who is not in the School of Engineering 

and write that person’s name between their two names & how they each 

know that person (Joe and Ellen just met, but they both know Cynthia. Joe 

went to High School with her, and Ellen is on the Rugby team with her) 

v. If there is still no connection between 2 people in the team have them find 

3 things they have in common and write those down. (Joe and Bob can’t 

find a mutual connection, but they both like Hockey, Horror Movies and 

Pizza) 

vi. Example Social network Appended. 

b. Electricity 

i. Have everyone put out their right hand palm down on the table just to the 

right of them. Then have everyone place their left hand (palm down) to the 

left of their right neighbour’s right hand (i.e. there are two neighbouring 

hands between your hands) - Picture of set up appended 

ii. Have one person tap their right hand to start and then in a clockwise 

direction have the next hand tap. Continue this around the circle until it 

returns to the person who started (make sure the taps are clear) 

iii. Add in a double tap option so that if someone taps the table twice the 

direction is reversed. If someone messes up they lose a hand and put it 
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behind their back and the game continues. Someone is out once they lose 

both hands. 

iv. Add in a name calling option where if the person calls out someone else’s 

name in the group then that person taps one of their hands (they can 

choose which one if they still have two) and the tapping continues in the 

same direction. The game is over once there are only two people left. 

c. Count to 10 

i. Have everyone at the table introduce themselves, their discipline, their 

favourite _______ (they can choose the category, but it needs to be a 1-

word answer), and their favourite ___________ (choose another category). 

ii. The objective of the game is to count to 10, with each person saying one 

number at a time in a chosen direction 

iii. The person that says 10 after the same round gets to choose a number from 

1 to 10 and replace it with one of the names, disciplines, favourite 

________ but it can’t be one of their own answers (it must be the name, 

discipline, favourite __________ of someone else, but the other team 

members can’t help you remember!).  

iv. Then the person to the right of the person that said 10 starts the next 

round. Count to 10 again but with the replaced word instead of the 

number. If someone messes up, then you have to start from the beginning 

again. Continue to replace numbers with words until all of the numbers 

have been replaced. You can’t have repeated words (i.e. if 2 people are in 

mechanical that word can only replace one number not 2 different 

numbers) 

3. Team SWOT Analysis (20 min) 

a. Have each student spend some time writing out a list of their Strengths & 

Weaknesses in their Log Book (they shouldn’t be chatting within their groups at 

this point)  

i. You might consider writing some general ideas on the white board to help 

them get started (i.e. Working in a Team, Professionalism, 

Communication, Leadership, Project Management, Managing Stress & 

Emotions, Self-Assessing, Self-Directed Learning, Technical Abilities) 

OR get them to look up (or write it out for them) a list of the Graduate 

Attributes 

ii. Encourage them to think of feedback they’ve gotten from peers, 

employers, instructors, friends & family etc. in the past 

iii. They can write down some technical strengths/weaknesses as long as they 

also look at professional skills 

b. Have them choose their top 3 - 5 strengths, and their bottom 3 - 5 weaknesses 

(e.g. their biggest weaknesses) 
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c. On a Whiteboard (in THRN 1002 & 1006) or on a piece of Paper have them write 

their names spread out on the page and their strengths in one colour around their 

names, and their weaknesses in another colour 

d. Then have the team take a look at the team as a whole. Have them identify any 

potential Threats to the team’s functioning (e.g. everyone identified writing as a 

weakness, or someone identified that they have a tendency to be a perfectionist 

and others indicated they leave tasks to the last minute) 

e. Then have them identify Opportunities (i.e. A weakness of one person is the 

strength of another, maybe they can support their development, or the group has 

both a big picture thinker and someone who pays attention to detail) 

f. Example appended 

g. Have each person then choose 1 or 2 of their weaknesses and as a team help each 

other develop plans (written in your log books) regarding how you are going to 

improve those weaknesses in Design III 

4. Fill out the Activity Assessment Form while students are doing the activity when you 

can, but you may need to do some during the Design Process Review discussion  

Project Work (60min) 

5. Problem Identification (60min) 

a. Have groups work on identifying a suitable problem for their project  

b. Remind them 

i. The scope must be sufficiently large for the course, but also not too large 

that it won’t be feasible during the course 

ii. They need to make sure it is feasible given the expertise in the group 

iii. Don’t let them jump to Solutions 

iv. Take a look at the list of problem ideas on CourseLink 

6. Design Process Review form (45min) 

a. After giving them a bit of time to brainstorm and get thinking go around to the 

different groups and ask them about what problem they are hoping to choose 

b. Provide feedback as necessary, for example if they need to modify/re-scope or 

provide more detail on the scope 

c. Take the time talking with the students in the group to do their Design Process 

Review evaluation. When evaluating use a level 3 as a starting point and go 

up/down depending on the behaviour 

d. Please try to evaluate the students as individuals, although there may be some 

criteria where you can indicate that the entire group is performing the same. I 

suggest using student initials in the rubric (only 1 rubric per group). 

Project Management (15min) 

7. Get them to do the following: 

a. Schedule at least 1 team meeting before the next lab period 
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b. Review requirements for the Team & Project Selection Form on CourseLink 

c. Assign tasks to complete this week 

d. Establish communication plan (i.e. will you use email, Facebook, texting or 

WhatsApp or some other platform to communicate with one another?) 

White Board Messages 

Goal: Get to know your team, identify your own strengths & weaknesses, and come up with a 

Design Problem 

Next Deliverable: Team & Project Selection Forms are Due this Sunday at 10pm 

- Form is Available on CourseLink 

- EVERYONE must review the Code of Conduct before signing and submitting 

Sample Social Network  

(Joe is the only person completed, you’d do it for the other’s as well) 

 

 

Figure A.2.1 Example of Social Network Map 
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Figure A.2.2 Electricity Game Set Up 

 

 

Figure A.2.3 Sample Team SWOT Analysis 
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Week 2: Team Roles & Leadership 

Purpose: Create an awareness of team roles and provide an opportunity to adapt your role 

based on changes within the team. Discuss leadership and that you don’t have to be “The 

Leader” to demonstrate leadership. 

Graduate Attribute/Indicators: 6. Teamwork, 6.2.18 Understand all members’ roles and 

responsibilities within a team, 6.3.18 Execute and adapt individual role to promote team 

success through, for example, timeliness, respect, positive attitude, 6.5.18 Demonstrate 

leadership through, for example, influencing team vision and process, promoting a positive 

team culture, and inspiring team members to excel 

Materials: “Team Roles”, “How to Lead without the Title”, Challenges & Solutions 

Lab Overview: 

8. Introduction 

a. Friday Group → Remind them their Proposal is due Sunday 

i. NOTE: you may choose to cut down the time on the professional 

skills activity or only do 2 of the 3 challenges so you can spend more 

time helping them scope their problem for the proposal 

b. Mon/Wed Group → Next deliverable is the Interim Report due Thursday Feb 

14th, at 8pm 

9. Team Roles, Adaptation & Leadership (50 min) 

a. This activity will include 3 challenges that teams will work on together. Use 

the Doc Cam to project the challenges, the answers and the other information 

sheets on the screen.  

b. Below are the rules that apply to all Challenges 

i. The first team to come up with a solution, and have it verified by the 

GTA or Instructor (have them raise their hand) wins.  

ii. Once a team wins, the round is over (the other groups won’t get time 

to finish).  

iii. No use electronic devices (phones or laptops or tablets) during the 

challenges.  

c. Challenge #1 Flying Around the World (10min) → No additional rules 

i. Discussion Questions (5min) 

1. Based on the Team Roles list on the screen (Put the Team 

Roles List on the doc cam) what role do you think you took 

on during this challenge? Discuss this in your teams and see if 

you can agree on one another’s roles. 

2. What was your team dynamic like? Did it work well? Why or 

why not? 

3. Vote on a Most Valuable Player (MVP) from your team for 

Challenge #1. 

d. Challenge #2 Choose one of 3 provided (Poison, Hats or Pirates) (7.5min)  
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Added Rule: the MVP voted in Challenge #1 must act only as an observer in 

this round, they can’t speak or write while their team is attempting the 

challenge.  

i. Discussion Questions (5min) 

1. Based on the Team Roles list (Put the Team Roles List on the 

doc cam) did you adapt your roles to accommodate losing 

your MVP? 

2. Did your team dynamics change without the MVP? Did it 

work? Why or why not? 

3. Ask your MVP what they observed regarding your team 

dynamics during Challenge #2 

4. Vote on a Most Valuable Player (MVP) from the team for 

Challenge #2. 

e. Challenge #3 Knights Knaves & Spies (7.5min)  

Added Rules: Your MVP from challenge #1 can participate again, but they 

can only say “yes” or “no”. The MVP from challenge #2 can’t speak but can 

still participate (e.g. using gestures, and facial expressions). Neither MVP can 

write anything down.  

i. Discussion Questions (5min) 

1. Based on the Team Roles list (put the Team Roles List on the 

doc cam) did you adapt your roles to accommodate the 

restrictions put on the MVPs? 

2. Did your team dynamics change when your MVPs were 

limited in their participation?  Did it work? Why or why not? 

3. Ask your MVPs what they observed regarding the team 

dynamics during Challenge #2 

f. Leadership Styles Discussion 

i. Discussion Questions (10min) 

1. Did anyone demonstrate leadership during the 3 Challenges?  

2. Put the “How to Lead without the Title” page on the Doc Cam 

and explain that these are other ways to lead your team 

without being “The Leader” (based on the traditional 

definition of leader) 

3. Based on these attributes, were there actually more 

individuals in the team that demonstrated leadership during 

the 3 challenges? Discuss the value of all your team members 

demonstrating leadership when you’re working together. 
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Team Roles 

https://www.cmu.edu/teaching/designteach/design/instructionalstrategies/groupprojects/tool

s/Groupworkroles.doc 

& https://www.uq.edu.au/student-services/learning/roles-groups 

Facilitator/Manager:  Moderates team discussion, keeps the group on task, and 

distributes work. Makes sure everyone has a chance to 

contribute  

Checker/Recorder:  Takes notes summarizing team discussions and decisions, and 

keeps all necessary records.  Checks for consensus among 

group members 

Reporter Serves as group spokesperson to the class or instructor, 

summarizing the group’s activities and/or conclusions.  

Conciliator Resolves conflicts, minimizes interpersonal stress, ensures that 

members feel ‘safe’ to give opinions 

Devil’s Advocate Raises counter-arguments and (constructive) objections, 

introduces alternative explanations and solutions. 

Harmonizer Strives to create a harmonious and positive team atmosphere 

and reach consensus (while allowing a full expression of 

ideas.) 

Prioritizer Makes sure group focuses on most important issues and does 

not get caught up in details. 

Explorer Seeks to uncover new potential in situations and people 

(fellow team members but also clients) and explore new areas 

of inquiry. 

Innovator Encourages imagination and contributes new and alternative 

perspectives and ideas. 

Explainer Re-emphasizes the main points, ensures that each member 

understands the task, concepts and group’s conclusions 

Wildcard Assumes the role of any missing member and fills in wherever 

needed. 
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How to Lead Without the Title – Showing Leadership 

https://www.inc.com/lolly-daskal/6-impressive-ways-to-lead-without-title.html 

Cultivate a great mindset: Having a good attitude is a great skill. If you can show 

enthusiasm and positivity no matter what your job is, people will notice. On any given day, 

many things can go wrong, but it's the person who stays above the fray that is appreciated 

and respected. 

Consistently be supportive: When it comes to showcasing your inner leadership, teamwork 

is essential. if you insist on having your own way or controlling others, your career will run 

into a wall. The people who are supportive, adding value, always looking to serve others, 

those are the leaders who are indispensable. Always try to have the attitude of, "What can I 

do for you?" 

Learn to be flexible: If you want to stand out, make a great impression and work to become 

a person who is agile and flexible. It's often the stubborn individuals who cost 

themselves advancement. If you want to succeed, be influential, but learn to be flexible. 

Let people know they can count on you: When people know you are accountable, it will 

give you credibility. When they know you stand by others, they respect you. Letting others 

know you trust them and showing them they can trust you back makes for a very impressive 

reputation. 

Be the creative one: In your current position, what process can be improved? What best 

practice can be tweaked? What can you do to make things easier for your customers or 

clients? Use your creativity to continuously improve processes, and you will always stand 

out. 

Give credit where credit is due: How many times have you seen your colleague or peers, or 

even your boss, taking the credit when the credit wasn't theirs to be taken? The way to stand 

out is to stand together, to acknowledge others for their contribution, and give credit where 

credit is due. The way to be striking is to shine the light on others. 

  



 

 

280 

 

Challenge #1 Flying Around the World 

https://www.popularmechanics.com/science/math/a24309/riddle-of-the-week-7/ 

You've designed an incredibly advanced aircraft, a true marvel of aeronautics, the X-

100. You want to fly all the way around the world in it without stopping. The only 

problem is that the plane can carry just enough fuel to make it halfway around the 

Earth. So you build a total of three planes, one for you to fly and two more for your 

assistants John and Jane. You equip these planes with some pretty incredible and 

futuristic features to help you along the way. For one, they can instantaneously transfer 

any amount of fuel to each other. One plane can even pass fuel to the other two 

simultaneously. Secondly, the aircraft can turn on a dime, literally reversing direction 

instantaneously, flying at the exact same velocity as soon as they about-face. Now for 

the numbers: Each plane can carry 180 gallons of fuel. You plan to fly all the way 

around the world along the equator, where your plane can fly at the blistering speed of 

1º of longitude per minute, meaning it'll take 360 minutes to make the whole 360-

degree journey. (This is a speed of about Mach 5.4, for those who are curious). The 

three aircraft burn 1 gallon of fuel per 1º longitude traveled. One more thing: There is 

only one airport along the equator route that you plan to take. You must start at this 

airport and finish there. John and Jane can return to the airport to refuel, filling their 

tanks to the full 180 gallons. The one airport is the only place that anyone can land.  As 

you can see, with 180 gallons of fuel, one of the planes by itself would only make it 

180º around the world, half of the required 360º. Fortunately, the planes have their nifty 

instantaneous refueling and about-facing features, and you have John and Jane to help 

you make the trip. How do you fly all the way around the world without stopping or 

turning around, and without any of the three pilots running out of fuel and crashing?  

Note: If a plane hits 0 gallons of fuel, and at that exact moment another plane is there 

to refuel it, the plane does not crash. The fuel transfers instantaneously.  

 

Answer 

So, you need to make it all the way around with out stopping or turning around. Your 

assistants John and Jane can turn around instantaneously and they can land at the 

airport to refuel. In the diagrams below, you are flying in plane A, John is in plane B, 

and Jane is in plane C. All three of you take off from the airport heading due west 

(counter-clockwise around the diagram). Once the three planes reach the 45º mark, 45 

minutes have passed, and you take the first refueling. Here's what happens then: 
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• All three planes hit the 45º mark with 135 gallons of 

fuel, having burned 45 gallons of their 180. 

• Plane C passes 45 gallons of fuel apiece to plane A and 

plane B, losing a total of 90 gallons. This fills up A and 

B to the full 180 gallons, but takes plane C down to 45. 

• Planes A and B press on, while plane C instantaneously 

turns around and heads east (clockwise) back to the 

airport. 

The second refueling occurs when planes A and B reach the 

90º mark and 90 minutes have passed. Plane C reaches the 

airport at the same time and lands just as her aircraft uses 

up the last bits of fuel. Here's what happens then: 

• Planes A and B hit the 90º mark with 135 gallons of fuel 

each, having flown 45º and burned 45 gallons since 

being topped off in the first refueling. 

• Plane B passes 45 gallons of fuel to plane A. Plane A 

goes from 135 gallons of fuel up to the full 180. Plane B 

goes from 135 gallons down to 90. 

• Plane A presses on, and plane B turns around to head 

east back to the airport. Meanwhile, plane C is on the 

ground at the airport refueling up to the full 180 gallons.  

 

Now you are heading around the far side of the globe, making the longest part of the 

journey solo. When 180 minutes have passed and you hit the 180º mark in plane A, 

plane C—which, remember, has been refueling at the airport—takes off heading east 

(clockwise). At the same time, plane B arrives at the airport and lands to refuel just as 

he runs out of gas. At this point, planes A and C are headed toward each other. They 

meet at the 270º mark. 

• At this moment, plane A has 0 gallons of fuel, having 

used all 180 gallons in the tank since its refueling at the 

90º point. Plane C has 90 gallons. 

• Plane C pulls an incredible aerobatics maneuver, 

passing 45 gallons of fuel to plane A and turning 

around to head west (counter-clockwise) at the same 

time. 

• Planes A and C are now heading west toward the 

airport from the 270º with 45 gallons of fuel each. 

• At the same moment that plane C passes fuel to 

plane A, plane B takes off from the airport where it has 

been refueling to the full 180 gallons, heading east. 
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At the 315º mark, when 315 minutes have passed, you are reunited with both your 

fellow pilots John and Jane again. Now it's up to John, in plane B, to pass fuel to you 

and Jane so you don't crash. 

• Plane A and C are at 0 gallons of fuel when they hit the 

315º mark. Fortunately, at that exact moment, plane B 

is there with 135 gallons, just enough fuel for all three 

aircraft. 

• Plane B passes 45 gallons of fuel to both planes A and 

C, and it about-faces to head west at the same moment. 

Each plane now has 45 gallons of fuel, enough to make 

it back to the airport at the 360º mark. 

 

 

 

Challenge #2 Poison 

https://www.popularmechanics.com/science/math/a27018/solution-to-riddle-of-the-week-

31/ 

In a faraway kingdom, there is a mysterious herb. The poisons brewed with this herb 

break down in the body for a number of minutes, and then they cause sudden death. But 

there is a catch: If you drink a stronger poison brewed with the same herb while the 

first poison is still breaking down in your system, then it will neutralize the weaker 

poison and act as an antidote, saving your life. The king in this land wants to posses the 

strongest poison in the realm, so that he may save his own life should anyone try to 

poison him. He summons his pharmacist and his treasurer. "Each of you will brew me 

the strongest poison you can," he commands. "Next week, you will each drink the 

others' poison, and then your own. Whoever brews the stronger poison will live, and the 

other will die." 

The two immediately set to work, but it doesn't take the treasurer long to realize that he 

cannot possibly brew a stronger poison than the pharmacist. It's just not his area of 

expertise. And so he devises a plan to survive. The pharmacist, meanwhile, is almost 

done with his poison, a strong brew that is about as potent as possible. But the day 

before the potion-drinking showdown, he comes to an important realization: The 

treasurer must know the pharmacist's brew will be stronger, and if he wants to live, he 

must be thinking up an alternative plan. After some thought, the pharmacist realizes 

what the treasurer must be planning, and he devises a counter ruse. The next day, the 

pharmacist and the treasurer appear before the king. They each drink the others' potion, 

and then their own. The treasurer dies, the pharmacist lives, and the king doesn't get 

what he wants. What happened? 
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Answer  

The treasurer, realizing he could never make a more potent poison than the pharmacist, 

figures out a way to set himself up for success. He drinks a weak poison just before 

appearing in front of the king, and he brings plain water as his own "poison." This way,  

when he drinks the pharmacist's poison, it will neutralize the poison he drank earlier, 

and when he follows that up by drinking his own, he'll only be drinking water. As for 

the pharmacist, he will drink water, and then his own poison, leading to his death. But 

the clever pharmacist correctly surmises the treasurer's trick. To counter this plot, the 

pharmacist also brings water as his poison. Both the treasurer and pharmacist then drink 

water twice. However, the weak poison the treasurer drank earlier ends up doing him 

in, and he falls dead to the floor. Neither actually brews a poison, and so the king does 

not get what he wants—a strong poison to guard against any attempts to assassinate him 

with a weaker poison. 

Challenge #2 Hats 

https://www.popularmechanics.com/science/math/a25254/riddle-of-the-week-16/ 

One hundred prisoners are lined up single file. A blue or red hat is placed on each of 

their heads randomly. The prisoners cannot see the color of the hat on their own head, 

but they can see the colors of all the hats in front of them. The prisoner in the back can 

clearly see all 99 hats in front of him. The 50th prisoner in line can see the 49 hats in 

front of him, and the prisoner in the front of the line cannot see anything but the forest 

before him. Also, the prisoners don't know the proportion of red hats to blue hats in 

advance—it could be 50/50, but it could also be any combination that adds to 100.  A 

guard is going to walk down the line, starting in the back, and ask each prisoner what 

color hat they have on. They can only answer "blue" or "red." If they answer 

incorrectly, or say anything else, they will be shot dead on the spot. If they answer 

correctly, they will be set free. Each prisoner can hear all of the other prisoners' 

responses, as well as any gunshots that indicate an incorrect response. They can 

remember all of this information. Before the executions begin, the prisoners get to 

huddle up and make a plan. How can the prisoners ensure that the most people possible 

survive, and what is the most number of people that can survive using the plan? 

 

Answer  

99 will be saved, and 1 will have a 50/50 chance of survival. The prisoners come up 

with the following plan:  If the first prisoner to speak—the one in the back of the line—

sees an even number of blue hats, he will yell out "blue." If he sees and odd number of 

blue hats, he will yell out "red." Let's assume the first prisoner to speak yells out 

"blue," indicating that he sees an even number of blue hats. Then the next prisoner to 

speak can look at the line in front of him, and if he sees an odd number of blue hats, he 

knows his hat must be blue to make the number even. Similarly, if he sees an even 

number of blue hats, he knows his hat must be red to keep it that way. The same logic 

works if the first prisoner yells out "red," indicating that there are an odd number of 
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blue hats. The next prisoner in line listens to the prisoner behind him, and takes that 

information into consideration. If he sees an even number of blue hats  and the prisoner 

behind him yells "blue," making the total number of blue hats odd, then he knows his 

hat must be blue to make the total number even again (of the 99 seen by the first 

prisoner). In the same situation, if his hat were red, the total number of blue hats would 

be odd (of the 99 seen by the first prisoner). As you go down the line, each prisoner 

must count how many blue hats are behind them. Then he must consider the blue hats in 

front of him. If the number of blue hats behind a prisoner plus the blue hats he can see 

in front of him equals an odd number, then he knows his hat must be blue to make the 

total number even, or red to make the total number odd (not counting the very first 

prisoner). The very first prisoner is the maybe-martyr of the group. He is imparting 

information to the rest of the group that has nothing to do with the hat on his own head, 

which he cannot know, and so his chances of living are only 50%. 

Challenge #2 Pirates 

https://www.popularmechanics.com/science/math/a25367/riddle-of-the-week-17/ 

Five pirates board a commercial vessel, do what pirates do best, and flee with 100 gold 

coins. Back on their own ship, the scalawags must decide how to divvy up the booty.  

The pirates have a system that they are sworn to follow, else they be killed. It works 

like this: The oldest among them proposes a way to divide the coins. Then all the 

pirates, including the one that made the proposal, vote on whether or not to accept the 

terms. If 50 percent or more accept, then they divvy the loot as proposed. If less than 50 

percent of the pirates agree to the plan, then the pirate who made the suggestion is 

thrown overboard and killed. The next oldest pirate then makes a suggestion, and they 

vote again. There are a few important things to know about these pirates. First, they 

will make their decisions according to whatever will net them the most money without 

getting them killed. Second, they are bloodthirsty pirates, and all other things being 

equal, they would rather throw someone overboard. Third, they do not trust each other 

in the slightest and will make no agreements amongst themselves to determine how 

they vote. Finally, these are highly logical pirates, capable of considering all possible 

outcomes. Let's consider the pirates A, B, C, D and E, with A being the oldest and E the 

youngest. How should Pirate A suggest they divvy up the coins? 

 

Answer 

Pirate A should give 1 coin to Pirate C, 1 coin to Pirate E, and keep 98 coins for 

himself. If he does, Pirates C and E will vote along with him because they know they 

both will end up with nothing if they don't. The coins will be distributed like this: A:98, 

B:0, C:1, D:0, E:1. 

Let's work through this backwards. Imagine that the only two pirates left are Pirate D 

and Pirate E. Pirate D will keep all 100 coins for himself because his vote will give him 

the 50 percent he needs. Distribution: D: 100, E:0. Now let's imagine that Pirates C, D 

and E are divvying up the coins. Pirate C will give 1 coin to Pirate E and none to Pirate 
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D. Pirate E will vote along with Pirate C because he knows if they toss C overboard, D 

will give him nothing. Distribution: C:99, D:0, E:1. With four pirates, Pirate B will give 

1 coin to Pirate D, and Pirate D will vote along with him because he knows that if they 

throw B overboard, C will give him nothing. Pirate B and D together give the proposal 

the 50 percent vote it needs to pass. You might think that Pirate B could give 1 coin to 

Pirate E instead because E knows he cannot get any more coins, but Pirate E will vote 

to toss B overboard just for the fun of it if he knows his coins will be the same from 

Pirate C. Distribution: B:99, C:0, D:1, E:0. Because he knows all this, Pirate A can 

safely offer Pirate C just 1 coin and Pirate E the same. If the two pirates vote to toss 

him overboard, they both will be left with nothing when B distributes the coins. Pirate 

A cannot, for example, give a coin to D instead of C because D would rather throw him 

overboard and get his one coin from B. Final distribution: A:98, B:0, C:1, D:0, E:1.  

 

Challenge #3 Knights Knaves & Spies 

https://www.popularmechanics.com/science/math/a15959356/riddle-of-the-week-50-

knights-and-knaves-part-8/ 

You are on a strange island, where there are three types of people: knights, who always 

tell the truth, knaves, who always lie, and spies, who may answer you however they 

please. 

On the island of knights and knaves and spies, you come across three men. You know 

that one is a knight, one is a knave, and one is a spy—but you don't know who's who. 

You are allowed to ask these three gentlemen two yes-or-no questions. They will all 

answer you, one at a time, with either a "yes" or a "no." How do you determine the true 

identities of these fellows? 

Answer 

First ask, "are you the spy?" The knight will answer "no." The knave will answer "yes." 

The spy will answer either "no" or "yes." Regardless, you will receive two of one 

response and one of the other. If there is one "no" and two "yes" responses, then you 

know the man who answered "no" is a knight. If there are two "no" responses and one 

"yes" response, then you know the man who said "yes" is a knave.  Now, pick the 

person you know to be either a knight or a knave. Point to one of the others and ask, "is 

he a spy?" If he is a spy, a knight will tell you "yes" and a knave will tell you "no," and 

vice versa if he is not a spy. You then know if that person is a spy, which leaves only 

the last person who is either a knight or knave, which you can deduce by process of 

elimination.  
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Week 7: Conflict Resolution & Design Process Feedback 

1. Draw team names randomly out of a hat (or bag) 

2. Spend 5-10 min thinking about at least 1 piece of positive and 1 piece of 

constructive feedback to give to the team member you drew.  

3. Spend 10-15 min planning how you are going to effectively communicate this 

feedback to your team member. Please refer to lecture slides for sample wording and 

tips for having difficult conversations. 

4. Go around and have each person share their feedback orally with the team member 

they drew. Once the feedback is provided the receiver has an opportunity to respond 

to the feedback and how it made them feel. Spend 5 - 10 min per person (~30 - 40 

min total) 

Have a 3rd  team member record the feedback and response(s) in the table. Other team 

members can provide feedback on how the giver gave feedback after the receiver has an 

opportunity to respond. 

5. Spend about 20 min creating a plan as a team to address both team and individual 

goals based on the feedback provided/received. Fill out the table on the back of the 

form and include the name of who the plan is for (team or the name of one of the 

team members), what the goal is, what action that person (or the whole team) will 

take to make improvements, and what measure will be used to assess improvement. 

Remember that these conversations may be difficult. Please be sensitive to the feelings of 

others. This is meant to be an opportunity to practice giving constructive feedback orally 

and receiving it. It is the responsibility of the team members not directly participating in the 

feedback giving/receiving conversation to monitor the conversation and ensure it doesn’t 

escalate. If at any point you feel uncomfortable or someone in your team feels 

uncomfortable, please pause the conversation and ask an instructor or GTA to come help 

manage it
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Table A.2.3 Exemplar, given to students, for the Conflict Resolution activity – Table 1 

Who Gave the 

Feedback? 

Who Received 

the Feedback? 
Feedback Given Responses 

 

 

 

Kjeld 

 

 

 

 

 

Sam 

You are technically very strong 

and your research skills and 

ability to find good journal 

articles and reports has really 

helped our team understand the 

problem, but you always do the 

write ups last minute and they 

aren’t very good.  

Sam: Ya, I’ve been finding it hard to do all of the writing 

needed for this course. I tend to put it off because I don’t 

know how to start. Thanks for the feedback though. It was 

nice to hear that you felt my research skills have been an 

asset. The way you delivered the constructive criticism, 

while true, was a little harsh.  

Ally: Kjeld maybe you could have said that you’ve noticed 

that when her written portions are completed close to the 

deadline it is hard for the team to review it and make 

changes. 

 

Table A.2.4 Exemplar, given to students, for the Conflict Resolution activity – Table 2 

Who? Goal Action Measure 

 

Sam 

 

Improve time 

management of 

writing tasks 

Go over outlining with Kjeld. Sam tries 

creating outline for her Tech memo sections 

by team meeting tomorrow. Team can review 

outline together and make suggestions.  

Sam completes her report sections at least 

24hr before the deadline 
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A.2.3 Sample Process Assessment Form 

Team #: 

Names:     Minutes provided? (Y/N)          Log Books 

Complete? (Y/N) 

Accomplishments: 

 

Challenges with Interim Report Submission: 

 

How you addressed (or how you plan to address) these challenges: 

 

Was the team satisfied with the Interim Report submission?: 

 

List 5 technical tasks needed for your Technical Report (specific to your project i.e., 

calculations, data analysis, modelling etc.) 

 

What questions do you have for your GTA/Instructor? 

 

-------------------------------------------Below is for the Instructor/GTA to complete-------------------- 

Comments
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Figure A.2.4 Sample Design Process Rubric 
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A.2.4 Interim & Final Reflection Assignments 

Interim Reflection 

Now that you’re half-way through ENGG*3100 we are asking that you reflect on your 

learning experience in the course and comment on the performance of your team members. 

Please submit your responses to all parts (A, B & C) in a single word document to the 

appropriate Dropbox on CourseLink by Sunday February 17th at 10pm. You will be 

evaluated based on the rubric provided. You must obtain a pass on this reflection to receive 

your Interim Report grade. Please refer to the rubric before completing your reflection to 

ensure you are clear on the expectations and requirements to receive a passing grade. If you 

do not submit on time or do not pass the reflection (i.e. < 22/44 based on the rubric) you 

will receive a zero (0) for your Interim Report. Please direct questions about the reflection 

to Sam Mehltretter at mehltres@uoguelph.ca.  

--------------------------------------------------------------------------------------------------------------- 

(A) Describe your Teamwork scores (provided in spreadsheet posted on CourseLink) from 

the pre-term survey completed and evaluate whether you think they are accurate. Then 

evaluate how your teamwork skills (e.g. ability to adapt, leadership etc.) have changed over 

the semester, and create a plan to improve upon specific teamwork skills. (~250 – 500 

words) 

(B) Fill in the tables on the next page to provide an evaluation of your team, yourself and 

your team members. In Table 1, start by evaluating your team relative to the rest of the 

teams in ENGG*3100. Then in Table 2 evaluate yourself and your team members relative to 

the rest of your team members. Use a scale of -2, -1, 0, +1, +2 where 0 is average, +2 is well 

above average, and -2 is well below average for both tables. Your scores and evaluations 

should be as honest as possible. The scores you provide will not influence your grade (nor 

will the scores provided by your team); however, to pass this reflection, you will need to 

demonstrate that you’ve put some thought into the scores. To do this provide comments to 

support the assigned scores for the following five categories:  

• Teamwork: Contributes to positive team environment, adapts to needs of team, helps to 

manage conflicts. 

• Leadership: Supports and encourages other team members, leads by example and inspires 

peers to excel. 
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• Responsibility, Reliability & Accountability: Completes tasks on time and with good 

quality, acknowledges own mistakes and works to make changes to remedy them.  

• Integrity & Respect: Is honest, has regard for the feelings, wishes, rights, or traditions of 

other, and shows empathy towards others.  

• Communication: Conveys AND processes (active listening, formulating meaningful 

questions etc.) complex engineering concepts, and can effectively give and receive 

feedback. 

(C)  Describe and evaluate your team’s dynamics (i.e. how you work together) and create a 

plan on how to address any challenges and utilize opportunities within your team. Some 

questions to direct your response include: What are the roles and responsibilities of you and 

your team members? How do you work together? Are there any potential challenges you 

foresee that could hinder your team from accomplishing the project goals? How do you plan 

to address these challenges, or what might you do to avoid them? What are your team’s 

strengths/weaknesses and how do you plan to utilize/improve/make changes in the 2nd half 

of the course? (~250 – 500 words) 

Table A.2.5 Overall team evaluation relative to the rest of the teams in ENGG*3100 

Evaluation 

Category 
Teamwork Leadership 

Responsibility, 

Reliability & 

Accountability 

Integrity 

& Respect 
Communication 

Scoring -2, -1, 0, +1, +2, where 0 is the average for all the ENGG*3100 teams 

TEAM      

Comments      

 

Table A.2.6: Self and team member evaluations relative to the team’s overall performance 

Evaluation 

Category 
Teamwork Leadership 

Responsibility, 

Reliability & 

Accountability 

Integrity 

& Respect 
Communication 

Scoring -2, -1, 0, +1, +2 where 0 is the average for your team 

Your Name      

Comments      

Name #1      

Comments      

Name #2      

Comments      

Name #3      

Comments      

Name #4      

Comments      

Sum of Scores 0 0 0 0 0 
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Table A.2.7 Interim Reflection Rubric 
RUBRIC 4 3 2 1 

Part A 

Teamwork 

Scores 

Describes scores obtained and what they 

mean. Analyzes and provides an 

insightful discussion regarding why the 

scores do or do not represent their own 

skills before the course 

Describes scores obtained and 

what they mean. Analyzes and 

discusses why the scores do or 

do not represent their own skills 

before the course 

Describes scores obtained and 

what they mean 

Inadequate to no 

discussion of scores 

**if you did not complete 

the Pre-Term Survey this 

criterion will be a 0 

Teamwork 

Skills 

Assessment 

Evaluates how their specific teamwork 

skills have changed over the semester and 

provides thoughtful insight as to why 

they’ve changed 

Evaluates how their teamwork 

skills have changed over the 

semester and provides some 

reasoning as to why they’ve 

changed 

Evaluates how their teamwork 

skills have changed over the 

semester 

Inadequate to no 

evaluation of how their 

teamwork skills have 

changed 

Teamwork 

Skills Plan 

Creates an insightful plan for how to 

improve specific teamwork skills over the 

remainder of the semester 

Creates a well reasoned plan to 

improve specific teamwork 

skills over the remainder of the 

semester 

Creates a vague plan regarding 

how to improve teamwork 

skills generally over the 

remainder of the semester 

Inadequate to no creation 

of a plan regarding how to 

improve teamwork skills 

Part B 

Team 

Scoring 

Scores provided sum to 0, and 

demonstrate differences in specific 

strengths and weaknesses within the team 

Scores provided sum to 0, and 

identify generally strong/weak 

team members 

Scores provided do not sum to 

zero, but show the 

strong/weak team members 

Scores do not appear to be 

assigned thoughtfully 

Comments 

Demonstrates detailed analysis and 

evaluation of the strengths/weaknesses 

within the team 

Demonstrate some analysis and 

evaluation of the 

strengths/weaknesses within the 

team 

Demonstrates a basic 

understanding of the 

strengths/weaknesses within 

the team 

Few comments provided 

Part C 

Team 

Dynamics 

Description 

Effectively describes the roles and 

responsibilities of each team member and 

how they work together. Evaluates the 

effectiveness of their team dynamics. 

Describes the roles and 

responsibilities of each team 

member and how they work 

together. Evaluates the 

effectiveness of their team 

dynamics. 

Identifies roles and 

responsibilities of each team 

member and how they work 

together. 

Only identifies roles and 

responsibilities of each 

team member 
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Team 

challenges/ 

opportunities 

Evaluates the challenges and 

opportunities (past and forecasted) within 

the team 

Evaluates either the challenges 

and opportunities (focus on 

past) within the team 

Vague description of past 

challenges or opportunities 

within the team 

Inadequate to no 

description of team 

opportunities/ challenges 

Team Plan 

Creates a plan to utilize team 

opportunities and strategies to address 

past & potential future challenges 

Creates a plan to utilize 

opportunities and strategies to 

address past challenges 

Creates a vague plan for team 
Inadequate to no creation 

of a plan for team 

Communication (Part A & C only) 

Organization 

Refer to Interim Report Rubric 

Sentence & 

Paragraph 

Structure 

Style & 

Terminology 
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Final Reflection 

Please submit your individual responses to all parts (1, 2, & 3) in a single word document to 

the appropriate Dropbox on CourseLink by Sunday April 7th at 10pm. You will be evaluated 

based on the rubric provided. You must obtain a pass on this reflection to receive your Final 

Report grade. Please refer to the rubric before completing your reflection to ensure you are 

clear on the expectations and requirements to receive a passing grade. If you do not submit 

on time or do not pass the reflection (i.e. < 20/40 based on the rubric) you will receive a 

zero (0) for your Final Report. Please direct questions about the reflection to Sam 

Mehltretter at mehltres@uoguelph.ca.  

--------------------------------------------------------------------------------------------------------------- 

1. Professional Behaviour: Kelley et al. (2011) Professional Assessment Test (PAT) 

evaluates professional behaviour by breaking it into five domains: Reliability, 

Responsibility & Accountability; Lifelong learning & Adaptability; Relationships with 

Others; Upholding Principles of Integrity & Respect; Citizenship & Professional 

Engagement. Choose two domains to focus on for this part of the reflection. Review 

your PAT scores from your pre- & post-term surveys and discuss whether you think the 

scores are accurate. Make sure your response includes whether the magnitude of each 

score seems accurate and why, and if the difference between your pre- & post-term 

scores seems accurate and why. You must provide specific examples from your 

experiences this semester to support your claims (why the scores are or are not 

accurate). If you did not complete one or both surveys, please hypothesize what your 

scores might have been, which must also be supported by examples.  

2. Lifelong Learning: The Canadian Engineering Accreditation Board’s (CEAB) 

definition of Lifelong learning is “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.” Keep this definition 

in mind as you respond to the following questions. 

a. Discuss something you needed to learn this semester (outside of other coursework) 

to help your team complete the design project (i.e. a technical concept, a software 

etc.). Make sure your response includes how you went about learning the material, 

any challenges you faced and how you overcame them, and how you would do it 

differently next time. 

b. Refer to section 4.1 of the course outline for ENGG*3100 W19 and self-assess your 

learning in Design III relative to one of the learning outcomes listed. Make sure your 

response includes what the learning outcome is, whether you achieved it or not, and 

specific examples from your work in Design III to support your response.   

c. Reflect on one of your career goals and evaluate how ENGG*3100 has helped you 

work towards achieving it (i.e. skills you’ve developed, engineering knowledge, 

understanding of design process, or awareness of what you need to do to achieve 
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your goals). Make sure your response includes what your career goal is (briefly), and 

specific examples from your work in Design III to support your response.   

3. Peer Evaluations: Fill in the tables on the next page to provide an evaluation of your 

team, yourself and your team members. Use a scale of -2, -1, 0, +1, +2 where 0 is 

average, +2 is well above average, and -2 is well below average for both tables22.  

a. In Table 1 evaluate your team relative to the rest of the teams in ENGG*3100.  

b. In Table 2 evaluate yourself and your team members relative to the rest of your team 

members. Your scores and evaluations should be as honest as possible. Comments 

about the strengths and weaknesses of each team member (yourself included) are 

expected and should support the scores provided in the table. You do not need to 

comment on all 6 of the categories (columns) in the table; however, you should 

comment on at least one strength and at least one weakness per individual. The final 

column of the table (Distribution of Effort) will be used by the instructors to identify 

groups that included individuals who did not contribute equally to the design project. 

If you indicate that one or more members of your group did not contribute equally, 

please provide specific examples to support the weight you assign to these members.   

Description of peer evaluation categories: 

• Teamwork: Contributes to a positive team environment, adapts to the needs of the team, 

and helps to manage conflicts. 

• Leadership: Supports and encourages other team members, leads by example, and 

inspires peers to excel. 

• Responsibility, Reliability & Accountability: Completes tasks on time with care, 

acknowledges their own mistakes and works to make changes to remedy them.  

• Integrity & Respect: Is honest, has regard for the feelings, wishes, rights, or traditions 

of other, and shows empathy towards others.  

• Communication: Conveys AND processes (active listening, formulating meaningful 

questions etc.) complex engineering concepts, and can effectively give and receive 

feedback. 

• Technical Competencies: Demonstrates an understanding of engineering principles and 

is able to apply them in a design context.  

• Distribution of Effort: The contribution (both quantity and quality of effort) made to the 

design project as a percentage of the total team contribution.

                                                 

22 Note the scores for each column MUST add to 0, which means that some group members will receive negative 

scores for some categories. Negative scores do not necessarily mean you think they performed poorly in this 

category, it simply means they were not as strong as other team members. 
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Table A.2.8 Overall team evaluation relative to the rest of the teams in ENGG*3100 

Evaluation 

Category 
Teamwork Leadership Responsibility, Reliability & 

Accountability 
Integrity & Respect Communication 

Technical 

Competencies 

Scoring -2, -1, 0, +1, +2, where 0 is the average for all the ENGG*3100 teams 

TEAM       

Comments  
 

Table A.2.9 Self and team member evaluations relative to the team's overall performance 

Evaluation 

Category 
Teamwork Leadership Responsibility, Reliability 

& Accountability 

Integrity 

& Respect 
Communication 

Technical 

Competencies 

Distribution 

of Effort 

Scoring -2, -1, 0, +1, +2 where 0 is the average for your team (i.e. columns must add to 0) 
Column must 

add to 100 % 

Your 

Name 

 
 

     

Comments  

Name #1        

Comments  

Name #2        

Comments  

Name #3        

Comments  

Name #4        

Comments  

Sum of 

Scores 
0 0 0 0 0 0 100 

 



 

 

297 

 

Table A.2.10 Final Reflection Rubric 

RUBRIC 4 3 2 1 0 
 Professional Behaviour 

Completed 

Surveys
23

 

Completed both the pre- or 

post-term surveys 
- 

Completed one of the 

pre- or post-term 

surveys 

 

- 
Did not complete either 

survey 

Domain #1 Insightful evaluation of PAT 

scores including specific 

examples to support the 

response. 

Evaluates PAT scores and 

supports response with 

examples. 

Discusses PAT scores 

and supports response 

with vague examples. 

Describes PAT 

scores but does not 

provide examples to 

support the 

response. 

Does not reflect on any of 

the PAT domains. 

Domain #2 
(rubric is the 

same for both 

domains) 

 Lifelong Learning 

Continuous 

Knowledge 

Development 

Insightful discussion of self-

directed learning 

experiences, including 

challenges encountered. 

Evaluates success of 

different strategies for self-

directed learning. Specific 

examples used to support 

the response. 

Thoughtful discussion of 

self-directed learning 

experience, including 

challenges encountered. 

Examples are used to 

support the response. 

Basic discussion of 

self-directed learning 

experience, without 

identifying challenges 

encountered. Vague 

examples used to 

support the response. 

Identifies what they 

learned this 

semester. No 

examples provided. 

Does not respond to 

question. 

Learning 

Outcomes 

Self-assessment relative to 

the learning outcome is 

insightful. Specific 

examples are provided to 

support the response.   

Self-assessment relative to 

the learning outcome is 

thoughtful. Examples are 

provided to support the 

response.   

Self-assessment 

relative to learning 

outcome is basic. 

Vague examples are 

provided to support the 

response.   

Self-assessment 

relative to learning 

outcome is basic. 

No examples 

provided. 

Does not respond to 

question. 

                                                 

23 If you did not complete the pre-term survey because you were ill or added to the course late you will still be given a level 2 for this criterion; however, 

this only results in a loss of 2 marks out of 40, so it should not influence whether you pass or fail the reflection. If it does come down to 2 marks, we can 

evaluate situations on an individual basis.  
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RUBRIC 4 3 2 1 0 

Career Goals 

Relationship between career 

goals and development in 

Design III is insightful and 

supported with specific 

examples. 

Relationship between 

career goals and 

development in Design III 

is well discussed and 

supported with examples. 

Relationship between 

career goals and 

development in Design 

III is not clear. Vague 

examples are provided 

to support the response.  

Describes a career 

goal without 

connection to 

Design III. 

Does not respond to 

question. 

 Peer Evaluation 

Scores 

Scores provided sum to 0, 

and demonstrate differences 

in specific strengths and 

weaknesses within the team 

Scores provided sum to 0, 

and identify generally 

strong/weak team 

members 

Scores provided do not 

sum to zero, but show 

the strong/weak team 

members 

Scores do not 

appear to be 

assigned 

thoughtfully (i.e. all 

the same) 

No scores provided 

Comments 

Demonstrates detailed 

analysis and evaluation of 

the strengths/weaknesses 

within the team. Comments 

clearly relate to the scores 

assigned.  

Demonstrate some analysis 

and evaluation of the 

strengths/weaknesses 

within the team. 

Comments reflect scores. 

Demonstrates a basic 

understanding of the 

strengths/weaknesses 

within the team. 

Comments somewhat 

reflect scores.  

Comments are the 

same or very 

similar for all team 

members 

No comments provided 

 Communication 

Sentence & 

Paragraph 

Structure Refer to Final Report Rubric 

Style & 

Terminology 

 

Total = ____/4
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Appendix B Quantitative Methods 

Both studies, Urban and Design III, used student surveys in the pre-term/post-term quasi-

experimental design. In each survey validated scales were included to measure various learning 

and/or professional skill constructs. Additionally, background and perception questions were 

included. The three validated scales, as used in the studies, are provided in the following sub-

appendices, along with the complete surveys, as administered.  

Some space conserving efforts are used in the copied scales and surveys below. First, an I prefer 

not to answer response was available for every item in all surveys but was not included in the 

surveys copied below to conserve space and improve clarity. Furthermore, placeholders are 

included wherever a validated scale was inserted into the survey, rather than copying the scales 

several times in this appendix. 

B.1 Revised Two-Factor Study Process Questionnaire (Biggs et al., 2001) 

This section includes questions about your attitudes towards your studies and your usual way of 

studying. There is no right way of studying. It depends on what suits your own style and the 

course you are studying. It is accordingly important that you answer each question as honestly as 

you can. If you think your answer to a question would depend upon the subject being studied, 

give the answer that best applies to your program specific courses (courses taken only by 

environmental and/or water resources engineering students).  

Please select the appropriate letter for each question. The letters stand for the following response:  

A – this item is never or only rarely true of me 

B – this item is sometimes true of me 

C – this item is true of me about half of the time 

D - this item is frequently true of me 

E – this item is always or almost always true of me 

1. I find that at times studying gives me a feeling of deep personal satisfaction.  

2. I find that I have to do enough work on a topic so that I can form my own conclusions 

before I am satisfied.  

3. My aim is to pass the course while doing as little work as possible.  

4. I only study seriously what’s given out in class or in the course outlines.  

5. I feel that virtually any topic can be highly interesting once I get into it.  

6. I find most new topics interesting and often spend extra time trying to obtain more 

information about them.  

7. I do not find my courses very interesting, so I keep my work to the minimum. 
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8. I learn some things by rote, going over and over them until I know them by heart even if I 

do not understand them.  

9. I find that studying academic topics can at times be as exciting as a good novel or movie.  

10. I test myself on important topics until I understand them completely. 

11. I find I can get by in most assessments by memorizing key sections rather than trying to 

understand them.  

12. I generally restrict my study to what is specifically set as I think it is unnecessary to do 

anything extra. 

13. I work hard at my studies because I find the material interesting.  

14. I spend a lot of my free time finding out more about interesting topics which have been 

discussed in different classes.  

15. I find it is not helpful to study topics in depth. It confuses and wastes time, when all you 

need is a passing acquaintance with topics.  

16. I believe that lecturers shouldn’t expect students to spend significant amounts of time 

studying material everyone knows won’t be examined.  

17. I come to most classes with questions in mind that I want answering.  

18. I make a point of looking at most of the suggested readings that go with the lectures.  

19. I see no point in learning material which is not likely to be in the examination. 

20. I find the best way to pass examinations is to try to remember answers to likely questions.  

B.2 Teamwork Assessment Test (Varela & Mead, 2018) 

Please indicate how strongly you agree with each statement with respect to how you work in 

teams. There are no right responses to these statements, but rather it is an opportunity for you 

to reflect on your ability to work in teams. It is accordingly important that you answer each 

question as honestly as you can. 

1 – Strongly disagree 

2 – Disagree 

3 – Somewhat disagree 

4 – Neither disagree or agree 

5 – Somewhat agree 

6 – Agree 

7 – Strongly Agree 

1. Participate in defining the major goals for the team       

2. Assist in articulating the team tasks and in planning task achievement    

3. Understand what my role toward team-goal accomplishment is     

4. Participate in identifying key roadblocks to achieve team's goals and in finding solutions to 

deal with obstacles        

5. Assist in discussing alternative courses of action to achieving team's goals    

6. Consider alternative actions towards mission accomplishment     
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7. Track where the team stands in relation to its goals      

8. Monitor the contributions of each team member towards goal accomplishment   

9. Am aware of what it takes to achieve the team goal      

10. Provide verbal feedback to teammates and if necessary, coach them    

11. Assist teammates in carrying out their actions       

12. Am willing to assume a task for a teammate   

13. Collaborate in orchestrating teammates' interdependent actions      

14. Am flexible in accommodating to the team's requirements      

15. Get involved in coordinating team member's contributions      

16. Emphasize common goals rather than dwell on differences     

17. Find ways to work through interpersonal disagreements among team members  

18. Get involved when conflicts might represent a threat to the team's goals   

19. Encourage team members to do their best and boost their confidence level   

20. Publicly praise the achievement of teammates       

21. Energize other teammates towards achieving their tasks      

22. Control my temper and handle situations rationally 

23. Control my emotions, so that the team can move toward achieving goals    

24. Contain any emotion that might be detrimental to the team  

B.3 Professionalism Assessment Tool (Kelley, Stanke, Rabi, Kuba, & 

Janke, 2011) 

There are no right answers to the following series of questions, but rather opportunities for 

you to reflect on the development of your professional skills. It is accordingly important that 

you answer each question as honestly as you can.  

Select the performance level for each statement as it applies to you. Descriptions for each 

performance level are listed below: 

Know - I accurately describe the responsibilities in this domain but may perform one or more 

inconsistently at times. 

Know how - I accurately describe the responsibilities in this domain and perform individual 

responsibilities in a reliable, consistent and accountable manner.  

Show - Without prompting or support from instructors or managers, I determine when and 

how to engage in these responsibilities. 

Show how - I am confident in assisting others with these responsibilities or proposing or 

creating options to fulfill these responsibilities. 

Teach - I have mastered these responsibilities and desire to learn more and share my learning 

with others. I demonstrate maturity, confidence and an ability to educate others in these areas 

through the use of evidence and strong interpersonal skills. 
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1. Fulfilling responsibilities in a quality manner 

2. Fulfilling responsibilities in a reliable manner 

3. Undertaking activities in a self-directed manner 

4. Demonstrating a desire to exceed expectations 

5. Demonstrating accountability and accepting responsibility for own actions 

6. Self-assessing to identify strengths and weaknesses 

7. Initiating and implementing personal learning plans 

8. Evaluating successfulness of learning and documenting competency 

9. Accepting constructive feedback 

10. Recognizing limitations and seeking help 

11. Incorporating feedback in order to make changes in behaviour 

12. Adapting to change 

13. Establishing rapport 

14. Being sensitive to the needs of the stakeholders 

15. Being sensitive to the need of peers 

16. Empathizing with the situations of others 

17. Establishing and maintaining appropriate boundaries in work and learning situations 

18. Relating well to fellow students, staff and faculty in a learning environment  

19. Providing effective and constructive feedback 

20. Working with a team to effect change and resolve conflict 

21. Managing emotions in difficult or stressful situations 

22. Maintaining honesty and integrity in academic and professional contexts 

23. Contributing to an atmosphere conducive to learning 

24. Respecting the diversity of race, gender, religion, sexual orientation, age, disability or 

socioeconomic status 

25. Resolving conflicts in a manner that respects the dignity of every person involved 

26. Using professional language and being mindful of the environment 

27. Protecting stakeholder confidentiality when necessary 

28. Dressing in a professional manner 

29. Being respectful of colleagues and stakeholders 

30. Actively and productively participating in the profession 

31. Actively and productively participating in the broader community 

32. Serve society by using expertise to solve problems 

33. Engaging with organizations or communities in a reciprocal learning/teaching situation that 

applies and generates knowledge for the direct benefit of external audiences 

B.4 Urban Surveys 

The surveys, as administered in Fall 2018, are copied below. The surveys administered in Fall 

2016 & Fall 2017 were very similar; however, there were changes made over the years based on 

the ongoing development of the study. In cases where the surveys from 2018 differed from the 

previous surveys, this is clearly indicated with a footnote. 
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B.4.1 Urban Fall 2018 Pre-Term Survey 

Questions related to Study Process 

***Revised Two-Factor Study Process Questionnaire items*** 

Questions related to Professional Skills24 

*** Professionalism Assessment Tool items in a table format*** 

Questions related to Professional Skills 

1. What is your overall undergraduate average? __________________ 

2. What program are you in? (Select one) 

Water Resources Engineering, Environmental Engineering, Graduate Program, Other 

3. Have you already taken ENGG 3100? Yes / No 

4. Do you have any experience with design of urban water systems? Yes / No 

5. If yes, what experience have you had with design of urban water systems? 

_________________________________________________________________________

_________________________________________________________________________

______________________________________________ 

6. How much experience have you had with peer assessment?  

Little (None or very small weighting in a few courses), Some, Moderate, Quite a bit, Lots 

(Substantial weighting in many courses) 

Questions related to Perceptions of Peer Assessment (Fairness / Workload) 

1. The purpose of peer assessment is to reduce the workload for instructors and teaching 

assistants. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

2. I expect my classmates to grade my work fairly 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

3. I would expect grades and feedback provided by peers to be different in an anonymous 

process (compared to a process in which reviewer and reviewee are identified by name) 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

4. I expect marking to be consistent when a detailed rubric is available 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

5. I need training (such as discussion of rubric, examples of good and poor work) to grade the 

work of my peers consistently 

                                                 

24 The professionalism assessment tool (PAT) was only included in the Fall 2018 survey 
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Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

6. I need training (such as discussion of expectations, guidance on appropriate types of 

comments) to provide effective feedback 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

7. I do not feel like I have adequate knowledge to provide feedback on the quality of 

technical content  

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

8. I do not feel like I have the communication skills to provide feedback on the quality of 

communications 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

9. I expect my responsibilities as a peer assessor to be time consuming. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

10. I expect that assessing my peers work will be a valuable learning experience for me. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

11. I expect peer feedback relating to my technical content will be:  

Very detrimental, Somewhat detrimental, Neutral, Somewhat helpful, Extremely helpful 

12. I expect peer feedback relating to the quality of my communication will be:  

Very detrimental, Somewhat detrimental, Neutral, Somewhat helpful, Extremely helpful 

B.4.2 Urban Fall 2018 Post-Term Survey 

Questions related to Professional Skills25 

*** Professionalism Assessment Tool items in a table format*** 

Questions related to Perceptions of Peer Assessment 

1. How much would you have learned if peer assessment was not part of the course?  

Much less, Less, About the same, More, Much more 

2. How do you think your final course grade would have differed if all of the grading was 

done by the instructor and teaching assistants?  

Much lower, Lower, About the same, Higher, Much higher 

3. My opinion of using Peer Assessments in ENGG 4370 is26:  

Very positive, Positive, Neutral, Negative, Very Negative 

4. The main purpose of peer assessment is to reduce the workload for instructors and 

teaching assistants.  

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

                                                 

25 The professionalism assessment tool (PAT) was only included in the Fall 2018 survey 

26 This item was added to the survey in Fall 2018 
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5. I found that peer feedback on my technical content was:  

Very detrimental, Somewhat detrimental, Neutral, Somewhat helpful, Very helpful 

6. I found that peer feedback on the quality of my communication was:  

Very detrimental, Somewhat detrimental, Neutral, Somewhat helpful, Very helpful 

7. Feedback was provided in a timely manner. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

8. Sufficient time was provided to complete peer assessments. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

9. The tools used for peer assessment (e.g. PEAR tool) were effective.  

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

10. The training provided (such as discussion of rubric, examples of good and poor work) 

helped me to mark the work of my peers consistently 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

11. The training provided (such as guidance on appropriate types of comments) helped me 

to provide effective feedback 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

12. What additional support or resources would help students to mark consistently and 

provide effective feedback? 

______________________________________________________________________

______________________________________________________________________

_______________________________________________________ 

13. My responsibilities as a peer assessor took a lot of time 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

14. How could the peer assessment process be made more time-efficient? 

______________________________________________________________________

______________________________________________________________________

_______________________________________________________ 

15. I found assessing the work of my peers to be a valuable learning experience for me. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

16. Peer assessment freed up time for the instructor and TAs to improve the quality of other 

learning activities/experiences in the course. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

17. If the process had not been anonymous, my peers would have provided different grades 

and feedback. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

18. If the process had not been anonymous, would you have provided different grades and 

feedback?  

Yes / No 

19. Why do you feel that anonymity is or is not important? 

______________________________________________________________________

______________________________________________________________________

_______________________________________________________ 
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20. I found that my classmates marked my work fairly. 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

21. If you answered “Disagree" of "Strongly disagree," in what way did you find your work 

was marked unfairly? 

______________________________________________________________________

______________________________________________________________________

_______________________________________________________ 

22. Do you have any other suggestions for improving the peer assessment process? 

______________________________________________________________________

______________________________________________________________________

_______________________________________________________ 

Questions Related to Learning Activities Within ENGG 4370 

23. What value would you assign to each of the following learning activities within ENGG 

4370?  

Little value, Some value, Moderate value, High value, Very high value 

Lectures – information (in class) 

Lectures – information (Courselink) 

Lectures – example problems 

Working through prepared tutorials with TA support 

Practice tests 

Grading tests 

Receiving feedback on tests  

Design project work (tutorials) 

Design project work (outside of class hours - individual) 

Design project work (outside of class hours – group) 

Design project assessment of the work of peers 

Receiving feedback on design project 

24. Which, if any, learning activities would you suggest eliminating from the course? 

______________________________________________________________________

______________________________________________________________________

_______________________________________________________ 

25. What other learning activities would be valuable and how would they complement the 

course? _______________________________________ 

B.5 Design III Surveys 

There were three surveys administered in the Winter 2019 offering of Design III. The Pre-Term 

and Post-Term surveys were completed by all students using Qualtrics, with the exception of 
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some who did not complete the Pre-term survey as they registered for the course late. The Mid-

term survey was administered using hard copies in the second lecture of Week 6. 

B.5.1 Design III Winter 2019 Pre-Term Survey 

Questions related to Teamwork Skills 

***Teamwork Assessment Test items in a table format*** 

Questions related to Professional Skills27 

***Professionalism Assessment Tool items in a table format*** 

Additional Questions 

1. What engineering discipline are you in? _______________________________ 

2. Are you in Co-op? Yes  No  

3. How many months of engineering related work experience do you have? 

None, Less than 4 months, 4 - 12 months, 13 - 24 months, More than 24 months  

4. How many months of non-engineering related work experience do you have? 

None, Less than 4 months, 4 - 12 months, 13 - 24 months, More than 24 months  

5. Of the extracurricular activities listed below select all that you've been involved in 

Team Sports (e.g., soccer, football, volleyball, rugby etc.)  

Individual Sports (e.g., swimming, track & field, singles racket sports etc.)  

Student Government  

Design Clubs  

Philanthropy Clubs 

Professional Student Organizations  

Academic Team  

Creative Arts (e.g., visual arts, drama, music)  

Culture & Language Clubs  

Volunteer Work / Community Service  

Media (e.g., newspaper, yearbook etc.)  

Other (please indicate any extracurricular activities you've been involved in that do not 

fit in the above categories) 

                                                 

27 The professionalism assessment tool (PAT) was only included in the Fall 2018 survey 
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B.5.2 Design III Winter 2019 Mid-Term Survey 

The mid-term survey was administered during a lecture in Week 6. The questions are shown in Table B.5.1. 

Table B.5.1 Mid-term Survey 
 

What do you think the purpose of 3100 is?  

What do you think the purpose of 3100 should be?  

Are you being distracted by students talking during lectures (while the instructors are speaking)?  Y  N  

Should the instructors require students who are talking (more than a few words) to leave the classroom?  Y  N  

If you find noise during lectures to be a problem, do you have other suggestions for managing this?  

 

Lectures (Please indicate the value on a scale from 1:Very Low to 5: Very High) 

  Learning and Assessment in 3100 1 2 3 4 5 

  Problem Identification and Definition 1 2 3 4 5 

  Design Criteria and Constraints 1 2 3 4 5 

  Project Management 1 1 2 3 4 5 

  Accessing Resources 1 2 3 4 5 

  Creativity and Generating Design Alternatives 1 2 3 4 5 

  Evaluating Alternative Designs 1 2 3 4 5 

  Teamwork 1 – Collaboration and Leadership  1 2 3 4 5 

  Due Diligence 1 2 3 4 5 

  Technical Writing Workshop 1 2 3 4 5 

  Teamwork 2 – Conflict Resolution 1 2 3 4 5 

  Project Management 2  1 2 3 4 5 

 

For valuable lecture(s), what was good? 

For low value lecture(s), what didn’t work well?  
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Overall, how can we improve lectures?  

Could you write good design criteria and constraints before starting 3100?  Y  N  

Can you write good design criteria and constraints now?   Y  N  

 

Lab Activities (Indicate the value on scale from 1:Very Low to 5: Very High) 

  Week 1: Professionalism Workshop 1 2 3 4 5 

  Week 2: Team SWOT Analysis 1 2 3 4 5 

  Week 4: Team roles/leadership (brainteasers) 1 2 3 4 5 

  Impromptu presentations (NA if your section has not done this) 1 2 3 4 5 

What did you like / not like about the activity/activities?  

 

Design Labs (Indicate your agreement with the following statements on a scale from 1: Strongly disagree to 5: Strongly agree) 

The design labs are important to provide a scheduled time that our group can meet 1 2 3 4 5 

The design labs are important to discuss our ideas with the instructor/TA 1 2 3 4 5 

The design labs are important to get clarification on the expectations for design deliverables 1 2 3 4 5 

The design labs are important to get clarification on feedback on design deliverables from the instructor/TA 1 2 3 4 5 

It would be better to reduce weekly lecture time by 1 h and make the design labs 3 h long 1 2 3 4 5 

What do you like/not like about the design labs? 

 

Assessments (Indicate your agreement with the following statements on a scale from 1: Strongly disagree to 5: Strongly agree) 

Written instructions and rubrics are clear 1 2 3 4 5 

Grading has been consistent with the expectations communicated 1 2 3 4 5 

Editorial feedback on the proposal was effective 1 2 3 4 5 

Technical feedback on the proposal was effective 1 2 3 4 5 

Reflecting on my team skills and the strengths and weaknesses of my group helped me realize what can be 

done to improve our team’s performance  

1 2 3 4 5 

In ENGG*3100 where professional behaviour including Reliability, Responsibility and Accountability are a particular focus, what are 

acceptable explanations for missing assessment deadlines?  

Is there other feedback that you would like to share with the teaching team?  
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B.5.3 Design III Winter 2019 Post-Term Survey 

Questions related to Teamwork Skills 

***Teamwork Assessment Test items in a table format*** 

Questions related to Professional Skills28 

***Professionalism Assessment Tool items in a table format*** 

Student Perception Questions 

The following series of questions are included to understand how students in ENGG*3100 

perceive graduate attributes and professional skills.   

 

Indicate how strongly you agree/disagree with the following statements 

1. I value my professional skills (e.g. teamwork, professionalism, lifelong learning, 

communication)  

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

2. I value my technical skills 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

3. I value my technical skills more than my professional skills 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

4. Employers value professional skills (e.g. teamwork, professionalism, lifelong learning, 

communication) in new engineering graduates 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

5. Employers value technical skills in new engineering graduates 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

6. Employers value technical skills more than professional skills in new engineering 

graduates 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

7. Teamwork skills can be taught 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

8. Professionalism can be taught 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

9. Lifelong learning can be taught 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

                                                 

28 The professionalism assessment tool (PAT) was only included in the Fall 2018 survey 
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10. Technical skills can be taught 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

11. The lab activities helped me improve my professional skills (e.g. teamwork, 

professionalism, lifelong learning, communication) 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

12. The lab activities made me more aware of my professional skills (e.g. teamwork, 

professionalism, lifelong learning, communication) 

Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly agree 

13. Rank the importance of the following graduate attributes (1 is the most important, 12 is 

the least important) 

Knowledge Base for Engineering 

Design 

Use of Engineering Tools 

Individual & Teamwork 

Communication Skills 

Professionalism 

Ethics & Equity 

Economics & Project Management 

Lifelong Learning 

Impact of Engineering on Society and the Environment 

Investigation 

Problem Analysis 
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Appendix C Qualitative Methods 

The codebooks used to code and analyze the reflections are provided as supplementary 

information. Only the final codebooks are provided, despite there being several iterations of 

some of the codebooks.  

C.1 Urban Codebooks 

Only the final reflections in Urban were analyzed. The reflections consisted of two parts 

(excluding the peer evaluation of team members for the final LID design presentation), Part A 

was a reflection on the scores students obtained from the validated scales, while Part B was a 

more general reflection on student perceptions of peer assessment. The exact wording of the 

reflection assignments is provided in Appendix A.1.3. The Codebook for Part A is shown in 

Table C.1.1 and for Part B in Table C.1.2. 

C.1.1 Final Reflection Part A 

Table C.1.1 Codebook used for Final Reflections, Part A, in Urban Fall 2018 

Parent 

Node 
Child Node Description 

Score 

Accuracy 

PAT Accurate 
Used when a student indicates their PAT (professionalism 

assessment test) scores are reflective of their capabilities 

PAT Inaccurate 
Used when a student indicates their PAT (professionalism 

assessment test) scores aren't reflective of their capabilities 

SPQ Accurate 
Used when the student indicates they think their scores are 

reflective of their pre-term study processes 

SPQ Inaccurate 
Used when the student indicates they think their scores 

aren’t reflective of their pre-term study processes 

Outcome 

Deep Learning 

Used when students indicate they felt they learned 

something more deeply. Different words to express this were 

coded, including: deep learning, understand, critically think, 

really learn it, not just memorized, etc. 

Surface Learning 

Used when students indicate they felt they learned 

something at the surface level, or not deeply. Different 

words to express this were coded, including: surface 

learning, memorize, know it for the exam, remember, didn’t 

really understand it etc. 

D1 – 

Responsibility, 

Used for statements about the first domain in the PAT paper 

by Kelley et al. (2011) 
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Parent 

Node 
Child Node Description 

Reliability & 

Accountability 

D2 – Lifelong 

Learning & 

Adaptability 

Used for statements about the second domain in the PAT 

paper by Kelley et al. (2011) 

D3 – Relationship 

with Others 

Used for statements about the third domain in the PAT paper 

by Kelley et al. (2011) 

D4 – Upholding 

Principles of 

Integrity & 

Respect 

Used for statements about the fourth domain in the PAT paper 

by Kelley et al. (2011) 

D5 – Citizenship 

& Professional 

Engagement 

Used for statements about the fifth domain in the PAT paper 

by Kelley et al. (2011). 

Reasoning 

Attitude 
This is coded whenever a students’ mood or attitude may 

have played a role in the scoring and/or the outcomes.  

Self-Awareness 

This is coded when students indicate they became more self-

aware of their skill development or shortcomings, or it can 

include references to previous aspects of their self-awareness 

(i.e. I am the type of person that likes to think through a 

problem rather than memorize a fact) 

Interest 
This is coded in instances when the student is associating an 

outcome with their level of interest in the topic. 

Time 

This is coded for any mention of time, including perceptions 

of too much time taken, not enough time available, an 

appropriate amount of time etc. This does include references 

to a heavy workload, which is implies a lack of available 

time and/or poor time management. 

Group Work 
This is coded when a student mentions group work 

conducted in ENGG*4370 or another concurrent course.  

Course Content 

This is coded when a student reasons a claim based on the 

course content itself (i.e. it requires you to learn deeply). 

This is NOT coded when a student is mentioning they were 

or weren’t interested in the course content. 

Software 
This is coded when a student references the software used in 

class (EPA Net & EPA SWMM) 

Tests 
This is coded when the reasoning is attributed to some aspect 

of the tests (test 1 or 2) 
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Parent 

Node 
Child Node Description 

Design Project 

This is coded when the reasoning is attributed to some aspect 

of the Design Project (including references to the proposal, 

Client A design, reports, Client B design, presentation etc.) 

Outside of Class 

This is coded for any reference to factors outside of 

ENGG*4370 that influenced a student’s outcome/perception, 

except when referring to group work in other concurrent 

courses. 

Peer Assessment 

This is coded when a student attributes an 

outcome/perception to the peer assessment generally, not a 

particular aspect of it. 

Effort 

This is coded when the student attributes and 

outcome/perception to the perceived effort required to put 

into a learning activity prior to engaging in the peer 

assessment process, or the perceived effort their peers put 

into a learning activity.  

Review 

This is coded when a student attributes an 

outcome/perception to the review stage of the peer 

assessment process. This includes, reviewing a peer’s work, 

reflecting/comparing to their own work, observing alternate 

approaches and different perspectives, becoming aware of 

gaps in their knowledge, interacting with the material again, 

becoming aware of standards of work. During the peer 

review of the Tests the instructor would go through the 

correct answers with the class, which is included in the 

review stage. 

Critique 

This is coded when a student attributes an 

outcome/perception to the critique stage of the peer 

assessment process, when the student must think critically 

about their peer’s work. This includes, assessing whether 

something is right or wrong, why it is right or wrong, 

looking to external sources to verify their own knowledge 

when their peer’s work contradicts their understanding, 

documenting feedback for their peer, evaluating the quality 

of the product etc. During the peer review of the Tests the 

instructor would go through the correct answers with the 

class, and answer questions about whether a question should 

be marked right or wrong. Asking these questions and the 

instructor’s response is included in the critique stage because 

the students are verifying their understanding. 
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Parent 

Node 
Child Node Description 

Feedback 

This is coded when a student attributes an 

outcome/perception to the feedback stage of the peer 

assessment process, when the student receives feedback (not 

giving feedback). This may be feedback received from a 

peer or from the Instructor/GTAs. During the peer review 

process the instructor would review the initial submissions 

of the students and provide general feedback to the entire 

class based on her reviews. This is included in the feedback 

portion of the peer review. 

C.1.2 Final Reflection Part B 

Table C.1.2 Codebook used for Final Reflections, Part B, in Urban Fall 201829. 
Parent Node Child Node Description 

Deliverable 

Design Project 

Used for statements that indicate the student is 

discussing the course project: Project, Proposal, Report, 

Traditional Design, LID, Stormwater Management, 

Client A, Client B 

Test 

Used for statements that indicate the student is 

discussing the tests: Test 1, Test 2, Midterms, Water 

Distribution, Sanitary Sewer, EPA Net, Numeric 

Answers 

Factors 

BP: 

Constellation 

Used for statements regarding the number of 

assessor/assessees  

BP: Grade 

weighting 

scheme 

Used for statements regarding decisions about how the 

peer assessment grades fit into the student’s final grade, 

and/or how the peer assessment grades are used to 

determine the assignment grade.  

BP: Objective 
Used for statements regarding the purpose and 

objectives of peer assessment. 

BP: Place 

Used for statements discussing the time and location 

peer assessment occurs. For example, comments about it 

being in-class or out of class etc. 

BP: Privacy 

Used for statements about anonymity, including how 

anonymity is preserved, whether it is important to 

students, and whether it was preserved. 

                                                 

29 The abbreviations used include: BP = best practices, and PA = peer assessment. 
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Parent Node Child Node Description 

BP: Product 

Used for statements about whether the product being 

peer assessed was quantitative/summative or 

qualitative/formative. 

BP: Training 
Used for statements about the training done prior to 

evaluation of the Client A Traditional Design Report. 

Individual 

Variability 

Used for statements indicating that the impact on 

students differed for select sub groups (i.e. strong vs. 

weak students, or students that put in effort vs. those that 

did not). 

Other 

Used for any factors influencing a student’s perceptions 

of peer assessment that are not included as any of the 

other nodes. 

Peer Bias 
Used for statements about their peers being biased while 

grading, whether marking easier or harder. 

Peer 

Competence 

Used for statements about their peers, as well as their 

own competence and ability to grade one another’s 

work. 

Peer Effort 

Used for statements about how much effort their peers, 

or they themselves, put into the course work as a result 

of peer assessment, and/or the effort put into doing the 

assessments.  

Peer 

Assessment 

Used for the statements that references perceptions 

and/or opinions about peer assessment generally.  

PA: Critique 

Used for statements about the second phase of the Peer 

Assessment process when the student is critically 

thinking and assessing their peer's work. This involves 

assessing whether something is right or wrong, why it is 

right or wrong. This includes giving feedback, but not 

receiving it. References to needing to really understand 

the material to be able to grade/evaluate it is referring to 

the critique stage. 

PA: Feedback 

Used for statements about the third phase of peer 

assessments and is referring to the feedback being 

RECIEVED (not giving feedback). This may be 

feedback received from a peer or collectively from the 

Instructor/GTAs 

PA: Review 

Used for statements about the first phase of the Peer 

Assessment in which the student is "reviewing" a peer's 

work. When the student is discussing 

benefits/disadvantages of seeing alternate approaches, 

different perspectives, or looking at the material again, 

then this classifies as the "review" stage. 

Outcome Affect 

Used for statements about a student’s feelings, mood or 

emotional well-being are discussed as an outcome of the 

peer assessment approach. 
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Parent Node Child Node Description 

Grades 

Used for statements about grades, marks, grading, 

marking (except if referring to the critical thinking 

needed to grade/mark), assess, evaluate. Likely those 

related to fairness. 

Learning 

Used for statements about learning, understanding, 

clarifying concepts, solidifying concepts, reinforcing 

knowledge, deep learning, and all of the opposites (i.e. 

not learning) 

Professional 

Skills 

Used for statements about skills such as Professionalism 

(which is made up of Reliability, Responsibility & 

Accountability, Adaptability, Upholding Principles of 

Integrity & Respect etc.), Communication (primarily 

written in this context), and Lifelong Learning 

(reflection, self-assessment, metacognition) 

Time 

Used for statements about the time taken to do peer 

assessment, whether too much or not enough. It may be 

related to time taken in class to accomplish something, 

or outside of class, or better use of time. 

Recommendations 
Used for statements about possible improvements for the 

course from the students’ perspectives, 

Sentiment 

Negative 

This node was coded when the statement indicated a 

negative perception of peer assessment and/or it 

indicated a student did not feel an intended outcome of 

peer assessment was achieved.  

Neutral 

This node was used only when students directly 

indicated their perceptions regarding peer assessment 

were neutral. 

Positive 

This node was used when the statement indicated a 

positive perception of peer assessment and/or that an 

intended outcome of peer assessment was achieved.   

C.2 Design III Codebook 

The interim and final reflections were analyzed in Design III using the same codebook (Table 

C.2.1); however, certain nodes were more frequently coded in one reflection than the other. This 

is because the interim reflection focused on teamwork skills, while the final reflection focused on 

professionalism and lifelong learning. Some students did discuss teamwork skills in their final 

reflections. The exact wording of both reflection assignments is provided in Appendix A.2.4 

Table C.2.1 Codebook used for Interim and Final Reflections in Design III Winter 2019 
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Parent Node Child Node Description 

Teamwork 

Used for phrases that discussed a student’s teamwork 

skills, or any dimension of their teamwork skills (e.g., 

leadership, motivating others etc.) 

Professionalism 

Used for phrases that discussed a student’s 

professionalism, or any domain of their 

professionalism (e.g., reliability, responsibility, and 

accountability, upholding principles of integrity & 

respect etc.) 

Lifelong Learning 
Used for phrases that discussed a student’s lifelong 

learning, including those about self-reflection etc. 

Improve 

Used in relation to one of three professional skills, 

when the student felt their skills had improved over the 

semester. 

Static 

Used in relation to one of three professional skills, 

when the student felt their skills had not changed over 

the semester. 

Decline 

Used in relation to one of three professional skills, 

when the student felt their skills had gotten worse over 

the semester. 

Awareness 

Used in relation to one of three professional skills, 

when the student felt their skills had not necessarily 

improved, but their awareness and/or understanding of 

the skill had. 

Factors 

Individual Effort 

Used when a statement about professional skills 

attributed a student’s own efforts, or choice to work on 

their skills with why their skills changed over the 

semester. 

Instructor & TA 

Used when a statement about professional skills 

attributed the involvement of the instructors and/or 

TAs with why their skills changed over the semester. 

Labs 

Used when a statement about professional skills 

attributed one of the lab activities with why their skills 

changed over the semester. 

Lectures 

Used when a statement about professional skills 

attributed one of the lecture activities with why their 

skills changed over the semester. 

None 

Used when a statement about professional skills was 

not substantiated with a rationale or reason as to why 

their skills changed over the semester. 

Other 
Used when a statement about professional skills 

attributed some factor other than those already 
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Parent Node Child Node Description 

included as nodes with why their skills changed over 

the semester. 

Project 

Used when a statement about professional skills 

attributed their project or some aspect of the project 

that is inherent in the course structure with why their 

skills changed over the semester. 

Reflections 

Used when a statement about professional skills 

attributed the reflection assignments with why their 

skills changed over the semester. 

Self-Aware 

Used when a statement about professional skills 

attributed an increase is self-awareness with why their 

skills changed over the semester. 

Surveys 

Used when a statement about professional skills 

attributed one of the validated surveys with why their 

skills changed over the semester. 

Team 

Used when a statement about professional skills 

attributed their team members, or simply working in a 

team, with why their skills changed over the semester. 

Time 

Used when a statement about professional skills 

attributed time with why their skills changed over the 

semester. Often this was used when students felt their 

skills had not changed because not enough time had 

passed for them to notice a difference. 

Tool 

Mostly Reflective 

Used when students mostly provided statements that 

indicated their teamwork and/or professionalism scores 

were reflective of their abilities and/or experience, 

with a few exceptions. 

Not Reflective 

Used when students only provided statements that 

indicated their teamwork and/or professionalism scores 

were not reflective of their abilities and/or experience. 

Reflective 

Used when students only provided statements that 

indicated their teamwork and/or professionalism scores 

were reflective of their abilities and/or experience. 

Somewhat Reflective 

Used when students mostly provided statements that 

indicated their teamwork and/or professionalism scores 

were not reflective of their abilities and/or experience, 

with a few exceptions. 
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Appendix D Results 

Some of the statistical analysis conducted was briefly mentioned in the body of the thesis, but 

not discussed or presented in detail to conserve space. As such tables summarizing these results 

are provided in the appendix as supporting information. 

D.1 Urban Results  

Detailed results from the analyses conducted on both the quantitative and qualitative data in the 

Urban study are provided below. 

D.1.1 Descriptive Statistics & Test for Normality 

Table D.1.1 and Table D.1.2 below provide descriptive statistics for dependent variables from 

the surveys (R-SPQ-2F scores and PAT scores in Table D.1.1 and grades in Table D.1.2), along 

with results from the Shapiro-Wilks test for normality, for each cohort. For those p-values that 

are greater than 0.05, we can accept the null hypothesis that the distributions are normally 

distributed, and therefore, parametric statistical analyses were used. 

Table D.1.1 Urban Descriptive statistics and Shapiro -Wilks results of the survey dependent 

variables, pre- and post-term30.  

 vars Mean SD Median Min Max Skew Kurtosis SE 
SW 

Stat 
p-value 

Pre-Term 

F
al

l 
2
0
1
6
 

DM 13.6 3.4 14 8 21 0.06 -0.83 0.63 0.97 0.34* 

DS 12.3 3.0 12 6 18 -0.04 -0.82 0.56 0.97 0.40* 

DA 25.9 5.7 28 16 36 -0.16 -1.24 1.06 0.97 0.20* 

SM 9.0 2.6 9 5 15 0.55 -0.6 0.48 0.94 0.03 

SS 12.7 3.5 13 7 18 -0.08 -1.32 0.65 0.96 0.11* 

SA 21.7 5.1 22 12 32 0.05 -0.83 0.95 0.98 0.58* 

                                                 

30 The abbreviations in the headers are as follows: var = variable; SD = standard deviation; SE = standard error; SW 

Stat = Shapiro-Wilks Stat; DM = Deep Motive, DS = Deep Strategy, DA = Deep Approach, SM = Surface Motive, 

SS = Surface Strategy, SA = Surface Approach, MtvR = Deep to Surface Motive Ratio, StrR = Deep to Surface 

Strategy Ratio, AppR = Deep to Surface Approach Ratio, RRA = Reliability, Responsibility, Accountability; LLA = 

Lifelong Learning & Adaptability; RwO = Relationship with Others; PIR = Upholding Principles of Integrity & 

Respect; CPE = Citizenship & Professional Engagement; PAT = Professionalism Assessment Tool. * indicates the 

data is normally distributed (α>0.05) and as such parametric statistical analyses were used/ 
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 vars Mean SD Median Min Max Skew Kurtosis SE 
SW 

Stat 
p-value 

F
al

l 
2

0
1

7
 

DM 16.3 2.6 17 11 21 -0.28 -0.53 0.66 0.96 0.46* 

DS 15.0 1.7 14 13 18 0.33 -1.50 0.44 0.96 0.50* 

DA 31.3 3.4 31 24 37 -0.11 -0.57 0.89 0.93 0.09* 

SM 9.4 2.0 9 6 13 0.40 -0.79 0.52 0.95 0.26* 

SS 11.2 1.9 11 8 14 -0.15 -1.50 0.49 0.96 0.49* 

SA 20.6 3.4 21 16 26 0.30 -1.40 0.87 0.95 0.19* 

F
al

l 
2
0
1
8
 

DM 14.2 3.4 14 7 23 0.25 -0.28 0.40 0.98 0.40* 

DS 14.4 3.2 14 7 24 0.51 0.76 0.37 0.97 0.06* 

DA 28.6 5.8 28 18 43 0.33 -0.36 0.68 0.98 0.27* 

SM 10.1 3.0 10 5 17 0.44 -0.56 0.36 0.96 0.02 

SS 13.8 3.7 14 8 23 0.29 -0.57 0.43 0.96 0.04 

SA 23.8 6.1 24 14 40 0.20 -0.78 0.72 0.97 0.06* 

RRA 18 4 17 5 30 0.11 0.50 0.50 0.98 0.42* 

LLA 23 6 23 11 42 0.63 1.91 0.67 0.94 0.002 

RwO 31 6 32 19 54 0.56 1.39 0.72 0.96 0.03 

PIR 30 6 31 13 48 -0.33 0.32 0.76 0.98 0.27* 

CPE 12 4 12 4 24 0.22 -0.11 0.48 0.98 0.24* 

PAT 114 22 112 68 198 0.58 1.68 2.52 0.97 0.06* 

Post-Term 

F
al

l 
2
0
1
6
 

DM 12.9 3.4 12 7 20 0.33 -0.87 0.63 0.96 0.21* 

DS 12.9 2.6 13 8 19 0.03 -0.39 0.49 0.96 0.27* 

DA 25.8 5.1 26 16 36 0.06 -0.82 0.94 0.98 0.83* 

SM 9.5 3.4 9 5 16 0.47 -0.86 0.63 0.91 0.01 

SS 13.5 4.0 13 5 22 0.1 -0.61 0.75 0.98 0.72* 

SA 23.0 6.9 22 10 38 0.17 -0.56 1.27 0.98 0.74* 

F
al

l 
2

0
1
7
 

DM 15.1 2.6 15 9 19 -0.77 0.01 0.67 0.94 0.14* 

DS 13.7 3.1 14 8 19 -0.28 -0.96 0.79 0.96 0.52* 

DA 28.8 5.1 30 19 36 -0.57 -0.82 1.32 0.95 0.29* 

SM 9.6 3.0 9 5 17 0.63 0.09 0.79 0.94 0.19* 

SS 11.7 3.4 10 8 18 0.51 -1.32 0.88 0.95 0.23* 

SA 21.3 5.6 20 14 31 0.23 -1.56 1.44 0.95 0.26* 

F
al

l 
2

0
1

8
 

DM 

Not collected in Fall 2018 

DS 

DA 

SM 

SS 

SA 
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 vars Mean SD Median Min Max Skew Kurtosis SE 
SW 

Stat 
p-value 

RRA 18 4 18 7 25 -0.17 -0.67 0.50 0.98 0.20* 

LLA 23 5 23 12 35 0.19 -0.66 0.63 0.98 0.44* 

RwO 32 7 33 10 45 -0.52 0.51 0.80 0.98 0.19* 

PIR 31 7 32 10 40 -0.78 0.01 0.84 0.93 0.001 

CPE 14 4 14 4 24 -0.09 -0.58 0.51 0.98 0.37* 

PAT 118 24 120 47 162 -0.26 -0.08 2.76 0.98 0.46* 
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Table D.1.2 Urban Descriptive statistics and Shapiro -Wilks results of the grade data31.  

 Variable Mean SD Median Min Max Skew Kurtosis SE SW Stat p-value 

F
al

l 
2
0
1
6

 

Test 1 82.5 9.71 84 65 98 -0.20 -1.13 1.80 0.97 0.32* 

Test 2 89.7 8.77 93 72 100 -0.66 -0.84 1.63 0.78 6.3E-07 

Proposal 83.6 9.96 86 41 95 -2.67 8.76 1.85 0.83 8.0E-06 

Client A 86.1 6.02 87 71 94 -0.90 -0.06 1.12 0.88 1.9E-04 

Client B 84.1 6.54 85 61 94 -1.05 3.21 1.21 0.87 7.6E-05 

Final Grade 84.8 4.78 86 70 92 -0.94 1.13 0.89 0.92 0.004 

F
al

l 
2
0
1
7

 

Test 1 78.3 9.5 77 63 97 0.08 -0.81 2.45 0.97 0.41* 

Test 2 81.3 14.5 84 43 98 -1.04 0.59 3.75 0.91 0.005 

Proposal 84.1 8.3 85 66 95 -0.78 -0.32 2.13 0.64 1.5E-08 

Client A 76.8 9.3 78 57 88 -0.82 -0.32 2.40 0.92 0.006 

Client B 82.2 10.5 84 57 95 -0.87 -0.21 2.70 0.91 0.004 

Final Grade 81.0 5.7 82 67 90 -0.77 0.18 1.48 0.95 0.06* 

F
al

l 
2
0
1
8

 

Test 1 84.4 8.3 87 64 97 -0.62 -0.45 1.10 0.95 0.01 

Test 1 Reflection 90.0 12.4 94 45 100 -1.35 1.73 1.64 0.80 2.4E-07 

Test 2 84.0 12.5 85 53 100 -0.60 -0.44 1.65 0.93 0.004 

Proposal 77.9 11.5 79 43 95 -0.68 0.23 1.52 0.95 0.03 

Proposal Review 77.2 27.3 75 0 100 -0.90 -0.28 3.61 0.79 1.6E-07 

Client A 80.7 9.1 82 38 93 -1.91 6.34 1.21 0.85 4.1E-06 

                                                 

31 The abbreviations in the headers are as follows: var = variable; SD = standard deviation; SE = standard error; SW Stat = Shapiro-Wilks Stat. * Indicates the 

data is normally distributed (α>0.05) and as such parametric statistical analyses were used 
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 Variable Mean SD Median Min Max Skew Kurtosis SE SW Stat p-value 

Client A Review 86.0 13.3 90 50 100 -0.67 -0.30 1.77 0.85 4.9E-06 

Final Reflection 96.2 15.1 100 0 100 -5.02 27.13 2.00 0.28 3.0E-15 

Client B 83.7 9.5 85 61 100 -0.56 -0.44 1.26 0.95 0.02 

Final Grade 83.9 8.0 86 65 96 -0.63 -0.62 1.05 0.93 0.003 
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D.1.2 Final Reflection Part A Coding 

The coding conducted for Part A of the Fall 2018 Final Reflections is summarized in Table 

D.1.3. There was a total of 60 reflections coded. Both nodes and reflections are included in the 

table, where relationships are two nodes that are associated with one another (in the table 

relationships will be written as node #1 (Associated) node #2). 

Table D.1.3 Urban Final coding results for Fall 2018 final reflection Part A (n = 60). 

Node 
Number Of Files 

Coded 

Number Of Coding 

References 

Attitude 6 7 

Course Content 17 24 

Critique 5 5 

D1 - Responsibility, Reliability & 

Accountability 
35 44 

D1 - Responsibility, Reliability & 

Accountability (Associated) Negative 
5 5 

D1 - Responsibility, Reliability & 

Accountability (Associated) Positive 
15 18 

D2 - Lifelong Learning & Adaptability 34 47 

D2 - Lifelong Learning & Adaptability 

(Associated) Negative 
9 10 

D2 - Lifelong Learning & Adaptability 

(Associated) Positive 
15 15 

D3 - Relationships with Others 37 51 

D3 - Relationships with Others (Associated) 

Negative 
4 5 

D3 - Relationships with Others (Associated) 

Positive 
13 14 

D4 - Upholding Principles of Integrity & 

Respect 
36 47 

D4 - Upholding Principles of Integrity & 

Respect (Associated) Negative 
2 3 

D4 - Upholding Principles of Integrity & 

Respect (Associated) Positive 
10 12 

D5 - Citizenship & Professional Engagement 31 52 

D5 - Citizenship & Professional Engagement 

(Associated) Negative 
6 6 

D5 - Citizenship & Professional Engagement 

(Associated) Positive 
9 11 
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Node 
Number Of Files 

Coded 

Number Of Coding 

References 

Deep Learning 56 119 

Design Project 17 20 

Feedback 3 3 

Group Work 27 32 

Interest 17 21 

Negative 24 32 

Outside of Class 16 21 

PAT Accurate 41 60 

PAT Inaccurate 25 40 

Peer Assessment 22 32 

Positive 41 70 

Professionalism 56 266 

Professionalism (Associated) Negative 9 11 

Professionalism (Associated) Positive 11 15 

Review 3 3 

Self-Awareness 15 23 

Software 11 14 

SPQ Accurate 44 51 

SPQ Inaccurate 10 14 

Static 11 15 

Surface Learning 45 86 

Tests 7 10 

Time 34 50 

D.1.3 Final Reflection Part B Coding 

The coding conducted for Part B of the Fall 2018 Final Reflections is summarized in Table 

D.1.4. There was a total of 60 reflections coded. Both nodes and reflections are included in the 

table, where relationships are two nodes that are associated with one another (in the table 

relationships will be written as node #1 (Associated) node #2). 

Table D.1.4 Final coding results for Fall 2018 final reflection Part B (n = 60). 

Node 
Number Of 

Files Coded 

Number Of Coding 

References 

Affect 7 9 

Bias 30 53 

Competence 26 41 
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Constellation 7 7 

Critique 46 93 

Design Project 55 136 

Effort 28 45 

Feedback 41 65 

Grades 39 83 

Individual Variability 27 34 

Learning 57 205 

Marking Scheme 19 21 

Negative 58 196 

Negative (Associated) Affect 13 19 

Negative (Associated) Grades 35 76 

Negative (Associated) Learning 44 96 

Negative (Associated) Professional Skills 12 14 

Negative (Associated) Time 26 42 

Neutral 9 9 

Objective 8 10 

Outcome 60 407 

Peer Assessment 60 293 

Place 25 32 

Positive 56 247 

Positive (Associated) Affect 1 1 

Positive (Associated) Grades 25 35 

Positive (Associated) Learning 56 152 

Positive (Associated) Professional Skills 44 65 

Positive (Associated) Time 7 9 

Privacy 9 9 

Product 41 71 

Professional Skills 42 72 

Recommendations 47 58 

Review 50 103 

Test 48 83 

Time 22 38 

Training 24 31 
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D.2 Design III Results 

Detailed results from the analyses conducted on both the quantitative and qualitative data in the 

Design III study are provided below. 

D.2.1 Descriptive Statistics & Test for Normality 

Table D.2.1 below provides descriptive statistics for dependent variables from the surveys (PAT 

scores, TW scores), along with results from the Shapiro-Wilks test for normality. All p-values 

from the Shapiro-Wilks test are less than 0.05, thus we can reject the null hypothesis that the 

distributions are normally distributed (i.e., none of the data is normally distributed). 

Table D.2.1 Design III Descriptive statistics and Shapiro -Wilks results of the survey 

dependent variables, pre- and post-term32.  

vars Mean SD Median Min Max Skew Kurtosis SE SW Stat p-value 

Pre-Term 

RRA 17.73 4.21 18 5 25 -0.42 -0.37 0.23 0.97 5.6E-06 

LLA 22.44 5.73 22 7 35 -0.27 -0.32 0.31 0.99 1.7E-03 

RwO 29.93 7.10 30 9 45 -0.22 -0.40 0.39 0.99 1.9E-02 

PIR 28.49 6.46 29.5 8 40 -0.50 -0.13 0.35 0.97 6.0E-06 

CPE 11.75 3.64 12 4 20 0.01 -0.63 0.20 0.98 3.2E-04 

PAT 110.33 24.67 112 38 165 -0.30 -0.37 1.34 0.99 5.3E-03 

MiAn 6.01 0.69 6 1 7 -1.54 7.55 0.04 0.89 6.7E-15 

StFm 5.83 0.72 6 1 7 -1.33 5.56 0.04 0.90 8.4E-14 

StMn 5.74 0.76 6 1 7 -1.17 4.31 0.04 0.92 4.1E-12 

BkBh 5.45 0.81 5.67 1 7 -1.13 2.88 0.04 0.93 5.3E-12 

Crdn 5.64 0.80 5.67 1 7 -1.24 4.56 0.04 0.92 1.3E-12 

CnMg 5.66 0.80 5.67 1 7 -1.12 3.74 0.04 0.93 6.0E-12 

MvCB 5.56 0.99 5.67 1 7 -0.99 1.46 0.05 0.93 1.8E-11 

                                                 

32 The abbreviations in the headers are as follows: var = variable; SD = standard deviation; SE = standard error; SW 

Stat = Shapiro-Wilks Stat; RRA = Reliability, Responsibility, Accountability; LLA = Lifelong Learning & 

Adaptability; RwO = Relationship with Others; PIR = Upholding Principles of Integrity & Respect; CPE = 

Citizenship & Professional Engagement; PAT = Professionalism Assessment Tool; MiAn = Mission Analysis; StFm 

= Strategy Formulation; StMn = Situation Monitoring; BkBh = Backup Behaviours; Crdn = Coordination; CnMg = 

Conflict Management; MtCB = Motivating & Confidence Building; AfMg = Affect Management; and TWAv = the 

Average Teamwork Score based on the lower dimensions. * indicates the data is normally distributed (α>0.05) and 

as such parametric statistical analyses were used 
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vars Mean SD Median Min Max Skew Kurtosis SE SW Stat p-value 

AfMg 5.88 0.86 6 1 7 -1.08 2.85 0.05 0.92 8.0E-13 

TWAv 5.72 0.60 5.75 1 7 -1.77 11.12 0.03 0.90 7.5E-14 

Post-Term 

RRA 18.31 4.07 19 0 25 -0.72 0.87 0.22 0.96 7.4E-08 

LLA 24.06 5.29 24.5 0 35 -0.73 1.01 0.29 0.97 6.8E-07 

RwO 31.61 6.72 32 0 45 -0.71 1.26 0.36 0.97 2.2E-06 

PIR 29.82 6.19 31 0 40 -1.06 2.00 0.34 0.94 2.3E-10 

CPE 12.47 3.61 13 0 20 -0.39 -0.22 0.20 0.98 6.9E-05 

PAT 116.27 23.27 118.5 0 165 -0.86 1.91 1.26 0.96 1.7E-07 

MiAn 6.01 0.64 6 3.67 7 -0.65 0.50 0.03 0.94 2.5E-10 

StFm 5.77 0.72 6 3.33 7 -0.59 0.31 0.04 0.95 3.4E-09 

StMn 5.76 0.72 6 2 7 -0.88 1.69 0.04 0.94 9.9E-11 

BkBh 5.59 0.82 5.67 2.33 7 -0.91 1.31 0.04 0.94 8.6E-11 

Crdn 5.73 0.78 6 2.33 7 -1.00 1.51 0.04 0.93 7.9E-12 

CnMg 5.70 0.78 5.67 2.67 7 -0.69 0.65 0.04 0.95 5.2E-09 

MvCB 5.72 0.92 6 2 7 -1.17 1.93 0.05 0.91 2.5E-13 

AfMg 5.95 0.82 6 2.67 7 -0.85 0.65 0.04 0.92 4.5E-12 

TWAv 5.78 0.56 5.83 4 7 -0.42 -0.07 0.03 0.98 6.6E-04 
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D.2.2 Interim Reflection Coding 

Table D.2.2 summarizes the coding conducted for the Interim Reflections. There was a total of 

30 reflections coded. Both nodes and reflections are included in the table, where relationships are 

two nodes that are associated with one another (in the table relationships will be written as node 

#1 (Associated) node #2) 

Table D.2.2 Final Reflection coding results 

Name 

Number 

of Files 

Coded 

Number of 

Coding 

References 

Name 

Teamwork (Associated) 

Improve 
23 29 

Individual Effort, Instructor and TAs, 

Mostly Reflective, None, Other, Project, 

Self-Aware, Team 

Teamwork (Associated) 

Static 
5 7 

Individual Effort, Self-Aware, Team, 

Time 

Teamwork (Associated) 

Awareness 
14 17 

Individual Effort, Labs, Lectures, Other, 

Reflections, Self-Aware, Team 

Professionalism (Associated) 

Improve 
2 2 Instructor and TAs, None 

Professionalism (Associated) 

Static 
0 0  

Professionalism (Associated) 

Decline 
0 0  

Professionalism (Associated) 

Awareness 
6 7 Researcher Interpretation 

Individual Effort 12 13 

Teamwork (Associated) Improve, 

Teamwork (Associated) Static, Teamwork 

(Associated) Awareness 

Instructor and TAs 2 2 
Teamwork (Associated) Improve, 

Professionalism (Associated) Improve 

Labs 3 3 
Teamwork (Associated) Awareness, 

Lectures 

Lectures 3 3 Teamwork (Associated) Awareness, Labs 

Mostly Reflective 16 17 Teamwork (Associated) Improve, None 

None 3 4 

Teamwork (Associated) Improve, 

Professionalism (Associated) Improve, 

Mostly Reflective 

Not Reflective 3 3  

Other 3 3 
Teamwork (Associated) Improve, 

Teamwork (Associated) Awareness 

Project 4 4 Teamwork (Associated) Improve 
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Name 

Number 

of Files 

Coded 

Number of 

Coding 

References 

Name 

Reflections 6 6 Teamwork (Associated) Awareness 

Reflective 5 6  

Researcher Interpretation 13 21 

Teamwork (Associated) Awareness, 

Professionalism (Associated) Awareness, 

Individual Effort, Labs, Lectures, Other, 

Reflections, Self-Aware, Team 

Self-Aware 4 4 

Teamwork (Associated) Improve, 

Teamwork (Associated) Static, Teamwork 

(Associated) Awareness 

Somewhat Reflective 4 4  

Team 13 16 

Teamwork (Associated) Improve, 

Teamwork (Associated) Static, Teamwork 

(Associated) Awareness 

Time 2 2 Teamwork (Associated) Static 

D.2.3 Final Reflection Coding 

Table D.2.3 summarizes the coding conducted for the Final Reflections. There was a total of 53 

reflections coded. Both nodes and reflections are included in the table, where relationships are 

two nodes that are associated with one another (in the table relationships will be written as node 

#1 (Associated) node #2) 
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Table D.2.3 Final Reflection coding results 

Node/ Relationship 
Number of 

Files Coded 

Number of Coding 

References 
Overlapping Nodes/ Relationships 

Teamwork (Associated) Improve 22 30 
Professionalism (Associated) Improve, Individual Effort, 

Labs, Lectures, None, Project, Team 

Teamwork (Associated) Awareness 11 13 
Professionalism (Associated) Improve, Not Reflective, 

Self-Aware, Somewhat Reflective, Team 

Professionalism (Associated) Improve 40 68 

Teamwork (Associated) Improve, Teamwork (Associated) 

Awareness, Individual Effort, Instructor & TA, Labs, 

Lectures, Mostly Reflective, None, Other, Project, 

Reflections, Reflective, Self-Aware, Surveys, Team 

Professionalism (Associated) Static 6 6 
Individual Effort, Instructor & TA, Project, Self-Aware, 

Team, Time 

Professionalism (Associated) Decline 2 2 Instructor & TA, Time 

Professionalism (Associated) Awareness 10 12 
Labs, Mostly Reflective, Project, Self-Aware, Surveys, 

Team 

Lifelong Learning (Associated) Improve 17 21 
Individual Effort, Instructor & TA, Labs, Lectures, Mostly 

Reflective, Project, Reflective, Team 

Lifelong Learning (Associated) Static 1 1 N/A 

Lifelong Learning (Associated) Awareness 2 2 Project 

Individual Effort 23 31 

Teamwork (Associated) Improve, Professionalism 

(Associated) Improve, Professionalism (Associated) 

Improve, Professionalism (Associated) Static, Lifelong 

Learning (Associated) Improve, Reflective, Team 

Instructor & TA 11 11 

Professionalism (Associated) Improve, Professionalism 

(Associated) Static, Professionalism (Associated) Decline, 

Lifelong Learning (Associated) Improve, Labs, Lectures, 

Other, Project, Reflections, Surveys, Team 

Labs 7 7 
Teamwork (Associated) Improve, Professionalism 

(Associated) Improve, Professionalism (Associated) 
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Node/ Relationship 
Number of 

Files Coded 

Number of Coding 

References 
Overlapping Nodes/ Relationships 

Awareness, Lifelong Learning (Associated) Improve, 

Instructor & TA, Lectures 

Lectures 4 4 

Teamwork (Associated) Improve, Professionalism 

(Associated) Improve, Lifelong Learning (Associated) 

Improve, Instructor & TA, Labs, Project, Team 

Mostly Reflective 18 22 

Professionalism (Associated) Improve, Professionalism 

(Associated) Awareness, Lifelong Learning (Associated) 

Improve, Project, Self-Aware, Team 

None 1 3 
Teamwork (Associated) Improve, Professionalism 

(Associated) Improve 

Not Reflective 6 8 Teamwork (Associated) Awareness, Self-Aware, Team 

Other 2 2 Professionalism (Associated) Improve, Instructor & TA 

Project 24 36 

Teamwork (Associated) Improve, Professionalism 

(Associated) Improve, Professionalism (Associated) Static, 

Professionalism (Associated) Awareness, Lifelong 

Learning (Associated) Improve, Lifelong Learning 

(Associated) Awareness, Instructor & TA, Lectures, 

Mostly Reflective, Team 

Reflections 1 1 
Professionalism (Associated) Improve, Instructor & TA, 

Surveys 

Reflective 13 16 
Professionalism (Associated) Improve, Lifelong Learning 

(Associated) Improve, Individual Effort, Team 

Self-Aware 14 18 

Teamwork (Associated) Awareness, Professionalism 

(Associated) Improve, Professionalism (Associated) Static, 

Professionalism (Associated) Awareness, Mostly 

Reflective, Not Reflective, Somewhat Reflective 

Somewhat Reflective 10 11 Teamwork (Associated) Awareness, Self-Aware 

Surveys 4 5 
Professionalism (Associated) Improve, Professionalism 

(Associated) Awareness, Instructor & TA, Reflections 
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Node/ Relationship 
Number of 

Files Coded 

Number of Coding 

References 
Overlapping Nodes/ Relationships 

Team 37 49 

Teamwork (Associated) Improve, Teamwork (Associated) 

Awareness, Professionalism (Associated) Improve, 

Professionalism (Associated) Static, Professionalism 

(Associated) Awareness, Lifelong Learning (Associated) 

Improve, Individual Effort, Instructor & TA, Lectures, 

Mostly Reflective, Not Reflective, Project, Reflective 

Time 3 3 
Professionalism (Associated) Static, Professionalism 

(Associated) Decline 

Tool 4 7 N/A 

 


