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Abstract 

This study used quantitative methods to explore Canadian undergraduate engineering students’ 

interpretations of their success. The amorphous term “student success” is used by students, educators, 

academics, engineering professionals, and institutions to represent a wide variety of outcomes. Educators, 

academics, and institutions commonly define student success in terms of academic achievement and 

retention rate. This definition of student success was not developed with input from students, nor does it 

necessarily represent the diversity of the Canadian undergraduate engineering population. The purpose of 

this study was to explore how students define their success, investigate differences between groups of 

students, and identify changes students could make to best reach their future goals. A 60-question survey 

instrument was designed and tested in a mixed-method pilot study with a sample of graduate engineering 

students. Based on analysis and feedback from the pilot study, the research methodology and questions 

were improved and validated, and then the revised study was offered to the undergraduate engineering 

students at Queen’s University with n = 266 responses, a response rate of 8%. 

The results from the research suggest that students define their success in nuanced ways. 

Academic achievement and retention are commonly used by students to measure their success, but the 

importance of these criteria is low relative to vocational outcomes and personal happiness. The results of 

this study suggest an updated definition of “student success” for use in the academic environment: 

academic achievement; attainment of learning objectives; acquisition of desired skills, competencies, and 

practical experiences; wellbeing; persistence; and post-graduation performance. Demographic differences 

did not tend to have a large effect on the way students defined their success, which challenged previous 

findings in the literature. Students commonly suggested seeking additional practical experience as the best 

way to attain their future career goals. 

This updated definition of student success better represents the interests of all stakeholders in the 

academic environment, including students, and provides valuable insight to the engineering education 
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community. Educators can use the results of this research study as a resource and inspiration in teaching 

and mentoring students to achieve their own personal version of success.  
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Chapter 1 

Introduction 

What does the term “success” mean, especially in relation to “student success”? This term can 

have different meanings to different stakeholders in the educational environment. Overwhelmingly, 

measures such as course grades, GPA, and reaching graduation are used by education researchers, post-

secondary institutions, and as a result, students. However, there is a lack of research into how engineering 

students themselves define their success during their undergraduate degree using a broad set of measures, 

and in their own words. In recent years, there has been a  growing importance placed on the need for 

universities to better understand their students to provide a superior educational experience (Kinnunen et 

al., 2018). By better understanding the diverse and nuanced way different students define their success, 

the term could better reflect a more diverse group of students. Additionally, by including more voices in 

the conversation around student success, each stakeholder group would “care” more about student success 

because the measures they care about would be reflected in the conversation. For example, an institution 

may care about high student retention as a measure to entice future students, whereas the students 

themselves might care more about their employability after graduation. Including a clearly defined and 

more broadly applicable set of measures to represent “student success” would better represent students 

while maintaining the utility of the term for institutions and education researchers. 

The literature suggests that there are differences in how success is defined between different 

student demographic groups such as different engineering disciplines or years of study. Additionally, the 

myriad different ways a student plans for their future and perceives connections between the future and 

the present could affect the way they define their success in the present. Studies have linked students with 

a strong Future Time Perspective (strong concern and consideration for their future) to goal setting, self-

regulation, motivation, and “success” in engineering programs (Chasmar, 2017; Chasmar & Benson, 

2016; Hilpert et al., 2012; Simons, Vansteenkiste, Lens, & Lacante, 2004; S. Tabachnick, 2005; S. E. 
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Tabachnick, Miller, & Relyea, 2008). For example, do engineering students who do not want to be 

engineers define their success differently than those who do? This represents a notable portion of the 

undergraduate student population. Alternatively, do students who have a clear vision for their future 

career and a documented plan of how to get there, define their success differently than those who do not? 

These questions, and more, are addressed by this research study. 

This research study explores how students define their success during their undergraduate 

engineering degree as well as what alterations they think they could make to define their success in a way 

that would maximize their future career success. A survey instrument was used to gather Likert and open-

response data and was validated with a two-part pilot study consisting of a survey pilot and think-aloud 

cognitive interviewing. The survey was then distributed to undergraduate engineering students at Queen’s 

University in Kingston, Ontario. The Likert data was analyzed using descriptive and inferential statistical 

methods and the open-response data was analyzed using inductive coding. 

Rationale 

The amorphous term ‘student success’, and other synonyms such as ‘academic success’, are 

widely used by academic institutions and in the engineering educational research field as all-

encompassing phrases representing a number of student outcomes (Hannon, Smith, & Lã, 2017; York, 

Gibson, & Rankin, 2015). Typically, the outcome represented by this term is academic achievement 

(grades and GPA). American literature also represents persistence (retention or graduation rates) as 

another common, unidimensional, measure of ‘student success’. However, grades are not necessarily an 

accurate measure of learning or cognitive growth (Arum & Roksa, 2011; Young, 1990). Also, the term 

“success” can have different meanings for each stakeholder group in the academic environment, and can 

even vary amongst a single stakeholder group (O’Shea & Delahunty, 2018). By applying such a narrow 

definition to such a widely used concept, those who use the term can decrease the cohesion between 

different stakeholder groups in the academic environment regarding their priorities (York et al., 2015). 

More than one indicator of success is necessary to document a more accurate and nuanced picture of 
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student success to represent different stakeholders. To determine reasonable institutional indicators of 

student success, a variety of stakeholder groups must be involved, including policymakers, 

administrators, faculty, staff and students (Kuh, Kinzie, Buckley, Bridges, & Hayek, 2006). There is 

plenty of research and discussion from all of the stakeholder groups other than the students themselves. 

Therefore, further research into the area of how students define their success will address this gap in the 

literature. 

Given the wide variety of students attending Canadian engineering schools, a more nuanced 

definition of student success would better represent the diversity of the Canadian student population (Kuh 

et al., 2006). Engineering students have differences to students in other programs, even students in other 

branches of STEM (Veenstra, Dey, & Herrin, 2008). Additionally, the Canadian context may introduce 

subtleties and differences that do not exist in other countries due to differences in culture, value systems, 

and institution structure (van den Bogaard, 2012). 

Purpose and Research Questions 

The purpose of this research study is to explore how undergraduate engineering students define their 

success, investigate differences between different groups of students, and identify changes students could 

make to best reach their future career goals. The specific research questions are as follows: 

1. How do undergraduate engineering students define their success in their current engineering 

program? 

a. How does this differ by demographic category and Future Time Perspective category? 

2. How do undergraduate engineering students define their success projecting 5 to 10 years into a 

future career? 

3. By reflecting on their response to Research Questions 1 and 2, how might undergraduate 

engineering students redefine success in their current engineering program to maximize their 

future career success? 

a. How does this differ by demographic category and Future Time Perspective category? 
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4. What changes do students think they should make to better align their present actions with their 

view of future career success? 

The demographic categories being investigated are discipline, year of study, nationality, gender, 

internship status, scholarship status, approximate age, and intention to pursue graduate studies. The 

Future Time Perspective categories are Effect of Future on Present, Perception of the Future, Perception 

of Engineering Future, Connectedness, and Present Action. These categories will be explained in more 

detail in the next Chapter. 
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Chapter 2 

Literature Review 

The way “student success” is defined will be explored, along with various demographic 

categories that may affect the way a student defines their success. In addition, the theoretical frameworks 

used for this research study will be outlined. 

Definitions of Student Success 

 The way that different stakeholder groups in the academic environment define and measure 

student success can be very different, both between the different groups and within them. The manner in 

which student success is defined and measured is explored from the point of view of academic 

researchers, institutions, engineering industry, and the students themselves. 

Academic Literature 

 Academic researchers most commonly use academic achievement, measured by grades and GPA, 

or persistence, measured by retention and graduation rate, to define student success. The way academic 

researchers typically define student success has been critiqued by a number of authors (Bipp, Kleingeld, 

& Snijders, 2019; Kuh et al., 2006; Yorke, 2006; Zepke, Leach, & Butler, 2011). One particular study 

critiqued the fact that researchers often use GPA as the only indicator of “academic success”  (Bipp et al., 

2019). A systematic review and meta-analysis of 241 data sets shows GPA to be a fairly robust and 

objective measure of academic achievement (M. Richardson, Abraham, & Bond, 2012). However, 

academic achievement is only one aspect of academic success, let alone overall student success. Yorke 

(2006) critiques the use of data such as graduation rates as a measure of student success, but recognizes 

they are used because they are easy to apply. Yorke also identifies that the way each student defines their 

success is very different and would include non-academic criteria, which could change based on their 

demographic variables (Yorke, 2006). 
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 The way student success is defined and measured by academic researchers is explored first in 

general, and then more specifically in the international engineering education field, and finally in the 

context of the Canadian engineering education field. 

General Academic Literature 

New Zealand researchers Zepke, Leach, and Butler (2011) critique a unidimensional construction 

of student success and mention engagement, persistence, completion, graduation and entry to employment 

as common understandings of student success. They define success using achievement of both hard and 

soft outcomes, as well as the engagement with learning, to achieve both personal and political goals 

(Zepke et al., 2011). Yorke (2006) defines short-term student success based on the extent a student can 

adjust to the demands of higher education in terms of engagement (attendance and fulfilment of 

curriculum requirements) and performance (grades), and defines long-term success as employability, 

lifelong learning, personal development, and betterment of society. 

A synthesis of nine discipline-specific meta-analyses about the predictive value of standardized 

tests (such as the Law School Admission Test, Medical College Admission Test, Graduate Management 

Admission Test, and others) on graduate student success categorized “student success” in a diverse 

manner (Kuncel & Hezlett, 2007). This synthesis represented data from over 1000 studies. The synthesis 

measured graduate student success along the criteria of: (i) first semester GPA, (ii) cumulative GPA, (iii) 

degree completion, (iv) faculty evaluations, (v) number of publications, (vi) number of publication 

citations, (vii) qualifying or comprehensive exam scores, (viii) licensing exam scores. Not all of these 

measures would be relevant to undergraduate students, although engineering programs are professional 

programs so licensing exam scores could be relevant. This study uses the term “student success” but is 

clearly referring to “academic success”. 

A German meta-analysis of 58 studies specified grades, retention, and satisfaction as the 

measures of academic success when exploring the relationship between personality traits and academic 

success (Trapmann, Hell, Hirn, & Schuler, 2007). The meta-analysis also notes that the influence of 
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personality traits on academic success depends on how you define success, which is as important finding, 

considering the wide variations in how authors define success (either implicitly or explicitly). It would 

follow that the influence of other types of factors not mentioned in that study could also depend on how 

success is defined. 

Harris, 1998 

A journal article from 1998 sought to define student success for the purposes of their study in a 

two-day brainstorming session amongst 3 professors, one of them being “a leading proponent of the 

national student success movement” (Harris, 1998, p. 404). The definition they arrived on involved 13 

indicators, shown below in Table 1, and is similar to that of a prior study (American Association of 

Community Colleges National Center for Higher Education, 1994). 

Table 1  

Harris’s (1998) list of indicators of student success in postsecondary education 

Indicator Definition 
Student Goal Attainment At what level are students attaining their final educational goal 

as indicated on their application and reenrollment permits? 
Course Retention At what rate do students complete the individual courses in 

which they enroll? 
Success in Subsequent Course 
Work 

How successful are students in courses that are linearly 
sequential especially in math and English? 

Fall-to-Fall Persistence At what rate do students continue their education one complete 
academic year to the next, in accordance with their educational 
goal? 

Degree/Certificate Completion What number and percentage of students complete their chosen 
degree or certificate program? 

Placement Rate in the Work Force At what level are students attaining employment and 
advancement relevant to their degree or certificate program? 

Transfer Rate and Number What number and percentage of students complete their 
educational goal of transferring to a four year institution? 

Employer Assessment of Students How satisfied are employers with the quality of training received 
by our students? 

Success After Transfer What is the grade point average and persistence of students at 
receiving institutions? 

Academic Value Added What knowledge and skills have students acquired during their 
courses? 
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Student Satisfaction How satisfied are students with access, instructional and student 
services, facilities, and campus life? 

Student Professional Growth and 
Development 

What is the self-perceived personal growth, community 
involvement, and moral development of students completing 
their education at the college? 

Student Involvement At what rate are students participating in activities associated 
with the college outside the regular classroom instruction? 

 

Kuh et al., (2006) 

A report titled What Matters to Student Success was commissioned by the American National 

Postsecondary Educational Cooperative (Kuh et al., 2006). It is an extensive review of the literature on 

the topic reporting on over 700 relevant documents. For the purpose of the report, the authors defined 

student success as “academic achievement, engagement in educationally purposeful activities, 

satisfaction, acquisition of desired knowledge, skills and competencies, persistence, attainment of 

educational objectives, and post college performance” (Kuh et al., 2006, p. 7). The literature review found 

that commonly used indicators of student success are student retention, graduation, and grades, with many 

articles considering degree attainment as the ultimate measure of student success. A list of indicators from 

the literature used to define student success in postsecondary education is shown in Table 2. 

Table 2  

List of indicators used in the literature to define student success found by Kuh et al. (2006) 

Category Indicator 
Traditional measures of academic 
achievement 
 

• Scores on standardized entry exams 
• Grades  
• Credits earned 
• Course retention rate 
• Post transfer performance 

Postgraduation achievements 
 

• Graduate school admission test scores 
• Graduate and professional school enrollment and 

completion rates 
• Performance on professional licensing examinations  
• Postgraduation employment and income 

Personal development outcomes  
 

Level of proficiency in: 
• Writing 



 

 

9 

Category Indicator 
• Speaking 
• Critical thinking 
• Scientific literacy 
• Quantitative skills 

Personal functioning 
 

Improvements to: 
• Self-awareness 
• Confidence 
• Self-worth 
• Social competence 
• Sense of purpose 
• Academic and social self-confidence and self-esteem 
• Self-efficacy 

Other aspects 
 

• Satisfaction with experience   
• Level of comfort and affirmation in the learning 

environment 
• Personal happiness 

Ineffable qualities (AACU, 2002; 
Baxter Magolda, 2001, 2004) 
 

• Appreciation for human differences 
• Commitment to democratic values  
• Capacity to work effectively with people from different 

backgrounds to solve problems 
• Information literacy 
• Development of sense of identity 

 
 The degree to which these indicators are explored in the literature varies widely, but it is clear 

that the way student success is defined is extensive. 

Kuh et al. (2006) also offered a list of indicators of student success in Table 3 that updates 

Harris’s (1998) list shown above in Table 2. 

Table 3  

Kuh et al.’s (2006) list of indicators of student success in postsecondary education updated from (Harris, 

1998) 

Indicator Definition 
Student Goal Attainment To what extent are students attaining their final 

educational goal as indicated on their application 
and advising records? 

Course Retention and Success At what rate do students complete the individual 
courses in which they enroll? At what rates are D, 
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Indicator Definition 
F, and W (withdraw) grades awarded in particular 
courses? 

Success in Subsequent Coursework How successful are students in courses that are 
linearly sequential especially in math, science, 
and English? 

Fall-to-Fall Persistence At what rate do students continue their education 
one complete academic year to the next, in 
accordance with their educational goal? 

Time to Degree How many semesters elapsed prior to degree 
attainment? What percentage of full-time students 
attempt and complete the average credit hour load 
per term? 

Degree/Certificate Completion What number and percentage of students 
complete their chosen degree or certificate 
program? 

Graduate School Enrollment and Employment At what level are students enrolling in graduate 
and professional school and attaining employment 
and advancement relevant to their degree or 
certificate program? 

Transfer Rate and Success At 2-year institutions, what percentage of students 
complete their educational goal of transferring to 
a 4-year institution? How does the success of 
transfer students compare to students that started 
at the institution? 

Employer Assessment of Students How satisfied are employers with students’ 
knowledge, qualities, and skills? 

Academic Value Added What knowledge and skills have students acquired 
during their undergraduate experience? 

Student Satisfaction How satisfied are students with access, 
instructional and student services, facilities, and 
campus life? 

Student Professional Growth and Development 
 

What is the self-perceived personal growth, 
community involvement, and moral development 
of students completing their education at the 
institution? 

Student Involvement To what extent are students participating in 
educationally purposeful activities? 

Citizenship and Engagement To what extent are students acquiring habits of the 
mind and heart in college that will benefit them 
and society in the future? 

 



 

 

11 

This modernizes Harris’s list without completely overhauling it. This shows that definitions of 

success can change over time and change between different people creating the definition. 

 
York et al., 2015 

A literature review and analysis titled Defining and Measuring Academic Success also weighed in 

on the discussion around defining the term “success” (York et al., 2015). The paper identified 33 articles 

beyond those in Kuh et al.’s (2006) exhaustive literature review - some of which were published after the 

Kuh review was published. York et al. found that academic achievement, measured by grades and GPA, 

followed by persistence, measured by retention and graduation rate, as the most common way student 

success is defined in the literature. The breakdown of the types of outcomes measured as “academic 

success” in the literature is recreated from York et al. (2015, p. 9) in Table 4. 

Table 4  

Types of outcomes measured as “academic success”. N=31. (York et al., 2015, p. 9) 

Outcome Measurement % (n) 
Academic Achievement GPA  

Grades  
54.8 (17) 
12.9 (4) 

Career Success  Extrinsic 
Intrinsic  

9.7 (3) 
6.5 (2) 

Satisfaction  Overall College Experience  
Course Experience  

9.7 (3) 
3.2 (1) 

Persistence  Degree Completion Rate  
Retention  

3.2 (1) 
19.4 (6) 

Acquisition of skills and 
competencies  

Critical Thinking  
Academic Skills  
Affective Outcomes  

19.4 (6) 
16.1 (5) 
12.9 (4) 

Attainment of Learning 
Objectives  

Engagement Institutional  
Objectives  

16.1 (5)  
12.9 (4) 

Note: Articles that used multiple measures were counted in each category. The percentages given are 
calculated as the number of articles that utilized the category of measure out of the total number of 
articles examined.  

 

York et al. (2015) proposes a revision to Kuh et al.’s (2006) definition of academic success, 

where Kuh et al.’s definition (of student success) was: “academic achievement, engagement in 
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educationally purposeful activities, satisfaction, acquisition of desired knowledge, skills and 

competencies, persistence, attainment of educational objectives, and [post university] performance” (Kuh 

et al., 2006, p. 7). Note that York et al. (2015) equate student success and academic success and use the 

two terms interchangeably. York et al.’s (2015) revised definition of academic success is: “academic 

achievement, attainment of learning objectives, acquisition of desired skills and competencies, 

satisfaction, persistence, and [post university] performance” (p. 5). The differences are: (i) the removal of 

“engagement in educationally purposeful activities” (because it is not explicitly an outcome, like the other 

constructs are, and it is argued that it is a mediating variable of the other six aspects), (ii) the removal of 

“knowledge” from “acquisition of desired knowledge, skills, and competencies”, and (iii) the change from 

attainment of “educational objectives” to “learning objectives. Academic achievement captures a 

students’ performance, but not necessarily their actual learning, which is why it is included along with 

attainment of learning outcomes and acquisition of skills and competencies (despite the fact that academic 

achievement should be a direct measure of the them). Since engineering programs are professional 

programs, it makes sense to include post university performance (measured by career satisfaction, job 

attainment rates, turnover intentions, salary, advancement expectations, and occupational status) as a 

measure of student success. 

Discussion 

 It is clear that student success is defined in many different ways by many different researchers 

however, a small minority of authors provide a thoughtful and explicit definition in their document. 

Academic achievement measures such as grades and persistence measures such as graduation rates are 

overwhelmingly how student success is defined in the general body of literature.  

Engineering Education Academic Literature 

 The engineering-education-specific literature was reviewed to assess if it follows the same 

patterns as the general body of literature on student success. The purpose of this literature search was to 

reach saturation rather than be comprehensive. First, the general online library search tool was used to 
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identify a broad range of articles discussing student success in the engineering field. Then, the journal 

databases for the Journal of Engineering Education, European Journal of Engineering Education, and 

Australasian Journal of Engineering Education were searched for articles focusing on recent articles from 

2015-2020 that referred to “student success”. An internationally diverse sample was desired, although 

American articles dominated the research space.  

 Like the discipline-general articles, the engineering education articles also tended to define 

student success using academic achievement, measured by grades and GPA, and persistence, measured by 

retention and graduation rate, which supports Kuh et al.’s (2006) and York et al.’s (2015) findings. 

Student success is sometimes defined quite vaguely by engineering education researchers, where it may 

refer to different things in different parts of the same article, or not specifically defined. 

American studies seem to be particularly concerned with student persistence. Studies use 

retention rates as their measure of student success (Chen, Lattuca, & Hamilton, 2008; Laugerman, Rover, 

Mickelson, & Shelley, 2019; Ohland et al., 2011). Others use passing courses, degree completion, and 

graduation, including a study using both passing courses and graduation (Windsor & Ivey, 2018), a PhD 

thesis explicitly defining student success as degree completion (Leker, 2017), and a guest editorial in the 

Journal of Engineering Education vaguely defining student success as graduating (Long III & Mejia, 

2016). Academic achievement, measured by grades (Nguyen, Wu, Fischer, Washington, & Warschauer, 

2020) and GPA (Chasmar & Ehlert, 2018; Mesa, Jaquette, & Finelli, 2009; Veenstra et al., 2008) is also 

particularly common. Other American studies (and PhD theses) combine both persistence and academic 

performance as a joint measure of student success (French, Immekus, & Oakes, 2005; Jin, 2013). One 

study discussed a combination of persistence and academic performance but added ‘the development of 

positive attitudes about engineering and their own capabilities’ (Felder, Forrest, Baker‐Ward, Dietz, & 

Mohr, 1993). However, the study itself correlated only the students’ grades with a wide variety of 

predictor factors including gender, nationality, and various attitudes and expectations – without further 

discussion of attitudes about engineering and persistence.  
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International studies also relied heavily on unidimensional views of student success, but there was 

more variation and nuance in some. 

An Australian study vaguely defined student success as retention rates (Boles & Whelan, 2017). 

This study also cited other studies that referred to “student success” in quite a number of different ways, 

including GPA, credits achieved per semester, engagement, and qualitative evaluation of learning 

outcomes. Another Australian study primarily used grades but also used engagement and satisfaction as 

their measure for student success (Simko et al., 2019). Another used a list of technical course-specific 

learning outcomes as their measure of student success (Cain, Grundy, & Woodward, 2018). A study from 

New Zealand on Māori and Pacific students used completion rates as their measure of success (K. 

Richardson et al., 2018). 

A Dutch study explicitly defined academic success in terms of completion of credits and retention 

(Kamphorst, Adriaan Hofman, Jansen, & Terlouw, 2015), and another used two measures of persistence: 

dropout rate, and progress to define student success (van den Bogaard, 2012). A Finnish study defined 

student success as GPA, credits earned per semester, and self-evaluated learning (Tynjälä, Salminen, 

Sutela, Nuutinen, & Pitkänen, 2005). A German study used GPA and retention (Derr, Hübl, & Ahmed, 

2018) and a Swedish study used passing courses, and also briefly discussed GPA as a measure as well 

(Malm, Bryngfors, & Mörner, 2011). An Estonian study used course completion as their measure of 

student success (Raud, Vodovozov, Aksjonov, & Petlenkov, 2017). A collaborative German and Dutch 

study of Dutch engineering students defined academic success as both academic achievement (grades and 

GPA) and persistence (credits earned per year, year-on-year retention, and number of years to graduate) 

(Bipp et al., 2019). A collaborative study out of Finland, Australia, Sweden, and the UK measured 

academic success as student satisfaction and retention (Kinnunen et al., 2018). 

A collaborative study from Ecuador and Spain used graduation rates as their measure of student 

success (Moscoso-Zea, Saa, & Luján-Mora, 2019). 
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A collaborative United Kingdom and Chinese study use postgraduate employment or enrolment 

in graduate studies as their measure of student success (Cuthbert, Yao, Bindu, Ying, & Wang, 2010). A 

South Korean study used GPA as a measure of student success, although also discussed how students 

themselves might define a successful experience at university including factors such as employment, 

satisfaction, and other personal and subjective perceptions (Cho & Cho, 2019). A collaborative American 

and Iranian study used students grades as their measure of success (Marbouti, Shafaat, Ulas, & Diefes-

Dux, 2018). A Turkish study framed student success in terms of the success of the graduates from the 

program (Yesil, Ozturk, Dodurka, & Sahin, 2013).  

A collaborative study from South Africa, Kenya, and Tanzania used academic achievement as 

their measure of student success, with an additional focus on the student experience of students from 

disadvantaged backgrounds (Case, Fraser, Kumar, & Itika, 2016). A South African study used retention 

as their measure of student success (van Wyk, Hofman, & Louw, 2013). An Egyptian paper on 

Community-Based Learning used engagement with community, and gaining specific academic 

knowledge, skills, and outcomes (El-Gabry, 2018). 

These papers, representing 19 different countries from 6 continents, also tend to use academic 

achievement and persistence as measures for student success. However, there is a wide variation in the 

different measures and definitions used. 

Canadian Engineering Education Academic Literature 

 To investigate whether Canadian engineering education researchers also use unidimensional 

definitions for student success, the Canadian Engineering Education Association conference paper 

database was search for papers that referred to “student success”. Particular attention was paid to papers 

that made a reference to student success in the title, abstract, or keywords. Some additional Canadian 

papers found in the international engineering education search are also included. 

Many Canadian papers use persistence measures including course completion (Clemmer, Gordon, 

& Vale, 2018), graduating (Paul, Dedemus, Boyce, & Johnston, 2020) and retention to measure student 
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success (Kuley, Maw, & Fonstad, 2015; Kuley, Maw, & Fonstad, 2016; Shyminsky & Mak, 2013) 

including a Canadian study in the Journal of Engineering Education (Zinatelli & Dubé, 1999). 

 Academic achievement is also commonly used in Canadian engineering education papers to 

measure student success including GPA (Hulls, Rennick, Robinson, & Mohamed, 2018) and grades 

(Farmer & Wilkinson, 2018; Jobidon, Owen, Prier, & Robinson, 2016). Another study used grades as 

their measure of student success, and alternated between using student performance and student success 

synonymously (Brennan et al., 2015). 

Others use both retention and grades as their measure of student success (Roncin, Elsaid, Krywy, 

& Carey, 2017). One discussed student success in terms academic performance and retention and goes on 

to discuss student success in terms of students reaching their academic goals and finding balance. 

However, the results of the study only present student success in terms of grades and retention rates 

(Owen, Barichello, & Prier, 2018). 

 Some papers use a wide variety of measures, including: academic success as realizing their 

academic goals and achieve deeper learning (Liepens & Hanson, 2020); vaguely using competency in the 

CEAB graduate attributes as a measure of student success (Sepehri et al., 2013); student success in 

relation to communication skills, understanding a diversity of perspectives, and constructive engagement 

(Rosales & Montano, 2011); and a paper that appeared to use wellbeing, workload, and peer relationships 

as measures of success, and did also mention attrition as another measure of success (Liu, Rahmani, & 

Variawa, 2020). 

A number of papers cited various sources that discussed various predictors of student success, 

generally referring again to grades and graduating. Some as well referred to student success without 

context as to what it might mean (Brennan et al., 2018; Nelson & Brennan, 2019; Patterson, 2020) 

appeared to use “effective learning” as their measure of student success, but it was not explicitly defined). 

 Clearly, Canadian engineering education researchers exhibit the same symptoms as international 

engineering education researchers and the general body of student success literature. Academic 
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achievement and persistence are most commonly used synonymously with the term “student success”, 

with perhaps a favouring of academic achievement over persistence in the Canadian context. 

Institutions 

The Ontario Ministry of Education, when discussing student success, acknowledges that each 

student learns in their own way and that their role in promoting student success involves meeting the 

“needs, interests, and strengths of all students, engaging them in learning and better preparing them for 

graduation and beyond” (Ontario Ministry of Education, 2020). They articulate their definition of student 

success in 5 points: (i) increase graduation rate, (ii) support “good” outcomes, (iii) provide new and 

relevant learning opportunities, (iv) build on students’ interests and strengths, and, still relevantly, (v) 

provide effective transition between elementary and secondary school (Canadian Council on Learning, 

2008). For the undergraduate context of this literature review, step five could be interpreted as transition 

between the undergraduate engineering degree and a future career or further education, or whatever 

comes next. This is included despite Ontario post-secondary institutions operating independently from the 

Ontario Ministry of Education because it is shows that student success might be measured differently 

between secondary and post-secondary institutions. 

Engineering departments at Canadian institutions are guided by the Canadian Engineering 

Accreditation Board (CEAB) graduate attributes. These attributes are an important institutional measure 

of student success, in which all graduating Canadian engineering students must demonstrate their ability. 

The twelve attributes are: (i) a knowledge base for engineering, (ii) problem analysis, (iii) investigation, 

(iv) design, (v) use of engineering tools, (vi) individual and team work, (vi) communication skills, (viii) 

professionalism, (ix) impact of engineering on society and the environment, (x) ethics and equity, (xi) 

economics and project management, and (xii) life-long learning (Engineers Canada, 2016). Unfortunately, 

these graduate attributes are not generally well understood by students or faculty (Seniuk Cicek, Ingrama, 

Mannb, & Renaudd, 2017). Additionally, in practice, the institution’s measure of student success differs 

from students, practicing engineers, and even faculty members themselves. A study asked students, 
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practicing engineers, and engineering faculty to rate the relative importance of the 12 CEAB graduate 

attributes by distributing 100 points between the 12 attributes (Seniuk Cicek, 2018). Scores of 8.3% 

would therefore represent equal importance between attributes. These three groups ranked all 12 CEAB 

attributes as nearly equally important, with relative importance rankings between 6.1% and 10.9%. This 

differs dramatically from the practice, where ‘knowledge base for engineering’ represents about 50% of 

the engineering curriculum content and assessments, and the five lowest ranked attributes represent less 

than 2% of course content and assessment each. This is a large inconsistency between how student 

success is measured by institutions and how students, practicing engineers, and even faculty members 

define it.  

Internationally, the Accreditation Board for Engineering and Technology (ABET) measures 

student success along seven outcomes: (i) an ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and mathematics, (ii) an ability to apply 

engineering design to produce solutions that meet specified needs with consideration of public health, 

safety, and welfare, as well as global, cultural, social, environmental, and economic factors, (iii) an ability 

to communicate effectively with a range of audiences, (iv) an ability to recognize ethical and professional 

responsibilities in engineering situations and make informed judgments, which must consider the impact 

of engineering solutions in global, economic, environmental, and societal contexts, (v) an ability to 

function effectively on a team whose members together provide leadership, create a collaborative and 

inclusive environment, establish goals, plan tasks, and meet objectives, (vi) an ability to develop and 

conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw 

conclusions, and (vii) an ability to acquire and apply new knowledge as needed, using appropriate 

learning strategies (ABET, 2019). This shows that measurements of student success differ among 

accrediting bodies. 
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Industry 

Engineering students are assessed on their acquisition of certain skills, but the connection 

between these skills and success in an engineering career is not always well established (Paul & Falls, 

2015). Studies have shown inconsistencies between students and practicing engineers in terms of the 

importance they place on different skills that would be important to a practicing engineer (Maier & 

Rowan, 2007; Zou, 2008). Canadian researchers Paul & Falls (2015) found that career insight, proactive 

personality, openness to experience, and lifelong learning were the skills most significant to an engineer’s 

career success. Institutional measurements of student success do not take these into consideration 

(perhaps partly because they are difficult to measure) from the standpoint of accreditation criteria or how 

student grades are measured.  

Students 

There is relatively little research on how students themselves define their success in the 

engineering education field, particularly in Canada (Stelnicki, Nordstokke, & Saklofske, 2015). A study 

of Australian students found that some students rejected common notions of success like grades and 

graduation, and most adopted more personal and nuanced definitions of their success such as: validation 

from instructors, TAs, or honour roll lists; defying the odds; balancing academic and non-academic 

commitments; grit such as perseverance and persistence; strong mental health; passion; and happiness 

(O’Shea & Delahunty, 2018). 

A qualitative semi-longitudinal study of 20 African American engineering students explored the 

question “what is success to you?” (Hughes, Shehab, & Walden, 2011). The themes that emerged from 

the students’ responses is shown in Table 5. 

Table 5  

How African American engineering students define their success (N=20) (Hughes et al., 2011) 

Emergent self-defined success theme N 
Graduating 10 
Happiness 9 
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Emergent self-defined success theme N 
Family Related 8 
Job/Career Related 8 
Money Related 7 
Learning Related 6 
Formal Success Definition  6 
Knowledge Application  3 
Other 8 
The majority of responses contained multiple themes  

 

A majority of these themes are not measures that would traditionally be used to define success in 

the academic literature or by institutions. This study also found variation in terms of gender and 

discipline. 

Swedish engineering physics students defined their success as achieving top grades while 

participating in various different extracurricular activities and the gold-standard for their success as 

getting good grades with minimal effort (Nyström, Jackson, & Salminen Karlsson, 2019). This suggests 

that a balanced life is important to how engineering students define their success. It also invites 

investigation between the differences between different engineering disciplines. 

A 10-year Australian study with over 2000 responses found that interest in the subject and 

vocational reasons as important reasons students enroll in their university program (Krause, Hartley, 

James, & McInnis, 2005). Interestingly, another Australian study with a response rate also above 2000 

responses found that students who transfer programs or drop out cite lack of interest or lack of career 

prospects as major reasons for doing so, which further supports an English study of engineering students 

with similar findings (Baillie & Fitzgerald, 2000; McMillan, 2005). This suggests that students may use 

their interest levels in a program or vocational reasons as a measure of their success, and that post-

secondary students highly value the advancement of their career (Blankstein, Wolff-Eisenberg, & 

Braddlee, 2019). Over 15,000 Canadian students were asked about the importance of various reasons to 

attend university, and the most highly rated reasons were vocationally oriented with 86% rating “getting a 

good job”, and 80% rating preparing for a specific job or career as very important (Canadian University 
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Survey Consortium, 2013). Desires to learn were the next most important reason. Of all degree programs, 

engineering students were most likely (58%) to say that internships and other practical experiences were 

very important. Educators can capitalize on students’ definition of their success and use it to work with 

students to direct them to take charge of their own learning (Seniuk Cicek, Peto, & Ingrama, 2016). For 

example, if students define their success using vocational measures or by the amount of practical 

experience they can gain, then educators can use this to modify curriculum or teaching styles to match 

this, and can scaffold knowledge and skill development to foster intrinsically motivated learning (Corpus, 

Haimovitz, & Wormington, 2012). Intrinsic motivation is associated with creativity, deep conceptual 

learning, engagement, and greater learning outside of school, all very important qualities for an engineer 

(Corpus et al., 2012; Elliot & McGregor, 2001). Additionally, curiosity has been shown to increase 

student interest, so by understanding what is important to students, curiosity-eliciting teaching can be 

used most effectively (Corpus et al., 2012). Engineering faculty members have an important role in 

creating conditions conducive to student engagement, where student engagement is a concept referring to 

students’ quality of effort (Chen et al., 2008). Student engagement is related to the quality of students’ 

educational experiences and learning outcomes, and faculty can increase engagement by igniting 

students’ curiosity. 

 Clearly, students define their success during their undergraduate degree using a wide spectrum of 

measures. The literature shows that students tend to use measures related to finding or training for a job, 

balance and happiness, and passion and learning. This differs greatly from the traditionally used academic 

and institutional measures of student success like their grades or graduation rates. Simplistic measures of 

student success like grades or graduation rates do not necessarily support a student’s best interests, since 

they do not transfer well to post-graduation employment. Success in the workforce requires complex 

epistemological, interpersonal, and intrapersonal development, and if students get used to or expect 

simplistic means of defining their success, they may struggle to respond effectively (Baxter Magolda, 

2001).  
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Demographic Differences 

 The body of literature indicated that there may be differences in how students define their success 

based on various demographic factors that will be further explored in this research project. Due to the 

exploratory nature of the work, some additional demographic factors will also be investigated based on 

peer-review feedback on previous papers (Ullrich & Strong, 2019, 2020).  

A paper discussed differences in how students construe success in terms of age, gender, and 

national background (Yorke, 2006). For example, international students have been shown to prioritize 

GPA more highly than domestic counterparts (Blankstein et al., 2019). Students of different nationalities 

or races were also shown to define their success differently (Felder et al., 1993; Ohland et al., 2011; 

Yorke, 2006). A study of American engineering students found differences in how the students defined 

their success in terms of gender and discipline (Hughes et al., 2011) and another study of engineering 

students correlated student success (grades) with predictor factors including gender (Felder et al., 1993). 

A study of over 2000 Australian university students found that students who began their 

undergraduate degree immediately out of high school experienced greater course change or attrition rates 

than those who began later (14% compared to 8%, p < .05) (McMillan, 2005). The same study found that 

lack of interest was an important factor in course change and attrition. Therefore, there is a possibility that 

students who deferred their entrance to university a number of years may have had a better idea of their 

interests and goals for their future to choose a more appropriate program for themselves. This might make 

adult learners define their success differently than students coming straight out of high school. A study of 

the reasons that adult learners pursued higher education found that one third of adults seek to meet job 

requirements or improve their skills in their job, indicating that these students have a very clear purpose 

for their studies (O’Brien & Merisotis, 1996). The breakdown of varying reasons why adults pursue 

higher education, recreated from O’Brien & Merisotis (1996), is shown in Table 6. 
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Table 6  

Reasons adult learners pursue higher education (O’Brien & Merisotis, 1996) 

Reason for Pursuing Higher Education Percent of Respondents 
To become better educated and informed  49.2 
For personal happiness or satisfaction  47.0 
To obtain a higher degree 42.9 
For general self-improvement  40.2 
To improve my income 33.1 
To meet job requirements or improve job skills 33.0 
To learn a new occupation 24.8 
To obtain or maintain a certificate 18.2 

 
 Due to the potential differences in how adults define success compared to students straight out of 

high school, it will be explored in this study. 

Need for a Study 

 A research study would begin to address these gaps in the literature. The body of literature tends 

to define and measure “student success” using academic achievement and retention, which are 

performance-based measures. More nuanced definitions are often inconsistent between academic papers 

and these definitions usually lack any student input. The body of literature also suggests variations in how 

students define their success based on demographic factors, with some demographic factors being left 

unexplored, and Future Time Perspective. Therefore, a survey was employed to measure how students 

define their success from the students’ perspective and how this differs by demographic factors. 

Theoretical Frameworks 

 There were two theoretical frameworks used for the development of the survey instrument. The 

Learning Orientation model provides a broad framework around which to measure success. (Beaty, 

Gibbs, & Morgan, 2005). This framework was chosen because it contained categories for student success 

criteria that matched well with the research objective. The Future Time Perspective framework provides a 

validated survey framework to measure how students consider their future (Chasmar & Ehlert, 2018). 

This framework was chosen because it has previously been validated in an engineering education context 

and previous literature links students with a high concern and consideration for the future (Future Time 
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Perspective) to greater “success” in engineering programs (Chasmar, 2017; Chasmar & Benson, 2016; 

Hilpert et al., 2012; Simons et al., 2004; S. Tabachnick, 2005; S. E. Tabachnick et al., 2008). 

Learning Orientation Model 

 The Learning Orientation model classifies a students’ aim while at university into four broad 

categories: vocational, academic, personal, and social. Each of these categories is constructed with an 

internally motivated and an externally motivated dimension. Intrinsic motivation refers to a drive that 

comes from within that is independently rewarding, such as curiosity or interest, whereas extrinsic 

motivation comes from an external reward, such as high marks on a test. A description of the eight 

categories is shown in Table 7. Beaty et al. and Entwistle & Peterson both use the same Learning 

Orientation Model categories, however they each describe the “students’ concerns” slightly differently, so 

both are included in Table 7 for reference. 

Table 7  

Description of the Learning Orientation Model theoretical framework 

Orientation Interest Aim Students’ Concerns 
 

(Beaty et al., 2005) (Entwistle & Peterson, 
2004) 

Vocational 

Intrinsic 
Training Relevance of course to 

future career 
Seeking effective and 
relevant training for a 
career 

Extrinsic 
Qualification Recognition of 

qualification’s worth 
Obtaining a qualification 
of recognized worth 
 

Academic 

Intrinsic 
Intellectual 
interest 

Choosing stimulating 
lectures 

Pursuing the subject for its 
own sake 
 

Extrinsic 
Educational 
progression 

Grades and academic 
progress 

Progressing further up the 
academic ladder 
 

Personal 

Intrinsic 
Broadening or 
self-
improvement 

Challenging, interesting 
material 

Broadening own horizons 
and providing challenges 

Extrinsic 
Compensation 
or proof of 
capability 

Feedback and passing the 
course 

Compensating for past 
failures 
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Orientation Interest Aim Students’ Concerns 
 

(Beaty et al., 2005) (Entwistle & Peterson, 
2004) 

Social 
Intrinsic 

Helping others 
or contributing 
to community 

 Concern for helping people 
or contributing to society 
(Boulton-Lewis, Marton, 
Lewis, & Wilss, 2000) 

Extrinsic Having a good 
time 

Facilities for sport and 
social activities 

Enjoying opportunities for 
an active social life 

  

 This framework was chosen because it provides a broad foundation upon which to explore 

student success, while still maintaining a reasonable number of categories to investigate in a survey. The 

actual survey questions were developed using similar language to that used by Beaty et al. and Entwistle 

& Peterson to preserve the meaning as much as possible. Some were slightly modified as a result of the 

survey validation process during the pilot study. To ensure any detail and nuance was not missed by using 

a quantitative method to explore how students define their success, an open-ended question was also 

included as well. 

Future Time Perspectives 

In a study of over 15000 participants, Canadian undergraduate students tended to have vocational 

orientations while at university, so the difference in students views of their future may correlate with 

different views of success during their undergraduate degree (Canadian University Survey Consortium, 

2013). Another study correlated students success (grades) with various attitudes related to their future, 

especially their choice to pursue engineering (Felder et al., 1993). Additionally, a study of over 1400 

Canadian students showed that a prominent theme that supported a students’ success was having a strong 

future orientation (Stelnicki et al., 2015). A systematic review and meta-analysis defined Future Time 

Perspective as “a general concern for and corresponding consideration of one’s future” (Kooij, Kanfer, 

Betts, & Rudolph, 2018). Many researchers have developed many different scales under the umbrella of 

Future Time Perspective theories, focusing on different dimensions and with different interpretations. The 

scale chosen for this study is one that has already been adapted to an engineering education context and 
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been validated using factor analysis (Chasmar & Ehlert, 2018). It has been developed and adapted from 

past work including: (Chasmar & Benson, 2016; Eccles & Wigfield, 1995; Faber, Grigg, Kirn, Chasmar, 

& Benson, 2014; Husman, Lynch, & Hilpert, 2007; Husman & Shell, 2008; Kirn & Benson, 2015; Shell 

& Husman, 2001) and others.  

The Future Time Perspectives model, as described by Chasmar and Ehlert (2018), is a six-factor 

model based around a 28-question survey. The Future Time Perspectives model investigates 

undergraduate engineering students’ goals, views of the future, and the impact these goals and views of 

the future have on their actions in the present (Chasmar & Ehlert, 2018). Studies have linked students 

with a strong Future Time Perspective (strong concern and consideration for their future) to goal setting, 

self-regulation, motivation, and “success” in engineering programs (Chasmar, 2017; Chasmar & Benson, 

2016; Hilpert et al., 2012; Simons et al., 2004; S. Tabachnick, 2005; S. E. Tabachnick et al., 2008). The 

six factors in the Future Time Perspectives model are: Effect of Future on Present, Perceptions of the 

Future, Connectedness, Expectancy, Value, Perceived Instrumentality. Each of these factors are described 

below in Table 8. 

Table 8  

Description of the Future Time Perspectives theoretical framework with Cronbach’s Alpha (Chasmar & 

Ehlert, 2018) 

Factor Name Factor Description Number of Questions Construct Reliability 
Effect of Future 
on Present 

The student believes the future 
has a high impact on what the 
student does in the present. 
 

2 0.80 

Perceptions of 
the Future 

The student has a positive and 
clear outlook about the future. 
 

4 0.84 

Connectedness The person plans and thinks 
about what they want to do in 
the future. 
 

7 0.86 

Expectancy The person has expectations of 
success. 
 

5 0.91 
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Factor Name Factor Description Number of Questions Construct Reliability 
Value The person believes that goals 

attainable in the future are 
important.  
 

5 0.82 

Perceived 
Instrumentality 

The student views what they 
are doing in the present as 
useful. 

5 0.82 

 

Some of these factors were not used for the purpose of this research and some modifications were 

made to the ones that were. This will be discussed further in the next Chapter. 
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Chapter 3 

Research Methodology and Methods 

This chapter outlines the methodology, population, sample, and methods for the pilot study and 

the full study. The initial survey design and modifications made as a result of the pilot study are also 

included. 

Research Methodology 

 The methodology for the pilot study and full study are outlined and discussed. This includes 

justification for the type of research and an outline of the populations involved. The pilot study was a 

convergent parallel mixed methods study, and the full study was a quantitative research survey. The 

population for the pilot study was graduate engineering students at Queen’s University and for the full 

study was undergraduate engineering students at Queen’s University. 

Pilot Study Research Methodology 

 The purpose of the pilot study was to ensure consistent understanding of the survey questions to 

reduce measurement error and test for content coverage in order to assess and potentially increase 

reliability before running the full study. To do this, the pilot study used a convergent parallel mixed 

methods design, which is a study design that places an equal priority on the quantitative and qualitative 

portions, and merges the results during analysis to develop a more complete and valid understanding 

(Plano Clark & Creswell, 2015). This design was chosen to combine the strengths, and offset the 

respective weaknesses, of quantitative and qualitative analysis in a way that matched the intent of the 

pilot study – developing a deep, comprehensive understanding of how participants interpret and respond 

to the survey questions (Plano Clark & Creswell, 2015). Quantitative data was collected from the survey 

responses and qualitative data was collected from think-aloud cognitive interviews.  

Population 
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The population for the pilot study was the graduate engineering students at Queen’s University. 

The Queen’s school of graduate studies offers 3 different graduate study programs in engineering; two at 

the master’s level - Master of Applied Science (MASc) and Master of Engineering (MEng), and one 

Doctorate level (PhD). The MEng is nominally a one-year course-based program and the MASc is 

typically a two-year thesis-based program. The ten different engineering disciplines are the same between 

the graduate and undergraduate engineering programs. The enrolment of the graduate engineering 

programs in 2016-2017 was 365 master’s degree plus 277 doctoral students for a total of 642 students 

with 74% male and 26% female students (Common University Data Ontario (CUDO) 2017, 2017). 

Although no current data was available, the population for the 2019-2020 year is believed to be slightly 

higher than this number. The rationale for using this population for the pilot study is due to the strong 

likelihood that these students were recently undergraduate engineering students themselves, or at least had 

been at some point in their lives (undergraduate engineering students being the target population for the 

full study). Also, since participation in the pilot study would disqualify respondents from the full study, 

graduate students were used to avoid reducing the pool of potential undergraduate respondents. 

Full Study Research Methodology 

 The full study used a nonexperimental quantitative survey research design. Quantitative research 

seeks to describe trends, compare groups, and relate variables objectively, which aligns with this study’s 

purpose of exploring how students define their success so that generalizations could be made (Plano Clark 

& Creswell, 2015). The purpose of a survey research design is to describe trends and compare groups in a 

population (Plano Clark & Creswell, 2015). There are five key characteristics to this type of design: (i) 

the research problem relates to describing attitudes of a large group; (ii) there is a large sample that is 

representative of population; (iii) a survey questionnaire was used to gather information from sample; (iv) 

data is analyzed for trends; and (v) claims about trends in the larger population can be made (Plano Clark 

& Creswell, 2015). The characteristics of the author’s study align with this type of study design.  
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Ex-post facto methodology was used for data analysis because it allows for retrospective data 

analysis to establish relationships or associations, without the need for the researcher to control variables 

in an experiment (L. Cohen, Manion, & Morrison, 2007). It is possible to investigate how groups of 

students who differ by independent variable, like year of study or discipline, may differ by dependent 

variable. Therefore, this type of methodology was used because the independent variable could not be 

controlled by the researchers, and it suited the research questions investigated in this study. 

Population 

Undergraduate engineering students at Queen’s University were used as the population for the 

full study. Choosing this population aligns with the rationale for the study, part of which is collecting 

information from Canadian undergraduate engineering students. The total undergraduate engineering 

enrolment for 2019-2020 at Queen’s University was 3461 active students. The breakdown by year of 

study is shown in Table 9. Demographic data was graciously provided by Queen’s University Faculty of 

Engineering and Applied Science. 

Table 9  
Breakdown of Queen’s University undergraduate engineering student population by year of study in 
2019-2020 

Year of study Number of students Percentage of students 

1st 798 23% 
2nd 729 21% 
3rd 778 22% 
4th 718 21% 
5th+ 438 13% 
Total: 3461  

 
The student enrolment breakdown by discipline is shown below in Table 10. 
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Table 10  

Breakdown of Queen’s University undergraduate engineering student population by discipline in 2019-

2020 

Discipline Number of students 
  Percentage of students 

First Year 798 23% 
Chemical 254 7% 
Civil 317 9% 
Computer 426 12% 
Electrical 289 8% 
Engineering Chemistry 90 3% 
Engineering Physics 243 7% 
Geological 78 2% 
Mathematics Engineering 281 8% 
Mechanical 609 18% 
Mining 76 2% 

 

In the 2019-2020 school year, the engineering program had a breakdown of 71% male and 29% 

female students, and 8% international students defined by tuition type paid.  

Initial Survey Design 

 The research survey design utilized two theoretical frameworks: inspiration from the Learning 

Orientation Model (Beaty et al., 2005), and modified questions from the Future Time Perspectives model 

(Chasmar & Ehlert, 2018), as well as additional original questions. The initial survey instrument 

contained 56 closed-ended questions and 3 open ended questions split into 7 sections. Once a respondent 

moved on to a new section, they could not return to a previous one to modify their answer. The sections 

were: (i) demographics (7 items); (ii) definitions of success during engineering program, framed around 

the Learning Orientation model (17 items); (iii) open-ended definition of success during engineering 

program; (iv) modified Future Time Perspectives (21 items); (v) hypothetical definition of success during 

engineering program that would best optimize future career success, framed around the Learning 

Orientation model (9 items); (vi) open-ended vision of what success means in a future career; and (vii) 
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connection between actual definition of success in current program versus hypothetical definition of 

success in current program to maximize future career success (2 items) and an open-ended reflection on 

potential changes to their definition of success during their engineering program to increase the likelihood 

of attaining their vision of what success means in a future career. Many of these questions and prompts 

were modified before the full study as a result of information gathered during the pilot study. 

Section 1 

 Section 1 was a demographic section that included seven questions about students’ year of study, 

discipline, gender, nationality, internship completion status, scholarship status, and number of years 

between leaving high school and entering their engineering program. The literature search suggested the 

possibility of variations along the dimensions of some of these demographic variables.  

Section 2 

The purpose of section 2 was to gather information about how students define their success in 

their engineering program. The seventeen response options were inspired by the Learning Orientation 

Model (Beaty et al., 2005). The purpose of having a closed-ended section where students could define 

their success was partially to “warm up” the respondents and get them thinking broadly before answering 

section 3, a similar open-ended question. It was also for the purpose of gathering the relative importance 

of different elements of how these students could define success. There was an additional question at the 

end of the section were respondents could add their own dimension and rank it, if they felt something was 

missing. The questions in this section were prefaced with the prompt “Please rate the following criteria in 

terms of importance to your success in your current engineering program” and measured on a 7-point 

Likert scale from “extremely unfavourable for your success” to “extremely important for your success”. 

The development of the survey questions from the Learning Orientation Model can be seen below in 

Table 11. The questions are inspired by the wording of the students’ concerns for each orientation. There 

are 4 learning orientations, each with an intrinsic and an extrinsic dimension. Beaty et al. and Entwistle & 
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Peterson both use the same Learning Orientation Model categories, however they each word the 

“students’ concerns” slightly differently, so both are included in Table 11 for reference. 
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Table 11  
Development of pilot study survey questions adapted from the Learning Orientation Model 

Orientation Interest Aim 

Students’ Concerns 
 Pilot Study Survey 

Questions (Beaty et al., 2005) (Entwistle & Peterson, 
2004) 

Vocational 

Intrinsic Training 
Relevance of course to 

future career 

Seeking effective and 

relevant training for a 

career 

Seeking effective and 

relevant training for a 

career 

 

Taking courses that seem 

relevant to a desired future 

career 

 

Extrinsic Qualification 
Recognition of 

qualification’s worth 

Obtaining a qualification 

of recognized worth 

Obtaining a degree of 

recognized worth 

 

Earning a quality degree 

that will allow me to get a 

job 

 

Academic 

Intrinsic 
Intellectual 

interest 

Choosing stimulating 

lectures 

Pursuing the subject for its 

own sake 

Learning things that are 

interesting to me 

 

Choosing stimulating 

electives 

 

Extrinsic 
Educational 

progression 

Grades and academic 

progress 

Progressing further up the 

academic ladder 

Getting good grades 

 

A high GPA 
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Orientation Interest Aim 

Students’ Concerns 
 Pilot Study Survey 

Questions (Beaty et al., 2005) (Entwistle & Peterson, 
2004) 

Personal 

Intrinsic 

Broadening or 

self-

improvement 

Challenging, interesting 

material 

 

Broadening own horizons 

and providing challenges 

 

Engaging with challenging 

or interesting course 

material 

 

Broadening my knowledge 

base 

 

Extrinsic 

Compensation or 

proof of 

capability 

Feedback and passing the 

course 

Compensating for past 

failures 

Passing my courses 

 

Getting good feedback 

from professors and TAs 

 

Social 

Intrinsic 

Helping others 

or contributing 

to community 

 

Concern for helping 

people or contributing to 

society 

Helping other people and 

contributing to society 

 

Learn useful things that 

will benefit your 

community 

 

Extrinsic 
Having a good 

time 

Facilities for sport and 

social activities 

Enjoying opportunities for 

an active social life 

Enjoying opportunities for 

an active social, athletic, 

and personal life 

 

Personal happiness 
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Section 3 

 Section 3 was a single open-ended question where the respondent could describe what success 

meant to them in terms of their current engineering program. It is intended to investigate the same 

underlying question as section 2 but does so from an open-ended, descriptive perspective to gather more 

depth and breadth to the answer. 

Section 4 

 This section is 21 closed-ended questions adapted from the Future Time Perspectives model 

(Chasmar & Ehlert, 2018). Three of the six factors from the Future Time Perspectives model were utilized 

and adapted for use in this survey (Effect of Future on Present, Perceptions of the Future, and 

Connectedness). The summary of the six factors are shown in Table 12. 

Table 12  

Future Time Perspective Factors adapted for pilot study survey 

Factor Name Factor Description Use 
Effect of Future on 
Present 

The student believes the future has a high 
impact on what the student does in the 
present. 
 

Adapted for this study 

Perceptions of the 
Future 

The student has a positive and clear outlook 
about the future. 
 

Adapted for this study 

Connectedness The person plans and thinks about what they 
want to do in the future. 
 

Adapted for this study 

Expectancy The person has expectations of success. 
 

Not used in this study 

Value The person believes that goals attainable in 
the future are important.  
 

Not used in this study 

Perceived 
Instrumentality 

The student views what they are doing in the 
present as useful. 
 

Not used in this study 

 

 These factors were chosen because these three factors investigate how the present and future are 

related, which is in line with the purpose of this study. The Expectancy and Value factors are not of 

interest in this case because the purpose of the study was to investigate the connections between the 
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present and goals in the future, and not whether students think the goals are important or if they expect to 

be successful in their engineering courses. Similarly, the Perceived Instrumentality factor is not used in 

this study because the purpose of this study is not to determine if students think what they learn in their 

classes is useful for their future. The exclusion of these factors is due to the misalignment of the factors 

with the purpose of the study. 

 However, specific to the purpose of this study, it was necessary to add a factor, Present Action, 

that investigated whether or not students were actually presently taking action in regard to planning for 

their future. Do students actually feel like they are executing a long-term plan? This differs from the 

Connectedness factor because it focuses on “thinking”, while the Present Action factor explores “doing”. 

In other words, Connectedness is about making a plan for the future and Present Action is about executing 

it. The “Present Action” factor completes a circle linking it with the three factors adapted from the Future 

Time Perspective paper, shown in Figure 1 (Chasmar & Ehlert, 2018). 
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Figure 1  

Connections between Future Time Perspective factors 

 

 Further, the Perception of the Future factor in the original Chasmar & Ehlart (2018) paper only 

investigated the extent to which students wanted to be a professional engineer in the future. As a result, 

this factor was rebranded as “Perception of Engineering Future”, and a new factor was added with the 

original name “Perception of the Future”. The rationale for adding this new factor is that some 

engineering students may have a very good idea of what they want to do in the future, which may or may 

not be to become a professional engineer. By adding this new factor, it addresses those engineering 

students that are using the degree as a stepping-stone to a non-engineering career or graduate education. It 

allows the opportunity to ask the general question “Do you know what you want to do after you 

graduate?” in addition to the original, more specific factor question: “Is ‘be an engineer’ what you want to 

do after you graduate?”. All six of the final factors used for this survey are summarized in Table 13. 

Has a clear plan
for the future
(Perceptions of 

the Future)

Believes the 
plan should 

impact present 
actions 

(Effect of 
Present on 

Future)

Takes action on 
the plan for the 

future 
(Present Action)

Plans for the 
future

(Connectedness)
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Table 13  

Description of final Future Time Perspective Factors used in the study  

Factor Name Description Sample Survey Question 
Perceptions of the Future  
 

The student has a clear view of 
their future 
 

I know what I want to be 
doing in my career in 5-10 
years. 

Perception of Engineering Future 
 

The student has a clear view of 
their future as an engineer 
 

I plan to pursue a 
professional engineering 
career. 
 

Effect of Future on Present 
 

The student believes their future 
has an impact on their present 
actions 
 

My long-term goals have an 
impact on the things I do 
now. 
 

Connectedness of Present and 
Future 
 

The student plans and reflects on 
what they want to do in the future 
 

I consciously reflect on what 
I want to do after I graduate. 
 

Present Action 
 

The student actually takes action 
presently 

I am executing my long-
term plan. 
 

 

The development of the survey questions is shown below in Table 14, with questions being 

grouped by factor. Some questions were removed, added, or reworded. Further changes to some questions 

were made as a result of the pilot study for the full study. The prompt for these survey questions was: 

“Please indicate how much you agree with each of the following statements” and the question was 

measured on a 7-point Likert scale from “strongly disagree” to “strongly agree”. 

Table 14  

Adaptation of pilot study survey question from the Future Time Perspective theoretical framework 

Factor Name Original Survey 
Questions 

Action Pilot Study Survey Questions 

Effects of 
Future on 
Present 

 

My future career 
determines what is 
important in this 
course.  
 

Adapted 
(Made less 
course-specific) 

My future career determines what is 
important in my courses. 

My future career 
influences what I 
learn in this course 
 

Adapted 
(Made less 
course-specific) 

My future career influences what I 
learn from my courses. 
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Factor Name Original Survey 
Questions 

Action Pilot Study Survey Questions 

 Added My long-term goals have an impact on 
the things I do now. 
 

Perceptions of 
the Future 

 

I want to be an 
engineer.  
 

Adapted 
(Made more 
specific) 

I plan to pursue a professional 
engineering career. 
 

Engineering is the 
most rewarding 
future career I can 
imagine for myself.  
 

Used Engineering is the most rewarding 
future career I can imagine for myself.  
 

My interest in an 
engineering major 
outweighs any 
disadvantages I can 
think of.  
 

Used My interest in an engineering major 
outweighs any disadvantages I can 
think of.  
 

 Added I am sure of what I want to do when I 
graduate.  

 Added I know what I want to be doing in my 
career in 5-10 years.  

I am confident about 
my choice of major.  
 

Removed 
(Low factor 
loading) 

  

Connectedness 
 

I have been thinking 
a lot about what I am 
going to do in the 
future.  
 

Adapted 
(Included more 
active language 
and modified 
timing to be more 
specific)  

I consciously reflect on what I want to 
do after I graduate. 
 

What will happen in 
the future is an 
important 
consideration in 
deciding what action 
to take now.  
 

Adapted 
(Made more 
specific) 

I actively consider my long-term 
success in my day-to-day decisions 
and choices. 
 

I don't think much 
about the future.   
 

Used I don't think much about the future.   
 

I don't like to plan 
for the future.  
 

Used I don't like to plan for the future.  
 

One shouldn't think 
too much about the 
future.  
 

Used One should not think too much about 
the future.  
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Factor Name Original Survey 
Questions 

Action Pilot Study Survey Questions 

It is important to 
have goals for where 
one wants to be in 
five or ten years.  
 

Used It is important to have goals for where 
one wants to be in 5 to 10 years.  
 

One should be taking 
steps today to help 
realize future goals.  
 

Used One should be taking steps today to 
help realize future goals.  
 

Planning for the 
future is a waste of 
time.  
 

Removed 
(Low factor 
loading) 

 

What might happen 
in the long run 
should not be a big 
consideration in 
making decisions 
now. 

Removed 
(Low factor 
loading) 

 

Present Action 

 Added I am executing my long-term plan. 
 

 Added I make thoughtful decisions about how 
I spend my time so I can maximize my 
future success. 
 

 Added I invest my efforts strategically with 
my long-term success in mind. 
 

 Added The choices I make now are based 
more on my short-term success than 
my success 5 to 10 years after 
graduation. 
 

 Added The day-to-day decision I am currently 
making will benefit my long-term 
success. 
 

 

Section 5 

 Section 5 reviews how students perceive that focusing on items in the Learning Orientation 

Model will lead to future career success. In essence, this section gives students an opportunity to outline 

their hypothetical definition of success during their undergraduate engineering degree that would 
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maximize their future career success. In a way, it is “what they should ideally be doing” while at school. 

This section mirrors Section 2, with half of the prompts being repeated – one from each of the 8 elements 

of the Learning Orientation Model. The prompt for this section is: “To what degree do you think that 

focusing on each of the following criterion during your current engineering program will lead to your 

future career success?”, and the questions were scored on a 7-point Likert scale from “Extremely 

unfavourable for your success” to “Extremely important to your success”. The ninth prompt presents an 

opportunity to add to the list of prompts and rank accordingly. 

Section 6 

 This section is a single open-ended response question about how students envision their success 

in their careers 5-10 years after graduation. This section is included to compare how students envision 

their future career success to how they define their success in their undergraduate engineering degree. In 

particular, to compare the prevalence of extrinsic motivation and measures in the success definitions. It is 

also included for the purpose of the questions in Section 7, where respondents are asked if they feel their 

current definition of success in their undergraduate degree will maximize their ability to achieve future 

career success, however they have chosen to define it here in Section 6. 

Section 7 

  Section 7 includes 2 closed-ended question and 1 open-ended response. This section makes 

connections between other sections in the survey. The closed-ended questions ask about connections 

between how students define their success in their current engineering program (Section 2 & 3) and how 

students envision their success in their future career (Section 6). For instance, it includes an open-ended 

question asking what changes the student feels they could make to their current actions to maximize their 

future career success. Another asks if they could change their definition of success during their 

undergraduate engineering degree to better align with their vision of future success.  These questions are 

meant to insight some reflective thinking in the respondent.   
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Ethical Clearance 

Ethical clearance for this study was obtained from the Queen’s General Research Ethics Board 

(GREB) prior to any data collection activities. The Queen’s GREB ethical clearance documentation is 

included in Appendix A. 

Pilot Study Methods and Results 

The methods and results for the quantitative and qualitative portions of the pilot study are 

outlined in this section. This includes the sample demographics, data collection, analysis, and updates and 

improvements to the initial survey instrument. 

Sample 

The pilot study was conducted using convenience sampling of graduate engineering students at 

Queen’s University. Participants were recruited to complete the research survey by emails distributed by 

the graduate assistants of each engineering department. The template for the emails that were sent are 

included in Appendix A. At the end of the survey, participants were asked if they would be interested in 

participating in the qualitative portion of the pilot study and were subsequently contacted by email to 

coordinate an interview. No financial incentive was used.  

Quantitative Analysis Sample Demographics 

There were 21 total responses to the pilot study survey, with n = 19 fully completed responses. 

The two partially completed responses both exited the survey at the same point, after the second page of 

the survey. The first page consists of demographic information, and the second page begins the Likert-

type survey questions. Since the survey has seven pages, the two incomplete responses were omitted from 

the data analysis due to the large amount of information missing. The demographics for the pilot study 

survey are shown in Table 15. 
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Table 15  
Demographic information for the pilot study survey 

Independent Variable Group n % 
Gender Male 10 53 
 Female 9 47 
 Other 0 0 
Degree Program MASc 14 74 
 MEng 2 11 
 PhD 3 16 
Discipline Chemical 1 5 
 Civil 6 32 
 Computer 1 5 
 Electrical 0 0 
 Engineering Chemistry 0 0 
 Engineering Physics 2 11 
 Geological 1 5 
 Mathematics Engineering 1 5 
 Mechanical 7 37 
 Mining 0 0 
Nationality Domestic 16 84 
 International 3 16 

  

Table 15 shows that the proportion of female respondents (47%) is higher than the proportion of 

female graduate engineering students (26%) (Common University Data Ontario (CUDO) 2017, 2017). 

Additional demographic information for the pilot study is shown in Table 16. 

Table 16  

Additional demographic information for the pilot study survey 

Independent Variable Group n % 
Completion of Internship 
During Undergraduate 
Degree 

Yes 
 1 5.3 

No 
 18 94.7 

Holding Financial Support 
Scholarship Requiring 
Minimum GPA to Maintain 

Yes 
 1 5.3 

No 
 18 94.7 

Undergraduate Engineering 
Degree Start Within 2 years 
of Finishing High School 

Yes 
 18 94.7 

No 
 1 5.3 
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Qualitative Analysis Sample Demographics 

The qualitative analysis was completed with 4 participants. There were two male and two female 

respondents. Three engineering disciplines were represented- mechanical engineering (twice), 

engineering physics, and computer engineering. There was representation from two degree programs: 

MASc and PhD. Gathering responses from students with varying levels of English proficiency or from 

international students was kept in mind but was ultimately constrained by the availability of willing 

participants. 

Instruments 

 The quantitative portion of the pilot study used the initial survey instrument to collect quantitative 

data, while the qualitative portion used think-aloud interviewing. The think-aloud interviews are a form of 

cognitive interviewing that comes from the field of psychology. It helps researchers understand how 

survey respondents answer survey questions by allowing a direct study of the question-and-answer 

process (Collins, 2003; Hofmeyer, Sheingold, & Taylor, 2015). The model outlines four distinct mental 

process a respondent uses to answer a survey question: (i) comprehension; (ii) retrieval of necessary 

information; (iii) judgement about information needed to answer question, and (iv) answer the question 

(Collins, 2016). This process is iterative and not necessarily linear, and can be moderated by things like 

social acceptability, image-preservation, opinions, or judgement short-cuts (Couper & Groves, 1992; 

Goffman, 1959). Social acceptability and image-preservation are more profound in face-to-face 

interviewing than in survey responses (Green & Krosnick, 1999). Therefore, the actual answers the think-

aloud participants gave to the survey questions were either not recorded or not asked to minimize these 

potential filters that could arise from a face-to-face interaction, and this consideration would be 

minimized for the full study since it is an anonymous online survey. Additionally, the contents and 

purpose of the survey are non-threatening, which further eliminates this filter (Kreuter, Presser, & 

Tourangeau, 2008; Lind, Schober, Conrad, & Reichert, 2013). Judgement short-cuts are reduced by the 

choice to avoid survey questions related to the frequency of behavior by, for example, having respondents 



 

 

 

46 

agree or disagree with the statement “I make thoughtful decisions about how I spend my time so I can 

maximize my future success” instead of asking respondents to quantify the number of thoughtful 

decisions made per week, as it is likely that a judgement short-cut would be used (Blair & Burton, 1987; 

Sudman & Schwarz, 1989). 

 There are two techniques used in cognitive interviewing: “thinking-aloud”, and probing (Collins, 

2003). Probing is driven by the researcher and thinking-aloud is driven by the participant, and both can be 

combined into a single interview. Think-aloud protocol involves asking the participant to “think-aloud” as 

they review and answer each question in the survey, while probing involves the researcher asking the 

participant questions (probes) to encourage elaboration. This can be used to investigate and seek to reduce 

potential sources of  measurement error such as: (i) question comprehension issues; (ii) validity issues and 

discrepancies around question interpretation; and (iii) difficulties (or unwillingness) with cognitive 

process (Oksenberg & Kalton, 1991). A 60-minute semi-structured interview was used to conduct the 

think-aloud and probing process. The interview began with a discussion of the intent of the interview, 

followed by an example of the think-aloud process, shown in Appendix B. Finally, the cognitive 

interview began with comprehension and retrieval probes being used when necessary to better understand 

participants’ thought process. These cognitive interviewing techniques have been used before successfully 

in engineering education research to validate a survey instrument in such papers as: (Lanziner & Strong, 

2017; Smith & Strong, 2018; Trenor, Miller, & Gipson, 2011). 

Data Collection 

 Data for the quantitative portion was collected using the online survey platform Qualtrics. A link 

to the survey was forwarded to all of the graduate engineering students at Queen’s University in a 

standardized email that included the letter of information. The letter of information was also included on 

the first page of the survey, along with a consent option. Participants were under no obligation to answer 

any of the questions in the survey or to finish it and could exit at any time. After completing the survey, 

participants were asked if they would be willing to provide their name and email in a separate survey to 
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be contacted for a think-aloud interview. A separate Qualtrics survey link was used to collect contact 

information so that the participants’ identity could not be linked to their responses. Those who provided 

their contact information were emailed to ask if they would be willing to set up a meeting to conduct a 60-

minute in-person cognitive interview. Participants were provided with a letter of information for the 

interview. The interviews were audio recorded and some notes were taken to augment the recording. 

Participants were asked to generate their own pseudonym to maintain anonymity of participants (any 

names used in this thesis are pseudonyms). The interview recordings were later fully transcribed. All of 

the letter of information documentation and email templates can be found in Appendix A. 

Data Analysis Procedure 

 The quantitative data was analyzed separately from the qualitative data. Due to the limited 

response rate, analysis was constrained to descriptive statistics including skewness and kurtosis to assess 

the normality of data (Field, 2018). Additionally, the maximum and minimum response values were very 

telling. The qualitative data was analyzed question-by-question to address potential sources of 

measurement error (Collins, 2003). 

Pilot Study Results 

 The descriptive statistics for the quantitative analysis are shown in Appendix B. Also, a detailed 

question-by-question analysis of the think-aloud interviews is shown in Appendix B. The standard error 

of the skewness and kurtosis were 0.52 and 1.01 respectively. An acceptable value for the skewness and 

kurtosis is within +/- 1.98x for significance at p =0.05, making the acceptable ranges for skewness and 

kurtosis +/- 1.04 and +/- 2.00 respectively (Field, 2018). Most of the survey items fell within these ranges, 

although seven questions had skewness that deviated from normality and three had kurtosis that deviated 

from normality, affecting a total of seven questions.  

 The question-by-question analysis of the interview questions identified three key areas for 

improvement: (i) imprecise wording; (ii) biased phrasing; and (iii) lacking context.  
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First, the analysis illustrated variability in interpretation of several questions due to imprecise 

wording. An example of this was the question: “I don’t think much about the future”. Participants all 

interpreted what “the future” meant in a different way, with differences ranging from 1-10 years in the 

future and ranges of scope of the future. Some interpreted the question as “the future [of the world]” 

rather than their personal future. So, the question was modified to be more precisely targeted to a personal 

future: “I don’t think much about my future”.  

Next, biased question phrasing was something initially discovered during the quantitative analysis 

of the survey responses and was further explored and verified during the think-aloud interviews. The 

quantitative data showed that there were certain questions that were garnering no negative responses- no 

one wanted to disagree with the prompt. This was confirmed in the think-aloud interviews, where Nesta 

said “I wouldn’t ever say it is unfavourable to my success, but [it might just be] not as relevant”. It was 

clear that the word “unfavourable” was biasing respondents away from choosing a negative to that 

question, so any mention of that word was removed. 

  Finally, some questions lacked context, especially related to the intended scope of thinking 

required. An example is the question: “Learning things that are interesting to me [will lead to future 

career success]”. All of the participants discussed how learning things in general could lead to their future 

career success, but the intent of the question was to constrain their thinking to only things learned during 

their engineering degree. This prompted a rephrasing of the question to “Learning things during my 

current engineering program that are interesting to me [will lead to future career success]” to maintain the 

focus on the intended context. 

 The qualitative and quantitative analysis were interpreted together to inform the changes made to 

the initial survey instrument. One of the most major changes to the survey was the rephrasing of the 

prompt for section 2 and 5 to use a traditional 7-point Likert scale ranging from “strongly disagree” to 

“strongly agree”. Also, use of the term “the future”, and other similar terms were better standardized to be 

more consistent. Overall, one question was added and 15 were amended, representing direct 
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improvements to almost 25% of the survey questions. The prompt for two sections were changed, 

resulting in indirect improvements to nearly 50% of the survey. This strongly supports the value of the 

time and effort invested in the pilot study. The modifications to all questions are shown in Appendix B. 

Full Study Survey Instrument 

 The full survey contained 57 closed-ended questions and 3 open ended questions split into 7 

sections. The sections were the same as the pilot study (i) demographics (8 items); (ii) definitions of 

success during engineering program, framed around the Learning Orientation model (17 items); (iii) 

open-ended definition of success during engineering program; (iv) modified Future Time Perspectives (21 

items); (v) hypothetical definition of success during engineering program that would best optimize future 

career success, framed around the Learning Orientation model (9 items); (vi) open-ended vision of what 

success means in a future career; and (vii) connection between actual definition of success in current 

program versus hypothetical definition of success in current program to maximize future career success (2 

items) and an open-ended reflection on potential changes to their definition of success during their 

engineering program to increase the likelihood of attaining their vision of what success means in a future 

career. Once a respondent moved on to a new section, they could not return to a previous one to modify 

their answer. All Likert-style questions used a 7-point “strongly disagree” to “strongly agree” scale to 

minimize confusion. The questions in Section 2, 4, and 5 were randomized to minimize survey bias. The 

full survey instrument can be found in Appendix C.  

Validity of Instrument 

Validity is a measure of how well a survey measures what it sets out to measure (Litwin, 1995). 

There are a number of different types of validity, with the ones of importance to this study being face 

validity and content validity. Face validity involves a review of how appropriate the questions in a survey 

are, as assessed by individuals with no training in the area (Litwin, 1995). This was established through 

the think-aloud interviews in the pilot study. Content validity involves a review of how appropriate the 

questions in a survey are, as assessed by those with training in the area (Litwin, 1995). This was 
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established through utilization of already validated instruments during the development of the survey and 

through two-step review by an engineering education research colleague, and then an engineering 

education research expert. Criterion validity and construct validity were not assessed for this instrument 

because there is no pre-existing “gold-standard” measure of the same variables to compare with, and there 

is not time during this research study to collect years of experience with the instrument between numerous 

investigators (Litwin, 1995). 

Reliability of Instrument 

 Reliability is a measure of how reproducible the results from a survey instrument are (Litwin, 

1995). Like validity, there are a number of different types of reliability, with the one of importance to this 

study being internal consistency. Internal consistency, the measure of how well items in a scale vary 

together, was assessed using the data from the full study (Litwin, 1995). Alternate-form reliability was not 

assessed for this instrument because it would have required distributing multiple versions of the survey, 

with questions reworded using the same reading level and targeting the same specific variable (Litwin, 

1995). Furthermore, test-retest reliability was not assessed for this instrument because that was not the 

purpose of this study. It would have required a group of participants to complete the survey multiple 

times to check the stability of answers over time (Litwin, 1995). 

Fairness of Instrument 

 Instrument fairness identifies if, with an alternate survey or under different testing conditions, an 

individual or group may have fared better in responding to the survey (Camilli, 2013). There are two 

different types of instrument fairness, individual fairness and group fairness. Individual fairness was an 

important consideration as is better known as equity (rather than equality). Individuals could choose the 

location where they could respond to the survey to suit their needs, and there was no time limit. As well, 

the standardized format made for an equal experience, but an equitable experience could be achieved by a 

participants choice to use accessibility features of their phone or laptop, to increase the text size or read 

text aloud, for example (Camilli, 2013). Group fairness was considered through an effort to make the 
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survey questions as understandable to the widest range of respondents as possible by conducting think-

aloud interviews. Also, questions related to gender were non-binary, and included a ‘self-identification’ 

and a ‘prefer not to answer’ option. 

Full Study Methods 

 In this section the methods for the full study are outlined, including the data collection methods, 

the sample demographics, and the data analysis procedure. 

Data Collection 

 Ethical clearance was obtained for all modifications to the survey instrument as a result of the 

pilot study, and this documentation can be found in Appendix A. Data was collected for the full study 

from undergraduate Queen’s university engineering students. Emails were sent to ask each discipline’s 

undergraduate assistant to voluntarily forward a recruitment email to the undergraduate students in their 

discipline. Each email included a letter of information and a link to the survey, hosted on the online 

survey platform Qualtrics. Short classroom talks were also used to recruit participants. Similar to the pilot 

study, the first page of the survey held a letter of information and consent form. The survey was voluntary 

and anonymous, and participants could skip any question or exit the survey at any time. The recruitment 

emails for the full study along with the letter of information are included in Appendix A. 

Sample 

The survey was opened 310 times and a total of n=266 responses to the survey were recorded. 

Not all of these responses were fully completed as some participants dropped out of the survey part way 

through. These participants had completed all of the question in the survey up until the point that they 

dropped out, so these partial survey responses were still used in the numerical analysis. These responses 

were retained for descriptive statistics because some of the analysis is self-contained for each survey 

section, so a participant who fully completes a certain section, but does not continue on to complete any 

other section still provides valuable data to analyze. There were 231 participants that completed the full 

survey. Any participant that only completed survey section 1 was not included in the response rate of the 
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survey as section 1 was the demographic section, which does not provide any valuable information for 

numerical analysis purposes. The breakdown of survey completion is shown in Table 17 

Table 17  

Breakdown of amount of survey completion 

Amount of survey completed n %  
Completed to end of Section 2 11 4 
Completed to end of Section 3 17 6 
Completed to end of Section 4 4 2 
Completed to end of Section 5 1 1 
Completed to end of Section 6 2 1 
Completed full survey 231 87 
Total responses: 266  

 

An overall response rate 8% of was achieved. This response rate was achieved in part through the 

short classroom talks done to explain the value of the research to students and ask if they would be 

willing to complete the survey. In some cases, instructors provided time during the class for students to 

optionally complete the survey. The distribution of the sample by independent variable is shown below 

Table 18. 

Table 18  

Original demographic distribution of full study 

Independent Variable Group n % 
Gender Male 156 59 
 Female 106 40 
 Prefer not to specify 2 1 
 Non-Binary 2 1 
Year of Study 1st  93 35 
 2nd 82 31 
 3rd 38 14 
 4th 35 13 
 5th +  17 6 
 Did not specify 1 0 
Discipline Chemical 45 17 
 Civil 26 10 
 Computer 29 11 
 Electrical 17 6 
 Engineering Chemistry 11 4 
 Engineering Physics 28 11 
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Independent Variable Group n % 
 Geological 12 5 
 Mathematics Engineering 20 8 
 Mechanical 70 26 
 Mining 7 3 
 Did not specify 1 0 

 
 This sample includes a significantly higher percentage of females than the general Queen’s 

engineering population (!! =16.68, p<.0001). Also, it is clear that first- and second-year students are 

overrepresented. The representation by discipline is not proportional (although it is not far off), with a 

slight overrepresentation from chemical and underrepresentation from computer and electrical.  

The demographic data for the year of study was modified to include fourth and fifth years into the 

same category because there were not enough fifth year responses to provide a high enough sample size 

for high confidence-level results for that category. Additionally, the level of maturity between a fourth-

year student and a fifth-year student is similar by that point in a student’s university career. The modified 

year of study categories are shown in Table 19. 

Table 19  

Modified year of study categories response distribution 

Year of Study n % 
1st  93 35 
2nd 82 31 
3rd 38 14 
Final = 4th & 5th + 52 20 
Total: 265   

 

The demographic data for engineering discipline was also modified and was categorized into five 

groups: (i) Chemical, including Chemical Engineering, (ii) Earth-based, including Civil Engineering, 

Geological Engineering, and Mining Engineering, (iii) Electrical and Computer Engineering (ECE), 

including Electrical Engineering and Computer Engineering, (iv) Engineering Science, including 

Engineering Physics, Engineering Chemistry, and Mathematics Engineering, and (v) Mechanical, 

including Mechanical Engineering. The demographic breakdown is shown below in Table 20.  
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Table 20  

Modified engineering discipline categories response distribution 

Discipline 
Categories 

Disciplines Included n %  

Chemical Chemical 45 17 
Earth-based Civil, Geological, and Mining 45 17 
ECE Computer and Electrical 46 17 
Engineering Science Engineering Physics, Engineering 

Chemistry, and Mathematics Engineering 59 22 

Mechanical Mechanical 70 26 
Total: 265  

 

This breakdown was chosen to group like disciplines together and to equalize the number of 

responses in each category as much as possible. These groups also clustered disciplines that share similar 

attitudes and mindsets. Engineering Chemistry is grouped in the Engineering Science category rather than 

the Chemical category because it shares the similarity of a partnership with a science department and it 

also shares similar attitudes toward this research topic, described in Table 21. Geological Engineering is 

grouped with the Earth-based category, despite the science department partnership, because Geological 

students share many similarities with the Civil and Mining students, including their attitudes toward this 

research topic. The similarities between disciplines can be characterized by the responses to the question 

“How much do you agree that getting good grades is important for how you define your success in your 

current engineering program”, which is a characteristic question for this research topic. Clearly, Mining, 

Geological, and Civil are grouped on the lower end of the spectrum and Engineering Chemistry, 

Engineering Physics, and Mathematical Engineering are grouped at the higher end. The ranked responses 

grouped by discipline are shown below in Table 21. 

Table 21  

Engineering disciplines ordered from least to most by the degree that “Getting good grades” is important 

for how they define their success during their undergraduate engineering program. 

Discipline Mean SD 

Mining 4.71 2.43 

Geological 4.91 1.14 
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Discipline Mean SD 

Mechanical 5.44 1.40 

Civil 5.50 1.11 

Chemical 5.53 1.41 
Computer  5.66 0.90 

Electrical 5.82 1.02 

Engineering Chemistry 5.82 0.98 

Engineering Physics 5.89 0.88 

Mathematics Engineering 6.10 0.79 
 

 The final demographic category breakdown is shown in Table 22 

Table 22  

Final demographic distribution of full study 

Independent Variable Group n % 
Gender Male 156 59 
 Female 106 40 
 Prefer not to specify 2 1 
 Non-Binary 2 1 
Year of Study 1st  93 35 
 2nd 82 31 
 3rd 38 14 
 4th+ 52 20 
 Did not specify 1 0 
Discipline Group Chemical 45 17 
 Earth-based 45 17 
 ECE 46 17 
 Engineering Science 59 22 
 Mechanical 70 26 
 Did not specify 1 0 

 

Students may take longer than the standard 4 years to complete their degree as part of a dual-

degree program, internship, exchange, reduced course load, or to repeat courses. Additional demographic 

information is shown below in Table 23. 

Table 23  

Additional demographic information of full study 

Independent Variable Group n % 
Nationality Canadian 249 94 
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Independent Variable Group n % 
 International 

 
Botswana 
China 
Egypt 
India 
New Zealand 
Syria 
USA 
Unspecified 

16 
 
(1) 
(7) 
(1) 
(1) 
(1) 
(1) 
(1) 
(3) 
 

6 

 Did not specify 1 0 
Internship Status Completed internship 17 6 
 Did not complete internship 249 94 
Scholarship Status Holds renewable academic-

based financial scholarship 
35 13 

 Does not hold renewable 
financial scholarship 

231 87 

Approximate Age Began undergrad >2 years 
after high school 

13 5 

 Began undergrad 
immediately after high 
school 

252 95 

 Did not specify 1 0 
Type of Student Plans to pursue grad school 74 28 
 Does not plan to pursue grad 

school 
192 72 

 

Data Analysis Procedure 

Multiple phases of qualitative and quantitative data analysis were completed: (i) the descriptive 

statistics for how undergraduate engineering students define their success during their current program 

and what they think will lead to their future success were analyzed; (ii) the scale reliability of the 

Learning Orientation model was assessed using Cronbach’s Alpha; (iii) the effects of year of study, 

discipline, nationality, gender, internship completion, scholarship status, age, and intention to pursue 

graduate studies on how undergraduate engineering students define their success during their current 

program were examined using independent sample t-tests, and ANOVAs; (iv) the effects of the same 

demographic factors on what undergraduate engineering students think will lead to their future career 

success were examined using independent sample t-test and ANOVAs; (v) an exploratory factor analysis 
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was completed on the Future Time Perspective questions; (vi) the effect of the Future Time Perspective 

factors on how students define their success during their current program and what students think will 

lead to their future career success were examined using ANOVAs. All quantitative data was analyzed 

using SPSS and Microsoft Excel was used to organize the qualitative responses and record codes. 

Scale Reliability 

The scale reliability of the Learning Orientation model survey questions was assessed using 

Cronbach’s Alpha. Values of 0.7 or above are widely considered acceptable, but values as low as 0.5 will 

suffice in the early stages of research (Field, 2018, p. 602; Nunnally, 1978). Cronbach’s Alpha is a 

measure of the reliability of a scale, or unidimensionality. When interpreting Cronbach’s Alpha values, it 

must be noted that the value of Cronbach’s Alpha increases with the number of items in a scale. 

Inferential Statistics 

A 95% confidence interval was used for all inferential statistics. Independent sample t-test were 

completed for independent variables with only two categories, and one-way independent ANOVAs were 

completed for the independent variables with more than two categories. The t-test completed were 

Welch’s t-tests that do not assume equal variance, as recommended by Field (2018). These tests are 

robust when used with Likert data (Carifio & Perla, 2007). 

Levene’s test is often used to test the equality of variance between groups before doing an 

ANOVA test, because the ANOVA test assume equal variances between groups. However, Levene’s test 

is not robust when used on samples with unequal group sizes (Field, 2018, p. 195). When dealing with 

data sets with unequal group sizes, such as this one, it is good practice to ignore the result of Levene’s test 

and to confirm the results of the ANOVA using Welch’s Robust Test of Equality of Means, which is a 

comparable test to an ANOVA that does not assume equal variance.  Therefore, all ANOVAs were 

verified using Welch’s Robust Test of Equality of Means because Welch’s test is more robust than an 

ANOVA and is designed to be accurate when the group variances are not equal (Field, 2018). The results 

of both the ANOVA and the Welch’s test are included for completeness. For ANOVAs that were 
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confirmed with the Welch’s test to have found a statistically significant difference in the equality of 

means, post-hoc testing was conducted. Hochberg’s GT2 was used since the sample sizes were very 

different (Field, 2018). Field recommends running the Games-Howell post-hoc test in addition to any 

other test because of the uncertainty of knowing whether the population variances are equivalent, and 

therefore this test was completed as well to verify the result of the Hochberg’s GT2 test (Field, 2017, p. 

407). The effect size, Cohen’s d, was calculated for each difference found. A value of Cohen’s d is 

considered negligible if less than 0.2, small if between 0.2 and 0.5, medium between 0.5 and 0.8, and 

large above 0.8 (J. Cohen, 1988). 

Due to the number of number of tests that were executed, concerns about an elevated risk of false 

positives arose. There were 24 survey questions tested against 7 independent variables (2 demographic 

and 5 Future Time Perspectives) using ANOVA tests, and the same 24 survey questions tested against 6 

independent variables (all demographic) using t-tests, for a total of 312 tests. Using a multivariate 

ANOVA is not recommended as a method to reduce false positives in this case because there is no valid 

theoretical or empirical basis for the use of a MANOVA (Field, 2018, p. 541). Using a p-value of .05 as a 

“hard cut-off” to determine statistical significance is not a high enough burden of proof and would lead to 

an unacceptably high false positive rate for this study and lower chances of reproducibility (Benjamin et 

al., 2018). In fact, using any binary decision based on any specific p-value is not recommended; instead 

all of the evidence should be assessed to determine significance (Crane, 2018; Trafimow et al., 2018). 

Additional factors such as the quality of the study design and validation, and cumulative evidence from 

multiple studies should be used to evaluate the strength of evidence (Trafimow et al., 2018). So, for t-

tests, p values less than .05 will be considered suggestive, and p values below .01, in combination with an 

adequately high effect size, will be considered highly suggestive in the discussion of the results (Chapter 

5). To assess the confidence in the results of the ANOVA tests the following six-step procedure was used: 

(i) eliminate questions with ANOVA significance over p = .05, (ii) eliminate remaining questions with 

Welch’s robust test of equality of means significance greater than p = .05, (iii) eliminate remaining 
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questions with Hochberg’s GT2 post-hoc test significance greater than p = .05, (iv) eliminate remaining 

questions with Games-Howell post-hoc test significance greater than p = .05, (v) raise the required 

significance and eliminate remaining questions with Hochberg’s GT2 post-hoc test significance greater 

than p = .01 (which is the primary post-hoc test), and (vi) eliminate questions with effect size less that d = 

0.60. Any values that are close to one of these cut-offs may be preserved by discretion, as the blind 

application of p values and effect sizes is not suggested (Trafimow et al., 2018). This method addresses 

the concern of an elevated false positive rate by applying a conservative approach to eliminating findings 

that do not have a strong quantitative backing while maintaining statistically suggestive findings in the 

reporting by initially using a significance value of p < .05 and later applying the more conservative p < 

.01. The final significance value of p < .01 was chosen as a standard conservative significance value to 

balance the risk of false positives and false negatives. The effect size of d = 0.60 was chosen as a 

conservative minimum standard compared to the minimum of d = 0.50 for a “medium” effect size. Steps 

i-iv will be reported in the Results chapter, and steps v and vi will be applied to results discussed in the 

Discussion chapter. Further discussion of the strength of evidence will be discussed on a case-by-case 

basis. 

Exploratory Factor Analysis 

An exploratory factor analysis was completed for the Future Time Perspective questions to 

identify clusters of variables that represent latent variables (factors). This was done to investigate if the 

intended FTP constructs were being measured by the survey instrument. Factor analysis has three main 

uses: “(i) to understand the structure of a set of variables, (ii) to construct a questionnaire to measure an 

underlying variable, and (iii) to reduce a data set to a more manageable size while retailing as much of the 

original information as possible” (Field, 2018, p. 571). Each of these three main uses was used for the 

purpose of this study, to understand the underlying structure of the Future Time Perspective survey 

questions and construct further questions to measure an underlying variable (since some were modified 

and added from the original study - (Chasmar & Ehlert, 2018)), as well as reduce the data set into factors 
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used to measure differences along in how undergraduate engineering students define their success in their 

current degree program. 

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was calculated to determine 

sample size adequacy. A general rule of thumb is that more samples is better for an exploratory factor 

analysis. KMO values can be interpreted along the following guidelines: (i) marvelous for values in the 

0.90s., (ii) meritorious for values in the 0.80s, (iii) middling for values in the 0.70s, (iv) mediocre for 

values in the 0.60s, (v) miserable for values on the 0.50s, and (vi) unacceptable for values below 0.5 

(Field, 2018; Kaiser & Rice, 1974).  

Maximum likelihood factor extraction was used for this analysis, as recommended by Field 

(2018) for the ability to generalize from the sample to the population. Initially, the oblique factor rotation 

Direct Oblimin was used to determine the magnitude of correlations between factors. The correlation 

between factors was small so the orthogonal rotation Varimax was used for the analysis as recommended 

by Field (Field, 2018, p. 581; Pedhazur & Schmelkin, 1991). Orthogonal rotation is preferred, when 

possible, because the factors are easier to interpret because there is no correlation between factors (Field, 

2018). Factor loadings with values over 0.4 were retained since that explains a minimum of 16% of the 

variance in the variable (Stevens, 2002). To determine the number of factors to retain, the factors with 

eigenvalues over one were retained with the result being verified by examining the turning point of the 

screen plot. 

The reliability of each factor was assessed using Cronbach’s Alpha. Unweighted average scores 

were calculated for each factor from the highly loaded items, which allowed for easy interpretation as the 

factor scores lie on the same scale as the scores for the original questions. Descriptive statistics for each 

factor score were calculated. 

Qualitative Data Analysis 

Qualitative data was collected from open-ended questions within the survey instrument. There 

were two questions that offered respondents an opportunity to add an item they felt was missing from a 
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Likert-style list of questions and score it accordingly on the Likert scale. Three open response questions 

were also included. The two “add-an-item” questions had very few responses, so the results were 

presented without the need to generate themes. The open-ended questions were analyzed using inductive 

coding in Microsoft Excel, where themes are generated from the data itself, rather than applying a 

predetermined list of codes to the data  Inductive coding is commonly used in qualitative data analysis to 

condense and summarize raw textual data in a way that allows findings to emerge from the dominant 

themes in the data (Thomas, 2006).  For these questions, the first pass involved simply reading all of the 

responses to become familiar with the responses. Themes were developed and applied during the second 

pass. After the second pass, themes were assessed for overlap and redundancy, and adjusted or combined 

accordingly. Then, and a third pass was done to double check the application of the codes. Finally, a 

frequency analysis was conducted to indicate the most common factors. 
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Chapter 4 

Results 

This chapter outlines the results of the full study. This includes descriptive statistics and results of 

t-tests, ANOVAs, and exploratory factor analysis.  

The descriptive statistics for all survey questions is shown in Appendix C, including mean, 

standard deviation, skewness and kurtosis. All survey questions statistically significantly deviate from a 

normal distribution, as confirmed by Shapiro-Wilk tests, Kolmogorov-Smirnov tests and inspecting the P-

P plots. The tests are shown in Appendix C. The deviations from normality are in the form of skewness, 

not bimodal distribution. This is not surprising nor important for the analysis because with a large sample 

size such as this, these statistical tests can be significant even for small unimportant effects, and, as the 

sample size increases, the assumption of normality matters less because the sampling distribution will be 

normal (regardless of the sample shape) (Field, 2018, p. 176, 187, 397). This is known as the central limit 

theorem. In data sets that are sufficiently large and with participants sampled randomly from the 

population, robust statistical tests have superseded the use of non-parametric testing if there is any 

question about data normality (Field, 2018, p. 213). Field suggests that a commonly accepted “big 

enough” sample size is 30, with 100 being better, and up to 160 being necessary for heavily tailed 

distributions (Field, 2018, p. 177). Therefore, the sample size for this work of n = 266 is sufficiently large 

to use robust parametric tests such as Welch’s Robust Test of Equality of Means (in place of an ANOVA) 

and Welch’s t-test (in place of Student’s t-test). 

Survey Section 2 Results 

 The survey results from Section 2 are presented, including the criteria ranked by importance of 

how engineering students define their success during their degree, as well as the Learning Orientation 

model subscale reliability analysis. This section addresses how undergraduate engineering students define 

their success during their current engineering program. 
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Descriptive Statistics 

The mean of the response value for each of the Learning Orientation model questions in Section 2 

was calculated, along with the standard deviation. A Likert scale was used for this section instead of an 

ordinal scale to capture the absolute difference in importance between each criterion rather than simply 

the relative importance. The responses are ordered by mean from highest to lowest in Table 24 to show 

the absolute difference in importance of each criterion to how undergraduate engineering students define 

their success during their program. The standard deviations for the more highly ranked questions tend to 

be smaller, likely due to a ceiling effect.  

Table 24  

How engineering students define their success during their undergraduate degree with criteria ordered 

from most important to least important 

Question 
Number 

Question: Mean SD 

Q2_2 Earning a reputable degree that will allow me to get a job 6.33 0.89 
Q2_9 Passing my courses 6.29 0.99 
Q2_12 Broadening my knowledge base 6.18 0.92 
Q2_1 Obtaining a degree of recognized worth 6.16 0.98 
Q2_14 Personal happiness 6.14 1.23 

Q2_7 
Learning things during my current engineering program that are 
interesting to me 6.03 1.11 

Q2_3 Seeking effective and relevant training for a future career 6.02 1.03 
Q2_4 Taking courses that seem relevant to a desired future career 5.91 1.09 

Q2_13 
Participating in activities such as socializing, athletics, or other 
personal interests  

5.80 1.3 

Q2_15 Helping other people and contributing to society 5.77 1.13 
Q2_11 Engaging with challenging or interesting course material 5.66 1.19 

Q2_16 
Learn useful things in my current engineering program that will 
benefit my community 5.65 1.14 

Q2_5 Getting good grades 5.58 1.24 
Q2_8 Choosing stimulating electives 5.47 1.25 
Q2_10 Getting good feedback from professors and TAs 5.39 1.33 
Q2_6 A high GPA 5.20 1.43 
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This table suggests that undergraduate engineering students have strong vocational aims and do 

not value getting high grades as highly as they value learning and training towards a future career.  

Scale Reliability Analysis 

The survey questions were merged into their intended underlying subscale. There were 8 

subscales with 2 questions each, making 16 questions total. The subscale mean was calculated by 

averaging the mean of each question, since each question had an equal number of responses. Cronbach’s 

Alpha was also calculated for each subscale and shown below in Table 25, along with the subscale mean. 

Values above 0.7 are widely considered acceptable, but values as low as 0.5 will suffice in the early 

stages of research (Field, 2018, p. 602; Nunnally, 1978). Cronbach’s Alpha is a measure of the reliability 

of a scale, which describes the unidimensionality of the questions within the scale.  

Table 25  

How engineering students define their success during their undergraduate degree, categorized using the 

Learning Orientation Model, with criteria ordered from most important to least important and subscale 

reliability shown 

Learning Orientation Interest Mean Cronbach's Alpha 
Vocational Extrinsic 6.25 0.79 
Social Extrinsic 5.97 0.48 
Vocational Intrinsic 5.97 0.63 
Personal Intrinsic 5.92 0.65 
Personal Extrinsic 5.84 0.28 
Academic Intrinsic 5.75 0.43 
Social Intrinsic 5.71 0.72 
Academic Extrinsic 5.39 0.87 

 

 This table shows that some of the subscales are reliable, but some are not, most notably the 

Personal Extrinsic subscale with Cronbach’s Alpha = 0.28. As a result, the individual survey questions 

were not combined into factors for subsequent tests of equality of means. 

 For completeness, the subscales were combined by learning orientation and ranked in order of 

mean. The Cronbach’s Alpha is shown in Table 26, along with the mean. The Cronbach’s Alpha for this 
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subscale must be interpreted with some caution because Cronbach’s Alpha increases with the number of 

items in a subscale, which in turn inflates the Cronbach’s Alpha values in Table 26 compared to those in 

Table 25. Any survey question that, when removed, increase the Cronbach’s Alpha of that subscale 

significantly is problematic. There are two questions, that when removed from a subscale increase the 

Cronbach’s Alpha of the subscale - Q2_9 and Q2_7. 

Table 26  

How engineering students define their success during their undergraduate degree, categorized using the 

Learning Orientation Model orientations, with criteria ordered from most important to least important 

and subscale reliability shown  

Learning 
Orientation 

Mean Cronbach's 
Alpha 

Problematic Questions 

Vocational 6.10 0.76 Cronbach's Alpha does not increase if any item is removed 
Personal 5.9 0.56 Cronbach's Alpha increases to 0.58 if Q2_9 is removed 
Social 5.8 0.62 Cronbach's Alpha does not increase if any item is removed 
Academic 5.6 0.59 Cronbach's Alpha increases to 0.66 if Q2_7 is removed 

 

 This table shows that the subscales only somewhat represent the underlying data, and it may be 

prudent to compare similar survey questions between survey Section 2 and 5 in subsequent analysis, 

rather than comparing the learning orientation subscale of survey Section 2 with the corresponding survey 

question in Section 5. 

Scale Completeness Analysis 

To ensure that the questions in Section 2 covered a comprehensive set of potential criteria, an 

additional question was included that allowed respondents to include and score their own criteria that they 

felt were missing from the list. Only 26 respondents chose to add and score a criterion to the list. One was 

clearly a joke, “Proximity to ducks”, and one that didn’t make sense, “course stability (lack of 

fluctuations)”. Interestingly, one response was about including a mandatory sustainability class in the 

curriculum, which relates to the findings of a previous study in the Canadian Engineering Education field 

that found that students generally require more experiences with sustainable engineering practice 
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(Lanziner, 2017). This response supports that finding and shows that some students want more 

experiences with sustainable engineering practice.  

 The 24 responses of substance were analyzed using inductive coding to create themes of common 

responses. Ten main themes emerged, with the most common theme relating to personal physical and 

mental health. This includes such things as exercise, healthy eating, socializing, and maintaining strong 

mental health. Many of these dimensions were intended to be accessed by the survey question Q2_13, 

“Participating in activities such as socializing, athletics or other personal interests” and questions Q2_14, 

“Personal happiness”. Perhaps one of those two questions should have been changed to access this 

underlying theme more directly by being changed to “Personal physical and mental health”. The themes 

along with the number of responses that referenced the theme are shown in Table 27.  

Table 27  

Additional criteria important to how students define their success added by survey respondents 

Additional Criteria N 
Personal physical and mental health 5 
Feeling capable 4 
Lifelong learning 4 
Networking 4 
Making family proud 2 
Design teams 1 
Fostering inclusive spaces 1 
Improving sustainable engineering practice 1 
Resume improvements 1 
Seeking extra help 1 

 

This table shows that the survey questions in Section 2 did access a comprehensive set of factors, 

considering there are so few individual respondents supporting each additional criterion. 
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Survey Section 5 Results 

The survey results from Section 2 are presented, including the criteria ranked by importance to 

students’ future career success. This section addresses what students think will lead to their future career 

success. 

Descriptive Statistics 

 The mean and standard deviation were calculated for the survey questions in section 5. The 

question prompt asks about how much each criterion will lead to future career success. The questions 

were ordered by mean from highest to lowest, corresponding to the categories students most strongly used 

to define what would lead to future career success to least strongly. The ranked questions are shown 

below in Table 28. The position change and mean change from the similarly worded questions in Section 

2 are shown as well. This compares the difference in importance between how students define their 

success in their undergraduate program to how they could define success in their undergraduate program 

to maximize their future career success. 

Table 28  

How engineering students define that each criterion will lead to future career success with criteria 

ordered from most important to least important 

Question 
Number 

Question Mean SD Position 
change 

Mean 
change 

Q5_5 Passing my courses 6.16 0.92 - -0.13 
Q5_1 Obtaining a degree of recognized worth 6.07 0.98 - -0.09 

Q5_4 
Learning things during my current 
engineering program that are interesting to me 

5.76 1.10 - -0.27 

Q5_7 

Participating in activities such as socializing, 
athletics, or other personal interests during my 
current engineering program 

5.74 1.23 +1 -0.06 

Q5_2 
Taking courses that seem relevant to my 
future career 5.74 1.09 -1 -0.17 

Q5_6 
Engaging with challenging or interesting 
course material 5.65 1.16 +1 -0.01 

Q5_8 

Helping other people and contributing to 
society during my current engineering 
program 

5.52 1.27 -1 -0.25 
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Question 
Number 

Question Mean SD Position 
change 

Mean 
change 

Q5_3 Getting good grades 5.12 1.51 - -0.46 
 

 This table shows that the relative importance of each criteria changes slightly for some, and the 

absolute importance decreases for all. It is interesting to note that getting good grades is deemed by 

students significantly less important to success in a future career than it is to how they define their success 

in their program. This shows that students put too much of an emphasis on their grades relative to how 

important they think grades are to success in a future career. 

Scale Completeness Analysis 

To ensure that the questions in Section 5 covered a comprehensive set of potential criteria, an 

additional question was included that allowed respondents to include and score their own criteria that they 

felt were missing from the list. Only seven respondents chose to add and score a new criterion to the list. 

The seven responses were analyzed using inductive coding, and five main themes emerged. Three of the 

themes were the same as in Section 2: (i) design teams, (ii) networking, and (iii) personal physical and 

mental health. The most common theme was about learning things not taught in courses, which includes 

such things as online learning and building skills outside of class. The additional criteria are shown in 

Table 29. 

Table 29  

Additional criteria important students’ future success added by survey respondents 

Additional Criteria N 
Learning things not taught in courses 3 
Design teams 1 
Learning new learning and problem-solving techniques 1 
Networking 1 
Personal physical and mental health 1 

 

This table shows that the survey questions in Section 5 did access a comprehensive set of factors 

considering there are so few individual respondents supporting each additional criterion. For both Section 
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2 and Section 5, the low number of responses to this question could be somewhat due to apathy where it 

is easier not to expend the cognitive energy to think of additional criteria and type them out in the survey. 

However, if there was something that a student clearly and obviously thought was missing, it is much 

more likely that they would fill it into the survey. The intention of these questions was to address any 

glaring holes criteria coverage, and the results here demonstrated that the survey respondents did not feel 

there was anything of significance missing. 

 

Section 2 and Section 5 Comparison 

  To ensure that respondents were responding to Section 2 and Section 5 differently, Cronbach’s 

Alpha was calculated between similar questions between the two sections to see if they were 

unidimensional. The results are shown in Table 30. 

Table 30  

Cronbach’s Alpha between similar question in section 2 and 5 

Section 2 Question Number Section 5 Question Number Cronbach's Alpha 
Q2_1 Q5_1 0.69 
Q2_4 Q5_2 0.66 
Q2_5 Q5_3 0.78 
Q2_7 Q5_4 0.54 
Q2_9 Q5_5 0.68 
Q2_11 Q5_6 0.71 
Q2_13 Q5_7 0.71 
Q2_15 Q5_8 0.82 

 

 This table shows that most questions seem unidimensional, meaning that respondents either 

didn’t register a difference in the prompt between section 2 and section 5 or that they already define their 

success during their undergraduate engineering degree in a way that will maximize their future success. 

The response to Section 7, question 1 was analyzed to determine which is the case. Respondents 

overwhelmingly agreed with the statement “What success means to me in terms of my current 

engineering program will also maximize my future career success 5 to 10 years after graduation”, "̅ = 
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5.19, s = 1.28. Only 21 respondents out of 224 (9%) disagreed to some degree with the statement. This 

implies that students already define their success in their undergraduate program in a way that will 

maximize their success in a future career. This supports the data in Table 28 that shows that there is not a 

large variation in the way students define their success in their undergraduate degree and how they feel 

each of the same criteria will lead to their future career success. 

Section 2 Inferential Statistics by Demographics 

 The inferential statistics for differences by demographic factor in how students define their 

success in their undergraduate degree are presented in this section. The demographic factors are: (i) year 

of study, (ii) discipline, (iii) nationality, (iv) gender, (v) internship completion, (vi) scholarship status, 

(vii) age, and (viii) intention to pursue graduate studies. The differences in how students define their 

success between each factor are investigated using t-tests and one-way ANOVAs. 

Year of Study 

The difference in students’ definition of success during their undergraduate degree between 

students of different year of study was determined using an ANOVA test, shown in Table 31. 

Table 31  

Significant one-way ANOVA results for Section 2 by year of study 

Question 
 

df F Sig. 
Q2_1 Between Groups 3 5.47 .001* 

 Within Groups 259   

Q2_2 Between Groups 3 3.78 .011* 

 Within Groups 260   

Q2_4 Between Groups 3 3.17 .025* 

 Within Groups 260   

Q2_5 Between Groups 3 3.21 .024* 

 Within Groups 260   

Q2_6 Between Groups 3 2.89 .036* 

 Within Groups 258   

Q2_16 Between Groups 3 2.97 .032* 
 Within Groups 260   
* indicates significance 
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Due to the unequal group sizes, it is good practice to verify the ANOVA with equal variances not 

assumed, regardless of what Levene’s test suggested, because Levene’s test is most robust when used on 

samples with equal group sizes (Field, 2018, p. 195). Therefore, the results of the ANOVA were verified 

using Welch’s robust rest of equality of means, shown in Table 32. Welch’s test is more robust than an 

ANOVA and is designed to be accurate when the group variances are not equal (Field, 2018). 

Table 32  

ANOVA verification for Section 2 by year of study using Welch’s robust test of equality of means 

Question Statistic df1 df2 Sig. 
Q2_1 2.95 3 112.21 .036* 
Q2_2 1.76 3 109.93 .160 
Q2_4 3.05 3 110.44 .032* 
Q2_5 2.36 3 107.63 .075 
Q2_6 2.64 3 110.97 .053 
Q2_16 2.62 3 111.28 .054 
* indicates significance 

 

 This table shows that only questions one and four shows a statistically significant, robust, 

inequality of means. Question six and sixteen both are nearly significant, so they will be retained for the 

inspection of the post-hoc tests along with questions one and four to determine where the variation in 

means resides, shown in Table 33. Since the sample sizes are very different, Hochberg’s GT2 post-hoc 

test was used. The Games-Howell post-hoc test was used to verify the Hochberg’s test because it is robust 

against unequal group variances. The effect size, Cohen’s d, is shown. 

Table 33  

Post-hoc tests for Section 2 by year of study  

Question Post-hoc test Base 
Group 

(Year of 
Study) 

Comparison 
Group 

(Year of 
Study) 

Mean 
Difference  

Sig. Effect 
Size 

Q2_1 Hochberg 3 1 -.60 .007* 0.66 
 Hochberg 3 2 -.75 .001* 0.69 
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Question Post-hoc test Base 
Group 

(Year of 
Study) 

Comparison 
Group 

(Year of 
Study) 

Mean 
Difference  

Sig. Effect 
Size 

 Hochberg 3 4+ -.57 .033* 0.53 
 Games-

Howell 3 1 -.60 .107  

 Games-
Howell 

3 2 -.75 .027*  

 Games-
Howell 3 4+ -.57 .132 

 

Q2_4 Hochberg 1 4+ .51 .040* 0.49 
 Games-

Howell 1 4+ .51 .031*  

Q2_6 Hochberg 2 4+ .71 .032* 0.47 
 Games-

Howell 
2 4+ .71 .043*  

Q2_16 Hochberg 1 4+ .57 .024* 0.50 
 Games-

Howell 1 4+ .57 .034* 
 

*  indicates significance  
 

 This table shows a statistically significant difference between third years and all other years for 

survey question Q2_1 determined by the Hochberg GT2 post-hoc test. This may be a statistical anomaly 

as this finding is not well explained by the ordinal nature of year of study data. It seems unusual to have 

differences between second and third years without an overall trend that moves from first to fourth year. 

Only the difference between second and third years are verified by the Games-Howell post-hoc test. A 

statistically significant difference between first and fourth+ years for survey question Q2_4 determined by 

the Hochberg GT2 post-hoc test and verified by the Games-Howell post-hoc test. Additional differences 

were found for question Q2_6 and Q2_16. The descriptive statistics are shown in Table 34. 

Table 34  

Descriptive statistics for survey Section 2 by year of study 

Question Year of study N Mean SD 
Q2_1 1 92 6.21 0.93 
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Question Year of study N Mean SD 
2 82 6.35 0.82 
3 38 5.61 1.48 
4+ 51 6.18 0.65 

Q2_4 1 93 6.12 1.02 
2 82 5.98 0.98 
3 38 5.68 1.38 
4+ 51 5.61 1.06 

Q2_6 1 92 5.30 1.27 
2 82 5.41 1.49 
3 37 5.14 1.49 
4+ 51 4.71 1.49 

Q2_16 1 93 5.83 1.11 
2 82 5.63 1.01 
3 38 5.76 1.28 
4+ 51 5.25 1.23 

 

There was a significant effect of year of study on survey questions Q2_1 F(3, 259) = 5.47, p = 

.001. Post-hoc testing using Hochberg’s GT2 test indicated that the 82 second year students agreed more 

strongly (M = 6.35, SD = 0.82) that “Obtaining a degree of recognized worth” is important for how they 

define their success during their undergraduate engineering program than 38 third year engineering 

students (M = 5.61, SD = 1.48), with (p = .001). This result is verified by a Games-Howell post-hoc test 

with (p = 0.027). The effect size, Cohen’s d, is 0.69. Post-hoc testing using Hochberg’s GT2 test indicated 

that the 93 first year students agreed more strongly (M = 6.21, SD = 0.93) that “Obtaining a degree of 

recognized worth” is important for how they define their success during their undergraduate engineering 

program than 38 third year engineering students (M = 5.61, SD = 1.48), with (p = .007). This result is not 

verified by a Games-Howell post-hoc test. The effect size, Cohen’s d, is 0.66. Post-hoc testing using 

Hochberg’s GT2 test indicated that the 51 fourth+ year students agreed more strongly (M = 6.18, SD = 

0.65) that “Obtaining a degree of recognized worth” is important for how they define their success during 

their undergraduate engineering program than 38 third year engineering students (M = 5.61, SD = 1.48), 
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with (p = .033). This result is not verified by a Games-Howell post-hoc test. The effect size, Cohen’s d, is 

0.53. 

There was a significant effect of year of study on survey questions Q2_4 F(3, 259) = 3.17, p = 

.025. Post-hoc testing using Hochberg’s GT2 test indicated that the 93 first year students agreed more 

strongly (M = 6.12, SD = 1.02) that “Taking courses that seem relevant to a desired future career” is 

important for how they define their success during their undergraduate engineering program than 51 

fourth+ year engineering students (M = 5.61, SD = 1.06), with (p = .040). The effect size, Cohen’s d, is 

0.49. 

There was a significant effect of year of study on survey questions Q2_6 F(3, 258) = 2.89, p = 

.036 that was not verified with Welch’s test (p = .053). Post-hoc testing using Hochberg’s GT2 test 

indicated that the 82 second year students agreed more strongly (M = 5.41, SD = 1.49) that “Choosing 

stimulating electives” is important for how they define their success during their undergraduate 

engineering program than 51 fourth+ year engineering students (M = 4.71, SD = 1.49), with (p = .036). 

The effect size, Cohen’s d, is 0.47. 

There was a significant effect of year of study on survey questions Q2_16 F(3, 260) = 2.97, p = 

.032 that was not verified with Welch’s test (p = .054). Post-hoc testing using Hochberg’s GT2 test 

indicated that the 93 first year students agreed more strongly (M = 5.83, SD = 1.11) that “Learning useful 

things in my current engineering program that will benefit my community” is important for how they 

define their success during their undergraduate engineering program than 51 fourth+ year engineering 

students (M = 5.25, SD = 1.23), with (p = .024). The effect size, Cohen’s d, is 0.50. 

Discipline 

 The difference in students’ definition of success during their undergraduate degree between 

students of different discipline groups was determined using an ANOVA test, shown in Table 35. The 

ANOVA test was verified with Welch’s robust test of equality of means.  
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Table 35  

Significant one-way ANOVA results for Section 2 by discipline with Welch’s test verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q2_5 Between Groups 4 2.63 .035* 3.19 4 120.91 .016*  
Within Groups 259       

Q2_6 Between Groups 4 4.27 .002* 4.72 4 121.81 .001* 

 Within Groups 257       
* indicates significance 

 

Hochberg’s GT2 post-hoc test was used to find the group differences and verified by the Games-

Howell test. The results are shown in Table 36. The effect size, Cohen’s d, is shown. 

Table 36  

Significant post-hoc tests for Section 2 by discipline 

Question Base Group Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q2_5 Earth-Based Engineering 
Science 

-.72 .033* .028* 0.60 

Q2_6 Earth-Based ECE -0.83 .052 . 020* 0.86 

Q2_6 
Earth-Based Engineering 

Science -1.11 .001* .001* 0.67 

* indicates significance 
 

 

The descriptive statistics of each statistically different survey questions are shown in Table 37. 

Table 37  

Descriptive statistics for Section 2 by discipline 

Question Discipline N Mean SD 
Q2_5 Earth-Based 44 5.23 1.40 

 Engineering Science 59 5.95 0.86 
Q2_6 Earth-based 43 4.56 1.40 

 ECE 46 5.39 1.06 

 Engineering Science 58 5.67 1.21 
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There was a significant effect of engineering discipline on survey questions Q2_5 F(4, 259) = 

2.63, p = .035. Post-hoc testing using Hochberg’s GT2 test indicated that the 44 Engineering Science 

students agreed more strongly (M = 5.95, SD = 0.86) that “Getting good grades” is important for how 

they define their success during their undergraduate engineering program than 59 Earth-based engineering 

students (M = 5.23, SD = 1.40), with (p = .033) . The effect size, Cohen’s d, is 0.60. 

There was a significant effect of engineering discipline on survey questions Q2_6 F(4, 257) = 

4.27, p = .002. Post-hoc testing using Hochberg’s GT2 test indicated that the 58 Engineering Science 

students agreed more strongly (M = 5.67, SD = 1.21) that “A high GPA” is important for how they define 

their success during their undergraduate engineering program than 43 Earth-based engineering students 

(M = 4.56, SD = 1.40), with (p = .001). The effect size, Cohen’s d, is 0.86. Additionally, post-hoc testing 

using Hochberg’s GT2 test nearly indicated that the 46 ECE students agreed more strongly (M = 5.39, SD 

= 1.06) that “A high GPA” is important for how they define their success during their undergraduate 

engineering program than the 43 Earth-based engineering students (M = 4.56, SD = 1.40), with (p = .052). 

The Games-Howell verification post-hoc test indicated the difference was significant at the (p = .020) 

level. This indicates that there may be a difference. The effect size, Cohen’s d, is 0.67. 

Nationality 

The difference in students’ definition of success during their undergraduate degree between 

Canadian and International students was determined using an independent sample t-test. Due to the 

unequal group sizes, equal variances were not assumed, regardless of what Levene’s test suggested, 

because Levene’s test is most robust when used on samples with equal group sizes (Field, 2018, p. 195). 

There were no statistically significant differences between the 16 international students and the 248 

Canadian students. Additionally, the group size is too small for statistically confident results. 

 



 

 

 

77 

Gender 

The difference in students’ definition of success during their undergraduate degree between male 

and female students was determined using an independent sample t-test. Question Q2_7 showed that the 

155 male students (M = 6.19, SD  = 0.99) agreed more strongly that “Learning things during my current 

engineering program that are interesting to me” is important for how they define their success during their 

undergraduate engineering program, compared to the 105 female students (M = 5.83, SD = 1.19), with 

t(194.9) = 2.55, p = .011. The effect size, Cohen’s d, is 0.33. Question Q2_16 showed that the 105 female 

students (M = 5.82, SD  = 0.96) agreed more strongly that “Learning useful things in my current 

engineering program that will benefit my community” is important for how they define their success 

during their undergraduate engineering program, compared to the 156 male students (M = 5.51, SD = 

1.24), with t(254.1) = -2.24, p = .026. The effect size, Cohen’s d, is 0.27. 

Internship 

The difference in students’ definition of success during their undergraduate degree between the 

groups of students who have completed a 12- or 16-month internship and those who had not was 

determined using an independent sample t-test. Question Q2_3 showed that the 17 students who had done 

an internship (M = 6.35, SD  = 0.61) agreed more strongly that “Seeking effective and relevant training 

for a future career” is important for how they define their success during their undergraduate engineering 

program, compared to the 246 students who had not done an internship (M = 6.00, SD = 1.05), with 

t(23.3) = 2.18, p = .039. The effect size, Cohen’s d, is 0.34.  

Scholarship 

 The difference in students’ definition of success during their undergraduate degree between the 

groups of students who hold a renewable financial support scholarship that requires a minimum grade or 

GPA to maintain and those who do not was determined using an independent sample t-test. Question 

Q2_10 showed that the 34 students with a scholarship (M = 4.76, SD  = 1.65) agreed more strongly that 

“Getting good feedback from professors and TAs” is important for how they define their success during 
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their undergraduate engineering program, compared to the 230 students without a scholarship (M = 5.48, 

SD = 1.25), with t(38.9) = -2.42, p = .020. The effect size, Cohen’s d, is 0.55. 

Age 

 The difference in students’ definition of success during their undergraduate degree between the 

groups of students who began their undergraduate engineering program more than two years after high 

school and those who did not was determined using an independent sample t-test. There was no 

statistically significant difference between the 13 students who began their undergraduate engineering 

program more than two years after finishing high school and the 251 students who had not. Additionally, 

the group size is too small for statistically confident results. 

Grad Studies 

 The difference in students’ definition of success during their undergraduate degree between the 

groups of students who were intending to pursue graduate studies and those who were not was determined 

using an independent sample t-test. Question Q2_11 showed that the 73 students planning to pursue 

graduate studies (M = 5.88, SD  = 1.03) agreeing more strongly that “Engaging with challenging or 

interesting course material” is important for how they define their success during their undergraduate 

engineering program, compared to the 191 students not planning to pursue graduate studies (M = 5.58, 

SD = 1.24), with t(155.8) = 1.97, p = .050. The p value being exactly 0.05 means that this is likely a type 

1 error (false positive), and it can be concluded that students who are intending to pursue graduate studies 

define their success in a similar way as to those who do not intend to pursue graduate studies. The effect 

size, Cohen’s d, is also tiny at 0.25, confirming that there is not a large difference between the two 

groups. 

 

Section 5 Inferential Statistics by Demographics 

The inferential statistics for differences by demographic factor in what students think will lead to 

their future career success are presented in this section. The demographic factors are: (i) year of study, (ii) 
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discipline, (iii) nationality, (iv) gender, (v) internship completion, (vi) scholarship status, (vii) age, and 

(viii) intention to pursue graduate studies. The differences in what students think will lead to their future 

career success between each factor are investigated using t-tests and one-way ANOVAs. 

Year of Study 

 The difference in what students think will lead to their future career success between students of 

different year of study was determined using an ANOVA test and verified with a Welch’s test, shown in 

Table 38. 

Table 38  

Significant one-way ANOVA results for Section 5 by year of study with Welch’s test verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q5_1 Between Groups 3 3.75 .012* 2.32 3 99.63 .080 

 Within Groups 223       
Q5_2 Between Groups 3 4.15 .007* 3.74 3 102.10 .014* 
 Within Groups 223       
Q5_3 Between Groups 3 4.20 .006* 4.88 3 102.77 .003* 

 Within Groups 222       
* indicates significance 

  

This table shows that only question Q5_2 and Q5_3 shows a statistically significant, robust, 

inequality of means. Therefore, the post-hoc tests will be examined only for these questions to determine 

where the variation in means resides, shown in Table 39. The effect size, Cohen’s d, is shown. 

Table 39  

Post-hoc tests for Section 5 by year of study 

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_2 1 4 .64 .009* .011* 0.63 
Q5_2 2 4 .57 .023* .037* 0.52 
Q5_3 1 4 .88 .009* .004* 0.67 
* indicates significance 
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The descriptive statistics for these questions are shown in Table 40. 

Table 40  

Descriptive statistics for Section 5 by year of study 

Year of 
study 

Q5_2 Q5_3 
N Mean SD N Mean SD 

1 69 5.96 0.87 68 5.54 1.13 
2 72 5.89 1.02 72 5.21 1.62 
3 36 5.64 1.27 36 4.78 1.71 
4+ 50 5.32 1.20 50 4.66 1.52 

 

There was a statistically significant effect of year of study on survey question Q5_2 F(3, 223) = 

4.15, p = .007. Post-hoc testing using Hochberg’s GT2 test indicated that the 69 first year students agreed 

more strongly (M = 5.96, SD = 0.87) that “Taking courses that seem relevant to my future career” is 

important for their future success than 50 fourth+ year engineering students (M = 5.32, SD = 1.20), with 

(p = .009). The effect size, Cohen’s d, is 0.63. Post-hoc testing using Hochberg’s GT2 test indicated that 

the 72 second year students agreed more strongly (M = 5.89, SD = 1.02) that “Taking courses that seem 

relevant to my future career” is important for their future career success than 50 fourth+ year engineering 

students (M = 5.32, SD = 1.20), with (p = .023). The effect size, Cohen’s d, is 0.52. 

There was a statistically significant effect of year of study on survey question Q5_3 F(3, 222) = 

4.20, p = .006. Post-hoc testing using Hochberg’s GT2 test indicated that the 68 first year students agreed 

more strongly (M = 5.54, SD = 1.13) that “Getting good grades” is important for their future career 

success than 50 fourth+ year engineering students (M = 4.66, SD = 1.52), with (p = .009). The effect size, 

Cohen’s d, is 0.67. 
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Discipline 

 The difference in what students think will lead to their future career success between students of 

different discipline groups was determined using an ANOVA test and verified by Welch’s test, shown in 

Table 41.  

Table 41  

Significant one-way ANOVA results for Section 5 by discipline with Welch’s test verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q5_3 Between Groups 4 2.99 .020* 3.05 4 103.79 .020*  
Within Groups 221       

* indicates significance 
 

Since the sample sizes are very different, Hochberg’s GT2 post-hoc test was used. The results are 

shown in Table 42. The Games-Howell post-hoc test was used to verify the Hochberg’s test because it is 

robust against unequal group variances. The effect size, Cohen’s d, is shown. 

Table 42  

Significant post-hoc tests for Section 5 by discipline group 

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_3 
Earth-
Based 

Engineering 
Science -1.00 .020* .021* 0.69 

* indicates significance 
 

The descriptive statistics including mean and standard deviation of each statistically different 

survey questions are shown in Table 43. 

Table 43  

Descriptive statistics for Section 5 by discipline group 

Question Discipline N Mean SD 
Q5_3 Earth-Based 38 4.58 1.62 
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Question Discipline N Mean SD 

 Engineering Science 50 5.58 1.30 
 

There was a significant effect of engineering discipline on survey questions Q5_3 F(4, 221) = 

2.99, p = .020. Post-hoc testing using Hochberg’s GT2 test indicated that the 50 Engineering Science 

students agreed more strongly (M = 5.58, SD = 1.30) that “Getting good grades” is important for their 

future career success than the 38 Earth-based engineering students (M = 4.58, SD = 1.62), with (p = .020). 

The effect size, Cohen’s d, is 0.69. 

Nationality 

 The difference in what students think will lead to their future career success between Canadian 

and International students was determined using an independent sample t-test. Question Q5.3 showed that 

the 12 international students (M = 5.75, SD  = 0.97) agreed more strongly that “Getting good grades” is 

important for their future career success, compared to the 214 Canadian students (M = 5.10, SD = 1.52), 

with t(14.24) = -2.18, p = .047. The effect size, Cohen’s d, is 0.43.  

Gender 

 The difference in what students think will lead to their future career success between male and 

female students was determined using an independent sample t-test. There were no statistically significant 

differences between the 136 male students and the 90 female students. 

Internship 

The difference in what students think will lead to their future career success between the groups 

of students who have completed a 12- or 16-month internship and those who had not was determined 

using an independent sample t-test. There were no statistically significant differences between the 16 

students who had completed an internship and the 212 who had not. 

Scholarship 

 The difference in what students think will lead to their future career success between the groups 

of students who hold a renewable financial support scholarship that requires a minimum grade or GPA to 
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maintain and those who do not was determined using an independent sample t-test. There were no 

statistically significant differences between the 29 students with a scholarship and the 199 without. 

Age 

The difference in what students think will lead to their future career success between the groups 

of students who began their undergraduate engineering program more than two years after high school 

and those who did not was determined using an independent sample t-test. There was no statistically 

significant difference between the 9 students who began their undergraduate engineering program more 

than two years after finishing high school and the 219 students who had not. 

Grad studies 

 The difference in what students think will lead to their future career success between the groups 

of students who were intending to pursue graduate studies and those who were not was determined using 

an independent sample t-test. The questions that yielded a statistically significant result were Q5_3 and 

Q5_6. For question Q5_3,  the 63 students planning to pursue graduate studies (M = 5.56, SD  = 1.48) 

agreed more strongly that “Getting good grades” is important for their future career success, compared to 

the 164 students not planning to pursue graduate studies (M = 4.96, SD = 1.50), with t(113.4) = 2.72, p = 

.007. The effect size, Cohen’s d, is 0.40. For question Q5_6,  the 64 students planning to pursue graduate 

studies (M = 5.91, SD  = 1.12) agreed more strongly that “Engaging with challenging or interesting 

course material” is important for their future career success, compared to the 165 students not planning to 

pursue graduate studies (M = 5.55, SD = 1.16), with t(118.9) = 2.15, p = .033. The effect size, Cohen’s d, 

is 0.31. 

Exploratory Factor Analysis 

An exploratory factor analysis was conducted for the Future Time Perspectives questions - survey 

Section 4. Multiple iterations were used to improve the reliability of the results, and the Kaiser-Meyer-

Olkin (KMO) measure of sampling adequacy was calculated for each. The following guideline can be 

used to interpret KMO values: (i) marvelous for values in the 0.90s., (ii) meritorious for values in the 
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0.80s, (iii) middling for values in the 0.70s, (iv) mediocre for values in the 0.60s, (v) miserable for values 

on the 0.50s, and (vi) unacceptable for values below 0.5 (Field, 2018; Kaiser & Rice, 1974). 

  First, the correlation matrix was analyzed to assess if any survey questions did not correlate well 

with any of the other survey questions. Survey question Q4_19 did not load highly on any other survey 

questions, with no correlations on other questions above 0.3. This question was therefore removed from 

further analysis. 

Oblique Rotation 

An exploratory factor analysis using Maximum Likelihood factor extraction and Direct Oblimin 

oblique rotation was completed. KMO was calculated to be meritorious at KMO = 0.81. Five factors had 

eigenvalues greater than 1 and explained a total of 48.75% of variance. Question Q4_14, “It is important 

to have goals for where one wants to be in 5 to 10 years”, did not load on to any of the factors in the 

pattern matrix, so it was removed.  

Another attempt was completed using the remaining 18 questions, with a KMO = 0.80 and 

49.77% of the variance explained. Five factors had an eigenvalue larger than 1, which was verified by 

analyzing the inflection point of the scree plot, clearly seen at the 5th factor number in Figure 2. 
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Figure 2  

Scree plot for exploratory factor analysis with oblique rotation 

 

The pattern matrix for the exploratory factor analysis with the 18 survey questions and five 

factors is shown below in Table 44. 

Table 44  

Pattern matrix for exploratory factor analysis of Future Time Perspectives questions using Maximum 

Likelihood extraction method and Oblimin oblique rotation 

Survey Question Factor 
1 2 3 4 5 

Q4_1   -0.42   

Q4_2   -0.90   

Q4_3   -0.53   

Q4_4     -0.64 
Q4_5     -0.72 
Q4_6  0.78    

Q4_7  0.78    

Q4_8  0.63    

Q4_9    -0.87  
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Survey Question Factor 
1 2 3 4 5 

Q4_10    -0.38  

Q4_11 0.41  -0.32   

Q4_12    -0.61  

Q4_13    -0.66  

Q4_15 0.36     

Q4_16 0.43    -0.46 
Q4_17 0.57     

Q4_18 0.55     

Q4_20 0.69     

Extraction Method: Maximum Likelihood.  
Rotation Method: Oblimin with Kaiser Normalization. 

 

The way the questions loaded suggested that factor one represents Present Action, factor 2 

represents Perceptions of Engineering Future, factor 3 represents Effects of Future on Present, factor 4 

represents Connectedness, and factor 5 represents Perceptions of the Future. The assumption of correlated 

factors was disproved by the correlation matrix, with no correlations above 0.5 as shown in Table 45. 

Table 45  

Correlation matrix for exploratory factor analysis with oblique rotation 

Factor 1 2 3 4 5 
1 1     

2 0.19 1    

3 -0.37 -0.29 1   

4 -0.39 0.01 0.14 1  

5 -0.30 -0.21 0.25 0.25 1 
 

 Since the factors are not highly correlated, the factor analysis was repeated using orthogonal 

rotation. 

Orthogonal Rotation 

 A Maximum Likelihood factor analysis was conducted on 18 survey items with Varimax 

orthogonal rotation. The KMO verified the sampling adequacy as meritorious, KMO = 0.81. There were 
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five factors with eigenvalues greater than 1, which was confirmed by examining the Scree plot shown in 

Figure 3, which clearly shows an inflection point at five factors. The five factors explained 49.60% of the 

variance. The five factors were retained for the analysis. 

 

 

Figure 3  

Scree plot for factor analysis with orthogonal rotation  

 

 The orthogonally rotated factor matrix of five factors and 18 survey questions is shown below in 

Table 46. Values below 0.4 were suppressed as recommended by Field (Field, 2018, p. 582; Stevens, 

2002). The way the questions loaded suggested that factor one represents Present Action, factor two 

represents Connectedness, factor three represents Perceptions of Engineering Future, factor four 

represents Effects of Future on Present, and factor five represents Perceptions of the Future. 
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Table 46  

Orthogonally rotated factor matrix  

Survey Question Factor 
Present 
Action 

Connectedness Perceptions of 
Engineering 

Future 

Effects of 
Future on 

Present 

Perceptions 
of the 

Future 
My goals for my future 
career have an impact 
on the things I do now 

   0.43  

My future career 
determines what is 
important in my 
courses 

   0.84  

My future career 
influences what I learn 
from my courses 

   0.53  

I am sure of what I 
want to do when I 
graduate 

    0.62 

I know what I want to 
be doing in my career 
in 5 to 10 years 

    0.71 

I plan to pursue a 
professional 
engineering career 

  0.77   

Engineering is the 
most rewarding future 
career I can imagine 
for myself 

  0.78   

My interest in an 
engineering major 
outweighs any 
disadvantages I can 
think of 

  0.63   

I don’t think much 
about my future a 

 0.85    

I consciously reflect 
on what I want to do 
after I graduate 

 0.41    

I actively consider my 
long-term success in 0.51     
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Survey Question Factor 
Present 
Action 

Connectedness Perceptions of 
Engineering 

Future 

Effects of 
Future on 

Present 

Perceptions 
of the 

Future 
my day-to-day 
decisions and choices 
I don’t like to plan for 
the future a 

 0.62    

One should not think 
too much about the 
future a 

 0.62    

One should be taking 
steps in the present to 
help realize future 
goals 

0.42     

I am executing my 
long-term plan 0.48    0.48* 

I make thoughtful 
decisions about how I 
spend my time so I can 
maximize my future 
success 

0.58     

I invest my efforts 
strategically with my 
long-term success in 
mind 

0.61     

The day-to-day 
decisions I am 
currently making will 
benefit my long-term 
success 

0.66     

a indicates negatively worded items. The scale was reversed for analysis of these items. 
* indicates factor loadings that were not incorporated into factor scales  
Rotation converged in 6 iterations. 

 

 This table shows that the factors extracted by the oblique and orthogonal rotations contain the 

same survey items, which further supports the use of the orthogonal rotation. Cronbach’s Alpha was 

calculated for each factor to assess the internal consistency of each factor and shown in Table 47. 
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Table 47  

Reliability value, Cronbach’s Alpha, for extracted factors 

Factor Number 
of Items 

High Score Definition Factor Items Cronbach’s 
Alpha 

Effects of Future on 
Present 3 

The student believes their 
future has an impact on their 
present actions 
 

Q4_1, Q4_2, 
Q4_3 0.69 

Perceptions of the 
Future 2 

The student has a clear view of 
their future 
 

Q4_4, Q4_5 
0.67 

Perceptions of 
Engineering Future 3 

The student has a clear view of 
their future as an engineer 
 

Q4_6, Q4_7, 
Q4_8 0.79 

Connectedness 

4 

The student plans and reflects 
on what they want to do in the 
future 
 

Q4_9, Q4_10, 
Q4_12, Q4_13 0.74 

Present Action 
6 

The student actually takes 
action presently 

Q4_11, Q4_15, 
Q4_16, Q4_17, 
Q4_18, Q4_20 

0.79 

 

 Cronbach’s Alpha increases with the number of items in a subscale, so for the scale items with 

fewer items tend to have a lower Cronbach’s Alpha, which must be kept in mind when interpreting the 

results. Values over 0.7 are generally considered acceptable, but that is a guideline, not a rule – especially 

when working with factors with only 2 or 3 items (Field, 2018). Factor scores were calculated for each 

extracted factor using an unweighted average of each loaded item, shown in Table 48. 

Table 48  

Descriptive statistics for extracted factors 

Factor N Mean SD 
Effects of Future on Present 233 4.96 1.09 
Perceptions of the Future 233 3.59 1.59 
Perceptions of Engineering Future 233 4.86 1.37 
Connectedness 233 4.96 1.17 
Present Action 232 4.96 0.95 
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 The statistics show that students do not have a clear view of their future, but generally believe 

that the future has an impact on their present actions, they plan and reflect on the future, and take action 

toward their future. 

Section 2 Inferential Statistics by Future Time Perspective Factors 

 The difference in how students define their success during their undergraduate degree between 

students with different Future Time Perspectives was determined using one-way ANOVAs. Discreet 

scoring categories for each FTP factor were created from the unweighted average of the survey question 

responses within each factor. This was done because the survey question responses consisted of a 

continuous variable, and discreet categories needed to be made to complete ANOVA tests. The groups 

were made to include the following categories: (i) disagree, (ii) neutral, (iii) agree, and (iv) strongly agree. 

The continuous variable ranges are shown in Table 49. 

Table 49  

Variable range for discreet FTP factor scores 

Category Continuous Variable Range 
Disagree 1 - 3.99 
Neutral 4 - 4.99 
Agree 5 - 5.99 
Strongly Agree 6 - 7 

 

 These variable ranges were chosen for two reasons. First of all, this range ensured that nearly 

every category had over 33 responses to make a statistically confident sample. The disagree category 

ranges from 1-3.99 because fewer responses were in disagreement, so the larger range was necessary to 

catch a minimum number of responses, as well as to catch anyone that had a slight disagree mentality. 

Secondly, the neutral, agree, and strongly agree categories each spanned a range of 1, to be of equal 

range. The frequency statistics for each category are shown in Table 50. 
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Table 50  

Frequency statistics for discreet FTP factor scores 

Category Effects of 
Future on 
Present 

Perceptions of 
the Future 

Perceptions of 
Engineering 

Future 

Connectedness Present 
Action 

n % n % n % n % n % 

Disagree 32 13.7 126 54.1 49 21.0 41 17.6 30 12.9 
Neutral 58 24.9 42 18.0 50 21.5 61 26.2 76 32.8 
Agree 93 39.9 40 17.2 75 32.2 77 33.0 93 40.1 
Strongly 

Agree 
50 21.5 25 10.7 59 25.3 54 23.2 33 14.2 

 

Using these categories, one-way ANOVA tests were completed on the Learning Orientation 

model survey questions. 

Effects of Future on Present  

The difference in students’ definition of success during their undergraduate degree based on 

students’ belief that the future has an impact in what they do in the present was determined using an 

ANOVA test and verified using Welch’s robust test of equality of means, shown in Table 51.  

Table 51  

Significant one-way ANOVA results for Section 2 by Effects of Future on Present with Welch’s test 

verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q2_2 Between Groups 3 6.60 <.001* 10.65 3 95.13 <.001* 

 Within Groups 228       
Q2_3 Between Groups 3 4.67 .003* 5.43 3 96.72 .002* 

 Within Groups 227       
Q2_4 Between Groups 3 5.87 .001* 4.87 3 94.78 .003* 

 Within Groups 228       
Q2_5 Between Groups 3 5.83 .001* 4.55 3 89.27 .005* 
 Within Groups 228       
* indicates significance 
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 This table shows that questions Q2_2, Q2_3, Q2_4, and Q2_5 show a statistically significant, 

robust, inequality of means. The post-hoc tests will be examined for these questions to determine where 

the variation in means resides, shown in Table 52. Since the sample sizes are very different, Hochberg’s 

GT2 post-hoc test was used. The Games-Howell post-hoc test was used to verify the Hochberg’s test 

because it is robust against unequal group variances. The effect size, Cohen’s d, is shown. 

Table 52  

Post-hoc tests for Section 2 by Effects of Future on Present  

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q2_2 Disagree Strongly Agree -.87 <.001* .011* 0.90 
 Neutral Strongly Agree -.53 .015* <.001* 0.81 
 Agree Strongly Agree -.43 .040* .001* 0.56 
Q2_3 Disagree Strongly Agree -.73 .008* .036* 0.70 
 Neutral Strongly Agree -.60 .014* .002* 0.71 
Q2_4 Disagree Agree -.70 .008* .085 0.61 
 Disagree Strongly Agree -.95 .001* .011* 0.85 
Q2_5 Disagree Agree -.70 .038* .146 0.59 
 Disagree Strongly Agree -1.02 .002* .024* 0.73 
 Neutral Strongly Agree -.74 .014* .018* 0.57 
* indicates significance 

 

 This table shows statistically significant differences between the students that believe their future 

has an impact on their present actions and those that do not. Most Hochberg GT2 tests are verified by the 

Games-Howell test. The descriptive statistics for the statistically significant questions are shown in Table 

53. The number of respondents (N) falling into each Perception of Engineering Future category is shown 

for reference as it is used in calculating the effect size, along with the mean and standard deviation (SD). 

Table 53  

Descriptive statistics for Section 2 by Effect of Future on Present 

Question Perception of Engineering Future N Mean SD 
Q2_2 Disagree 32 5.88 1.43 
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Question Perception of Engineering Future N Mean SD 
Neutral 57 6.21 0.80 
Agree 93 6.31 0.90 
Strongly Agree 50 6.74 0.44 

Q2_3 Disagree 32 5.69 1.33 
Neutral 57 5.82 0.87 
Agree 92 6.07 1.03 
Strongly Agree 50 6.42 0.81 

Q2_4 Disagree 32 5.31 1.51 
Neutral 57 5.77 1.07 
Agree 93 6.01 0.98 
Strongly Agree 50 6.26 0.78 

Q2_5 Disagree 32 5 1.72 
Neutral 57 5.28 1.41 
Agree 93 5.7 0.94 
Strongly Agree 50 6.02 1.15 

 

Perceptions of the Future 

The difference in students’ definition of success during their undergraduate degree based on 

students’ Perceptions of the Future was determined using an ANOVA test and verified using Welch’s 

robust test of equality of means, shown in Table 54.  

Table 54  

Significant one-way ANOVA results for Section 2 by Perceptions of the Future 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q2_3 Between Groups 3 2.13 .097 4.57 3 81.15 .005* 

 Within Groups 227       
Q2_4 Between Groups 3 3.31 .021* 5.05 3 79.88 .003* 

 Within Groups 228       
* indicates significance 

 

 This table shows that questions Q2_4 shows a statistically significant, robust, inequality of 

means. Question Q2_3 is shown because the Welch’s test is significant and since the questions are so 

similar, it lends further credibility to the results of Q2_4. The post-hoc tests will be examined for question 
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Q2_4 to determine where the variation in means resides, shown in Table 55. The effect size, Cohen’s d, is 

shown. 

Table 55  

Post-hoc tests for Section 2 by Perception of the Future 

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q2_4 Disagree Strongly Agree -0.58 .076 .008* 0.54 
 Neutral Strongly Agree -.81 .019* .006* 0.77 
* indicates significance 

 

 This table shows statistically significant differences between the students that have a neutral view 

of their future and those that have a very clear view of their future. Unfortunately, the group size of 

students who strongly agree is smaller than the minimum sample size for confident statistical results. The 

descriptive statistics are shown in Table 56. 

Table 56  

Descriptive statistics for Section 2 by Perception of the Future 

Question Perception of the Future N Mean SD 
Q2_4 Disagree 126 5.86 1.13 

Neutral 41 5.63 1.22 
Agree 40 6.05 0.85 
Strongly Agree 25 6.44 0.71 

 

Perceptions of Engineering Future 

The difference in students’ definition of success during their undergraduate degree based on 

students’ Perceptions of Engineering Future was determined using an ANOVA test and verified by 

Welch’s test, shown in Table 57.  
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Table 57  

Significant one-way ANOVA results for Section 2 by Perceptions of Engineering Future with Welch’s test 

verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q2_2 Between Groups 3 3.04 .030* 3.97 3 114.81 .010* 

 Within Groups 228       
Q2_3 Between Groups 3 8.88 <.001* 10.38 3 113.74 <.001* 

 Within Groups 227       
Q2_4 Between Groups 3 9.75 <.001* 8.70 3 114.20 <.001* 

 Within Groups 228       
Q2_7 Between Groups 3 8.61 <.001* 8.35 3 117.78 <.001* 
 Within Groups 227       
Q2_10 Between Groups 3 4.11 .007* 3.87 3 111.03 .011* 
 Within Groups 228       
Q2_11 Between Groups 3 4.26 .006* 4.13 3 116.95 .008* 
 Within Groups 227       
Q2_14 Between Groups 3 4.55 .004* 4.09 3 113.36 .008* 
 Within Groups 228       
Q2_15 Between Groups 3 4.42 .005* 2.99 3 115.54 .034* 
 Within Groups 227       
Q2_16 Between Groups 3 12.90 <.001* 11.79 3 114.68 <.001* 
 Within Groups 228       
* indicates significance 

 

 This table shows that questions Q2_2, Q2_3, Q2_4, Q2_7, Q2_10, Q2_11, Q2_14, Q2_15, and 

Q2_16 shows a statistically significant, robust, inequality of means. The post-hoc tests will be examined 

for these questions to determine where the variation in means resides, shown in Table 58. Since the 

sample sizes are very different, Hochberg’s GT2 post-hoc test was used. The Games-Howell post-hoc test 

was used to verify the Hochberg’s test because it is robust against unequal group variances. The effect 

size, Cohen’s d, is shown. 



 

 

 

97 

Table 58  

Post-hoc tests for Section 2 by Perception of Engineering Future  

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q2_2 Disagree Strongly Agree -.49 .038* .030* 0.58 
Q2_3 Disagree Agree -.50 .033* .118 0.47 
 Disagree Strongly Agree -.90 <.001* .001* 0.86 
Q2_4 Disagree Agree -.78 <.001* .008* 0.67 
 Disagree Strongly Agree -1.03 <.001* <.001* 0.95 
Q2_7 Disagree Agree -.74 <.001* .002* 0.70 
 Disagree Strongly Agree -.93 <.001* <.001* 0.98 
Q2_10 Disagree Agree -.85 .004* .011* 0.66 
Q2_11 Disagree Agree -.67 .011* .012* 0.60 
 Disagree Strongly Agree -.62 .037* .051 0.51 
Q2_14 Disagree Agree -.60 .036* .098 0.48 
 Disagree Strongly Agree -.63 .033* .061 0.53 
Q2_15 Disagree Agree -.60 .019* .076 0.49 
 Disagree Strongly Agree -.73 .004* .021 0.60 
Q2_16 Disagree Agree -1.07 <.001* <.001* 1.03 
 Disagree Strongly Agree -1.09 <.001* <.001* 0.98 
 Neutral Agree -.61 .015* .022* 0.57 
 Neutral Strongly Agree -.63 .018* .029* 0.56 
* indicates significance 

 

 This table shows statistically significant differences between the students that have a clear view 

of their future as an engineer and those that do not. Most Hochberg GT2 tests are verified by the Games-

Howell test. The descriptive statistics are shown in Table 59. 

Table 59  

Descriptive statistics for Section 2 by Perception of Engineering Future 

Question Perception of Engineering Future N Mean SD 
Q2_2 Disagree 48 6.10 1.06 

Neutral 50 6.18 1.06 
Agree 75 6.33 0.91 
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Question Perception of Engineering Future N Mean SD 
Strongly Agree 59 6.59 0.62 

Q2_3 Disagree 48 5.60 1.38 
Neutral 50 5.78 0.95 
Agree 75 6.11 0.86 
Strongly Agree 58 6.50 0.66 

Q2_4 Disagree 48 5.29 1.43 
Neutral 50 5.78 1.02 
Agree 75 6.07 0.96 
Strongly Agree 59 6.32 0.68 

Q2_7 Disagree 48 5.46 1.11 
Neutral 50 5.98 1.04 
Agree 74 6.20 1.03 
Strongly Agree 59 6.39 0.79 

Q2_10 Disagree 48 4.88 1.67 
Neutral 50 5.46 1.25 
Agree 75 5.72 0.94 
Strongly Agree 59 5.32 1.46 

Q2_11 Disagree 48 5.21 1.22 
Neutral 50 5.46 1.16 
Agree 75 5.88 1.04 
Strongly Agree 58 5.83 1.22 

Q2_14 Disagree 48 5.79 1.56 
Neutral 50 5.88 1.27 
Agree 75 6.39 1.03 
Strongly Agree 59 6.42 0.79 

Q2_15 Disagree 48 5.25 1.51 
Neutral 50 5.76 1.00 
Agree 75 5.85 0.98 
Strongly Agree 58 5.98 0.89 

Q2_16 Disagree 48 4.88 1.21 
Neutral 50 5.34 1.26 
Agree 75 5.95 0.91 
Strongly Agree 59 5.97 1.02 
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Connectedness 

 There was no difference in students’ definition of success during their undergraduate degree 

based on the amount students plans for and reflects on what they want to do in the future with 

significance ranging from Q2_9: F(3,228) = 3.11, p = .027 (result not supported by Welch’s F(3, 107.23) 

= 2.08, p = .107) to Q2_7: F(3, 227) = 0.08, p = .972. 

Present Action 

The difference in students’ definition of success during their undergraduate degree based on 

students presently taking actions toward their future plans was determined using an ANOVA test and 

verified by Welch’s test, shown in Table 60.  

Table 60  

Significant one-way ANOVA results for Section 2 by Present Action with Welch’s test verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q2_3 Between Groups 3 4.36 .005* 2.67 3 77.72 .053 

 Within Groups 226       
Q2_4 Between Groups 3 5.36 .001* 4.37 3 80.49 .007* 

 Within Groups 227       
Q2_5 Between Groups 3 5.82 .001* 4.13 3 80.24 .009* 

 Within Groups 227       
Q2_6 Between Groups 3 5.54 .001* 3.42 3 79.49 .021* 
 Within Groups 226       
Q2_11 Between Groups 3 6.91 <.001* 5.11 3 78.98 .003* 
 Within Groups 226       
Q2_12 Between Groups 3 3.20 .024* 1.82 3 76.73 .150 
 Within Groups 226       
* indicates significance 

 

 This table shows that questions Q2_3, Q2_4, Q2_5, Q2_6, and Q2_11 shows a statistically 

significant, robust, inequality of means. The Welch’s test for Q2_3 is not technically significant, but best 

judgement can be used to see that .053 is very close to .05 and can be used to verify the ANOVA. The 

intention of question Q2_3 and Q2_4, Q2_5 and Q2_6, and Q2_11 and Q2_12 were to respectively 
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investigate the same underlying factor, so it makes sense that they would both be significant. The post-

hoc tests will be examined for these questions to determine where the variation in means resides, shown 

in Table 61. Since the sample sizes are very different, Hochberg’s GT2 post-hoc test was used. The 

Games-Howell post-hoc test was used to verify the Hochberg’s test because it is robust against unequal 

group variances. The effect size, Cohen’s d, is shown. 

Table 61  

Post-hoc tests for Section 2 by Present Action  

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q2_3 Disagree Neutral -.69 .012* .074 0.69 
 Disagree Agree -.58 .038* .166 0.53 
 Disagree Strongly Agree -.86 .005* .042* 0.70 

Q2_4 Disagree Neutral -.69 .019* .112 0.66 
 Disagree Strongly Agree -1.05 .001* .01* 0.87 
Q2_5 Disagree Neutral -.80 .020* .152 0.61 
 Disagree Agree -.83 .011* .132 0.59 
 Disagree Strongly Agree -1.30 <.001* .010* 0.88 
Q2_6 Disagree Neutral -.95 .016* .090 0.63 
 Disagree Agree -1.11 .002* .034* 0.74 
 Disagree Strongly Agree -1.33 .002* .016* 0.81 
Q2_11 Disagree Neutral -.69 .034* .130 0.55 
 Disagree Agree -.92 .001* .019* 0.79 
 Disagree Strongly Agree -1.23 <.001* .003* 0.96 

 

 This table shows statistically significant differences between the students that do not take present 

actions toward their future. Many Hochberg GT2 tests are verified by the Games-Howell test. The 

descriptive statistics are shown in Table 62. 

Table 62  

Descriptive statistics for Section 2 by Present Action 

Question Present Action N Mean SD 
Q2_3 Disagree 29 5.45 1.38 
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Question Present Action N Mean SD 
Neutral 75 6.13 0.79 
Agree 93 6.03 0.99 
Strongly Agree 33 6.30 1.05 

Q2_4 Disagree 29 5.31 1.51 
Neutral 76 6.00 0.82 
Agree 93 5.86 1.13 
Strongly Agree 33 6.36 0.86 

Q2_5 Disagree 29 4.79 1.88 
Neutral 76 5.59 1.04 
Agree 93 5.62 1.22 
Strongly Agree 33 6.09 1.01 

Q2_6 Disagree 29 4.24 1.96 
Neutral 75 5.19 1.31 
Agree 93 5.35 1.34 
Strongly Agree 33 5.58 1.32 

Q2_11 Disagree 29 4.86 1.51 
Neutral 76 5.55 1.14 
Agree 93 5.78 1.03 
Strongly Agree 32 6.09 1.03 

 

 

Section 5 Inferential Statistics by Future Time Perspective Factors 

The difference in what students think will lead to their future career success between students 

with different Future Time Perspectives was determined using one-way ANOVA tests and verified using 

Welch’s robust test of equality of means. 

Effect of Future on Present 

The difference in what students think will lead to their future career success based on Effect of 

Future on Present was determined using an ANOVA test and verified by Welch’s test, shown in Table 63.  
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Table 63  

Significant one-way ANOVA results for Section 5 by Effect of Future on Present with Welch’s test 

verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q5_1 Between Groups 3 3.97 .009* 4.34 3 88.68 .007* 

 Within Groups 224       
Q5_2 Between Groups 3 12.57 <.001* 14.11 3 95.74 <.001* 

 Within Groups 224       
Q5_3 Between Groups 3 4.42 .005* 3.54 3 95.07 .018* 

 Within Groups 223       
Q5_5 Between Groups 3 3.26 .022* 2.90 3 94.39 .039* 
 Within Groups 223       
Q5_6 Between Groups 3 2.73 .045* 1.97 3 92.63 .124 
 Within Groups 223       
* indicates significance 

 

 This table shows that questions Q5_1, Q5_2, Q5_3, and Q5_5 shows a statistically significant, 

robust, inequality of means. Question Q5_6 is not verified by Welch’s test. The post-hoc tests will be 

examined for these questions to determine where the variation in means resides, shown in Table 64. Since 

the sample sizes are very different, Hochberg’s GT2 post-hoc test was used. The Games-Howell post-hoc 

test was used to verify the Hochberg’s test because it is robust against unequal group variances. The effect 

size, Cohen’s d, is shown. 

Table 64  

Post-hoc tests for Section 5 by Effect of Future on Present  

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_1 Neutral Strongly Agree -.60 .009* .013* 0.59 

Q5_2 Disagree Agree -.84 <.001* .013* 0.76 

 Disagree Strongly Agree -1.35 <.001* <.001* 1.37 

 Neutral Strongly Agree -.78 .001* <.001* 0.87 

 Agree Strongly Agree -.51 .028* .002* 0.57 
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Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_3 Disagree Agree -.96 .011* .026* 0.66 

 Disagree Strongly Agree -1.16 .004* .014* 0.70 

Q5_5 Disagree Strongly Agree -.64 .014* .075 0.63 

* indicates significance 

 

 This table shows statistically significant differences between the students that do not believe the 

future has an effect on the present and those who do. The Hochberg GT2 tests are verified by the Games-

Howell test, except for question Q5_5, where it is not verified. The descriptive statistics are shown in 

Table 65. 

Table 65  

Descriptive statistics for Section 5 by Effect of Future on Present 

Question Present Action N Mean SD 
Q5_1 Disagree 32 5.88 1.36 

Neutral 56 5.84 1.20 
Agree 90 6.08 0.69 
Strongly Agree 50 6.44 0.76 

Q5_2 Disagree 32 4.97 1.36 
Neutral 56 5.54 1.06 
Agree 90 5.81 1.00 
Strongly Agree 50 6.32 0.65 

Q5_3 Disagree 32 4.28 1.65 
Neutral 56 5.14 1.37 
Agree 89 5.24 1.37 
Strongly Agree 50 5.44 1.64 

Q5_5 Disagree 32 5.81 1.31 
Neutral 56 6.16 0.78 
Agree 90 6.12 0.89 
Strongly Agree 49 6.45 0.77 
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Perceptions of the Future 

The difference in what students think will lead to their future career success based on Perceptions 

of the Future was determined using an ANOVA test and verified by Welch’s test, shown in Table 66.  

Table 66  

Significant one-way ANOVA results for Section 5 by Perceptions of the Future with Welch’s test 

verification 

 ANOVA Welch’s 
Question 

 
df F Sig. F df1 df2 Sig. 

Q5_2 Between Groups 3 3.47 .017* 5.19 3 78.65 .003* 

 Within Groups 223       
* indicates significance 

 

 This table shows that question Q5_2 shows a statistically significant, robust, inequality of means. 

The post-hoc tests will be examined for this question to determine where the variation in means resides, 

shown in Table 67. Since the sample sizes are very different, Hochberg’s GT2 post-hoc test was used. 

The Games-Howell post-hoc test was used to verify the Hochberg’s test because it is robust against 

unequal group variances. The effect size, Cohen’s d, is shown. 

Table 67  

Post-hoc tests for Section 5 by Perceptions of the Future 

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_2 Disagree Strongly Agree -.64 .043* .005* 0.58 

* indicates significance 

 

 This table shows statistically significant differences between the students that do not have a 

strong perception of the future and those who do. However, the sample size of those who strongly agree is 

too small for a sufficient confidence level. The descriptive statistics are shown in Table 68. 
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Table 68  

Descriptive statistics for Section 5 survey question by Effect of Future on Present 

Question Present Action N Mean SD 
Q5_2 Disagree 122 5.61 1.15 

Neutral 41 5.61 1.22 
Agree 40 6 0.72 
Strongly Agree 24 6.25 0.74 

 

Perceptions of Engineering Future 

The difference in what students think will lead to their future career success based on Perceptions 

of Engineering Future was determined using an ANOVA test and verified with Welch’s test, shown in 

Table 69. 

Table 69  

Significant one-way ANOVA results for Section 5 by Perceptions of Engineering Future with Welch’s test 

verification 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q5_1 Between Groups 3 4.53 .004* 3.86 3 115.14 .011* 

 Within Groups 224       
Q5_2 Between Groups 3 12.12 <.001* 9.07 3 111.72 <.001* 

 Within Groups 224       
Q5_4 Between Groups 3 6.04 .001* 4.32 3 114.55 .006* 

 Within Groups 224       
Q5_6 Between Groups 3 8.69 <.001* 7.28 3 115.00 <.001* 
 Within Groups 223       
* indicates significance 

 

 This table shows that questions Q5_1, Q5_2, Q5_4, and Q5_6 shows a statistically significant, 

robust, inequality of means. The post-hoc tests will be examined for these questions to determine where 

the variation in means resides, shown in Table 70. Since the sample sizes are very different, Hochberg’s 
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GT2 post-hoc test was used. The Games-Howell post-hoc test was used to verify the Hochberg’s test 

because it is robust against unequal group variances. The effect size, Cohen’s d, is shown. 

Table 70  

Post-hoc tests for Section 5 by Perception of Engineering Future 

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_1 Disagree Strongly Agree -.68 .002* .018* 0.62 
Q5_2 Disagree Neutral -.63 .014* .069 0.50 
 Disagree Agree -.92 <.001* .001* 0.86 
 Disagree Strongly Agree -1.12 <.001* <.001* 1.03 
Q5_4 Disagree Agree -.72 .002* .013* 0.63 
 Disagree Strongly Agree -.81 .001* .005* 0.70 
Q5_6 Disagree Agree -.78 .001* .014* 0.62 
 Disagree Strongly Agree -1.07 <.001* <.001* 0.91 

* indicates significance 

 

 This table shows statistically significant differences between the students that do not have a 

strong perception of their future as an engineer and those who do. The Hochberg GT2 tests are verified by 

the Games-Howell test. The descriptive statistics are shown in Table 71. 

Table 71  

Descriptive statistics for the Section 5 by Perception of Engineering Future 

Question Present Action N Mean SD 
Q5_1 Disagree 48 5.69 1.40 

Neutral 49 6.16 0.77 
Agree 73 6.03 0.88 
Strongly Agree 58 6.36 0.72 

Q5_2 Disagree 48 5.02 1.39 
Neutral 49 5.65 1.09 
Agree 73 5.95 0.83 
Strongly Agree 58 6.14 0.76 

Q5_4 Disagree 48 5.21 1.40 
Neutral 49 5.73 1.02 
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Question Present Action N Mean SD 
Agree 73 5.93 0.95 
Strongly Agree 58 6.02 0.93 

Q5_6 Disagree 48 5.00 1.50 
Neutral 49 5.59 0.98 
Agree 72 5.78 1.08 
Strongly Agree 58 6.07 0.81 

 

Connectedness 

 There were no statistically significant differences amongst students who plan and reflect on the 

future in different amounts, with the lowest significance value for question Q5_7 F(3, 225) = 2.34, p = 

.075. 

 

Present Action 

The difference in what students think will lead to their future career success based on Present 

Action was determined using an ANOVA test and verified using Welch’s test, shown in Table 72.  

Table 72  

Significant one-way ANOVA results for Section 5 by Present Action with Welch’s test verification 

 

Question ANOVA Welch’s  
df F Sig. F df1 df2 Sig. 

Q5_2 Between Groups 3 2.83 .039* 3.85 3 87.23 .012* 

 Within Groups 223       
Q5_3 Between Groups 3 5.48 .001* 4.53 3 80.68 .006* 

 Within Groups 222       
Q5_4 Between Groups 3 9.32 <.001* 5.14 3 75.83 .003* 

 Within Groups 223       
Q5_6 Between Groups 3 5.37 .001* 3.96 3 78.42 .011* 
 Within Groups 222       
* indicates significance 
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 This table shows that questions Q5_2, Q5_3, Q5_4, and Q5_6 shows a statistically significant, 

robust, inequality of means. The post-hoc tests will be examined for these questions to determine where 

the variation in means resides, shown in Table 73. Since the sample sizes are very different, Hochberg’s 

GT2 post-hoc test was used. The Games-Howell post-hoc test was used to verify the Hochberg’s test 

because it is robust against unequal group variances. The effect size, Cohen’s d, is shown. 

Table 73  

Post-hoc tests for Section 5 by Present Action 

Question Base 
Group 

Comparison 
Group 

Mean 
Difference 

Sig. 
(Hochberg 

GT2) 

Sig.  
(Games-
Howell) 

Effect Size 

Q5_2 Disagree Strongly Agree -.790* .025* .017* 0.80 
Q5_3 Disagree Strongly Agree -1.510* <.001* .004* 0.92 
Q5_4 Disagree Neutral -1.112* <.001* .002* 1.03 
 Disagree Agree -1.004* <.001* .006* 0.95 
 Disagree Strongly Agree -1.167* <.001* .008* 0.86 
Q5_6 Disagree Neutral -.771* .011* .030* 0.70 
 Disagree Agree -.880* .002* .010* 0.77 
 Disagree Strongly Agree -1.006* .003* .022* 0.75 
* indicates significance 

 

 This table shows statistically significant differences between the students that do not take present 

actions toward their future and those who do. The Hochberg GT2 tests are verified by the Games-Howell 

test. The descriptive statistics are shown in Table 74. 

Table 74  

Descriptive statistics for Section 5 by Present Action 

Question Present Action N Mean SD 
Q5_2 Disagree 30 5.37 1.19 

Neutral 73 5.74 0.99 
Agree 92 5.71 1.19 
Strongly Agree 32 6.16 0.77 

Q5_3 Disagree 30 4.33 1.92 
Neutral 73 5.15 1.37 
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Question Present Action N Mean SD 
Agree 91 5.12 1.41 
Strongly Agree 32 5.84 1.35 

Q5_4 Disagree 30 4.83 1.46 
Neutral 73 5.95 0.90 
Agree 92 5.84 0.91 
Strongly Agree 32 6.00 1.27 

Q5_6 Disagree 30 4.90 1.32 
Neutral 73 5.67 0.99 
Agree 91 5.78 1.08 
Strongly Agree 32 5.91 1.35 

 
 

Section 3 Open-Ended Item Analysis 

Students’ definitions of success during their current engineering program were analyzed using an 

open inductive coding approach. Inductive coding approach entails generating themes from the data itself, 

rather than applying a predetermined list of themes to the data. A frequency analysis was conducted to 

determine the most common themes that arose. Application of themes was done with as little 

interpretation as possible, using the exact wording or direct synonym when possible, like “If I am happy 

while doing this, that is the ultimate level of success”, “Being happy”, or simply “happiness” are 

categorized in the theme “Happiness". Additionally, “Positive mental and physical health”, “Feeling 

happy and motivated to study, this includes having time for exercise and rest”, and “Good marks, but not 

at the expense of personal wellbeing” would all be categorized under the theme “Good mental and 

physical health” (some may be categorized under multiple themes).  

There were 216 responses to this question, and 22 unique themes emerged. Most responses 

referenced multiple themes. The results are shown in Table 75. Students tended to define their success by 

their grades, but vocational themes were strongly represented. Often, the idea of work/ life balance was 

intertwined with feelings of stronger mental health. Those who expressed that happiness is related to their 

success usually indicated that it was the ultimate indicator of their success. 
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Table 75  

Inductive coding results for how students define their success during their current engineering program 

(N=216) 

Theme N % 
Getting good grades 86 39.81 
Practical experience 74 34.26 
Learning (in general and lifelong learning) 49 22.69 
Getting a job 49 22.69 
Learning course material specifically 47 21.76 
Understanding and feeling competent 35 16.20 
Personal development 34 15.74 
Passing courses 32 14.81 
Happiness 27 12.50 
Extracurricular involvement 26 12.04 
Having fun, socializing, and general enjoyment 26 12.04 
Graduating 22 10.19 
Good mental and physical health 19 8.80 
Challenging oneself, and finding fulfilment and reward 19 8.80 
Work/life balance 18 8.33 
Enjoyment or interest in courses or program 15 6.94 
Earning a distinguished degree 14 6.48 
Networking opportunities 14 6.48 
Contributing to or working for a greater cause (greater than oneself) 14 6.48 
Grit, resilience, and resourcefulness 14 6.48 
Future salary and financial security  10 4.63 
Make family proud 1 0.46 

 

Section 6 Open-Ended Item Analysis 

How students envision success in their career five to ten years after graduation was analyzed 

using an open inductive coding approach. A frequency analysis was conducted to determine the most 

common themes that emerged. There were 189 responses to this question. The results can be seen in 

Table 76. Overwhelmingly, themes related to job stability, earning potential, and career growth 

dominated the responses, along with themes related to finding purpose and happiness at work. 
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Table 76  

Inductive coding results for how students envision success in their career 5 to 10 years after graduation 

(N = 189) 

Theme N % 
Job stability and high income 97 51.32 
Sense of purpose (fulfilment, passion, enjoyment, excitement, satisfaction) 64 33.82 
Happiness 46 24.34 
Achieved career growth 44 23.28 
Learning and developing professionally 38 20.11 
Having a positive impact on society 32 16.93 
Work/ life balance 16 8.47 
Feeling challenged 13 6.87 
Having time for family 10 5.29 
No idea 10 5.29 
Having freedom to travel 9 4.76 
Strong professional network 4 2.12 
Physically and mentally healthy  4 2.12 

 

Section 7 Open-Ended Item Analysis 

First, the closed-ended survey question: “There are some changes I could make to my current 

actions in my engineering program to better lead to my future career success 5 to 10 years after 

graduation” was analyzed to see if students generally felt like they were effectively working towards their 

future career goals, or if they felt there were changes they could make to better support their future career. 

The mean response is M = 5.54, SD = 1.29 which is slightly lower than “Agree”. So, generally, students 

agree that they could make changes to their current actions to better lead to their future career success. 

The frequency distribution of the responses is shown in Table 77. 

Table 77  

Level of agreement that students could make changes to current actions to lead to future career success 

Response N % 
Strongly Disagree 3 1.33 
Disagree 3 1.33 
Somewhat Disagree 12 5.36 
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Response N % 
Neutral 22 9.82 
Somewhat Agree 47 20.98 
Agree 86 38.39 
Strongly Agree 51 22.77 

 

This establishes that students generally feel that they could make changes to their current actions 

to better lead to future career success. The actual changes that students think they should make was 

analyzed using an open inductive coding approach. A frequency analysis was conducted to determine the 

most common themes that emerged. There were 168 responses to this question. The results can be seen in 

Table 78. Students tend to think that seeking out practical engineering experience from their courses, 

projects, summer jobs, internships, and engineering-related extracurriculars. Trying harder by studying 

more, attending more lectures, or putting in more effort in courses is also a dominant theme.  

Table 78  

Inductive coding results for what changes students think they could make to maximize their career 

success 5 to 10 years in the future (N = 168) 

Theme N % 
Engage in more opportunities for professional development and practical experience 61 36.31 
Try harder and engage more with program and available extracurriculars 51 30.36 
Improve habits 41 24.40 
More networking 23 13.69 
Plan better for the future 22 13.10 
Join a design team (specifically mentioned) 15 8.93 
Further personal development 10 5.95 
Get better grades 10 5.95 
Nothing 6 3.57 
Focus on improving mental health and taking better care of yourself 4 2.38 
Reduce importance of grades 4 2.38 
Reduce drug use 3 1.79 
Take engineering courses and other electives that are disallowed by current program 
setup 

3 1.79 

Don't know 3 1.79 
Leave current program 1 0.60 
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Chapter 5 

Discussion 

This chapter presents the discussion of the results in Chapter 4 in response to the research questions 

outlined in Chapter 1. The research questions were as follows: 

1. How do undergraduate engineering students define their success in their current engineering 

program? 

a. How does this differ by demographic category and Future Time Perspective category? 

2. How do undergraduate engineering students define their success projecting 5 to 10 years into a 

future career? 

3. By reflecting on their response to Research Questions 1 and 2, how might undergraduate 

engineering students redefine success in their current engineering program to maximize their 

future career success? 

a. How does this differ by demographic category and Future Time Perspective category? 

4. What changes do students think they should make to better align their present actions with their 

view of future career success? 

The demographic categories being investigated are discipline, year of study, nationality, gender, 

internship status, scholarship status, approximate age, and intention to pursue graduate studies. The 

Future Time Perspective categories are Effect of Future on Present, Perception of the Future, Perception 

of Engineering Future, Connectedness, and Present Action. 

Research Question 1 

 The first research question “How do undergraduate engineering students define their success in 

their current engineering program?” is addressed with both quantitative and qualitative survey questions. 

The quantitative questions assessed the importance of sixteen criteria to how students defined their 

success in their engineering program and the qualitative question allowed an opportunity for an open-
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ended response to the question “What does success mean to you in terms of your current engineering 

program?”. A summary of the results from Chapter 4 are shown in Table 79 with the quantitative results 

compared with the qualitative results. 

Table 79  

Quantitative responses (N = 266) compared to qualitative responses (N = 216) to how students define 

their success during their undergraduate degree 

Quantitative Responses Qualitative Responses 
Question Mean 

Response 
Theme % of 

Respondents 
Earning a reputable degree that 
will allow me to get a job 

6.33 Getting good grades 39.81 

Passing my courses 6.29 Practical experience 34.26 

Broadening my knowledge base 6.18 Learning (in general and lifelong 
learning) 

22.69 

Obtaining a degree of recognized 
worth 6.16 

Getting a job 
22.69 

Personal happiness 6.14 Learning course material specifically 21.76 
Learning things during my current 
engineering program that are 
interesting to me 

6.03 
Understanding and feeling competent 

16.20 

Seeking effective and relevant 
training for a future career 

6.02 Personal development 15.74 

Taking courses that seem relevant 
to a desired future career 5.91 

Passing courses 
14.81 

Participating in activities such as 
socializing, athletics, or other 
personal interests  

5.80 
Happiness 

12.50 

Helping other people and 
contributing to society 5.77 Extracurricular involvement 12.04 

Engaging with challenging or 
interesting course material 

5.66 Having fun, socializing, and general 
enjoyment 

12.04 

Learn useful things in my current 
engineering program that will 
benefit my community 

5.65 
Graduating 

10.19 

Getting good grades 5.58 Good mental and physical health 8.80 

Choosing stimulating electives 5.47 Challenging oneself, and finding 
fulfilment and reward 8.80 

Getting good feedback from 
professors and TAs 

5.39 Work/life balance 8.33 
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Quantitative Responses Qualitative Responses 
Question Mean 

Response 
Theme % of 

Respondents 

A high GPA 5.20 Enjoyment or interest in courses or 
program 6.94 

  Earning a distinguished degree 6.48 
  Networking opportunities 6.48 
  Contributing to or working for a 

greater cause (greater than oneself) 6.48 

  Grit, resilience, and resourcefulness 6.48 
  Future salary and financial security  4.63 
  Make family proud 0.46 

 

 Generally, the quantitative results above provide an indication of relative importance of each 

criterion, while the qualitative results provide an indication of prevalence. The quantitative results suggest 

that the most important criteria students use to define their success are vocational, like “practical 

experience”, “learning”, and “getting a job”. Personal happiness is also notably high in the rankings. 

Academic achievement, such as grades and GPA, are the least important criteria, which runs counter to 

the mainstream view of what “student success” means. 

The qualitative results suggest that academic achievement, getting good grades, is the most 

common criteria students use to define their success, followed by a number of vocational criteria. 

Uncommon criteria included earning a distinguished degree, resilience, and making their family proud.  

There are a number of similarities and differences in the two lines of questioning. First of all, the 

academic achievement criteria are of comparatively low importance to students in the quantitative results 

but are comparatively common in the qualitative results. Academic achievement may be a common 

criterion for students to define their success because it is easily measurable and is the de facto measure 

used by institution (and most educational researchers). However, the importance to students may be lower 

than researchers tend to think. Secondly, criteria related to happiness and related items such as work/life 

balance and personal mental and physical wellbeing are both important and commonly used to measure 

success. The qualitative responses reinforce this finding as a number of respondents explicitly state that 
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their happiness is the “ultimate” measure of their success. Finally, there is a clear and consistent message 

that vocational measures focused on post-graduation employment are important (possibly the most 

important) and common measures of how students define their success. This includes things like gaining 

practical experience, learning relevant things, and gaining deep understanding of material for the purpose 

of attaining and exceling in post-graduation employment. The fact that “earning a distinguished degree” is 

not a common qualitative response, likely means that the meaning of the quantitative questions  “earning 

a reputable degree that will allow me to get a job” and “earning a degree of recognized worth” 

specifically relates to the utility of the degree in finding a job, rather than just simply the attainment of the 

degree for its own sake.  

Academic Literature 

The way academic literature typically defines success is well explored in the literature review, 

with academic achievement, such as grades and GPA, and persistence dominating the way academics 

define student success. The results shown in Table 79 show that the way academics often define student 

success does not align well with how students define their success. Although getting good grades and, to a 

lesser degree, graduating are common measures students use to define their success, they are not the most 

important.  

 York et al.’s (2015) definition of student success, an iteration of Kuh et al.’s (2006) definition, 

was: “academic achievement, attainment of learning objectives, acquisition of desired skills and 

competencies, satisfaction, persistence, and [post-university] performance” (p. 5). This more 

comprehensive definition aligns more closely with the way students define their success, despite being 

generated without student input. “Acquisition of desired skills and competencies” (broadening my 

knowledge base, practical experience) and “Attainment of learning objectives” (learning things during my 

current engineering program that are interesting to me, lifelong and general learning) are both important 

and prevalent in how students define their success, along with “[post-university] performance” (getting a 

job, earning a reputable degree that will allow me to get a job). “Academic achievement” is certainly 
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commonly used, and “persistence” is important. “Satisfaction”, which is fulfilment-adjacent and the 

longer-term counterpart to happiness, is only used by students with a moderate frequency to define their 

success (challenging oneself, and finding fulfilment and reward), although it is relatively important 

(personal happiness). Overall, York et al.’s definition of student success is not necessarily all-inclusive, 

but it is thoughtful and thorough. This could be a starting point for a widely agreed-upon definition of 

student success that aligns with previous academic knowledge, now supported with student input. 

 Based on this research study, an update to York et al.’s definition of student success is proposed. 

It should be noted that the terms “student success” and “academic success” should not be used 

interchangeably because academic success is just one component of student success. The proposed 

updated definition for Student Success, based on input from students, is: academic achievement; 

attainment of learning objectives; acquisition of desired skills, competencies, and practical experiences; 

wellbeing; persistence; and post-graduation performance. Student success is an outcome and, like York et 

al.’s definition, each of these constructs that compose it are also outcomes. This maintains the conceptual 

alignment between each part of the definition. Kuh et al.’s (2006) definition was critiqued by York et al. 

because not all parts of the definition were outcomes. 

The addition of “acquisition of practical experiences” reflects the strong importance students 

place on this criterion in particular. The changing of “satisfaction” to “wellbeing” reflects the much 

greater importance students place on their wellbeing than their satisfaction. Although both proxy 

measurements, wellbeing more closely targets what students find important. Things like mental and 

physical health, happiness, and balance are all important to students and are commonly used as 

measurement of success – happiness often being considered “the ultimate success”. Finally, the change 

from post-college performance to post-graduation performance better reflects more countries that may not 

use the name “college”. Additionally, “career success” is not suggested as an alternative to “post-college 

performance” for a number of reasons. First, students may pursue further education after their 
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undergraduate engineering degrees, and secondly, students define “career success” in a very broad way, 

so it is better to keep this criterion constrained to post-graduation performance. 

Engineering Education Academic Literature 

 Academic achievement, such as grades and GPA, and persistence, are also commonly used in 

Canadian and international engineering education literature to measure and define student success. This 

does not align well with way students themselves define their success. Academic achievement is certainly 

commonly used by students as a measure of their success; however, it is not typically deemed as 

important in comparison to some other factors. The overwhelming use of these measures, especially in 

North American engineering education literature, could be expanded to include additional measures 

related to student wellbeing and associated with post-graduation employment outcomes to better represent 

the student population.  

Institutions 

 Typical institutional measures of students’ success such as grades, GPA, and graduation rates, are 

common ways students also define their success, however the importance of such criteria is low to 

students. This finding puts into question the prevalent use of such unidimensional student success 

measures. In particular, the employability of graduating students is a measure of student success that 

could have more emphasis. Otherwise, the recognition of the nuance to the term could help institutions 

connect on a deeper level with students’ motivation by more closely aligning their respective measures of 

success.  

Industry  

Canadian researchers Paul & Falls (2015) found that career insight, proactive personality, 

openness to experience, and lifelong learning were the skills most significant to an engineer’s career 

success. Lifelong learning and career insight are criteria found by Paul & Falls that makes an appearance 

in the list of common ways students define their success. Additionally, the importance of practical 

experience and being prepared for a future career is in the best interests of engineering industry partners, 
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and professional engineers hiring new graduates would surely rate having strong practical experience as 

being important ways to define the success of engineering students. 

Students 

Students’ use of vocational outcomes as an important measure of their success aligns with 

previous findings that show that Canadian students (N > 15,000; all degree types including engineering) 

rate “getting a job” and “preparing for a specific job or career” as the most important reasons for 

attending university (Canadian University Survey Consortium, 2013). In the Canadian University Survey 

Consortium research, “desire to learn” was the next most important reason for attending university, which 

also aligns with the results of this study which show “broadening my knowledge base” in the top three 

most important criteria students use to define their success. Additionally, engineering students were most 

likely to say that practical experience and internships were very important, which again aligns with the 

results from this survey, where nearly 35% of engineering students use “gaining practical experience” as 

an important measure for how they define their success. The importance of vocational measures to how 

students define their success is also supported by international literature (Baillie & Fitzgerald, 2000; 

Blankstein et al., 2019; Krause et al., 2005; McMillan, 2005). An Australian study differs from this one in 

that vocational criteria was not found to be commonly used by students defining their success (O’Shea & 

Delahunty, 2018). However, other criteria such as good mental and physical health, balance, and 

happiness did align as being important measures for how students define their success. The way students 

define their success can be compared to another study with a similar goal that asked 20 African American 

students in interviews “what is success to you?”. The comparison is shown in Table 80. 

Table 80  

Comparison of Research Question 1 results to Hughes et al. (2011) 

Theme % of Respondents Theme % of Respondents 
Getting good grades 39.81 Graduating 50.00 
Practical experience 34.26 Happiness 45.00 
Learning (in general 
and lifelong learning) 22.69 

Family Related 
40.00 
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Theme % of Respondents Theme % of Respondents 
Getting a job 22.69 Job/Career Related 40.00 
Learning course 
material specifically 

21.76 Money Related 35.00 

Understanding and 
feeling competent 16.20 

Learning Related 
30.00 

Personal 
development 15.74 Formal Success Definition  30.00 

Passing courses 14.81 Knowledge Application  15.00 
Happiness 12.50 Other 40.00 
Extracurricular 
involvement 12.04 

 

Having fun, 
socializing, and 
general enjoyment 

12.04 
 

Graduating 10.19  
N = 216 N = 20 

 

This table shows that the relative frequency of different themes is quite different, but there is 

agreement about the absolute frequency of vocationally oriented themes. Due to the large difference in 

sample size and the difference between soliciting answers in an open-ended survey question and semi-

longitudinal interviews, direct comparisons cannot be made, but it is interested how the results differ. 

Overall, students use nuanced and varied criteria for measuring their success, although it is clear 

that the most common and important criteria student use do not always align with the way “student 

success” is portrayed by institutions and engineering education academic literature. The results of this 

study do align with previous findings from related Canadian research discussed in Chapter 2, which 

provides good support for the validity of the findings. 

Research Question 1a 

Research question 1a is: “How does the way undergraduate engineering students define their 

success in their current engineering program differ by demographic category and Future Time Perspective 

category?”. To address this questions, type-1 error rates (false positives) must be discussed first.  
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Inferential Statistics Type-1 Error Rates 

The exploratory nature of this research necessitated a high number of independent variables being 

measured, which leads to a high number of statistical tests where type-1 error can accumulate. To reduce 

the possibility of type-1 error during the many ANOVA tests conducted, a conservative six-step 

procedure was used to assess the credibility of the findings. The number of questions or combinations 

eliminated by each step is shown in Table 81. Some values that were close to one of the elimination cut-

offs were preserved by discretion, as the blind application of p values and effect sizes is not suggested 

(Trafimow et al., 2018). 

Table 81  

Number of questions eliminated by conservative six-step credibility assessment 

Step in Elimination Process Remaining Questions or Combinations 
(i) eliminate questions with ANOVA significance 
over p = .05. 

47 suggestive questions found 

(ii) eliminate remaining questions with Welch’s 
robust test of equality of means significance 
greater than p = .05. 

39 suggestive questions remain 

(iii) eliminate remaining questions with 
Hochberg’s GT2 post-hoc test significance greater 
than p = .05. 

80 suggestive combinations found 

(iv) eliminate remaining questions with Games-
Howell post-hoc test significance greater than p = 
.05. 

62 suggestive combinations remain 

(v) raise the required significance and eliminate 
remaining questions with Hochberg’s GT2 post-
hoc test significance greater than p = .01 (which is 
the primary post-hoc test). 

42 suggestive combinations remain 

(vi) eliminate questions with effect size less that d 
= 0.60. 

41 strongly suggestive combinations remain 

 

 This allows for only the most strongly suggestive results to filter through, especially for the 

differences along Future Time Perspective dimensions. The less strongly suggestive results were still 

included in Chapter 4, Results for completeness. Some of these restrictions were lowered by discretion for 
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the demographic variables to preserve the less strongly suggestive results in comparison to the Future 

Time Perspective dimensions (although still quite suggestive in their own right).  

Summary of Results 

A summary of the results for research question 1a, is shown in Table 82. There are four results 

that were calculated using a t-test rather than an ANOVA, therefore the significance results are reported 

as “t-test significance”. 

Table 82  

Strongly suggestive results summary for research question 1a  

Question: 
… is important to 
how I define my 

success during my 
current 

engineering 
program 

Independent 
variable 

Lower 
scoring 
group 

Higher 
scoring 
group 

Hochberg 
GT2 post-

hoc test 
significance 

James-
Gowell 

post-hoc 
test 

significance 

Effect 
size 

Q2_2: Earning a 
reputable degree 
that will allow me 
to get a job 

Effect of 
Future on 
Present 

Disagree Strongly 
Agree <.001 .011 0.90 

Q2_3: Seeking 
effective and 
relevant training for 
a future career 

Internship Had not 
completed 

Completed 
Internship 

t-test significance: 
.039 

0.34 

 
Effect of 
Future on 
Present 

Disagree 
Strongly 
Agree .008 .036 0.70 

 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree <.001 .001 0.86 

 Present 
Action Disagree 

Strongly 
Agree .005 .042 0.70 

Q2_4: Taking 
courses that seem 
relevant to a 
desired future 
career 

Effect of 
Future on 
Present 

Disagree Strongly 
Agree .001 .011 0.85 
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Question: 
… is important to 
how I define my 

success during my 
current 

engineering 
program 

Independent 
variable 

Lower 
scoring 
group 

Higher 
scoring 
group 

Hochberg 
GT2 post-

hoc test 
significance 

James-
Gowell 

post-hoc 
test 

significance 

Effect 
size 

 

Perceptions 
of 
Engineering 
Future 

Disagree Agree <.001 .008 0.67 

 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree 

<.001 <.001 0.95 

 Present 
Action 

Disagree Strongly 
Agree 

.001 .010 0.87 

Q2_5: Getting good 
grades 

Effect of 
Future on 
Present 

Disagree Strongly 
Agree .002 .024 0.73 

 Present 
Action 

Disagree Strongly 
Agree 

<.001 .010 0.88 

Q2_6: A high GPA Discipline 
Earth-
based 

Engineering 
science .001 .001 0.67 

 Present 
Action Disagree Agree .002 .034 0.74 

 Present 
Action 

Disagree Strongly 
Agree 

.002 .016 0.81 

Q2_7: Learning 
things during my 
current engineering 
program that are 
interesting to me 

Gender Female Male 
t-test significance: 

0.011 0.33 

 

Perceptions 
of 
Engineering 
Future 

Disagree Agree <.001 .002 0.7 

 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree <.001 <.001 0.98 

Q2_10: Getting 
good feedback Scholarship Without 

scholarship 
With 
scholarship 

t-test significance: 
.020 0.55 
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Question: 
… is important to 
how I define my 

success during my 
current 

engineering 
program 

Independent 
variable 

Lower 
scoring 
group 

Higher 
scoring 
group 

Hochberg 
GT2 post-

hoc test 
significance 

James-
Gowell 

post-hoc 
test 

significance 

Effect 
size 

from professors and 
TAs 

 

Perceptions 
of 
Engineering 
Future 

Disagree Agree .004 .011 0.66 

Q2_11: Engaging 
with challenging or 
interesting course 
material 

Present 
Action Disagree Agree .001 .019 0.79 

 Present 
Action Disagree 

Strongly 
Agree <.001 .003 0.96 

Q2_15: Helping 
other people and 
contributing to 
society 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree 

.004 .021 0.60 

Q2_16: Learn 
useful things in my 
current engineering 
program that will 
benefit my 
community 

Gender Male Female 
t-test significance: 

.026 0.27 

 

Perceptions 
of 
Engineering 
Future 

Disagree Agree <.001 <.001 1.03 

 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree 

<.001 <.001 0.98 

  

The results show that the way students define their success does not differ greatly by 

demographic dimensions. The clearest result along demographic dimensions is that Engineering Science 

students measure their success using their grades much more strongly than Earth-Based disciplines (d = 
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0.67). There is a small effect that male students prefer to learn things of interest to themselves (d = 0.33) 

and female students prefer to learn things that will benefit their community (d = 0.27). There is a small 

effect that the type of students who complete an internship are also the type to measure their success by 

the amount of effective and relevant training for a career they acquire (d = 0.34), which makes sense. 

These logical conclusions support the validity of the research question. 

 The way students define their success does seem to differ strongly by their Future Time 

Perspective. This is one of the more exploratory components of this study, although it would make sense 

that the way students define their success could correlate with their perspectives of the future. For 

example, students who have a strong perception of their future as an engineer also more strongly believe 

than students who do not want to be an engineer that seeking effective and relevant training for a future 

career is important to how they define their success in their engineering program (d = 0.86). These 

students who do not want to be engineers may choose a different measure to define their success, such as 

taking courses that seem relevant to a desired future career (d = 0.77), as they may feel that course-based 

knowledge may be more beneficial than more practical experience.  

 The results show that “Perception of Engineering Future”, i.e. the degree to which students want 

to pursue an engineering career, is the Future Time Perspective dimension that exposes the most 

differences in how engineering students define their success. 

Research Question 2 

Research question 2 is: “how do undergraduate engineering students define their success 

projecting 5 to 10 years into a future career?”. The simplified results from Chapter 4 are shown in Table 

83.  

Table 83  

Simplified inductive coding results for how students envision success in their career 5 to 10 years after 

graduation (N = 189) 

Theme % 
Job stability and high income 51.32 
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Theme % 
Sense of purpose  33.82 
Happiness 24.34 
Achieved career growth 23.28 
Learning and developing professionally 20.11 
Having a positive impact on society 16.93 
Work/ life balance 8.47 
Feeling challenged 6.87 
Having time for family 5.29 
No idea 5.29 
Having freedom to travel 4.76 
Strong professional network 2.12 
Physically and mentally healthy  2.12 

 

This portion of the research is also exploratory. It is interesting to see how many intrinsic themes 

emerge such as sense of purpose, happiness, learning and developing professionally, and having a 

positive impact on society. Extrinsically motivated “job stability and high income” still dominates the list, 

with career growth in the top 5 most common responses. Criteria such as learning, feeling challenged, and 

feeling competent are similarly common when envisioning future career success and defining present 

academic success. The way students define their success during their engineering program tends more 

toward intrinsic motivation than the way students define their success post-graduation. Happiness is fully 

two times more likely to be referred to when envisioning future career success than when defining current 

success. Having a positive impact on society is also much more (2.5x) commonly envisioned in a future 

career than it is used to define present success. The question of why students don’t more highly prioritize 

their happiness and positive contributions to society in the present arises. By making a habit of this in the 

present, wouldn’t it lead to a manifestation in the future? Perhaps students feel pressured to perform and 

think there is no time for prioritizing happiness or contributions to society. Does this possible “pressure to 

perform” end after graduating or is it still present in some way in a future career? Why not start now? 
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Research Question 3 

Research question 3 is: “By reflecting on their response to Research Questions 1 and 2, how 

might undergraduate engineering students redefine success in their current engineering program to 

maximize their future career success?”. The results in Table 89 in Chapter 4 indicate a very similar 

response to research question 1, “how do undergraduate engineering students define their success in their 

current engineering program?”.  The most notable finding is that the importance of “getting good grades”, 

already considered of low importance to how undergraduate student define their success, is further 

reduced by .46 Likert points on a 7-point scale. This supports the finding that students do not think that 

good grades alone will necessarily maximize their future career success. GPA is known to be a fairly 

robust and objective measure of academic achievement (M. Richardson et al., 2012). However, academic 

achievement is only one aspect of student success. Grades certainly could still be used as a tool to help 

maximize students’ future success, if they are used to measure the (sometimes ineffable) learning and 

practical experience necessary to succeed in a career. This cannot always be guaranteed by academics 

assessing GPA data without knowledge of the assessments used to generate the course grades 

Additionally, the ineffable qualities may never be captured in a grade. Therefore, the results of this 

research do not support the use of grades as a unidimensional measure of student success.  

 The other finding is that respondents were consistent in answering the parallel questions in survey 

Section 2 and Section 5. This would suggest that respondents were paying attention and answering 

truthfully given that students “somewhat agree” with the statement “what success means to me in terms of 

my current engineering program will also maximize my future career success 5 to 10 years after 

graduation” ("̅ = 5.19, s = 1.28).  

Research Question 3a 

Research question 3a is “By reflecting on their response to Research Questions 1 and 2, how does 

the way undergraduate engineering students think they might redefine their success in their current 

engineering program differ by demographic category and Future Time Perspective category?”. A 
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summary of the most statistically suggestive results is shown in Table 84. There are three results that were 

calculated using a t-test rather than an ANOVA, therefore the significance results are reported as “t-test 

significance”. 

Table 84  

Strongly suggestive results summary for research question 3a 

Question: 
… will lead to my 
future career 
success 

Independent 
variable 

Lower 
scoring 
group 

Higher 
scoring 
group 

Hochberg 
GT2 post-
hoc test 
significance 

James-
Gowell 
post-hoc 
test 
significance 

Effect 
size 

Q5_1: Obtaining a 
degree of 
recognized worth 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree .002 .018 0.62 

Q5_2: Taking 
courses that seem 
relevant to my 
future career 

Year 4th+ year 1st year .009 .011 0.63 

 
Effect of 
Future on 
Present 

Disagree Agree <.001 .013 0.76 

 
Effect of 
Future on 
Present 

Disagree 
Strongly 
Agree <.001 <.001 1.37 

 
Effect of 
Future on 
Present 

Neutral Strongly 
Agree 

.001 <.001 0.87 

 

Perceptions 
of 
Engineering 
Future 

Disagree Agree <.001 .001 0.86 

 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree 

<.001 <.001 1.03 

Q5_3: Getting good 
grades Year 4th+ year 1st year .009 .004 0.67 

 Discipline Earth-based Engineering 
science 

.020*** .021 0.69 
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Question: 
… will lead to my 
future career 
success 

Independent 
variable 

Lower 
scoring 
group 

Higher 
scoring 
group 

Hochberg 
GT2 post-
hoc test 
significance 

James-
Gowell 
post-hoc 
test 
significance 

Effect 
size 

 Grad studies No grad 
studies Grad studies t-test significance: 

.007 0.40 

 Nationality Canadian International t-test significance: 
.047 

0.43 

 
Effect of 
Future on 
Present 

Disagree Strongly 
Agree .004 .014 0.70 

 Present 
Action 

Disagree Strongly 
Agree 

<.001 .004 0.92 

Q5_4: Learning 
things during my 
current engineering 
program that are 
interesting to me 

Perceptions 
of 
Engineering 
Future 

Disagree Agree .002 .013 0.63 

 

Perceptions 
of 
Engineering 
Future 

Disagree 
Strongly 
Agree .001 .005 0.70 

 Present 
Action 

Disagree Neutral <.001 .002 1.03 

 Present 
Action Disagree Agree <.001 .006 0.95 

 Present 
Action Disagree Strongly 

Agree <.001 .008 0.86 

Q5_6: Engaging 
with challenging or 
interesting course 
material 

Grad studies No grad 
studies Grad studies t-test significance: 

.031 0.31 

 

Perceptions 
of 
Engineering 
Future 

Disagree Agree .001 .014 0.62 

 

Perceptions 
of 
Engineering 
Future 

Disagree Strongly 
Agree <.001 <.001 0.91 

 Present 
Action Disagree Agree .002 .010 0.77 



 

 

 

130 

Question: 
… will lead to my 
future career 
success 

Independent 
variable 

Lower 
scoring 
group 

Higher 
scoring 
group 

Hochberg 
GT2 post-
hoc test 
significance 

James-
Gowell 
post-hoc 
test 
significance 

Effect 
size 

 Present 
Action Disagree Strongly 

Agree .003 .022 0.75 

 

 Again, “Perception of Engineering Future”, i.e. the degree to which students want to pursue an 

engineering career, is the Future Time Perspective dimension that exposes the most differences in the 

criteria engineering students think will lead to their future career success.  

 First year students more strongly believe that getting good grades will lead to their future career 

success than fourth+ years (d = 0.67), as do international students compared to Canadian students (d = 

0.43), as well as students seeking a position in a graduate degree program (d = 0.40). This makes sense, 

given the additional external pressures to achieve high grades to get into an undergraduate engineering 

program and graduate programs, as well as cultural differences that may more strongly value high grades. 

 Students who want to become engineers post-graduation believe that taking courses that seem 

relevant to their future career (d = 1.03) and engaging with challenging or interesting course material (d = 

0.91) will lead to their future career success. This aligns with the value these types of students place on 

practical experience and vocational progress, which provides further evidence for the validity of the 

results.  

Research Question 4 

Research question 4 is: “what changes do students think they should make to better align their 

present actions with their view of future career success?”. Despite the fact that students “somewhat agree” 

that the way they define their success presently will maximize their future career success 5-10 years after 

graduation ("̅ = 5.19, s = 1.28), students do “agree” that they could still make some changes to their 

current actions to better lead to their future career success (M = 5.54, SD = 1.29). Table 78 in Chapter 4 

shows the themes developed through inductive coding of the responses to an open-ended question asking 
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students what changes they could make in the present to maximize their career success in the present. The 

most common thing students think they could change to maximize their future career success is to seek 

more practical experience (engage in more opportunities for professional development and practical 

experience, engage with extracurriculars, join a design team). This aligns with one of the most significant 

responses as to how students define their success, which is to gain practical, vocational, experience. This 

is a great takeaway for educators – it is clear that engineering students want more experiences to gain 

practical engineering experience. This could include promoting co-op and internship opportunities, 

promoting design teams, or developing experiential learning opportunities in curriculum. Students also 

believe they could seek more networking opportunities and plan better for the future. Career counselors 

and university staff could use this information to increase the number of on-campus networking sessions 

or change the style of these sessions to appeal to more students. University staff and course developers 

could design and incorporate more career planning into university workshops or course curriculum.  

Limitations 

 A number of limitations are inherent in this study. The generalizability is affected by the sample, 

while the survey affects the validity. 

Sample 

One limitation comes from infringing on Plano Clark & Creswell’s (2015) second key 

characteristic of a nonexperimental quantitative survey design, “there is a large sample that is 

representative of the population”. This survey had a large sample of n = 266 with a response rate of 8%, 

which is higher than the typical ~1% rate of similar studies (Lanziner, 2017; Smith, 2018), although still 

limits generalizability to some extent.  The sample differs from the population on a number of 

dimensions, including overrepresentation of female responses (!! =16.68, p<.0001), overrepresentation 

from students of lower year of study, and overrepresentation of the chemical discipline and 

underrepresentation from the computer and electrical discipline on a per capita basis. Other demographic 

dimensions could not be assessed for representativeness due to lack of information, such as the actual rate 
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of scholarship status or the number of students who intend to pursue graduate studies. This limits the 

generalizability of the study to the Queen’s University population. Additionally, the generalizability is 

certainly limited when generalizing outside of the Queen’s engineering context, due to the possible 

differences between students of different schools. Queen’s students may differ from students of other 

schools for a number of reasons including the strong sense of “school spirit”, acceptance grade average, 

or smaller-city location, all of which may affect the types of students who apply and join the Queen’s 

University engineering program. 

The survey was distributed by email to all undergraduate engineering students, so every student 

received an equal opportunity to complete the survey. However, students who were interested in the 

subject matter may have self-selected to complete the survey, which could impact the sampling bias. For 

instance, it may be possible that students who had less of a clear idea of how they defined their success 

were less likely to participate to avoid the mental taxation of engaging with the survey. Nonetheless, this 

would not affect the findings. Thus, it is reasonable to generalize these results, at least to the Queen’s 

engineering population, with reservations for the sample size and deviations from perfect demographic 

representation. 

Survey 

The survey itself has some limitations. The reliability was low for the Learning Orientation 

Model survey questions, with Cronbach’s Alpha values as low as 0.28, well below an acceptable level. 

Due to the unreliability of these factors, they were not used in the analysis, and the original questions 

were analyzed in full. This led to a large number of statistical tests being completed, which could lead to 

an elevated risk of type 1 error (false positives). This was managed with a robust results-verification 

process, decreasing the acceptable p value below p = .05, and increasing the acceptable effect size to 0.6. 

The Learning Orientation Model did provide a good structure for developing a comprehensive set 

of survey questions, however the failure of the Learning Orientation Model as a reliable factor structure 

limits the utility of this portion of the survey for future researchers.  
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 Another limitation of the study is the medium. Incorporating interviews into the data collection 

process would have led to an even richer data set than the open-ended response questions allowed. The 

length of the survey may have been a limitation for the 35 participants who dropped out part-way through. 

However, the medium was meant to strike a balance of commitment. The instrument was more committal 

than a short Likert-exclusive survey due to its purpose of gathering richer information from a wider 

variety of students, without sacrificing too much of the depth that would have been gained by 

interviewing a very small number of highly committed students. This balance of commitment gained 

more depth from more students to be as representative as possible. 
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Chapter 6 

Conclusion 

This study explored undergraduate engineering students’ interpretations of success. A 

quantitative ex-post facto research design was used to answer the research questions with additional open-

ended questions to allow for added depth. The survey instrument was designed with original questions, in 

addition to questions inspired by Beaty et al.’s Learning Orientation model, and questions based on 

Chasmar & Ehlert’s Future Time Perspective framework.  The survey had a total of 57 closed-ended and 

3 open-ended questions. The instrument was tested and improved through a two-phase pilot study. The 

pilot study involved pre-testing the instrument with 19 participants and cognitive interviewing of 4 

participants with a semi-structured think-aloud protocol. This process provided evidence to evaluate and 

improve the questions to reduce measurement error for the full study. The full study was distributed to the 

undergraduate engineering student population of Queen’s University with n = 266 responses and a 

response rate of 8%.  

The survey results may have diminished generalizability to all Canadian engineering students 

because the participation was limited to Queen’s students, which is not necessarily representative of the 

greater Canadian engineering population. The Learning Orientation model factors in the survey proved to 

be not reliable, so they were not used in the analysis, but others proved to be highly reliable or have large 

effect sizes which results in trustworthy results. This, combined with the high response rate, means the 

results are likely applicable to most Queen’s engineering students, and the greater trends are possibly 

applicable to Canadian engineering students. 

The way engineering students define success for themselves has not been well explored in the 

academic literature, despite the proliferation of papers that seek to measure “student success”. Overall, 

undergraduate engineering students tend not to define their success in the same way as academics. 

Typically, academic papers define and measure student success in terms of academic achievement and 



 

 

 

135 

student retention, while students tend to use much broader and more nuanced criteria to define their 

success. This tendency extends from general academic literature to specific Canadian engineering 

education papers. Academic achievement and retention are components of how students define their 

success, but the importance of these criteria is low relative to others such as vocational outcomes or 

personal happiness, which is considered the “ultimate” success by a number of participants. It is clear that 

criteria relating to future employability are very important to how undergraduate engineering students 

define their success, which aligns with previous findings that Canadian students (n > 15,000) rate “getting 

a job” and “preparing for a specific job or career” as the most important reasons for attending university 

(Canadian University Survey Consortium, 2013). More specifically, important criteria include gaining 

practical experience, learning things relevant to a future career, and gaining deep understanding of 

material for the purpose of attaining and exceling in post-graduation employment. The results of this 

study supported an update to York et al.’s (2015) definition of student success, “academic achievement, 

attainment of learning objectives, acquisition of desired skills and competencies, satisfaction, persistence, 

and [post university] performance” (p. 5). York et al.’s definition is an iteration of Kuh et al.’s (2006) 

definition, neither of which have been validated with student input. The proposed updated definition for 

the term “student success”, based on the results of this research is: academic achievement; attainment of 

learning objectives; acquisition of desired skills, competencies, and practical experiences; wellbeing; 

persistence; and post-graduation performance. 

Generally, demographic differences do not greatly affect the way students define their success. 

The exception is that Engineering Science (engineering physics, engineering chemistry, applied 

mathematics) measure their success using their grades much more strongly than Earth-Based (civil, 

geological, mining) disciplines (d = 0.67). Students’ Future Time Perspectives did affect the way students 

define their success. The most important differentiating factor was a student’s perception of their future as 

an engineer. Students who what to be an engineer also believe more highly than students who do not want 
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to be an engineer that seeking effective and relevant training for a future career is important to how they 

define their success in an engineering program (d = 0.86).  

Extrinsically motivated “job stability and high income” dominates the way students envision their 

success in a future career, however many of the remaining criteria use intrinsic measures such as having a 

sense of purpose, happiness, and having a positive impact on society. Happiness is twice as likely to be 

referred to when students envision their future career success compared to when defining their current 

success. Happiness and fulfillment in the present could be emphasized more to students given its clear 

importance to students in the future. The way students envision their success in a future career differs 

most along the factor “perception of their future as an engineer”, which is consistent with the findings for 

the way students define their success in the present. Additionally, first year students believe more strongly 

that getting good grades will lead to their future career success than fourth+ years (d = 0.67), as do 

international students compared to Canadian students (d = 0.43), as well as students seeking a position in 

a graduate degree program (d = 0.40).  

Students tend to believe that the way they already define their success in their undergraduate 

degree will maximize their future career success. Despite this, students still think they could make some 

changes to further align their current success definition with their vision of their future success. The most 

common changes are to seek more practical experience like design teams or practical projects, which 

further highlights the importance of vocational experiences for engineering students. 

Interventions to promote career planning can be implemented early in engineering programs to 

help students set career goals and define their measurements for success. It is important to keep in mind 

that certain groups of students may more strongly value their grades, such as Engineering Science 

students (Engineering Physics, Engineering Chemistry, and Applied Mathematics), first-years students, 

international students, and future graduate studies students. To help these students adopt a more nuanced 

definition of success, curriculum scaffolds can be used to more clearly embed other measures of success 

into course grades (such as experiential projects), adjusting deadlines so as not to promote late-night 
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assignment writing and submission (to encourage wellbeing), or to allow students latitude in assignments 

and projects to apply the learning to their own interests (to obtain their personal learning objectives). 

This updated definition of student success better represents the diversity of students and provides 

valuable insight to the engineering education community that educators can use as a resource and 

inspiration to help students achieve their own personal version of success.  
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Chapter 7 

Recommendations 

The results of this study lead to suggest several recommendations for practice for future 

researchers, academics, and educators. As discussed in more detail in Chapter 8, this line of research 

should be continued further and more broadly because student viewpoints on their success are relatively 

few in the body of literature. This continuation can involve expanding the research to a wider population, 

validating findings from this research, and incorporating semi-structured interviews into the data 

collection to more deeply understand why students define their success the way that they do. 

 A practical recommendation for academic paper authors is to clearly define how “student 

success” is being defined and measured near the beginning of the document. A short justification for why 

the chosen definition is being used would also be useful for readers to further understand the context of 

the term. Using the terms “academic success” and “student success” synonymously is not recommended 

because academic success is only one component of overall student success. Adopting a more nuanced 

definition of student success that takes into consideration the students’ viewpoint is highly encouraged. 

The suggested comprehensive definition of student success is: academic achievement; attainment of 

learning objectives; acquisition of desired skills, competencies, and practical experiences; wellbeing; 

persistence; and post-graduation performance. This definition is based off of past iterations by Kuh et al. 

(2006) and York et al. (2015), with this definition being the first to incorporate the viewpoint of the 

students. The previous iterations by Kuh et al. and York et al. were based off of what was commonly 

found in the body of literature, best practices from the literature, and what institutions “want and need” 

from their students. 

A practical recommendation for educators is to consider student wellbeing when assigning 

deadlines, as student report their mental and physical health, happiness, and balance as being important to 

how they define their success. This could be as easy as coordinating midterm exam timing with other 
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instructors, so they do not all coincide. Additionally, students seek more opportunities for experiential 

hands-on learning that is relevant to what engineers do in industry. This can be integrated more into the 

curriculums of engineering classes to ensure students have the hands-on experience they seek. Instructors 

with experience in industry can bring this relevant knowledge to the table when designing curriculum. 

Industry partnerships can also be encouraged. For example, industry-standard software should be the 

norm in engineering classes so as to give students the opportunity to develop skills directly applicable to 

the greatest number of career opportunities. Finally, career planning could be further incorporated into 

course curriculum through all years with a focus on starting strong in first year to help more students 

know what they want to do after they graduate. If students know what their future goals are, they can 

better set out measurements of their success in the present to help them reach their goal. Certain groups of 

students may more strongly value their grades, such as Engineering Science students (Engineering 

Physics, Engineering Chemistry, and Applied Mathematics), first-years students, international students, 

and future graduate studies students. Curriculum scaffolds can be used to help these students adopt a more 

nuanced definition of success by more clearly embed other measures of success into course grades (such 

as experiential projects), adjusting deadlines so as not to promote late-night assignment writing and 

submission (to encourage wellbeing), or to allow students latitude in assignments and projects to apply 

the learning to their own interests (to obtain their personal learning objectives). 

 Career counselors and internship coordinators can further promote co-ops and internships as a 

way for students to gain the kind of practical experience that students seek. Career services can continue 

and expand their good work in organizing networking opportunities for students, given that networking is 

important to them. Perhaps experimenting with new formats or styles of these networking sessions, or 

increasing awareness, could increase the appeal for a greater number of students. 

Remote learning provides an interesting paradigm changes that could be explored. Institutions 

and engineering education communities could examine the effects that remote learning has on student 

success, especially in terms of wellbeing and the attainment of practical experiences. It will be extremely 
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important for institutions to prioritize these more holistic measures of success for the duration of off-

campus learning.  
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Chapter 8 

Future Work 

The results of this study indicate opportunities for future work. Opportunities include further 

development and validation of the research instrument, the development of an interviewing process, and 

data collection in other contexts to expand the study to a wider population. 

Survey Instrument Development 

 This survey was composed of original questions, original questions inspired by the pre-existing 

Learning Orientation model, questions modified from the Future Time Perspective framework, and 

questions previously validated by Chasmar & Ehlert (2018) in the engineering education context. The 

survey instrument was validated with a pilot study specifically for use in this study. The results of the full 

study provided evidence for strong internal consistency of some factors and did not provide evidence for 

other factors. The Future Time Perspectives section of the survey exhibited strong internal consistency 

and a robust factor structure. This section could be validated using a confirmatory factor analysis if 

another round of survey data is collected. The survey questions inspired by the Learning Orientation 

model (Beaty et al., 2005) did not display internal consistency and failed to exhibit a coherent factor 

structure. There is future work in adding, removing, and modifying survey questions in this portion of the 

survey for the purpose of increasing internal consistency so multiple questions can support a single theme. 

After the questions are modified and further data is collected, an exploratory factor analysis should be 

used to find the factor structure of this section. 

 There is future work in collecting another batch of survey data for the Future Time Perspective 

section of the survey for the purpose of validating the exploratory factor analysis with a confirmatory 

factor analysis. This will provide further strong evidence to validate the modifications that were made to 

the original Future Time Perspective questions. 
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Interviewing Process 

 Adding an interviewing process within the full study would introduce further depth and richness 

to the dataset, as well as provide further information for refinement of the survey instrument. Qualitative 

research methods provide an opportunity for a researcher to gather a deeper and more contextual 

understanding from participants that can complement and provide further explanation for quantitative data 

results. Probing questions can be used to further explore how and why students define success the way 

they do. The question of why students define success the way they do is a useful extension of this research 

because it provides further information on what to address in order to modify how students define their 

success to maximize their success in the future. It also could help identify potentially harmful influences 

on students such as an overemphasis on achieving grades at the expense of learning that could be present 

in some learning scenarios. 

 Gathering qualitative data could also be used to further develop the survey instrument, in a 

similar way as the pilot study. If certain themes appeared consistently, they could be added as a survey 

question for future use or questions could be added to further explore the theme from a quantitative 

standpoint. Additionally, interview questions may be the same or similar to the open-ended questions 

posed in the survey. The corresponding answers and feedback provided in an interview context could 

inform wording changes to those questions to increase concision and clarity. To be clear, there was no 

evidence to suggest that the questions were unclear, however improvements could always be made based 

on additional evidence. 

Study Expansion 

 This study, possibly after further instrument development discussed above, should be distributed 

to a wider population of undergraduate engineering students at other institutions across Canada. The 

collection of data cross-country would allow for better justification for the wider generalizability of the 

results. Contextual factors could also be explored such as region or urbanicity. Expansion to other 

countries, particularly European countries and the USA, could provide interesting contrast, as the 
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literature review suggested that European researchers and American researchers tended to define student 

success differently. European researchers tended to use more open definitions while American researchers 

tended to particularly prioritize retention as well as academic achievement such as grades. 

 Expanding the research study to include people who had graduated from an undergraduate 

engineering program 5-10 years in the past would be a really interesting group to sample. This should 

include representation from those who pursued an engineering career and those who did not. Past 

graduates could provide a retrospective look at how defining and measuring success during their 

undergraduate degree and early career has affected their outcomes. Institutions can also investigate how 

graduate engineering students define and measure success which could inform changes to improve 

graduate student support. 

 To include all of the stakeholders in this exploratory process, institutions and academics should 

be surveyed on this topic as well. Input from all stakeholders can be used to better inform the way student 

success is measured to be more nuanced, inclusive, and representative of the diversity of the Canadian 

engineering population. 

 Students indicated that their personal happiness and positive contributions to society will be 

important ways they measure their success in a future career. Further research could be done to 

investigate why these criteria are not more highly prioritized as a way that students measure their success 

in their present undergraduate programs, given they feel it will be so important in the future.  
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Appendix A 

Ethics Clearance Documentation 

Included in this appendix are the supporting documentation for the ethical clearance granted by 

the Queen’s University General Research Ethics Board (GREB). The documents are: the GREB approval 

and amendment letters, the pilot study recruitment email template, the pilot study survey and think-aloud 

interview letter of information, the full study recruitment email templates, the script for in-class 

recruitment talks, and the full study letter of information.  
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Figure 4  

Queen’s GREB ethical clearance letter 

 

 
October 17, 2019 
 
Mr. Max Ullrich 
Master’s Student 
Department of Mechanical and Materials Engineering 
Queen's University 
Kingston, ON, K7L 3N6 
 
GREB Ref #: GMECH-054-19; TRAQ # 6027682 
Title: "GMECH-054-19 Exploring Students’ Definitions of Success" 
 
Dear Mr. Ullrich: 
 
The General Research Ethics Board (GREB), by means of a delegated board review, has cleared your proposal 
entitled "GMECH-054-19 Exploring Students’ Definitions of Success" for ethical compliance with the Tri-
Council Guidelines (TCPS 2 (2014)) and Queen's ethics policies. In accordance with the Tri-Council Guidelines 
(Article 6.14) and Standard Operating Procedures (405.001), your project has been cleared for one year. You are 
reminded of your obligation to submit an annual renewal form prior to the annual renewal due date (access this 
form at http://www.queensu.ca/traq/signon.html/; click on "Events;" under "Create New Event" click on 
"General Research Ethics Board Annual Renewal/Closure Form for Cleared Studies").  Please note that when 
your research project is completed, you need to submit an Annual Renewal/Closure Form in Romeo/traq 
indicating that the project is 'completed' so that the file can be closed. This should be submitted at the time of 
completion; there is no need to wait until the annual renewal due date.   
 
You are reminded of your obligation to advise the GREB of any adverse event(s) that occur during this one-year 
period (access this form at http://www.queensu.ca/traq/signon.html/; click on "Events;" under "Create New 
Event" click on "General Research Ethics Board Adverse Event Form"). An adverse event includes, but is not 
limited to, a complaint, a change or unexpected event that alters the level of risk for the researcher or participants 
or situation that requires a substantial change in approach to a participant(s). You are also advised that all 
adverse events must be reported to the GREB within 48 hours. 
 
You are also reminded that all changes that might affect human participants must be cleared by the GREB. For 
example, you must report changes to the level of risk, applicant characteristics, and implementation of new 
procedures. To submit an amendment form, access the application by at http://www.queensu.ca/traq/signon.html; 
click on "Events;" under "Create New Event" click on "General Research Ethics Board Request for 
the Amendment of Approved Studies." Once submitted, these changes will automatically be sent to the Ethics 
Coordinator, Ms. Gail Irving, at University Research Services for further review and clearance by the GREB 
or Chair, GREB.  
 
On behalf of the General Research Ethics Board, I wish you continued success in your research. 
  
Sincerely, 

 
Chair, General Research Ethics Board (GREB) 
Professor Dean A. Tripp, PhD 
Departments of Psychology, Anesthesiology & Urology Queen’s University 
 
c:  Dr. David Strong, Supervisor  
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Figure 5  

Queen’s University GREB survey amendment approval letter 

 

 

 
January 30, 2020 
 
 
 
 
 
Mr. Max Ullrich 
Master’s Student 
Department of Mechanical and Materials Engineering  
Queen's University 
Kingston, ON, K7L 3N6 
 
Dear Mr. Ullrich: 
 
RE: Amendment for your study entitled: GMECH-054-19 Exploring Students’ Definitions of Success; TRAQ 
# 6027682 
 
Thank you for submitting your amendment requesting the following changes: 
 
1) To make minor modification and rewording to the survey instrument based on results and 
 recommendations from the pilot study to increase reliability of the instrument and understanding of the 
 question wording; 
 
2) To add a question “3a. What is your nationality?” to the survey; 
 
3) Updated Undergraduate Survey Instrument (v. 2020/01/28). 
 
By this letter, you have ethics approval for these changes.  
 
Good luck with your research. 
 
Sincerely, 

 
Chair, General Research Ethics Board (GREB) 
Professor Dean A. Tripp, PhD 
Departments of Psychology, Anesthesiology & Urology Queen’s University  
 
c.: Dr. David Strong, Supervisor 
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Pilot Study Documents 

Grad Student Recruitment Email for Pilot Study 

 
STUDY PARTICIPANTS NEEDED 
 
The purpose of this study is to explore students’ definition of success both in the present and projected 5 

to 10 years in the future, as well as to understand how much students reflect on, and plan for, the future. 

Graduate students in engineering and applied science are invited to participate in the pilot study of the 

survey instrument used for this study. If you agree to participate in this study, your involvement will be 

the completion of an anonymous online survey that will take a maximum of 30 minutes to complete. The 

survey will ask closed- and open-ended questions about your definition of success both in your current 

engineering program and projected 5 to 10 years in the future, and about how you connect your present 

actions to your future vision of success. At the end of the survey, you will be asked if you are interested in 

participating in a voluntary follow up interview lasting a maximum of 75 minutes. A percentage of 

students who agree to follow up interviews will be selected. Please see the attached letter of information 

for more information. 

 
This study has been granted clearance according to the recommended principles of Canadian ethics 
guidelines, and Queen's policies. Any questions about study participation or a request to withdraw from 
the study may be directed to Max Ullrich at ullrich.max@queensu.ca or the research supervisor Professor 
David S. Strong at David.strong@queensu.ca. 
 
Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 
Max Ullrich 
MASc Candidate – Mechanical and Materials Engineering 
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Letter of Information for Graduate Students – Pilot Study Survey 

 

This research is being conducted by Max Ullrich under the supervision of Professor David S. Strong in 

the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ definition of success both in 

the present and projected 5 to 10 years in the future, as well as to understand how much students reflect 

on, and plan for, the future. The specific research questions are as follows: How do engineering students 

define their success in their current engineering program and projected 5 to 10 years in the future? To 

what degree do students reflect on, and plan for, the future? What do students think they should change to 

better align their present actions with their future view of success? 

 

This stage of the study is a pilot study of the survey instrument collecting survey data from graduate 

engineering students.  

 

What will this study require? If you agree to participate in this study, your involvement will be the 

completion of an anonymous online survey that will take a maximum of 30 minutes to complete. The 

survey will ask closed- and open-ended questions about your definition of success both in your current 

degree and projected 5 to 10 years in the future, and about how you connect your present actions to your 

future vision of success. At the end of the survey, you will be asked if you are interested in participating 

in a voluntary follow up interview. A percentage of students who agree to follow up interviews will be 

selected. Students who are selected for interviews will be contacted with a new letter of information and 

will be required to sign a separate consent form. 

 

What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education community by providing insight into students' definitions 

of success. This research may be used to inform teaching strategies such that they align toward students’ 

definitions of success and inform intervention opportunities focused on promoting mastery-based learning 

and long-term planning. 
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Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. This survey poses minimal emotional risk characterized as 

stress related to thinking about the future. Should you become stressed out by the questions of the study, 

please close the browser to stop the survey and, if necessary, contact Queen’s Peer Support Centre in 

Room 26 & 34 on the lower floor of the John Deutsch University Centre (99 University Avenue, 

Kingston, Ontario) from 10am to 10pm, 7 days a week, for additional support. You have the ability to 

refuse to answer any questions posed by the study. You may quit the survey by closing the internet 

browser before submitting the survey. There will be no negative consequences from doing so. Once the 

survey has been submitted, your data will not be able to be removed, but will remain anonymous. 

 

How will my identity be protected? Survey participation will be anonymous. You will not be asked for 

any identifying information. Contact information will be requested if you agree to a follow up interview, 

but this information will only be used to contact interview participants regarding this research study and 

will not be associated with survey responses. Only the research team will have access to any data gathered 

during this study. Data will be retained for 5 years and then destroyed, as per Queen’s University data 

retention policy. The data may be published in professional journals or presented at scientific conferences, 

but any such presentations will be of general findings and will never breach individual confidentiality 

 

What if I have concerns?  Any questions about study participation may be directed to Max Ullrich at 

ullrich.max@queensu.ca, or the research supervisor Professor David S. Strong at (613) 533-2606 or 

David.strong@queensu.ca. If you have any ethics concerns please contact the General Research Ethics 

Board (GREB) at 1-844-535- 2988 (Toll free in North America) or chair.GREB@queensu.ca. Call 1-613-

533-2988 if outside North America. Please note that GREB communicates in English only. 

 

The Queen's General Research Ethics Board (GREB) may request access to study data to ensure that the 

researcher(s) have or are meeting their ethical obligations in conducting this research. NOTE: GREB is 

bound by confidentiality and will not disclose any personal information.  

 

You have not waived any legal rights by consenting to participate in this study. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 
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Electronic Consent 

 

Having read the above, I understand that by clicking the “Yes” button below, I agree to take part in this 

study under the terms and conditions outlined. 

 

 

I agree to participate 

 

 

 

I do not agree to participate 

 

 
 
 
Letter of Information for Graduate Students – Think-Aloud Interviews 

 

This research is being conducted by Max Ullrich under the supervision of Professor David S. Strong in 

the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ definition of success both in 

the present and projected 5 to 10 years in the future, as well as to understand how much students reflect 

on, and plan for, the future. The specific research questions are as follows: How do engineering students 

define their success in their current engineering program and projected 5 to 10 years in the future? To 

what degree do students reflect on, and plan for, the future? What do students think they should change to 

better align their present actions with their future view of success? 

 

This stage of the study is part of a pilot study of the survey instrument. Think-aloud interviews will be 

conducted with graduate students to understand how the survey questions are interpreted.  

 

What will this study require? If you agree to participate in this part of the study, your involvement will 

be a one-on-one interview that will take a maximum of 75 minutes to complete. The interview will be a 

Yes 

No 
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think-aloud through the survey questions where you will be asked to explain your thoughts as you read 

through the survey questions. Interviews will take place on the Queen’s University campus at a time that 

is convenient for you. With your permission the interviews will be audio recorded. Interviews will follow 

a standard protocol and will be conducted in a semi-structured format.  

 

What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education community by providing insight into students' definitions 

of success. This research may be used to inform teaching strategies such that they align toward students’ 

definitions of success and inform intervention opportunities focused on promoting mastery-based learning 

and long-term planning. 

 

Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. This interview poses minimal emotional risk characterized as 

stress related to thinking about the future. Should you become stressed out by the questions of the study, 

the interview will be terminated. You are encouraged to contact Queen’s Peer Support Centre in Room 26 

& 34 on the lower floor of the John Deutsch University Centre (99 University Avenue, Kingston, 

Ontario) from 10am to 10pm, 7 days a week, for additional support. You have the ability to refuse to 

answer any questions posed by the study. You may withdraw from the study at any time with no negative 

consequences either during the interview or by contacting Max Ullrich at Ullrich.max@queensu.ca to 

indicate your withdrawal. If you choose to withdraw, any interview data gathered from you will be 

removed from the study. 

 

How will my identity be protected? Pseudonyms will be used in all publications of research data and 

findings. Any identifying information will be modified on interview data. All contact information will 

only be used for the purpose of contacting you about this research study only. Only the research team will 

have access to any data gathered during this study. Data will be retained for 5 years and then destroyed, as 

per Queen’s University data retention policy. The data may be published in professional journals or 

presented at scientific conferences, but any such presentations will be of general findings and will never 

breach individual confidentiality. In any publications or presentations, research participants will be 

referred to by pseudonym. 

 

What if I have concerns?  Any questions about study participation or a request to withdraw from the 

study may be directed to Max Ullrich at ullrich.max@queensu.ca, or the research supervisor Professor 

David S. Strong at (613) 533-2606 or David.strong@queensu.ca. If you have any ethics concerns please 
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contact the General Research Ethics Board (GREB) at 1-844-535- 2988 (Toll free in North America) or 

chair.GREB@queensu.ca. Call 1-613-533-2988 if outside North America. Please note that GREB 

communicates in English only. 

 

The Queen's General Research Ethics Board (GREB) may request access to study data to ensure that the 

researcher(s) have or are meeting their ethical obligations in conducting this research. NOTE: GREB is 

bound by confidentiality and will not disclose any personal information.  

 

You have not waived any legal rights by consenting to participate in this study. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

Consent: 

Having read and understood the above, I understand that by signing this document, I agree to take part in 

this study under the terms and conditions outlined. I have had all of my questions answered, have been 

provided with a copy of this document, and have returned a copy of this document to the researcher. 

 

Participant Name (Print): _____________________________________ 

 

Signature: _____________________________________ Date:_________________ 

 

Researcher Performing Informed Consent Discussion Name (Print):_______________________ 

 

Signature: _____________________________________ Date:_________________ 
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Full Study Documents 

Recruitment Email for Full Study 

 

Hello [insert contact name], 

 

My name is Max Ullrich and under the supervision of David S. Strong from the Faculty of Engineering 

and Applied Science I am conducting a study to explore students’ definition of success both in the present 

and projected 5 to 10 years in the future, as well as to understand how much students reflect on, and plan 

for, the future. A pilot study of the survey instrument has been conducted and I am now collecting data 

from undergraduate engineering students at Queen’s. 

 

I am writing to you to request that you forward the following survey recruitment email and survey link to 

undergraduate engineering students in [department/course]. Completion of the survey is voluntary for 

students and the responses are collected anonymously. This study has been granted clearance according to 

the recommended principles of Canadian ethics guidelines and Queen’s University policies. 

 

Thank you for your help in conducting this research study. 

 

Sincerely, 

 

Max Ullrich 

 

[insert undergraduate student recruitment email and survey link] 

 

Undergraduate Student Recruitment Email for Full Study 

 
STUDY PARTICIPANTS NEEDED 
 
The purpose of this study is to explore students’ definition of success both in the present and projected 5 

to 10 years in the future, as well as to understand how much students reflect on, and plan for, the future. 

Undergraduate students in engineering and applied science are invited to participate in this study. If you 

agree to participate in this study, your involvement will be the completion of an anonymous online survey 

that will take a maximum of 30 minutes to complete. The survey will ask closed- and open-ended 
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questions about your definition of success both in your undergraduate engineering degree and projected 5 

to 10 years in the future, and about how you connect your present actions to your future vision of success. 

 
This study has been granted clearance according to the recommended principles of Canadian ethics 
guidelines, and Queen's policies. Any questions about study participation may be directed to Max Ullrich 
at ullrich.max@queensu.ca or the research supervisor Professor David S. Strong at 
David.strong@queensu.ca. 
 
Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 
Max Ullrich 
MASc Candidate – Mechanical and Materials Engineering 
 
Recruitment Script for Full Study 

 

Hello, my name is Max Ullrich and under the supervision of David S. Strong from the Faculty of 

Engineering and Applied Science here at Queen’s University I am conducting a study to explore students’ 

definition of success both in the present and projected 5 to 10 years in the future, as well as to understand 

how much students reflect on, and plan for, the future. This study has been granted clearance according to 

the recommended principles of Canadian ethics guidelines and Queen’s policies. 

 

A pilot study of the survey instrument has been conducted and I am now collecting data from 

undergraduate students. If you agree to participate in this study, your involvement will be the completion 

of an anonymous online survey that will take a maximum of 30 minutes to complete. The survey will ask 

closed- and open-ended questions about your definition of success both in your undergraduate 

engineering program and projected 5 to 10 years in the future, and about how you connect your present 

actions to your future vision of success. 

 

Your participation is completely voluntary and choosing not to participate will not result in any adverse 

consequences. If I am currently your TA, there will be no way of me knowing if you have or have not 

completed this survey and therefore your choice to participate will in no way influence your standing in 

the class. You have the ability to refuse to answer any questions posed by the study. There will be no 

negative consequences to doing so. Once the survey has been submitted, your data will not be able to be 

removed, but will remain anonymous. You will not be asked for any identifying information in the 

survey. 
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I have written the link to the online survey on the blackboard. Your interest in participating in this 

research study is greatly appreciated. Thank you for your time and consideration. 

 

Letter of Information for Full Study 

This research is being conducted by Max Ullrich under the supervision of Professor David S. Strong in 

the Faculty of Engineering and Applied Science at Queen’s University in Kingston, Ontario. This study 

has been granted clearance according to the recommended principles of Canadian ethics guidelines and 

Queen’s policies. 

 

What is this study about? The purpose of this study is to explore students’ definition of success both in 

the present and projected 5 to 10 years in the future, as well as to understand how much students reflect 

on, and plan for, the future. The specific research questions are as follows: How do engineering students 

define their success in their current engineering program and projected 5 to 10 years in the future? To 

what degree do students reflect on, and plan for, the future? What do students think they should change to 

better align their present actions with their future view of success? 

 

What will this study require? If you agree to participate in this study, your involvement will be the 

completion of an anonymous online survey that will take a maximum of 30 minutes to complete. The 

survey will ask closed- and open-ended questions about your definition of success both in your 

undergraduate degree and projected 5 to 10 years in the future, and about how you connect your present 

actions to your future vision of success. 

 

What are the benefits of this study? Although there are no direct benefits to you as a participant, this 

research will benefit the engineering education community by providing insight into students' definitions 

of success. This research may be used to inform teaching strategies such that they align toward students’ 

definitions of success and inform intervention opportunities focused on promoting mastery-based learning 

and long-term planning. 

 

Is participation voluntary? Your participation is completely voluntary and choosing not to participate 

will not result in any adverse consequences. This survey poses minimal emotional risk characterized as 

stress related to thinking about the future. Should you become stressed out by the questions of the study, 

please close the browser to stop the survey and, if necessary, contact Queen’s Peer Support Centre in 
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Room 26 & 34 on the lower floor of the John Deutsch University Centre (99 University Avenue, 

Kingston, Ontario) from 10am to 10pm, 7 days a week, for additional support. You have the ability to 

refuse to answer any questions posed by the study. You may quit the survey by closing the internet 

browser before submitting the survey. There will be no negative consequences to doing so. Once the 

survey has been submitted, your data will not be able to be removed, but will remain anonymous. 

 

How will my identity be protected? Survey participation will be anonymous. You will not be asked for 

any identifying information. Only the research team will have access to any data gathered during this 

study. Data will be retained for 5 years and then destroyed, as per Queen’s University data retention 

policy. The data may be published in professional journals or presented at scientific conferences, but any 

such presentations will be of general findings and will never breach individual confidentiality 

 

What if I have concerns?  Any questions about study participation may be directed to Max Ullrich at 

ullrich.max@queensu.ca, or the research supervisor Professor David S. Strong at (613) 533-2606 or 

David.strong@queensu.ca. If you have any ethics concerns please contact the General Research Ethics 

Board (GREB) at 1-844-535- 2988 (Toll free in North America) or chair.GREB@queensu.ca. Call 1-613-

533-2988 if outside North America. Please note that GREB communicates in English only. 

 

The Queen's General Research Ethics Board (GREB) may request access to study data to ensure that the 

researcher(s) have or are meeting their ethical obligations in conducting this research. NOTE: GREB is 

bound by confidentiality and will not disclose any personal information.  

 

You have not waived any legal rights by consenting to participate in this study. 

 

Your interest in participating in this research study is greatly appreciated. Thank you for your time and 

consideration. 

 

Electronic Consent 

 

Having read the above, I understand that by clicking the “Yes” button below, I agree to take part in this 

study under the terms and conditions outlined. 
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I agree to participate 

 

 

 

I do not agree to participate 

 

 

  

Yes 

No 
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Appendix B 

Pilot Study Results and Analysis 

This appendix includes information supporting the pilot study results and analysis. Included first 

is the example think-aloud question and response that was read to each participant at the start of the think-

aloud interview. Following is the descriptive statistics for each question including the minimum and 

maximum response values, mean, standard deviation, skewness, and kurtosis. The standard error of the 

Skewness and Kurtosis of the data are 0.52 and 1.01 respectively. An acceptable value of the skewness or 

kurtosis value is within +/- 1.98x the standard error, meaning that acceptable values of +/- 1.04 and +/- 

2.00 are acceptable for skewness and kurtosis respectively (Field, 2018). In this appendix, a * signifies a 

skewness or kurtosis value outside the accepted range. Also included are the comments and question 

changes that resulted from the pilot study.  

 

Example of the Think-Aloud Process  

 

I do not have time for creativity in my engineering design projects.  

 

SD    N    SA 

1  2  3  4  5  6  7 

 

How much time do I spend on my current design project? Okay 5 hours a week. How do I spend that 

time? I spend 1.5 hours in planning meetings with my team. I spend 1-2 hours documenting the work that 

I do. I spend the remaining time doing actual project work. How much of my actual project work is spent 

on something related to creativity? Only about 10% of the time. I could probably spend more of my actual 

work time being creative, but for me to really be creative I would have to spend more time on my project. 

Maybe an extra hour every week; I might have an extra hour to spend some weeks, but not every week. 

So, I think I have some time for creativity on my projects, but not enough. So I am going to answer 3 
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Results and Analysis 

Survey Section 1 

Table 85  

Question-by-question analysis and improvements for survey section 1 

Initial Question 
Comments from Think-

Aloud 
Improvements Updated Question 

Q1.1a: What is your 
graduate degree 
program?  
 
(Replaced by Q1.1b for 
full undergraduate 
study) 
 
 

-All four participants thought 
the questions in this section 
were clear. 

  

Q1.1b: What is your 
current year of study? 
 
(Not included in Pilot 
Study as this question is 
only relevant to 
undergraduate students) 

   

Q1.2: What engineering 
discipline are you 
registered in? 

   

Q1.3: Are you a 
domestic or an 
international student? 

 -Changed domestic to 
Canadian to be more 
specific. 
-Added question to 
ask what nationality 
someone is who 
answers 
“international”. 

Are you a Canadian 
or an international 
student? 
 
ADDITION: 
What is your 
nationality? 

Q1.4: How do you 
identify your gender?   

   

Q1.5: Have you already 
completed a 12- or 16-
month QUIP 
engineering internship 
as part of your 
undergraduate 
engineering program? 

-Nesta and Ali thought that 
“Have you already 
completed” is awkward, 
although may only be 
awkward in the context of 
graduate students.  
 

-Removed word 
“already”. 

Have you 
completed a 12- or 
16-month QUIP 
engineering 
internship as part of 
your current 
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Initial Question 
Comments from Think-

Aloud 
Improvements Updated Question 

engineering 
program? 

Q1.6: Do you currently 
hold a financial support 
scholarship that requires 
a minimum grade or 
GPA to maintain 
continuity? 

-Ali mentioned that a 
scholarship might require a 
high GPA to get, but it is 
only a one-year scholarship.  

-Added word 
“renewable” to be 
more specific. 

Do you currently 
hold a renewable 
financial support 
scholarship that 
requires a 
minimum grade or 
GPA to maintain 
continuity? 

Q1.7: Did you begin 
your undergraduate 
engineering program 
more than two years 
after you graduated 
from high school? 

   

Q1.8a: Is your current 
intention to pursue 
graduate studies 
immediately after you 
finish your 
undergraduate program? 
 
(Not included in Pilot 
Study as this question is 
only relevant to 
undergraduate students) 
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Survey Section 2 

Table 86  

Quantitative results for survey section 2 

Initial Question N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

 Please rate the following 
criteria in terms of 
importance 
to your success in your 
current engineering 
program: 
Obtaining a degree of 
recognized worth. 19 4 7 6.00 0.882 -0.543 -0.238 

Earning a quality degree that 
will allow me to get a job. 19 5 7 6.32 0.671 -0.468 -0.573 

Seeking effective and 
relevant training for a career. 19 5 7 6.32 0.820 -0.683 -1.131 

Taking courses that seem 
relevant to a desired future 
career. 

19 3 7 6.21 1.084 -1.634* 2.975* 

Getting good grades. 19 4 7 5.58 0.961 0.170 -0.864 
A high GPA. 19 3 7 5.26 1.098 -0.022 -0.237 
Learning things that are 
interesting to me. 19 4 7 5.95 1.026 -0.230 -1.483 

Choosing stimulating 
electives. 18 4 7 5.06 1.259 0.680 -1.279 

Passing my courses. 19 4 7 6.16 0.958 -0.770 -0.498 
Getting good feedback from 
professors and TAs. 19 3 7 5.32 1.157 0.023 -0.515 

Engaging with challenging 
or interesting course 
material. 

19 3 7 5.84 1.214 -0.915 0.085 

Broadening my knowledge 
base. 19 5 7 6.42 0.769 -0.937 -0.542 
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Initial Question N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

 Please rate the following 
criteria in terms of 
importance 
to your success in your 
current engineering 
program: 
Enjoying opportunities for 
an active social, athletic, and 
personal life. 

19 4 7 5.53 0.964 0.333 -0.825 

Personal happiness. 19 4 7 6.26 0.933 -1.048* 0.193 
Helping other people and 
contributing to society. 19 3 7 5.68 1.250 -0.470 -0.698 

Learn useful things that will 
benefit your community. 19 4 7 5.63 1.065 -0.076 -1.171 
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Table 87  

Question-by-question analysis and improvements for survey section 2 

Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Please rate the following 
criteria in terms of 
importance 
to your success in your 
current engineering 
program. 

-Agree vs. disagree scale 
would be preferred by all 
four participants. 
-Jon expressed how SD-SA 
was common in surveys and 
respondents would be very 
comfortable and familiar 
with it. 
-Consensus was that original 
scale was understandable but 
not as simple and 
straightforward as a SD-SA 
type scale. Also, switching 
between scales was deemed 
confusing by all respondents.   
 

-Question is reworded 
to a SA-SD type 
question while 
maintaining as much 
similarity to the pilot 
study as possible. 
 

Please indicate 
how much you 
agree that each of 
the following 
criteria is important 
to how you define 
your success in 
your current 
engineering 
program. 
 

Scale: 
-3 = Extremely 
unfavourable for your 
success 
0 = Not related to how 
you define your success 
3 = Extremely important 
for your success 

-Nesta discusses how 
“unfavourable” is not 
necessarily the opposite of 
“important”. 
-Wording of the scale makes 
it so that no one would 
answer in the negatives. 
Nesta offers “Less relevant” 
as an opposite to 
“important”.  
-Nesta suggests that the 
words for 0 (irrelevant) 
should become the words for 
-3 (Irrelevant is opposite of 
important). 
-Nesta thinks that if the 
option was “strongly 
disagree”, she could see that 
response encompassing the 
wording of both -3 and 0. 
 

-The SD-SA scale is 
much simpler, widely 
used, and has less 
room for 
misinterpretation and 
was also strongly 
preferred by all think-
aloud participants. 
-Number identifiers 
were removed. 

Scale: 
-Strongly Disagree 
-Disagree 
-Somewhat 
Disagree 
-Neutral 
-Somewhat Agree 
-Agree 
-Strongly Agree 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

7-point likert scale -Participants were satisfied 
with 7. The consensus was 
that 5 was too few, and an 
even number (no neutral) 
would be frustrating. Dan 
suggested 5 would be 
sufficient (the difference 
between 0 and 1 is big, 1 and 
2 is small, and 2 and 3 is 
big). 

  

Word identifiers only on 
-3, 0, and 3 

-Participants were 
comfortable interpolating 
between numbers. 

-With the change to a 
strongly disagree—
strongly agree scale, 
identifiers for each 
category will be 
added. This will also 
reduce possible 
variability in 
interpretation. 

Word identifiers 
added for all 7 
Likert points 

Q2.1: Obtaining a 
degree of recognized 
worth. 

-Nesta and Dan think 
“recognized worth” adds 
credibility. 
-Ali thinks “recognized 
worth” helps you get the job 
you want. 
-Jon and Dan think 
“recognized worth” is from a 
prestigious university. 
-All note that the wording 
“recognized worth” is a 
different question than if it 
was omitted. 
-These findings point to this 
question being career-
oriented. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q2.2: Earning a quality 
degree that will allow 
me to get a job. 

-Nesta sees it as similar to 
Q2.1. It would also never be 
a negative. 
-Ali sees it as the quality 
behind the program- “what I 
learn in the job will allow me 
to get the job”. 
-Jon and Dan note that the 
reputation of the degree’s 
quality is sometimes almost 
more important than the 
actual quality in getting a 
job. 

- Replace “quality” 
with “reputable” as 
this question is related 
to the reputation of the 
degree in the context 
of getting a job. 

Earning a reputable 
degree that will 
allow me to get a 
job 

Q2.3: Seeking effective 
and relevant training for 
a career. 

-Nesta refers to building 
skills related to what you 
want to do (rather than a 
“career” specifically, i.e. 
“relevant training for a 
potential career). 
-Ali: coursework plus 
extracurriculars plus summer 
jobs that make you more 
hireable. 
-Jon: building skills within 
the context of the program 
that would add value to an 
employer. 
-Dan: Initially thinks of 
training as something you do 
at a job that is outside of 
your normal day-to-day 
duties (i.e. exterior training 
like a workshop or something 
of that nature). Further 
expands to include 
“informal” training, like 
teaching yourself new skills, 
etc. 

-Add qualifier on word 
career. 

Seeking effective 
and relevant 
training for a future 
career 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q2.4: Taking courses 
that seem relevant to a 
desired future career. 

-Nesta is concerned about not 
necessarily having a desired 
future career. 
-Ali: since there are so few 
chances for elective courses, 
she equates the question with 
choosing discipline. This 
question is narrower to just 
coursework that Q2.3. 
-Jon and Dan thinks doing 
courses is a specific skill and 
may not necessarily relate 
well to a future career, 
although this is just an 
opinion on how they would 
answer the question 
(interpretation OK). 

  

Q2.5: Getting good 
grades. 

-Consensus was this was a 
very straight forward 
question. 
-Different from “focusing 
on” rather than “getting”. 

  

Q2.6: A high GPA. -Consensus was this was 
equivalent to Q2.5.  

  

Q2.7: Learning things 
that are interesting to 
me. 

-Ali notes this question is 
about learning both in school 
and in extracurriculars, and 
also in terms of learning 
things that may be irrelevant 
to a future career. 
-Dan and Jon interpret it as 
just within courses. 

-Specify in degree. Learning things 
during my current 
engineering 
program that are 
interesting to me 

Q2.8: Choosing 
stimulating electives. 

-Consensus is that this is 
course electives. 
-Ali notes stimulating = 
challenging plus interesting. 

  

Q2.9: Passing my 
courses. 

-Consensus was this was a 
very straight forward 
question. You need to pass 
courses to get a degree. 
- Ali suggests it is about 
doing to bare minimum to 
pass rather than getting good 
grades. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q2.10: Getting good 
feedback from 
professors and TAs. 

-Consensus was that there 
were very few opportunities 
for feedback in 
undergraduate engineering, 
but that the question was 
straightforward. 

  

Q2.11: Engaging with 
challenging or 
interesting course 
material. 

-In all courses (rather than 
elective courses specifically). 
-Ali says engaging means 
“did you make an effort?”. 
-Dan interprets challenging 
as “challenging your 
thinking” and as “difficult”. 

  

Q2.12: Broadening my 
knowledge base. 

-Nesta relates this to general 
knowledge rather than 
discipline-specific 
knowledge. She also 
differentiates between 
knowledge-base and skill-
base. 
-Ali sees this as related to 11. 
-Ali relates this to knowledge 
learned not just from courses, 
but also extracurriculars etc. 
-Jon felt undergrad courses 
didn’t relate well or build off 
of each other very well, i.e. 
did not broaden knowledge 
base in a cohesive way per 
say.  
-Dan feels depth doesn’t 
exist in undergraduate 
engineering, only breadth. 

  

Q2.13: Enjoying 
opportunities for an 
active social, athletic, 
and personal life. 

-All 4 referred to a 
combination of: balance, 
mental health, and happiness. 
-Consensus was each person 
would rate each of the 3 
differently, but when 
combined take on the 
meaning of balance, mental 
health, and happiness. 
-Enjoying almost implies a 
positive. 

-Change “enjoying” to 
“Participating in” and 
reworded for clarity. 

Participating in 
activities such as 
socializing, 
athletics, or other 
personal interests  
 

Q2.14: Personal 
happiness. 

-Very related to Q2.13. 
-Straightforward. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q2.15: Helping other 
people and contributing 
to society. 

-People around me and 
society in general, but 
leaning towards society 
referring to people off-
campus. 
-Volunteer work, charity 
work, etc. (specifically NOT 
helping peers with 
homework or helping them 
cheat). 

  

Q2.16: Learn useful 
things that will benefit 
your community. 

-Some hesitation on this one. 
-Volunteering outside school. 
-Nesta and Jon: Community 
= society/ the world. 
-Learning anything that will 
benefit your community in 
any way (for example, 
learning how to help a friend 
through a breakup). 

-Use “my” instead of 
“your”. 
-Specify in class. 
 

Learning useful 
things in my 
current engineering 
program that will 
benefit my 
community 

Q2.17: If you feel there 
is anything missing 
from this list relevant to 
your success in your 
current engineering 
program please state the 
missing element in the 
box provided and score 
it accordingly. 
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Survey Section 3 

Table 88  

Question-by-question analysis and improvements for survey section 3 

Initial Question 

 

Comments from Think-

Aloud 

Improvements Updated 

Question 

Order of section 2 and 
section 3 

-In the case of having section 
3 swapped places with 
section 2, Q3.1 is seen as 
‘too big’ of a question to 
answer right off the bat. It 
being too stressful was also 
mentioned- this could affect 
respondent retention. 
-Deep answers unlikely if 
order is swapped based on 
results from the pilot. 

  

Q3.1: What does 
“success” mean to you 
in terms of your current 
undergraduate 
engineering program? 
List and describe as 
many items as you feel 
are necessary to define 
success in these terms. 
 

-No issues with 
comprehension or wording. 
-All participants see a 
connection to section 2.  
-This question is seen as a 
way to expand and elaborate 
the answer from section 2.  
-Section 2 is a “warm up” for 
this question. It broadens the 
answer. 
-A modification to add 
“explain why” is unlikely to 
be answered based on 
feedback from the pilot due 
to the amount of effort and 
introspective thinking 
necessary. 
-“List and describe” does not 
really add anything to the 
question. Participants note 
that they would likely answer 
this question in a short 
paragraph and would not lean 
towards listing specifically. 
This is confirmed with the 
actual responses to the pilot 
survey where 16 were in 
sentences and 3 were in 
bullets. 
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Initial Question 

 

Comments from Think-

Aloud 

Improvements Updated 

Question 

-Survey answers suggested 
strong understanding and 
good potential for themes 
-Some answered focused on 
what they wanted 
immediately after graduation 
i.e. success = graduating with 
a job. 

 
Survey Section 4 

Table 89  

Quantitative results for survey section 4 

Please indicate how much 
you agree with each of the 

following 
statements. 

N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

My long-term goals have an 
impact on the things I do 
now. 

19 3 7 5.53 1.124 -0.467 -0.109 

My future career determines 
what is important in my 
courses. 

19 1 7 4.63 1.770 -0.511 -0.498 

My future career influences 
what I learn from my 
courses. 

19 3 7 5.00 1.054 -0.318 -0.053 

I am sure of what I want to 
do when I graduate. 

19 1 7 4.63 1.739 -0.282 -0.406 

I know what I want to be 
doing in my career in 5 to 10 
years. 

19 1 7 4.16 1.834 -0.259 -0.799 

I plan to pursue a 
professional engineering 
career. 

19 1 7 5.21 1.873 -1.134* 0.236 

Engineering is the most 
rewarding future career I can 
imagine for myself. 

19 1 6 4.58 1.539 -0.932 -0.033 
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Please indicate how much 
you agree with each of the 

following 
statements. 

N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

My interest in an engineering 
major outweighs any 
disadvantages I can think of. 

19 2 7 5.21 1.548 -0.392 -0.924 

I don’t think much about the 
future. 

19 1 6 2.42 1.805 1.125* -0.241 

I consciously reflect on what 
I want to do after I graduate. 

19 2 7 5.68 1.416 -1.206* 1.413 

I actively consider my long-
term success in my day-to-
day decisions and choices. 

19 1 6 4.00 1.528 -0.209 -0.922 

I don’t like to plan for the 
future. 

19 1 7 2.79 1.782 0.947 -0.006 

One should not think too 
much about the future. 

19 1 6 3.11 1.487 0.253 -0.783 

It is important to have goals 
for where one wants to be in 
5 to 10 years. 

19 2 7 4.89 1.329 -0.580 -0.372 

One should be taking steps 
today to help realize future 
goals. 

19 4 7 5.79 0.918 -0.020 -0.977 

I am executing my long-term 
plan. 

19 1 7 4.89 1.487 -0.707 1.344 

I make thoughtful decisions 
about how I spend my time 
so I can maximize my future 
success. 

19 2 7 4.42 1.261 0.013 -0.253 

I invest my efforts 
strategically with my long-
term success in mind. 

19 3 7 5.00 1.202 -0.215 -0.374 

The choices I make now are 
based more on my short-term 
success than my success 5 to 
10 years after graduation. 

19 1 7 4.74 1.695 -0.611 -0.137 
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Please indicate how much 
you agree with each of the 

following 
statements. 

N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

The day-to-day decisions I 
am currently making will 
benefit my long-term 
success. 

19 2 7 4.74 1.408 -0.144 -0.665 

Getting good grades will 
lead to greater future career 
success. 

18 1 7 4.50 1.757 -0.293 -0.439 

 

Table 90  

Question-by-question analysis and improvements for survey section 4 

Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Please indicate how 
much you agree with 
each of the following 
statements. 

-All note that it is clearly 
worded. 
-1 participants notes that this 
is “industry standard” and is 
familiar. 

  

Scale:  
-3: Strongly Disagree 
0: Neutral 
3: Strongly Agree 

 -Same as above 
(Section 2). 

Scale: 
-Strongly Disagree 
-Disagree 
-Somewhat Disagree 
-Neutral 
-Somewhat Agree 
-Agree 
-Strongly Agree 

Q4.1: My long-term 
goals have an impact on 
the things I do now. 

-3 participants interpreted 
this as career goals. 
-1 saw it as broadly speaking 
long-term goals (not 
confined to career or 
academics). 
-3 respondents agree that 
“long-term” is more or less 
synonymous with “5-10 
years in the future”. 
-Jon and Ali note that 
sometimes it is the things 
that they are doing now that 
informs what their long-term 
goals might be. 

-Standardize “long-
term”. 
-Specify career 
goals. 

My goals for my 
future career have an 
impact on the things I 
do now 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q4.2: My future career 
determines what is 
important in my courses. 

-Straightforward 
-Ali notes “if you don’t know 
what you want to do then you 
don’t really know what is 
important, right”. 
-Some confusion related to 
not having a firm career path.  

  

Q4.3: My future career 
influences what I learn 
from my courses. 

-Seen as somewhat similar to 
Q4.2 by one respondent. 
 

  

Q4.4: I am sure of what 
I want to do when I 
graduate. 

-Seen as next steps after grad 
career-wise rather than 
anything long-term. 
-One participant paraphrased 
as “do I have a set plan or 
not?”. 

  

Q4.5: I know what I 
want to be doing in my 
career in 5 to 10 years. 

-Straightforward. 
-Similar to Q4.4 but with 
longer-term time frame. 

  

Q4.6: I plan to pursue a 
professional engineering 
career. 

-Ali: “plan to pursue” means 
“eventually”, rather than 
“right after graduation”. 
-All participants refer to 
P.Eng., 3 mention it doesn’t 
necessarily have to be 
P.Eng., as long as it is in the 
field of engineering 
(engineering management or 
teaching for example) or 
engineering is in the job title. 

  

Q4.7: Engineering is the 
most rewarding future 
career I can imagine for 
myself. 

-1 participant saw 
engineering as a skill rather 
than a career i.e. “applying a 
toolbox of knowledge to a 
difficult problem and coming 
up with a creative solution”. 
-Ali says the question is 
asking: “are you set on 
engineering as your future 
career?”. 
-P.Eng. not required, similar 
to Q4.6. 
-Seen as a “long-term” 
question by Jon. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q4.8: My interest in an 
engineering major 
outweighs any 
disadvantages I can 
think of. 

-Some confusion on this 
question. 
-If rephrased to “interest in 
an engineering career”, the 
answers would be very 
different. 
-Disadvantages seen as long-
term/ bigger picture by 2 
participants.  
- Disadvantages seen as 
short-term/ during the degree 
by 3 participants. 
-Adding “major” makes 
participants focus on the 
program. 

   

Q4.9: I don’t think 
much about the future. 

-Future is seen as anywhere 
from 1 year to 5-10 years. 
-Ali understands it as “Some 
people I think take it day by 
day and don’t think like long 
term goals, and other people 
do”. 
-One can think about the 
future without planning for 
it. 
-Nesta questions the 
distinction between the 
future [of the world], and her 
future. 

-Modify to “my 
future” 

I don’t think much 
about my future 

Q4.10: I consciously 
reflect on what I want to 
do after I graduate. 

-Seen as short-term, next 
steps. 
-Seen as positively worded, 
next-step version of Q4.9. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q4.11: I actively 
consider my long-term 
success in my day-to-
day decisions and 
choices. 

-Long-term success is 
accumulated short-term 
success. 
-Ali: Consciously reflect 
(Q4.10) and actively consider 
are synonyms. 
-2 participants agree that 
long-term in this context is 
further reaching than next 
step after graduation. 
-Less general than Q4.10 and 
Q4.9 since it refers 
specifically to day-to-day 
decisions. 
-Could be as small of a 
decision as what’s for dinner. 

  

Q4.12: I don’t like to 
plan for the future. 

-“Do you enjoy thinking 
about the future?” (longer-
term than next step after 
graduation) (Is a different 
question than actually asking 
If they plan for the future or 
not). 
-There is a difference 
between thinking and 
actually planning. 

  

Q4.13: One should not 
think too much about 
the future. 

-Timeline of “future” is 
similar to previous questions. 
-Jon thinks: “If you are 
constantly worrying about 
the future you will never live 
in the present. 
-Negative wording not 
confusing. 

  

Q4.14: It is important to 
have goals for where 
one wants to be in 5 to 
10 years. 

-Difference between a hard 
goal and a general direction 
is brought up. 
-Specifying a timeline is 
valuable to frame questions 
-Interpretation is career-wise 
rather than where you want 
to be generally in life. 
-1 respondent remarked that 
they think it is important to 
have goals, but not 
necessarily to have a timeline 
for them. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q4.15: One should be 
taking steps today to 
help realize future goals. 

-1 respondent considered 
“future” to not be constrained 
by time (i.e. future = over 
their whole lifetime). 
-Steps refer to 
extracurriculars, reaching out 
to people, etc. 
-The word “today” definitely 
changes the question to make 
it a daily thing. 
-Small confusion regarding 
the word “realize” as in: 
realize = determine vs. = 
accomplish. 

-Changed “today” 
to “in the present”  
 

One should be taking 
steps in the present to 
help realize future 
goals 

Q4.16: I am executing 
my long-term plan. 

-Career-wise. 
-Another mention of linkage 
between short-term and long-
term plans. 
-Understandable even for 
those without a long-term 
plan. 
-“you are actively 
working towards any goals 
you might have in your long-
term plan”. 

  

Q4.17: I make 
thoughtful decisions 
about how I spend my 
time so I can maximize 
my future success. 

-“Thoughtful” and 
“strategically” are seen as 
synonymous. 
-Similar to Q4.15 but “I do” 
rather than “I should”. 

  

Q4.18: I invest my 
efforts strategically with 
my long-term success in 
mind. 

-Same as Q4.17. 
-Seen as investing efforts “at 
work”, not 24/7. 
 

  

Q4.19: The choices I 
make now are based 
more on my short-term 
success than my success 
5 to 10 years after 
graduation. 

-Inclusive of all day-to-day 
choices. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q4.20: The day-to-day 
decisions I am currently 
making will benefit my 
long-term success. 

-Inclusive of all day-to-day 
choices. 
-Straightforward (In a similar 
way to Q4.13). 
-“Anything you are doing in 
your day-to-day life do you 
think that will contribute to a 
long-term success”. 
-“If I am doing a good job 
every day, that will add up to 
success long-term”. 

  

Q4.21: Getting good 
grades will lead to 
greater future career 
success. 

-Tiny discussion about if this 
question was asking about a 
linear relationship between 
grades and success. 

-Remove “greater” 
since the point is 
not to ask about a 
linear relationship 
necessarily. 

Getting good grades 
will lead to future 
career success 

 

Survey Section 5 

Table 91  

Quantitative results for survey section 5 

Question N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

To what degree do you think 
that focusing on each of the 
following criterion during 
your current engineering 
program will lead to your 
future career success? 

Obtaining a degree of 
recognized worth. 

19 4 7 5.74 0.733 -0.473 0.641 

Taking courses that seem 
relevant to my future career. 

19 3 7 5.47 0.905 -1.170* 2.061* 

Getting good grades. 19 3 7 5.05 0.970 -0.114 0.023 

Learning things that are 
interesting to me. 

19 4 7 6.21 0.855 -1.042 0.972 

Passing my courses. 19 4 7 5.79 1.032 -0.211 -1.125 

Engaging with challenging 
or interesting course 
material. 

19 3 7 5.63 1.257 -0.896 0.203 
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Question N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

To what degree do you think 
that focusing on each of the 
following criterion during 
your current engineering 
program will lead to your 
future career success? 

Enjoying opportunities for 
an active social, athletic, and 
personal life. 

19 3 7 5.58 1.387 -0.671 -0.806 

Helping other people and 
contributing to society. 

19 5 7 6.11 0.809 -0.204 -1.412 

 

Table 92  

Question-by-question analysis and improvements for survey section 5 

Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

To what degree do you 
think that focusing on 
each of the following 
criterion during your 
current engineering 
program will lead to 
your future career 
success? 

-Clearly worded. 
-The word “focusing” stands 
out to 2 participants. 
-Section 5 is more reflective 
about current behaviours 
whereas section 2 is more 
about value (importance) of 
behaviours. 
-The “Current engineering 
program” makes it sound 
more similar to section 2 to 2 
participants (creates more 
distinction between school 
and after school). 
 

-Change criterion to 
criteria. 
-Switch to 
agree/disagree 
wording like section 
2. 
-Removed “focusing 
on” and “your 
current engineering 
program”. 

Please indicate how 
much you agree that 
each of the following 
criteria will lead to 
your future career 
success. 

Scale: 
-3 = Extremely 
unfavourable for your 
success 
0 = Not related to how 
you define your success 
3 = Extremely important 
for your success 

-Same comments as section 
2. 
-No one will answer 
negatives, as proven by the 
quantitative data. 

-Same as section 2. 
 

Scale: 
-Strongly Disagree 
-Disagree 
-Somewhat Disagree 
-Neutral 
-Somewhat Agree 
-Agree 
-Strongly Agree 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Differences between 
section 5 and section 2 

-All participants thought it 
was a nearly identical 
question to section 5 and that 
question Q7.1 addresses this 
idea more concisely. 
-Some participants 
mentioned slight differences.  
-The quantitative data 
revealed 2 were in bullets 
and 16 in sentences. 
-Quantitative data reveals 
that 52% of same questions 
between section 2 and 5 were 
answered differently. 

  

Q5.1: Obtaining a 
degree of recognized 
worth. 

-Changes in section 2 will be 
reflected here. 
-“Recognized worth” adds 
more external value than 
internal value. Although, it is 
felt to be even more external 
in section 2: “reputation 
based (2) rather than 
credibility based (5)”. 
-“Reputation comes more 
into play in recognized worth 
when thinking about career 
rather than when thinking 
about education.”. 

  

Q5.2: Taking courses 
that seem relevant to my 
future career. 

-Changes in section 2 will be 
reflected here. 
-More internal than external. 

  

Q5.3: Getting good 
grades. 

-Changes in section 2 will be 
reflected here. 

  

Q5.4: Learning things 
that are interesting to 
me. 

-Changes in section 2 will be 
reflected here. 
-Some confusion about 
learning in courses vs. 
learning in a career/ general 
life. 

-Keep the focus on 
program. 

Learning things 
during my current 
engineering program 
that are interesting to 
me 

Q5.5: Passing my 
courses. 

-Changes in section 2 will be 
reflected here. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q5.6: Engaging with 
challenging or 
interesting course 
material. 

-Changes in section 2 will be 
reflected here. 

  

Q5.7: Enjoying 
opportunities for an 
active social, athletic, 
and personal life. 

-Changes in section 2 will be 
reflected here. 

-Keep the focus on 
program. 

Participating in 
activities such as 
socializing, athletics, 
or other personal 
interests during my 
current engineering 
program 

Q5.8: Helping other 
people and contributing 
to society. 

-Changes in section 2 will be 
reflected here. 

-Keep the focus on 
the program. 

Helping other people 
and contributing to 
society during my 
current engineering 
program 

Q5.9: If you feel there is 
anything missing from 
this list relevant to your 
success in your current 
engineering program 
please state the missing 
element in the box 
provided and score it 
accordingly: 

-Changes in section 2 will be 
reflected here 
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Survey Section 6 

Table 93  

Question-by-question analysis and improvements for survey section 6 

Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q6.1: How do you 
envision “success” in 
your career 5 to 10 years 
after graduation? List 
and describe as many 
items as you feel are 
necessary to define 
success in these terms. 

-Clear. 
-Thinking long-term. 
-If removed, would miss out 
on detail. 
-Sometimes say “future 
career”, sometimes say 
“career”. 
 

  

Connection to section 5 -Connected to section 5. 
-Not similar to section 5: 
section 6 is more long term, 
plus, the things needed to be 
successful in school are not 
the things that will make you 
successful in a career. 
-Order does make sense. 

  

 
Survey Section 7 

Table 94  

Quantitative results for survey section 7 

Question N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

Please indicate how much 
you agree with each of 
the following statements. 

What success means to me 
in terms of my current 
engineering program will 
also maximize my future 
career success 5 to 10 years 
after graduation. 

19 1 6 4.74 1.284 -1.384* 2.730* 



 

 

 

191 

Question N Min. Max. Mean Std. 
Deviation 

Skewness Kurtosis 

Please indicate how much 
you agree with each of 
the following statements. 

There are some changes I 
could make to my current 
actions in my engineering 
program to better lead to my 
future career success 5 to 10 
years after graduation. 

19 1 7 5.11 1.560 -0.881 1.197 

 

Table 95  

Question-by-question analysis and improvements for survey section 7 

Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Please indicate how 
much you agree with 
each of 
the following 
statements. (Q7.1 and 
Q7.2) 

-Same as section 2 and 4.   

Scale:  
-3: Strongly Disagree 
0: Neutral 
3: Strongly Agree 

 -Same as section 2 
and 4. 

Scale: 
-Strongly Disagree 
-Disagree 
-Somewhat Disagree 
-Neutral 
-Somewhat Agree 
-Agree 
-Strongly Agree 

Q7.1: What success 
means to me in terms of 
my current engineering 
program will also 
maximize my future 
career success 5 to 10 
years after graduation. 

-Related to section 5 and 
section 2. 
-Connected to section 3 and 
6. 
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Initial Question Comments from Think-
Aloud 

Improvements Updated Question 

Q7.2: There are some 
changes I could make to 
my current actions in 
my engineering program 
to better lead to my 
future career success 5 
to 10 years after 
graduation. 

-Potential changes identified 
include changing classes, 
disciplines, etc. (academic 
focused, due to the “in my 
engineering program”. 
-“Are you making an active 
effort in your day-to-day 
decisions to maximize your 
future career success”. 

  

Q7.3: What changes 
could you make to your 
current actions so that 
you could maximize 
your future career 
success 5 to 10 years in 
the future? 

-Easily understood 
-Well connected to Q7.2. 
-Reflective; almost too 
reflective . 
-Many people did not answer 
this. 
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Appendix C 

Full Study Results 

The full study survey instrument is included in this appendix, along with the descriptive statistics 

for the full study. 

Full Study Survey Instrument 

Section 1  

 

What is your current year of study?  

1st     2nd     3rd     4th     5th or higher 

 

What engineering discipline are you registered in?  

Chemical     Civil     Mechanical     Computer     Electrical    

Engineering Chemistry     Engineering Physics     Mathematics Engineering     

Geological     Mining 

 

Are you a Canadian or an international student?  

Canadian     International 

 

(Note for GREB reviewers: this question will only be shown to respondents who answer “International”, 

and answering is optional, just like all other questions in this survey) 

3a. What is your nationality? ______________ 

 

How do you identify your gender?  

Male     Female     Prefer not to say     Prefer to self-describe 

_____________________ 

 

Have you completed a 12- or 16-month QUIP engineering internship as part of your current engineering 

program?  

Yes     No 
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Do you currently hold a renewable financial support scholarship that requires a minimum grade or GPA 

to maintain continuity?   

Yes     No 

 

Did you begin your undergraduate engineering program more than two years after you graduated from 

high school?  

Yes     No 

 

 

Is your current intention to pursue graduate studies immediately after you finish your undergraduate 

program? 

Yes     No 
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Section 2 

 

Please indicate how much you agree that each of the following criteria is important to how you define 

your success in your current engineering program. 

 

Strongly 

Disagree 

Disagree Somewhat 

Disagree 

Neutral Somewhat 

Agree 

Agree Strongly 

Agree 

SD D SwD N SwA A SA 

 

Obtaining a degree of recognized worth 

SD   D   SwD   N   SwA   A   SA 

 

Earning a reputable degree that will allow me to get a job 

SD   D   SwD   N   SwA   A   SA 

 

Seeking effective and relevant training for a future career 

SD   D   SwD   N   SwA   A   SA 

 

Taking courses that seem relevant to a desired future career 

SD   D   SwD   N   SwA   A   SA 

 

Getting good grades 

SD   D   SwD   N   SwA   A   SA 

 

A high GPA  

SD   D   SwD   N   SwA   A   SA 

 

Learning things during my current engineering program that are interesting to me 

SD   D   SwD   N   SwA   A   SA 

 

Choosing stimulating electives 

SD   D   SwD   N   SwA   A   SA 

 

Passing my courses 
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SD   D   SwD   N   SwA   A   SA 

 

Getting good feedback from professors and TAs 

SD   D   SwD   N   SwA   A   SA 

 

Engaging with challenging or interesting course material 

SD   D   SwD   N   SwA   A   SA 

 

Broadening my knowledge base 

SD   D   SwD   N   SwA   A   SA 

 

Participating in activities such as socializing, athletics, or other personal interests  

SD   D   SwD   N   SwA   A   SA 

 

Personal happiness 

SD   D   SwD   N   SwA   A   SA 

 

Helping other people and contributing to society 

SD   D   SwD   N   SwA   A   SA 

 

Learn useful things in my current engineering program that will benefit my community 

SD   D   SwD   N   SwA   A   SA 

 

If you feel there is anything missing from this list relevant to your success in your current engineering 

program please state the missing element in the box provided and score it accordingly: 

_______________________________ 

SD   D   SwD   N   SwA   A   SA 
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Section 3 

 

What does “success” mean to you in terms of your current undergraduate engineering program? List and 

describe as many items as you feel are necessary to define success in these terms. 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_________________________________________________________ 
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Section 4 

 

Please indicate how much you agree with each of the following statements. 

 

Strongly 

Disagree 

Disagree Somewhat 

Disagree 

Neutral Somewhat 

Agree 

Agree Strongly Agree 

SD D SwD N SwA A SA 

 

 

My goals for my future career have an impact on the things I do now. 

SD   D   SwD   N   SwA   A   SA 

 

My future career determines what is important in my courses. 

SD   D   SwD   N   SwA   A   SA 

 

My future career influences what I learn from my courses. 

SD   D   SwD   N   SwA   A   SA 

 

I am sure of what I want to do when I graduate. 

SD   D   SwD   N   SwA   A   SA 

 

I know what I want to be doing in my career in 5 to 10 years. 

SD   D   SwD   N   SwA   A   SA 

 

I plan to pursue a professional engineering career. 

SD   D   SwD   N   SwA   A   SA 

 

Engineering is the most rewarding future career I can imagine for myself. 

SD   D   SwD   N   SwA   A   SA 

 

My interest in an engineering major outweighs any disadvantages I can think of. 

SD   D   SwD   N   SwA   A   SA 
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I don’t think much about my future.  

SD   D   SwD   N   SwA   A   SA 

 

I consciously reflect on what I want to do after I graduate. 

SD   D   SwD   N   SwA   A   SA 

 

I actively consider my long-term success in my day-to-day decisions and choices. 

SD   D   SwD   N   SwA   A   SA 

 

I don’t like to plan for the future. 

SD   D   SwD   N   SwA   A   SA 

 

One should not think too much about the future. 

SD   D   SwD   N   SwA   A   SA 

 

It is important to have goals for where one wants to be in 5 to 10 years.  

SD   D   SwD   N   SwA   A   SA 

 

One should be taking steps in the present to help realize future goals. 

SD   D   SwD   N   SwA   A   SA 

 

I am executing my long-term plan. 

SD   D   SwD   N   SwA   A   SA 

 

I make thoughtful decisions about how I spend my time so I can maximize my future success. 

SD   D   SwD   N   SwA   A   SA 

 

I invest my efforts strategically with my long-term success in mind. 

SD   D   SwD   N   SwA   A   SA 

 

The choices I make now are based more on my short-term success than my success 5 to 10 years after 

graduation. 

SD   D   SwD   N   SwA   A   SA 
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The day-to-day decisions I am currently making will benefit my long-term success. 

SD   D   SwD   N   SwA   A   SA 

 

Getting good grades will lead to future career success. 

SD   D   SwD   N   SwA   A   SA 
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Section 5 

 

Please indicate how much you agree that each of the following criteria will lead to your future career 

success. 

 

Strongly 

Disagree 

Disagree Somewhat 

Disagree 

Neutral Somewhat 

Agree 

Agree Strongly Agree 

SD D SwD N SwA A SA 

 

Obtaining a degree of recognized worth 

SD   D   SwD   N   SwA   A   SA 

 

Taking courses that seem relevant to my future career 

SD   D   SwD   N   SwA   A   SA 

 

Getting good grades  

SD   D   SwD   N   SwA   A   SA 

 

Learning things during my current engineering program that are interesting to me 

SD   D   SwD   N   SwA   A   SA 

 

Passing my courses 

SD   D   SwD   N   SwA   A   SA 

 

Engaging with challenging or interesting course material 

SD   D   SwD   N   SwA   A   SA 

 

Participating in activities such as socializing, athletics, or other personal interests during my current 

engineering program 

SD   D   SwD   N   SwA   A   SA 

 

Helping other people and contributing to society during my current engineering program 

SD   D   SwD   N   SwA   A   SA 
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If you feel there is anything missing from this list relevant to your success in your current engineering 

program please state the missing element in the box provided and score it accordingly: 

_______________________________ 

SD   D   SwD   N   SwA   A   SA 
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Section 6 

 

How do you envision “success” in your career 5 to 10 years after graduation? List and describe as many 

items as you feel are necessary to define success in these terms. 

 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_________________________________________________________ 
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Section 7 

 

Please indicate how much you agree with each of the following statements. 

Strongly 

Disagree 

Disagree Somewhat 

Disagree 

Neutral Somewhat 

Agree 

Agree Strongly Agree 

SD D SwD N SwA A SA 

 

What success means to me in terms of my current engineering program will also maximize my future 

career success 5 to 10 years after graduation. 

SD   D   SwD   N   SwA   A   SA 

 

There are some changes I could make to my current actions in my engineering program to better lead to 

my future career success 5 to 10 years after graduation. 

SD   D   SwD   N   SwA   A   SA 

 

What changes could you make to your current actions so that you could maximize your future career 

success 5 to 10 years in the future?  

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_________________________________________________________ 

  



 

 

 

205 

Full Study Descriptive Statistics 

The standard error of the skewness is 0.15 for questions in Section 2 and increase to 0.16 for all 

subsequent questions in Section 4, 5, and 7 due to survey dropouts and the corresponding decrease in 

responses for those questions. Standard error of skewness and kurtosis is a function of the number of 

responses to the question. Similarly, the standard error of the kurtosis is 0.3 for the questions in Section 2 

and increases to 0.32 for all subsequent questions in Section 4, 5, 7. Significance tests of skewness and 

kurtosis should not be used like they were in the pilot study for large sample sizes like this as they are 

likely to overpredict significance (Field, 2018, p. 188). Kolmogorov-Smirnov and Shapiro-Wilk tests for 

normality of data for each survey question is also included. The normality tests indicate that data for all 

survey questions deviates from normality, but this is not surprising or important for the analysis because 

with a large sample size such as this, these statistical tests can be significant even for small unimportant 

effects and, as the sample size increases, the assumption of normality matters less because the sampling 

distribution will be normal (regardless of if the data itself is normally distributed) (Field, 2018, p. 176, 

187, 397). 

Table 96  

Descriptive statistics of the quantitative portion of full study survey 

Survey Question N $% s Skewness Kurtosis 

Q2_1: Obtaining a degree of recognized worth.  264 6.16 0.98 -2.17 7.97 

Q2_2: Earning a reputable degree that will allow 
me to get a job.  

265 6.33 0.89 -2.75 12.96 

Q2_3: Seeking effective and relevant training for 
a future career.  

263 6.02 1.03 -1.61 4.10 

Q2_4: Taking courses that seem relevant to a 
desired future career.  

265 5.91 1.09 -1.67 3.89 

Q2_5: Getting good grades.  265 5.58 1.24 -1.34 2.59 

Q2_6: A high GPA.  263 5.20 1.43 -0.97 0.76 

Q2_7: Learning things during my current 
engineering program that are interesting to me.  

264 6.03 1.11 -1.61 3.33 

Q2_8: Choosing stimulating electives.  262 5.47 1.25 -0.74 0.20 

Q2_9: Passing my courses.  265 6.29 0.99 -2.06 6.11 
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Survey Question N $% s Skewness Kurtosis 

Q2_10: Getting good feedback from professors 
and TAs.  

264 5.39 1.33 -1.17 1.71 

Q2_11: Engaging with challenging or interesting 
course material. 

264 5.66 1.19 -1.20 1.80 

Q2_12: Broadening my knowledge base.  263 6.18 0.92 -1.75 4.99 

Q2_13: Participating in activities such as 
socializing, athletics, or other personal interests.  

265 5.80 1.26 -1.33 1.80 

Q2_14: Personal happiness.  264 6.14 1.23 -1.89 3.93 

Q2_15: Helping other people and contributing to 
society.  

264 5.77 1.13 -1.31 2.51 

Q2_16: Learn useful things in my current 
engineering program that will benefit my 
community.  

265 5.65 1.14 -1.18 2.29 

Q4_1: My goals for my future career have an 
impact on the things I do now.  

234 5.38 1.19 -0.99 1.22 

Q4_2: My future career determines what is 
important in my courses.  

235 4.71 1.51 -0.64 -0.21 

Q4_3: My future career influences what I learn 
from my courses.  

234 4.79 1.43 -0.61 -0.15 

Q4_4: I am sure of what I want to do when I 
graduate.  

235 3.64 1.83 0.15 -1.20 

Q4_5: I know what I want to be doing in my 
career in 5 to 10 years.  

233 3.55 1.84 0.25 -1.10 

Q4_6: I plan to pursue a professional engineering 
career.  

235 5.04 1.62 -0.80 -0.11 

Q4_7: Engineering is the most rewarding future 
career I can imagine for myself.  

234 4.61 1.80 -0.44 -0.84 

Q4_8: My interest in an engineering major 
outweighs any disadvantages I can think of.  

234 4.94 1.47 -0.78 0.22 

Q4_9: I don’t think much about my future.  234 2.72 1.59 0.87 -0.11 

Q4_10: I consciously reflect on what I want to do 
after I graduate.  

233 5.33 1.33 -0.91 0.72 

Q4_11: I actively consider my long-term success 
in my day-to-day decisions and choices.  

234 4.60 1.54 -0.49 -0.43 

Q4_12: I don’t like to plan for the future.  234 3.28 1.62 0.52 -0.51 

Q4_13: One should not think too much about the 
future.  

234 3.50 1.67 0.34 -0.73 

Q4_14: It is important to have goals for where one 
wants to be in 5 to 10 years.  

234 5.27 1.41 -1.00 0.75 

Q4_15: One should be taking steps in the present 
to help realize future goals.  

234 5.76 1.02 -0.94 1.82 

Q4_16: I am executing my long-term plan.  235 4.58 1.46 -0.53 -0.15 
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Survey Question N $% s Skewness Kurtosis 

Q4_17: I make thoughtful decisions about how I 
spend my time so I can maximize my future 
success.  

235 4.81 1.42 -0.55 -0.15 

Q4_18: I invest my efforts strategically with my 
long-term success in mind.  

233 4.96 1.36 -0.62 0.13 

Q4_19: The choices I make now are based more 
on my short-term success than my success 5 to 10 
years after graduation.  

234 4.43 1.60 -0.27 -0.80 

Q4_20: The day-to-day decisions I am currently 
making will benefit my long-term success.  

235 5.04 1.33 -0.68 0.46 

Q4_21: Getting good grades will lead to future 
career success.  

232 4.54 1.69 -0.59 -0.47 

Q5_1: Obtaining a degree of recognized worth.  228 6.07 0.98 -2.03 7.29 

Q5_2: Taking courses that seem relevant to my 
future career.  

228 5.74 1.09 -1.43 2.99 

Q5_3: Getting good grades.  227 5.12 1.51 -0.91 0.42 

Q5_4: Learning things during my current 
engineering program that are interesting to me.  

228 5.76 1.10 -1.42 2.83 

Q5_5: Passing my courses.  227 6.16 0.92 -1.55 4.23 

Q5_6: Engaging with challenging or interesting 
course material.  

227 5.65 1.16 -1.27 2.46 

Q5_7: Participating in activities such as 
socializing, athletics, or other personal interests 
during my current engineering program.  

229 5.74 1.23 -1.31 2.34 

Q5_8: Helping other people and contributing to 
society during my current engineering program.  

228 5.52 1.27 -1.25 2.13 

Q7_1: What success means to me in terms of my 
current engineering program will also maximize 
my future career success 5 to 10 years after 
graduation.  

224 5.19 1.28 -0.91 0.99 

Q7_2: There are some changes I could make to 
my current actions in my engineering program to 
better lead to my future career success 5 to 10 
years after graduation. 

224 5.54 1.29 -1.13 1.33 

 

Table 97  

Test of normality for all survey data. Significance values below 0.05 indicates the data significantly 

deviates from a normal distribution 

Survey 
question 

Kolmogorov-Smirnov Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Q2_1 0.276 264 .000 0.727 264 .000 
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Survey 
question 

Kolmogorov-Smirnov Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Q2_2 0.261 265 .000 0.658 265 .000 
Q2_3 0.274 263 .000 0.788 263 .000 
Q2_4 0.311 265 .000 0.781 265 .000 
Q2_5 0.239 265 .000 0.841 265 .000 
Q2_6 0.208 263 .000 0.886 263 .000 
Q2_7 0.254 264 .000 0.78 264 .000 
Q2_8 0.223 262 .000 0.895 262 .000 
Q2_9 0.294 265 .000 0.707 265 .000 
Q2_10 0.22 264 .000 0.864 264 .000 
Q2_11 0.267 264 .000 0.849 264 .000 
Q2_12 0.273 263 .000 0.754 263 .000 
Q2_13 0.243 265 .000 0.82 265 .000 
Q2_14 0.285 264 .000 0.718 264 .000 
Q2_15 0.272 264 .000 0.834 264 .000 
Q2_16 0.241 265 .000 0.856 265 .000 
Q4_1 0.22 234 .000 0.876 234 .000 
Q4_2 0.227 235 .000 0.915 235 .000 
Q4_3 0.218 234 .000 0.918 234 .000 
Q4_4 0.165 235 .000 0.919 235 .000 
Q4_5 0.161 233 .000 0.92 233 .000 
Q4_6 0.201 235 .000 0.892 235 .000 
Q4_7 0.184 234 .000 0.916 234 .000 
Q4_8 0.195 234 .000 0.904 234 .000 
Q4_9 0.213 234 .000 0.87 234 .000 
Q4_10 0.211 233 .000 0.89 233 .000 
Q4_11 0.209 234 .000 0.929 234 .000 
Q4_12 0.184 234 .000 0.924 234 .000 
Q4_13 0.183 234 .000 0.933 234 .000 
Q4_14 0.207 234 .000 0.878 234 .000 
Q4_15 0.243 234 .000 0.862 234 .000 
Q4_16 0.208 235 .000 0.929 235 .000 
Q4_17 0.226 235 .000 0.921 235 .000 
Q4_18 0.211 233 .000 0.919 233 .000 
Q4_19 0.182 234 .000 0.938 234 .000 
Q4_20 0.208 235 .000 0.915 235 .000 
Q4_21 0.227 232 .000 0.912 232 .000 
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Survey 
question 

Kolmogorov-Smirnov Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Q5_1 0.274 228 .000 0.745 228 .000 
Q5_2 0.289 228 .000 0.817 228 .000 
Q5_3 0.208 227 .000 0.89 227 .000 
Q5_4 0.288 228 .000 0.818 228 .000 
Q5_5 0.264 227 .000 0.775 227 .000 
Q5_6 0.245 227 .000 0.845 227 .000 
Q5_7 0.205 229 .000 0.827 229 .000 
Q5_8 0.222 228 .000 0.852 228 .000 
Q7_1 0.205 224 .000 0.893 224 .000 
Q7_2 0.251 224 .000 0.861 224 .000 

 


