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ABSTRACT 

 

Classroom tests are a common and default form of assessments in concept-heavy, 

fundamental engineering courses. Tests have benefits to learning, such as the testing 

effect that helps with the retrieval of knowledge, but there are also disadvantages, like 

discouraging deep learning approaches and decreasing motivation to learn, that warrant 

examining and questioning why tests are common, which engineering education literature 

lacks. Furthermore, the advancement of assessment research has led to alternative 

assessments that can diversify types of assessments and promote intentionality in test 

usage in these courses, supporting the need for scholarship on understanding test usage. 

My research began to address this by studying fundamental engineering course 

instructors’ test beliefs and behaviors because engineering instructors have shown to have 

autonomy in making course decisions and barriers to adopting scholarship-based 

assessment practices among these engineering instructors persist.  

This dissertation study, grounded in the Situated Expectancy Value Theory 

(SEVT), explored, uncovered, and articulated seven fundamental engineering course 

instructors’ test beliefs and behaviors from mechanical engineering and engineering 

science departments in a public, land-grant, Research 1 institution. Leveraging the case 

study research methodology from a pragmatic perspective, my multi-case study, with 

each participant being defined as a case, answered an overarching research question and 

five sub-research questions that yielded findings on five test aspects: test usage, design, 



administration, cheating, and fairness. Eight collected data sources in the form of 

qualitative interviews, course, department, and institution documents became the 

database to answer the questions. Analyses of these data involved coding and content 

analysis, and subsequent thematic analysis. The outcome of these analyses shaped the 

individual case profiles for cross-case analysis to understand belief and behavior patterns 

at a higher level. 

My research has found three groups of test usage beliefs. These are enthusiastic 

test users, default test users, and skeptical test users. All participants featured tests 

heavily in their courses and justified with learning outcomes and some non-course-

content factors like large class sizes for grading conveniences. However, those in default 

and skeptical test user groups also acknowledged some non-course-content factors, like 

inertia and peer pressure, that influenced their test usage beliefs and behaviors. All 

participants acknowledged some disadvantages with tests, but those who are skeptical 

with test usage presented stronger beliefs about test disadvantages, arguing for the need 

to move away from tests when necessary. Some participants also presented conflicting 

beliefs and behaviors regarding their test usage. My study has also found all participants 

using problem-solving questions, emphasizing the need to curb cheating especially 

during the Covid-19 pandemic, preferring in-person test administration, and defining test 

fairness with reasonable completion time and adequate content coverage. These findings 

contribute to addressing identified research gaps in the literature and have implications 

for future research on tests with assessment philosophies, classroom practices on 

diversifying assessments and intentional test usage, and future research on possible 

assessment roles in addressing systemic inequity in engineering.
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GENERAL AUDIENCE ABSTRACT 

 

Tests or exams like quizzes, midterms, and finals are common for measuring 

student learning in foundational engineering courses that focus on teaching the core 

engineering concepts for problem-solving. There are benefits to tests, like helping 

students remember the concepts for future use. However, tests also have problems like 

getting to students focus more on memorizing and matching patterns, provoking student 

test anxiety, and demotivating students from learning. Engineering education research, 

surprisingly, does not explore much on why tests are common, considering said 

problems. My dissertation tackled this issue by studying the test usage beliefs and 

behaviors of seven foundational course instructors from mechanical engineering and 

engineering science departments. The focus was on the instructors because engineering 

instructors tend to have autonomy in making course decisions and many instructors are 

resistant to changing their teaching practices. Understanding their beliefs and behaviors 

can help with research and efforts to promote better practices, like diversifying the types 

of assessment used and being more intentional when using tests. My results show three 

groups separating the participants on their beliefs about using tests. One participant was 

very enthusiastic about using tests and believed that tests were the only good way to 

assess learning. Four participants were default test users as they acknowledged some 

problems with using tests but still justified strongly for using tests because of the test 

benefits to learning. Two participants were skeptical test users as they had stronger 



beliefs than others on the problems and would prefer not to use too many tests. However, 

all participants used tests heavily in their courses. All participants also emphasized 

curbing cheating as very important and had very similar beliefs about what a fair test was. 

Overall, my findings highlight the need to continue working on test research and practice 

to promote better assessment approaches in engineering.
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Chapter One: Study Overview 

1.1 Problem Statement and Research Purpose 

Classroom tests, tests, or exams in general, are a common or default way to assess student 

learning and academic progress in engineering education (Banta & Palomba, 2015; Grohs et al., 

2018; Lord & Chen, 2014; Nolte et al., 2021; Rompelman, 2000; Sheppard et al., 2009; Walther 

& Radcliffe, 2007). In particular, fundamental engineering courses (FECs), which tend to form a 

substantial part of middle-years engineering curricula, be concept-heavy, and contain a large 

amount of foundational knowledge of engineering education, often employ classroom tests as a 

way to measure student learning (Gregory, 1984; Lord & Chen, 2014; Sheppard et al., 2009). 

Tests are commonly cited in the literature on assessing student learning (Lord & Chen, 2014; 

Petr, 2005; Rompelman, 2000; Sheppard et al., 2009; Walther & Radcliffe, 2007), and 

researchers have directly reported on tests or exams as constituting a large portion of how 

students are graded in an FEC (Grohs et al., 2018). The literature largely shows the common and 

default usage of tests in FECs. 

Classroom tests have advantages and disadvantages as an assessment, but the 

disadvantages do not warrant common and default usage as previously described. Research has 

shown that tests can help with knowledge retrieval (“testing effect”), knowledge gap 

identification, knowledge retention, and transfer when assessed through similar tests or exams 

(Butler, 2010; Butler & Roediger, 2007; McDaniel et al., 2007; Morphew et al., 2020; Roediger 

et al., 2011). Tests can also help with strengthening student proficiency in declarative 

knowledge, and algorithmic or procedural knowledge (Abu-Zaid & Khan, 2013; Case & 

Marshall, 2004; Videnovic, 2017). Thus, tests or exams can serve important roles in the 

engineering learning process.  
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However, common and default usage of tests can also be problematic. First, tests 

discourage deep learning approaches that are instrumental in facilitating conceptual change and 

understanding (Blasiman et al., 2017; Case & Marshall, 2004; Kornell & Bjork, 2007; Scouller, 

1998). Second, tests can decrease student motivation to learn and provoke anxiety among 

students, which can cause students to not perform during tests (Elliot et al., 1999; Major et al., 

2020; Tan, 1992; Vaessen et al., 2017). Third, some tests may not be appropriate to measure 

conceptual understanding and change in concept-heavy FECs where there are other intentionally-

designed assessments (Alonso-Tapia, 2002; Duschl & Gitomer, 1991; Hestenes et al., 1992; Steif 

& Dantzler, 2005; Streveler et al., 2008). These problems, along with considerations of the 

values of tests, show that tests can be helpful in certain learning outcomes, but are not ideal to be 

the default and common forms of assessment for student learning in FECs. The common and 

default usage of tests seems to persist, however, presenting this as a practical problem.  

The engineering education community should reflect on this practical problem and 

engage on ways to address this problem, starting with considering diversification of assessments 

and more intentionality in terms of using, designing, and administering tests. To address this 

practical problem and contribute to these two efforts, it is important to address some research 

gaps in engineering education test and assessment research. The gaps are: 1) exploring why tests 

are common in engineering education (priority for my study), 2) lack of research on test 

administration strategies, 3) understudying of test fairness, and 4) instructors’ beliefs and 

behaviors on assessments in general. Overall, the engineering education community should work 

on scholarship on these topics to address the practical problem and contribute to diversification 

and intentionality (Chew & Matusovich, 2022). 
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My study took the first step to achieving the aforementioned goals by situating research 

on FEC instructors’ test beliefs and behaviors. This perspective is grounded in the arguments that 

engineering instructors tend to have autonomy in their courses (Lattuca & Stark, 2011; Skott, 

2015), and research has shown resistance and barriers among instructors to adopting research-

based classroom practices (Brownell & Tanner, 2012; Henderson & Dancy, 2007; Jarvie-Eggart 

et al., 2021). In addition, extensive research within the instructors’ beliefs and behaviors domain 

has shown that beliefs can influence practices, and understanding instructors’ test beliefs can 

help with understanding their test behaviors, and potentially influence their test and assessment 

behaviors in general (Buehl & Beck, 2015; Skott, 2015). To summarize, my research purpose is 

to explore, uncover, and articulate the potential themes and patterns that describe FEC 

instructors’ test beliefs and behaviors.  

To achieve my research purpose, I designed and conducted a multi-case study, grounded 

in a pragmatic take on case study research methodology (Yazan, 2015; R. K. Yin, 2018). Guided 

by the Situated Expectancy Value Theory (SEVT) model of parents’ socialization of motivation 

(Eccles, 1983, 2007; Eccles & Wigfield, 2020; Wigfield & Eccles, 2020), I explored, uncovered, 

and articulated seven individual instructors’ (cases) test beliefs and behaviors in two engineering 

programs located within a public, land-grant, Research 1 (R1) institution. To explore test beliefs 

and behaviors, I collected eight data sources: two qualitative interviews, one course syllabus, one 

test used for each case, public documents on the departments’ websites, institution faculty and 

undergraduate policies, and Covid-19-related policies. My findings have contributed to 

addressing the identified research gaps, particularly in understanding why tests are common in 

FECs, in addition to three other research gaps. Implications include paving the foundations for 
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future research and practice to promote diverse assessment approaches and more intentionality in 

test usage in fundamental engineering courses. 

1.2 Definitions 

 Definitions of relevant constructs and terms provided below can help situate the readers 

to review this document. I base these definitions on existing literature and my interpretations of 

how they are relevant to this study. 

1. Tests, exams, and/or classroom tests are used interchangeably in my study. Tests are 

defined as systematic procedures to gather information about student learning (Cizek, 

2009; Russell & Airasian, 2012). An important type of tests in higher education are 

exams (Feldhusen, 1961; Roediger et al., 2011; Venezia & Voloch, 2012). Exams 

typically involve unseen (Brown, 1999) story problems (Jonassen, 2015) that lead to 

single (Sheppard et al., 2009) and numerical (Petr, 2005) answers within a specific time 

constraint (S. Brown, 1999), regardless of whether they are in-class or take-home exams. 

In some cases, students can obtain partial credits even if the final answers are incorrect 

(Petr, 2005). 

2. Learning assessments and classroom assessments are used interchangeably in this 

study. Learning assessments are a form of assessments that focus on assisting and 

facilitating learning and improvement (Banta & Palomba, 2015; Pellegrino et al., 2001) 

and student growth (Lachlan-Haché & Castro, 2015). They can serve as accountability 

assessments (Nagy, 2000; Pellegrino et al., 2001), though that is not common. They are 

usually formative but can be summative if the ultimate purpose of the assessments is to 

facilitate learning and improvement (Russell & Airasian, 2012). Classroom assessments 

are a form of learning assessment. They are typically used in the classroom context 
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(Pellegrino et al., 2001), and are a product of the calls to shift assessments from 

accountability to learning (“Sage Handb. Res. Classr. Assess.,” 2013; Shepard, 2000a). 

3. Fundamental engineering courses (FECs) form part of the largest block of courses in 

engineering curricula (Sheppard et al., 2009). They typically focus on ñengineering 

sciencesò (Sheppard et al., 2009) and are concept-heavy (Streveler et al., 2008). These 

courses are usually taught in the early and middle years of engineering education, 

provide students the opportunities to learn and be exposed to the different important 

concepts, and help students achieve understanding of concepts that they can apply to 

engineering problem solving (Chen et al., 2010; Gregory, 1984; Lord & Chen, 2014). 

Examples of FEC are statics and dynamics; these courses tend to be large in size and 

serve multiple disciplines (Soledad, 2019). 

4. Instructor , faculty, and/or teacherôs test beliefs are underlying philosophies that guide 

an instructor’s test behaviors, which include using, designing, and administering tests 

(Chadha et al., 2020; Felder, 2002; Fives & Buehl, 2011; Gill & Fives, 2015). I defined 

the construct of “beliefs” based on the ideas that FEC instructor test usage and other test-

relevant topic beliefs can 1) be subjectively true to the instructors, 2) be stable over time, 

3) have varying levels of convictions, 4) activate depending on the contexts, and 5) be 

structured and conflicting. The next chapter reviews the literature on the alignment 

between beliefs and behaviors (Fives & Buehl, 2011; Pajares, 1992; Skott, 2015). 

5. Test cheating is a form of academic dishonesty prevalent in higher education (Cizek, 

1999). There can be many behaviors that are considered cheating, such as soliciting 

unauthorized resources, peeking at unauthorized resources, and working together on 

individual tests (Carpenter et al., 2006; Chirumamilla et al., 2020; McCabe, 2005; 
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Peculea & Peculea, 2020). The development of the internet has made cheating much 

easier for students, according to engineering faculty (Broemer & Recktenwald, 2021; 

Kelley & Dooley, 2014; Peculea & Peculea, 2020; Srikanth & Asmatulu, 2014). There 

are many measures to address cheating, such as creating new questions for every iteration 

of test administration, proctoring, having an in-person/in-class modality of test 

administration, and others (Alemayehu et al., 2015; Chirumamilla et al., 2020; Srikanth 

& Asmatulu, 2014; Von Grünigen et al., 2018). 

6. Test fairness means that all students have equal treatment when being tested (Cizek, 

2009). There have been recent calls to consider the emphasis on fairness from the equity 

perspective in engineering education (Camilli, 2013; Douglas et al., 2016), particularly in 

historical and current contexts of the power structure that has historically oppressed 

those who identify with the Black, Hispanic/Latino/Latina/Latinx, Native American 

communities, and students with disabilities (Cech et al., 2017; Espinoza, 2013; Goodley, 

2001; Holly Jr., 2020; Long III, 2020; Riley et al., 2015). The context of power structure 

is more salient than before due to the heightened awareness of systemic racism caused by 

the high-profile murders of several Black U.S. citizens during the pandemic (Holly Jr., 

2020; Long III, 2020). 

7. The Covid-19 pandemic is a world-altering public health crisis that has been happening 

since early 2020, with universities across the United States shifting suddenly and abruptly 

in March 2020 into virtual learning and classrooms as one of the major countermeasures 

to reduce transmission of the Covid-19 virus (Jankowski, 2020). This study is situated 

within the pandemic as the pandemic is still ongoing and the data were collected in 2021 

when virtual learning was still happening.  
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8. Conceptual understanding and conceptual change are used interchangeably in my 

study. Conceptual understanding of a topic is one’s collection and organization of 

knowledge of that topic. Streveler, Brown, Herman, & Montfort (2014) defined it based 

on three components: A) concepts, which are “pieces of clusters of knowledge”, B) 

beliefs, which are “propositional relationships between concepts”, and C) mental models, 

which are “groups of meaningfully related beliefs and concepts that allow people to 

explain phenomena and make predictions” (pg. 83). Conceptual change is the “process of 

altering one’s conceptual understanding” (Streveler et al., 2008, pg. 83). There are 

various perspectives on how conceptual change operates and structures depending on the 

nature of knowledge (Streveler et al., 2008; Vosniadou, 2008). This process usually 

involves one addressing their misconceptions, which are conceptions of the topic that 

can be difficult to and resist change (Chi, 2008) and can contribute to naïve and 

inappropriate understanding of the topic (diSessa, 2002; Vosniadou, 2002; Vosniadou et 

al., 2008).  

9. Learning approaches are types of strategies and actions students use to learn. I employ 

Marton & Säljö's (1976a, 1976b) surface and deep categories to operationalize learning 

approaches. Surface approaches tend to lead to surface learning (recall of materials) 

while deep approaches tend to lead to deep learning (conceptual understanding). 

10. Motivation  and motivation to learn are used interchangeably in my study. Motivation 

can be defined as “a condition that activates and sustains behaviors toward a goal” 

(National Academies of Sciences, Engineering, and Medicine, 2018, pg. 109), such as 

learning (motivation to learn). 
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1.3 Research questions and design 

 My research answered an overarching research question by responding to five sub-

research questions listed in Table 1.1. Table 1.1 also presents the data collection and analysis 

methods, and the outcomes for answering the sub-research questions. I leveraged the case study 

research methodology outlined by Yin (2018) and Yazan (2015) with multiple sources of data 

(documents/unobtrusive data, and qualitative interviews) collected and analyzed to explore 

instructors’ test beliefs and behaviors. I framed the individual instructors as individual cases, 

leading to seven cases for my multi-case design. The Situated Expectancy-Value Theory (SEVT) 

model of socialization grounded the conceptual framework that guided my study, with the 

framing that FEC instructors are socializers that socialize students into engineering in their 

courses, and tests are part of the learning environment that is the courses. Data analysis strategies 

followed the different data sources, with coding for interviews and document analysis for the 

documents, and thematic analysis to consolidate the topics. The different data findings were 

triangulated to create individual case profiles before being compared across cases to obtain high-

level findings that answered the five sub-research questions. More details on the research design, 

methodology, and methods are detailed in Chapter Three.  
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Table 1.1 

The overarching research question, the sub-research questions, and the respective data 

collection method, analysis method, and outcome. 

Overarching research question: What are the beliefs and behaviors associated with classroom tests 

held by seven fundamental engineering course (FEC) instructors (seven cases) in two engineering 

departments (mechanical engineering and engineering science) in a Research 1 (R1) public institution? 
Research question Data collection method Data analysis method Finding 

RQ1.a: What are 

the instructors’ 

beliefs about using 

tests in their 

fundamental 

engineering 

courses? 

 

RQ2.a: What are 

other relevant 

beliefs about tests? 

 

1. Qualitative interview 

1 (early semester) 

2. Qualitative interview 

2 (late semester) 

3. Department public 

websites 

4. Institution faculty 

handbook 

5. Institution 

undergraduate 

policies 

6. Institution Covid-19 

related websites 

1. First cycle: A priori 

and emergent 

coding; Second 

cycle: Thematic 

analysis of 

interviews 

2. Document analyses 

with conventional 

content analysis on 

documents 

3. Cross-case 

synthesis 

¶ Test enthusiastic, 

default, and skeptical 

groups on usage beliefs 

¶ All had strong 

convictions about 

learning outcomes 

¶ Some talked about non-

course-content factors 

influencing usage. 

¶ All talked disadvantages, 

but the influence on 

usage varied 

¶ Very strong beliefs on 

discouraging cheating  

¶ Beliefs on fairness 

focused on completion 

time, content coverage 

RQ1.b: How do 

these beliefs 

(RQ1.a) align with 

their behavior of 

using tests in their 

FECs? 

 

RQ1.c: How do 

these beliefs 

(RQ1.a) align with 

their behaviors of 

designing and 

administering tests 

in their FECs? 

 

RQ2.b: How do 

these relevant 

beliefs (RQ2.a) 

align with their 

behaviors of 
designing and 

administering tests 

in their FECs? 

1. Qualitative interview 

1 (early semester) 

2. Course syllabus for a 

course the participant 

taught 

3. One test used in the 

course for each 

participant 

4. Qualitative interview 

2 (late semester) 

5. Department public 

websites 

6. Institution faculty 

handbook 

7. Institution 

undergraduate 

policies 

8. Institution Covid-19 
related websites 

1. Document analyses: 

Conventional 

content analysis 

then thematic 

analysis of the 

documents 

2. A priori and 

emergent coding 

then thematic 

analysis on 

interviews 

3. Cross-case 

synthesis 

¶ All used tests heavily. 

¶ All showed varying 

levels of belief and 

behavior test usage 

conflicts 

¶ All used problem-

solving questions, some 

included conceptual 

questions 

¶ All demonstrated and 

described behaviors to 

address cheating 

¶ Covid-19 had made 

beliefs and behaviors on 

cheating and test 

administration more 

salient  
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1.4 Significance of my research 

 This research provided several outcomes that benefit the engineering education 

community. First, my findings addressed key research gaps and provided foundational 

knowledge toward addressing the practical problem of default and common usage of tests. My 

findings have contributed to understanding why instructors used test in fundamental engineering 

courses and paved the first steps toward understanding why tests are common engineering 

education, showing three components of their beliefs (learning outcome, non-course-content 

factors, and test disadvantages) and their interaction. My study has also shown varying levels of 

conflicts between test usage beliefs and behaviors. Viewing this at a higher level, my findings 

can jump-start examination of tests as an assessment in the larger assessment ecosystem in 

engineering education. Assessment research is key as assessments play substantial and 

significant roles in the learning and teaching process by showing what engineering students 

know and do not know, leveraging such knowledge to improve instruction, and providing 

opportunities for students to learn in the process. Overall, my findings have provided much-

needed knowledge on furthering assessment scholarship for the engineering education research 

community. 

 Second, my findings paved the foundation for future efforts to leverage instructors’ 

beliefs in promoting diverse assessment approaches and intentionality test usage in FECs in 

terms of practice. Research has shown that there are resistance and barriers among engineering 

instructors to adopting new instructional and assessment methods, but there is also research that 

details instructors’ beliefs as one way to address the resistance as beliefs have been shown to 

guide and influence classroom practices. Complementing these with my findings showing the 

characterizations of test usage beliefs and behaviors, and how cheating and fairness are part of 
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test beliefs and behaviors, the engineering education community can use this knowledge to 

pursue efforts, such as interventions or assessment designs, to promote diversification and 

intentionality in assessment usage in fundamental engineering courses, and even other types of 

courses such as first-year, laboratory, and capstone courses for engineering instructors and 

education practitioners. 

 Lastly, my findings did not reveal substantial knowledge about how instructors’ beliefs 

on fairness relate to student backgrounds. However, my study uncovered an important research 

gap that the engineering education community should address toward more equitable and equal 

engineering education experiences for students who identify with historically marginalized 

groups. The engineering education community should focus on test fairness from the equity 

perspective to work on efforts to promote intentionality in test usage in engineering courses, and 

my findings provide a small yet important step toward a better understanding of equity in terms 

of assessments, paving the way for future efforts toward translating the understanding in 

engineering learning environments. 

1.5 Scope of my study 

 The main purpose of my study was to explore, uncover, and articulate the potential 

themes or patterns that describe FEC instructors’ perceptions of classroom tests by leveraging 

the case study research methodology. However, the study did not extensively cover several 

topics. First, the study did not explore and contribute to the body of knowledge in terms of 

instructional methods and learning outcomes. Even though existing literature calls for a holistic 

view and intentional decision-making in designing courses, the study focused specifically on 

assessment, particularly on tests. 
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 Second, this research did not detail the grading component of assessment approaches. 

Grading and assessments are highly related, particularly in higher education. However, to make 

this study a manageable one for a dissertation, I decided to not fully engage with the grading 

component in this research as grading, with its vast literature, can be a study of its own (Birney, 

1964; DiBattista et al., 2009; King, 2015; Klapp, 2015; McMorran et al., 2017; Post, 2014). I did 

not ignore the relationship between grading and classroom tests. As anticipated, grading emerged 

as part of discussions on various test topics, such as cheating and fairness. 

 Third, this study did not explore other forms of assessments in detail. Some alternative 

assessments, such as portfolios and concept inventories, are detailed in Chapter Two as 

arguments to support the argument that typical tests are not appropriate to measure conceptual 

change in FECs. However, this study did not incorporate nor examine the alternative assessments 

as it will focus only on tests in general. Like grading as a topic, alternative assessment of projects 

emerged as a way some participants compared tests to justify test usage. 

 Fourth, some argue that it is important to consider how assessment approaches can 

accommodate students with disabilities while learning (S. M. Norton, 1997; Weis & 

Beauchemin, 2020; Zhang et al., 2010). Higher education is currently confronted with the 

challenge of ensuring students with disabilities are afforded appropriate learning environments 

for their learning, consistent with the learner-centered calls in designing classrooms. I agree that 

this is an important issue to consider and address but incorporating this topic may lead to a 

substantially larger study for a dissertation. I did not detail this component in my study, but in 

terms of understanding test fairness beliefs, students with disabilities emerged as a topic of 

discussion, and I discussed it as part of the discussion in Chapter Five. 
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1.6 Limitations  

 Several limitations must be kept in mind while interpreting findings from my research. 

First, my findings are not meant for generalization of all engineering education and FEC 

instructors and faculty as this study was situated in an R1 public institution. As previously 

discussed in research quality, my study is designed for transferability with the findings presented 

with thick and rich descriptions so that readers can transfer relevant findings to their contexts. 

 Second, participant bias limited the study’s ability to present a complete picture of the 

phenomenon. Participation in the study by any engineering instructors and students is voluntary, 

and this led to the sampling of instructors and students with certain characteristics that influenced 

their test beliefs and behaviors. For instance, many of the participants showed interest in learning 

about teaching. This lends further on not to generalize the findings to all engineering education 

instructors in the country, 

 Third, following the second limitation, my desire to have a more diverse participant 

group, particularly in terms of race, did not materialize as the sampling strategies did not work as 

expected. Interpretation and transfer of findings must take this into account as it is important to 

note that the findings may not be relevant to instructors who work in different contexts, 

especially instructors who teach at Minority-Serving Institutions. However, this also calls for 

similar work to focus on different academic institutions and with instructors who identify with 

marginalized groups in the future.  

 Fourth, the data for all participants were collected during the spring semester in the year 

2021. This means the findings here were a snapshot of these participants’ test beliefs and 

behaviors during this period, and they are not meant to be complete pictures of their beliefs and 

behaviors. For instance, since many participants were not comfortable sharing all their tests, the 
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limitation to one test provided a limited view of these participants’ behaviors, however insightful 

the current findings are. This must be noted as the findings are interpreted and transferred. 

Another important context is that the Covid-19 pandemic was and is still happening during my 

research study period. Covid-19 led to the shift to virtual learning environments in which Spring 

2021 was a part of (Jankowski, 2020), meaning the findings must be contextualized in terms of 

this significant and major shift in higher education in the United States. 

1.7 My positionality as a researcher 

 As an Asian man with experience in mechanical engineering education as an 

undergraduate and a master’s student, I decided to pursue a doctorate in engineering education 

with the ultimate goal of identifying how engineering education can be improved in its current 

state and form. This inherently implies that I hold certain assumptions about engineering 

education that may influence how I conceive of this study.  

First, my personal experiences with tests in mechanical engineering education influence 

how I view classroom tests as a learning assessment. In short, I hold the opinion that classroom 

tests are over-relied upon in FECs, and though classroom tests have their roles in the engineering 

learning and teaching process, I think there are alternative assessments that may serve as better 

platforms in assisting students and instructors in the process. My personal view on tests stemmed 

from my educational experiences in general, as my K-12 education back in Malaysia and 

mechanical engineering education (bachelor’s and master’s) were all test-oriented and -heavy, 

leading to sometimes dismay and frustration with tests generally. These influenced how I 

designed and conducted the study, and I was mindful of this assumption throughout the process. 

In particular, if a participant shares a similar view, I leveraged that to build rapport with the 

participants so that they would be more willing to share sensitive opinions with me, yet I was 
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also mindful to distance myself so that I could view said participant’s experiences as an 

“outsider” to prevent missing nuances and subtleties that may be blinded due to shared 

experiences.  

Second, through the process of obtaining a doctoral degree in engineering education, I 

have learned and fully embraced the idea of constructivism in learning and teaching. In essence, 

I argue for considering what students bring into engineering classrooms individually and not 

treating a group of students as an entity that shares the same traits, backgrounds, and contexts 

while designing engineering courses. This assumption influenced how I view the current 

engineering learning and teaching process and may harbor certain judgments and evaluations of 

that process in this research. I remembered this assumption and its influence when I conducted 

the research and made efforts to remind myself while collecting and analyzing data. 

Third, I was mindful of my personal goal of “improving how engineering education is 

currently conducted”. This was especially important as I conducted the research with a 

“mission”, which means it might have led to procedures that directly or indirectly skewed the 

findings to align with what I think the narratives should be. Though I embrace this take and made 

it explicit throughout the research process, I acknowledged that not everything about engineering 

education is problematic, and this research was not a mission to find fault with everything 

relevant to this topic and engineering education in general. 

Lastly, being an Asian man who is part of a group that is not underrepresented in 

engineering, I was mindful of the privilege and status I hold while I conducted the study. This 

means I brought in certain lenses when I conducted my study and would not be aware of some 

parts of my experiences that are perceived as a form of privilege in engineering education. I was 

constantly reflective of my privilege throughout my study to make sure I did not impose my 
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privileged view during the data collection and analysis processes, but also not dismiss certain 

perspectives and viewpoints during the process.  

1.8 Personal research paradigm 

I identify as a pragmatic researcher, which means I aim for practical and tangible 

outcomes from my research to inform educational practice. I approach research design and 

implementation pragmatically, which means I focus on answering the research questions with the 

most appropriate and helpful methodologies. Johnson and Onwuegbuzie (2004), in arguing for 

mixed methods, claimed that pragmatism in research advocates “a needs-based or contingency 

approach to research method and concept selection” (pg. 17). Symonds and Gorard (2010) 

agreed, arguing further that data collection tools and types of data are not necessarily 

paradigmatic, implying that one can be pragmatic in thinking about and selecting research 

methodologies. Tashakkori and Teddlie (1998), in their publication on discussing mixed 

methodologies, argued that a pragmatic researcher does not confine themselves to specific 

methodologies based on their research paradigms and beliefs. Instead, they used their research 

questions as the focal point in determining methodologies, and they labeled such as the 

“dictatorship of research questions, not paradigms or methods” (pg. 20). These descriptions of 

pragmatism are consistent with my personal beliefs on research, and I embrace this worldview 

when I conduct research. 

 I also aim to design studies in which the findings can be useful and helpful in practice. 

Engineering education research stemmed from the need to improve engineering classrooms and 

instructions to produce future engineers who are capable of confronting and addressing the ever-

expanding technological challenges the world is facing (L. Jamieson & Lohmann, 2009; National 

Academy of Engineering, 2004). This means research that advances knowledge and practice in 
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the learning and teaching of engineering is one of the main focuses of the field, which is 

consistent with my vision for this study. Additionally, engineering education researchers are now 

being questioned constantly on the tangible effects of their research due to heightened 

accountability in the field (London & Borrego, 2017), and I strive to produce research and work 

that provide tangible contributions to the engineering education community. These influenced 

and informed how I designed and conducted my study. 

 I respect my participants and see them as participating human beings with lived 

experiences, not subjects to take data from. Even though pragmatism sometimes means using 

any research methodologies and methods necessary to answer the research questions, I will 

ensure that my participants in this study and any future research are respected. This means my 

participants, when requested, will control and narrate their experiences themselves and I will 

respect these experiences by engaging with them while I interpret their experiences as part of the 

data analysis. This could mean inviting them to interpret their experiences with me, examine my 

interpretations of their experiences, and other ways to ensure their voices are heard, included, 

and respected. 

 Lastly, it is important to note that I will always grow and develop as a researcher, and 

although I currently identify as a pragmatic researcher, I strive to become a pragmatic researcher 

who is also critical in terms of viewing the world. In short, I want to constantly be mindful of 

how the power structure in this world has oppressed and discriminated certain groups of people 

by identities when I conduct and disseminate my research. In addition, I want to focus on 

addressing these problems viewed from the critical lens with my pragmatic take on research. 
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1.9 Summary 

 The main purpose of this study was to explore, uncover, and articulate FEC instructors’ 

test beliefs and behaviors through a multi-case study. Findings from this study will address four 

research gaps in efforts to address the practical problem of over-reliance on classroom tests in 

FECs through diversifying assessment approaches and promoting more intentionality in test 

usage. Findings from this study have several implications for the engineering education 

community. 

 Chapter Two synthesizes existing literature to build the arguments that I have presented 

in this chapter that motivate and support my study. I reviewed the literature on tests in 

engineering education that leads to the identification of three research gaps. I then followed the 

review with a literature review on instructors’ beliefs and behaviors, identifying the fourth 

research gap that my study addressed. Lastly, I present the Situated Expectancy-Value Theory 

(SEVT) as the grounding theory for my conceptual framework that guided my study. 

Chapter Three provides the details on the methodology and methods to answer the 

research questions. In this chapter, I present the justifications for using the case study research 

methodology for my study and the multi-case design based on existing guidelines of the 

methodology. Detailed information on case conceptualization, type of data collected, analysis 

strategies, research quality, and ethical considerations follow.  

 Chapter Four presents the findings of my study through the illumination of three cases 

that represent the three distinct groups that emerged as the major finding on test usage beliefs 

(enthusiastic test user, default test user, and skeptical test user). The rest of the findings that 

answer other research questions are organized based on these three cases, with information on 

comparisons among the cases within the groups. 
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 Chapter Five, finally, presents the discussion and implication my findings have for the 

engineering education community. I situate the findings in the existing engineering education 

literature and highlight my contributions toward addressing the identified research gaps. I then 

frame these contributions to explain future implications that the engineering education 

community should consider.



 20 

Chapter Two: Literature Review 

2.1 Introduction 

Classroom tests or tests, in general, are common or default in engineering education 

assessment, especially in fundamental engineering courses (FECs) (Grohs et al., 2018; Lord & 

Chen, 2014; Rompelman, 2000; Sheppard et al., 2009). Tests have certain advantages in terms of 

assessing learning, especially in strengthening the retention of declarative, algorithmic, or 

procedural knowledge through knowledge retrieval, or the testing effect (Abu-Zaid & Khan, 

2013; Butler, 2010; Case & Marshall, 2004; Morphew et al., 2020; Roediger et al., 2011). 

However, there are also numerous documented disadvantages to testing that do not warrant 

common or default usage. For example, tests discourage deep learning approaches that are 

needed for conceptual understanding (Blasiman et al., 2017; Case & Marshall, 2004; Kornell & 

Bjork, 2007; Scouller, 1998). Additionally, tests can decrease student motivation to learn (Elliot 

et al., 1999; Tan, 1992; Vaessen et al., 2017) and provoke anxiety among students that can lead 

to underperformance among students (Major et al., 2020). Lastly, Some tests may not be 

appropriate to measure conceptual change (Case & Marshall, 2004; Streveler et al., 2008), 

considering other more appropriate assessments for this goal (Alonso-Tapia, 2002; Duschl & 

Gitomer, 1991; Hestenes et al., 1992; Steif & Dantzler, 2005; Streveler et al., 2008). Considering 

the advantages and disadvantages, along with the existence of alternatives, tests should not be the 

common or default form of assessments in FECs but should be used intentionally along with 

more consideration of diverse types of assessments. 

The engineering education community needs to reflect on the common and default use of 

tests in FECs. To address this, the community should work toward promoting 1) diversification 

of assessments, and 2) more intentionality in test usage in FECs (Chew & Matusovich, 2022). 
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Diversification can be in many shapes, like using different types of assessments in addition to 

tests that decide student course grades, diversifying the formats of tests, and other potential 

implementations of assessment diversification. Intentionality means questioning and justifying 

the use of tests in an FEC and being more deliberate in terms of designing and administering 

tests with research and scholarship. Diversification and intentionality can be the first steps in 

engaging the engineering education research and practice community to address common and 

default usage of tests. 

My study begins to address the common and default usage of tests and work toward 

diversification in assessment classes and test usage intentionality by exploring FEC instructors’ 

test beliefs and behaviors and starting to address identified research gaps. The focus on 

instructors is deliberate on the ground that engineering instructors tend to have an extent of 

autonomy in course decisions (Lattuca & Stark, 2011; Skott, 2015) and research has shown 

barriers among instructors to adopting scholarship-based teaching approaches (Brownell & 

Tanner, 2012; Henderson & Dancy, 2007; Jarvie-Eggart et al., 2021; Lund & Stains, 2015). 

Thus, findings on test beliefs and behaviors from the instructors’ perspectives can potentially 

lead to future change by promoting diversification and intentionality among engineering 

instructors to address common and default test usage in FECs.  

By exploring instructors’ test beliefs and behaviors, my study addresses several research 

gaps identified from reviews of engineering education literature in several domains, providing 

essential knowledge for efforts to address the explained practical problem. These research gaps 

include 1) lack of studies on questioning why tests are prevalent in FECs, 2) lack of research on 

test administration, 3) lack of documentation on test fairness in engineering education, and 4) 

lack of explorations on FEC instructors’ beliefs and behaviors on assessments in general. I 
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specifically prioritized the first research gap of questioning why tests are common and default in 

FECs because understanding why tests are common can help move forward conversations and 

practice on diverse assessments and intentionality in terms of usage. Tackling these research 

gaps can ultimately contribute toward efforts to address common and default usage of tests. 

This chapter lays out the literature to provide prior knowledge to the readers on several 

domains, build detailed arguments that motivate my study, and identify where the research gaps 

reside. It is important to first understand the context of fundamental engineering courses (FECs) 

as my study examines the test beliefs and behaviors of instructors teaching these courses (Section 

2.2). The readers then need to situate themselves with how tests are conceptualized and defined 

in engineering education (Section 2.3), which is followed by literature that characterizes the 

commonness of test usage in FECs (Section 2.4) and the practical problem of why common and 

default test usage in FECs can be problematic through the lens of existing work on advantages 

and disadvantages of tests (Section 2.5). This literature also builds the claim that tests are 

common and default in engineering education and identifies the prioritized research gap of lack 

of questioning on why tests are common and default in engineering education (Research Gap 

1). Following the buildup of the practical problem and the prioritized research gap, readers also 

need to understand the essentials of test literature (test design, test administration, test cheating, 

and test fairness) in engineering education as these components are highly associated with tests 

and knowing them is crucial to better understand tests as assessments (Section 2.6). Two 

research gaps are revealed through the review: Research Gap 2, which is a lack of research on 

test administration in engineering education; and Research Gap 3, a lack of studies on test 

fairness. Finally, it is necessary to examine prior research on instructors’ beliefs and behaviors to 

provide readers with important knowledge to understand how my study studied test beliefs and 
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behaviors (Section 2.7). Such literature reveals Research Gap 4: Literature and scholarship on 

engineering instructors’ beliefs and behaviors on assessment in general. Finally, Situated 

Expectancy Value Theory (SEVT) is introduced as it grounds the conceptual framework guiding 

my study (Section 2.8). 

2.2 Fundamental engineering courses (FECs) 

Fundamental engineering courses form part of the largest block of courses in engineering 

curricula, and are characterized by focusing on “engineering sciences” and being concept-heavy 

(Gregory, 1984; Sheppard et al., 2009; Streveler et al., 2008). These courses are usually taught in 

the early and middle years of engineering curricula, exposing students to vital concepts relevant 

to their engineering disciplines so that the students can apply them to engineering problem 

solutions (ABET, 2022; Chen et al., 2010; Lord & Chen, 2014; Sheppard et al., 2009). Some 

examples of FECs in mechanical engineering include statics, dynamics, heat transfer, 

thermodynamics, and fluid dynamics. These courses tend to have large enrollments and serve 

multiple disciplines (Soledad, 2019).  

My study focuses on FECs for two reasons. First, literature and policies have shown these 

courses to be essential platforms for engineering students to learn fundamental concepts so that, 

by design, they will be able to apply those to solve engineering problems. Naturally, conceptual 

understanding becomes an important learning outcome of these courses as conceptual 

understanding facilitates concept application (National Research Council, 2000). Both 

conceptual understanding and knowledge application are vital for students to develop skills to 

tackle design problems in capstone courses and engineering practice (Litzinger et al., 2011; 

Streveler et al., 2008). Second, FECs are the location in engineering curricula where classroom 
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tests are prominently used as assessments (Gregory, 1984; Lord & Chen, 2014; Sheppard et al., 

2009), making FECs the befitting context for my study. 

2.3 Conceptualizing classroom tests in engineering education 

The conceptualization of classroom tests combines two major literature domains: 

clarifying the constructs of “tests” and “exams,” and the relationships between “learning 

assessments” and “classroom assessments.” In the process of conceptualizing classroom tests, I 

discovered that knowledge of how engineering education educators define and implement 

classroom tests is scarce. An extensive review shows that the term “tests” usually refers to the 

systematic process of collecting information about students’ knowledge and making inferences 

about student learning (Cizek, 2009; Russell & Airasian, 2012). In contrast, “exams” tends to 

refer to a type of tests used in higher education learning (Brown, 1999; Feldhusen, 1961; 

Gándara & López, 1998; Nath & Lovaglia, 2009; Roediger et al., 2011; Van Etten et al., 1997; 

Venezia & Voloch, 2012). In engineering education, several publications mention the term 

“exams” while describing assessment-related research (Pellegrino et al., 2014; Petr, 2005; 

Sheppard et al., 2009; Walther & Radcliffe, 2007), and I interpret this information as consistent 

with the definition of “exams” given that many of these engineering education publications focus 

on the higher education context. Some of these publications use the terms interchangeably, 

blurring the differences between the terms. Since “exam” has historically been used in 

engineering education literature to refer to tests, I plan to use both the terms interchangeably.  

Moving on to the phrase “classroom,” “classroom assessment” is a form of “learning 

assessment.” “Learning assessments” facilitate student learning and inform the improvement of 

instructional practices (American Association for Higher Education (AAHE) Principles of Good 

Practice for Assessing Student Learning, 1996; Banta & Palomba, 2015; Dann, 2014; 
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Delandshere & Petrosky, 2007; Hansen, 2012; Pellegrino et al., 2001). They are different from 

assessments for accountability purposes (Banta & Palomba, 2015; Pellegrino et al., 2001). 

Learning assessments can be formative or summative (Dann, 2014; Pellegrino et al., 2001), and 

measure students’ growth or proficiency in their learning process (Lachlan-Haché & Castro, 

2015). Classroom assessments are a form of learning assessment (Pellegrino et al., 2001). A 

seminal article by Shepard (2000) argues for the need to shift the focus of assessments in school 

systems from high-stakes, large-scale testing to more learner-centered assessments that facilitate 

learning situated in the classroom context. There is a constructivist philosophical underpinning to 

this call, which is consistent with subsequent reports that call for learner-centered approaches in 

learning environments, including those in engineering (Bransford et al., 2000; Chi & Wylie, 

2014; McMillan, 2013; National Academies of Sciences, Engineering, 2018; M. J. Prince & 

Felder, 2006; K. A. Smith et al., 2005). Considering this literature, I situated the construct of 

“test” as a form of learning assessment used within individual fundamental engineering courses 

in my research, interchangeably using “test,” “classroom test,” and “exam.” 

Shifting to the general description of tests in engineering education, tests typically have 

students work on unseen story problems that lead to single and numerical answers within a 

specific time constraint, regardless of whether they are administered in-class, take-home exams, 

open book/note, or closed book/note (S. Brown, 1999; Jonassen, 2015; Petr, 2005; Sheppard et 

al., 2009). In some cases, students can obtain partial credit even if the final answers are incorrect 

to highlight partial knowledge the students demonstrate in the tests (Ben-Simon et al., 1997; 

Grunert et al., 2013; Hieb & Bego, 2020; Petr, 2005; Slepkov & Godfrey, 2019). Exams and 

quizzes are examples of tests, and they come in different designs or formats, such as multiple-

choice, constructed-response, and others (N. Chan & Kennedy, 2002). Tests are different from 
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other forms of assessments, such as concept inventories, which are designed specifically to 

assess students’ conceptual understanding (Hestenes et al., 1992; Steif & Hansen, 2006), and 

portfolios, which provide a platform for students to reflect on their learning (Klenowski et al., 

2006; Palmer et al., 2011). Reviews of literature on test design and administration are included in 

this chapter later. Overall, the conceptualization focuses on situating tests to be a form of 

classroom-based assessments with certain characteristics, and they are equivalent to constructs 

like exams or classroom tests in my study. 

2.4 Common usage of classroom tests in FECs 

As demonstrated through current literature, classroom tests are common and default in 

engineering education. Rompelman (2000) argued that tests or exams constitute engineering 

education culture, pressing for a more feedback-based assessment paradigm in the field. The 

argument of testing as part of engineering education culture manifests in other works. Sheppard 

et al. (2009) noted that exams usually constitute a large portion of the grade for engineering 

students, but the authors do not specify the formats of those exams except that exam questions 

usually lead to single answers. Similarly, Grohs, Knight, Young, and Soledad (2018) explored 

academic pathways in a large foundational class, showing that there were several high-stakes, 

problem-solving-based tests and a multiple-choice exam in the course that constituted a large 

portion of a students’ grades, which is consistent with the claim Sheppard et al. (2009) made. In 

addition, Petr (2005) also hinted at the high frequency of exams in engineering education 

through the word “traditional” in “traditional engineering exams,” which usually focus on 

problem-solving oriented that lead to numerical answers, though there is no further detail on the 

format of those exams. Other works have mentioned and briefly explained the prevalence of test 

usage in engineering courses (Banta & Palomba, 2015; Nolte et al., 2021; Sletten, 2021; Walther 
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& Radcliffe, 2007), demonstrating the literature acknowledgment of this phenomenon. In higher 

education and engineering education, exams and quizzes are the typical forms of classroom tests 

employed (Feldhusen, 1961; Gándara & López, 1998; Lord & Chen, 2014; Nath & Lovaglia, 

2009; Roediger et al., 2011; Sheppard et al., 2009; Van Etten et al., 1997; Venezia & Voloch, 

2012). Common usage of tests is well supported in the existing literature. 

2.5 Why common usage of classroom tests can be problematic 

Tests are common and default in engineering education, and I have identified the lack of 

questioning and researching on this phenomenon as the prioritized research gap my study 

addressed. However, one may ask why this research gap should be addressed, given potential 

advantages to tests. Ultimately, I argued that the disadvantages make the common and default 

usage of tests problematic. Advantages wise, tests have been useful in the form of the “testing 

effect,” meaning that students going through multiple tests on the same knowledge can lead to 

better retention, which subsequently leads to better future retrieval of knowledge. However, tests 

also bring in various disadvantages, such as discouraging deep learning approaches, decreasing 

motivation to learn and provoking anxiety that can lead to underperformance, and being 

inappropriate in some contexts to measure conceptual understanding and change. These 

advantages and disadvantages are reviewed as follows. 

2.5.1 Advantages of classroom tests 

There have been debates and discussions about the role of test-focused assessment 

approaches in education, particularly in the context of schooling, dating back to the early 20th 

century (Bangert-Drowns et al., 1991). Proponents argue that tests contribute beneficially to 

student learning through the construct of the testing effect, where knowledge retrieval during 

tests can improve retention of said knowledge as compared to constant studying during the same 
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period of time (Butler & Roediger, 2007; McDaniel et al., 2007; Roediger et al., 2011). 

Researchers have conducted experimental studies that show students demonstrated later retention 

of the knowledge after testing in different modes. For instance, McDaniel et al. (2007) found that 

recall, instead of recognition, type of quizzes can produce better retrieval in subsequent tests. 

They also found that short-answer quizzes can be more robust for the testing effect than 

multiple-choice quizzes, and feedback on the incorrect responses can boost later retrieval.  

Another experimental study found that the testing effect can extend to the transfer of 

knowledge to different types of test questions (Butler, 2010). In this study, the researcher 

conducted a series of experimental designs that resulted in the conclusion that repeated testing 

with retrieval knowledge can lead to better transfer of this knowledge in responding to different 

types of questions. The author argued further that repeated testing that sets retrieval well should 

be further studied and considered to promote transfer in other contexts and paradigms. A study 

situated in an engineering solid mechanics course found similar findings with repeated testing. 

Specifically, Morphew et al. (2020) found that by splitting tests into more, smaller tests, students 

performed better in the final exam. The authors also argued that the inclusion of mastery testing 

using the “second-chance testing” method had motivated students to approach learning and study 

better in the courses, which may lead to better final exam performances. However, a meta-

analysis by Bangert-Drowns et al. (1991), though dated compared to the described studies, 

concluded that the use of frequent testing in classes can improve performance on the criterion-

based assessment, but has a diminishing rate of return.  

Tests also have been shown to help students with identifying knowledge gaps, improving 

organizations of knowledge, and assisting with knowledge transfer to new contexts through 

identical element transfer (Roediger et al., 2011). On these benefits, Roediger and colleagues 
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compiled and made summaries of past studies that demonstrated these benefits. For instance, 

they found that students tend to not realize effective studying habits they can leverage to use tests 

for learning to identify knowledge gaps. They also found and argued that tests help students 

organize and cluster their knowledge through the retrieval process where students had to 

organize the knowledge that is needed for the process. In addition, some have found that tests 

can help to strengthen students’ proficiency in declarative knowledge, and algorithmic or 

procedural knowledge (Abu-Zaid & Khan, 2013; Case & Marshall, 2004).  

Classroom tests can help with the retention of declarative knowledge, and many 

engineering concepts are declarative knowledge (Morphew et al., 2020; Streveler et al., 2008). 

This means students may need to retain this declarative knowledge as a foundation upon which 

to build conceptual understandings of more complex concepts and knowledge. One example of 

such knowledge is the concept of tension and compression in statics and solid mechanics 

courses. Essentially, students need to know what tension and compression are to be able to solve 

problems that may require statics and strength of materials knowledge. Tests can be designed to 

assess such learning (Case & Marshall, 2004). In addition, some engineering skills, such as 

drawing free body diagrams in statics and solid mechanics courses, are considered procedural or 

algorithmic knowledge (Ambrose et al., 2010; Streveler et al., 2014; Taraban et al., 2007), and 

classroom tests are appropriate assessments for this type of knowledge.  

Overall, there has been substantial research in understanding test advantages and benefits 

to student learning. There have also been a large number of works that argue against test usage in 

education, which I will present as follows. 
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2.5.2 Disadvantages of classroom tests 

Opponents of test usage have long argued that tests can discourage students to pursue 

deep learning approaches that facilitate conceptual change (Case & Marshall, 2004; Gibbs et al., 

1997; Tan, 1992), decrease student motivation to learn and provoke test anxiety, which can cause 

lower academic performance for some of the student population (Cassady & Johnson, 2002; 

Chapell et al., 2005; Tan, 1992; Vaessen et al., 2017), and may not be appropriate to measure 

conceptual change, considering other more assessments that are designed to do so. 

2.5.2.1 Classroom tests can discourage deep learning approaches 

Classroom tests can discourage learning approaches that can lead to conceptual change. 

Several publications explain that conceptual understanding is a form of “deep learning” 

supported by deep learning approaches (Case & Marshall, 2004; Litzinger et al., 2011). Marton 

and Säljö (1976b) posited that learners approach learning differently according to assessment 

content and how they interpret the assessments. Their studies show that, when assessments (task 

demands) become predictable, learning can become focused on recall and pattern matching. In 

essence, they claimed that “if the type of learning depends (as it does here) upon the type of 

evaluation anticipated, what is learned will undoubtedly reflect what is seen to be appropriate for 

that particular purpose, although by other criteria it would be considered very poor” (Marton & 

Säljö, 1976b, pg. 124). Extending this argument to classroom tests in engineering classrooms, if 

a student interprets tests simply as a milestone on their way to an engineering degree, they may 

focus on just getting through the tests by memorizing and predicting the types of problem-

solving questions that may show up the tests, to get through the tests (i.e., surface learning 

approaches or rote recall) (Shepard, 2000b). However, if they see tests as opportunities to master 

the knowledge tested, then they may take time to understand the underlying basic concepts that 



 31 

will lead them to more advanced understandings for problem-solving purposes. It is important to 

note that surface learning approaches tend not to lead to conceptual understanding, which is 

typically expected in an FEC (Linnenbrink & Pintrich, 2003). 

The phenomenon of tests influencing study approaches has been supported by other 

studies. When exploring the influence of assessment methods (multiple choice exams or essay 

assignments) on learning approaches, Scouller (1998) found that students were more likely to 

employ surface learning approaches when facing tests, and deep learning approaches with essay 

assignments. Another set of two studies reveals similar findings where engineering students who 

were focused on passing tests tended to use memorization and procedural surface approaches for 

learning, while those who focused on understanding the knowledge used procedural and 

conceptually deep approaches (Case & Marshall, 2004). These studies support the suggestions 

put forth by Marton and Säljö (1976b) and additional studies have shown similar patterns (Gibbs 

et al., 1997; Tan, 1992).  

Literature on student study approaches also raised the question of whether students are 

aware of the advantages of tests for their learning, and research has found that students typically 

do not have such awareness (P. C. Brown et al., 2014; Karpicke et al., 2009). Kornell & Bjork 

(2007) also found that many college students decided to study when the next “crisis” arrived, 

such as tests, leading to students massing or cramming the information within a short period of 

time before the tests. This is supported by Blasiman et al. (2017). Blasiman et al. (2017) also 

concluded that students tend to use ineffective study strategies like copying notes and rereading 

notes and textbooks to learn. Another study detailed the use of self-testing as a study habit, 

finding that self-testing can help with improving test performances (Hartwig & Dunlosky, 2012). 
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This research has shown the dimension of student learning approaches in taking advantage of 

tests to learn. 

Some studies also support the claims that tests do not have much connection with 

learning approaches. For instance, Gijbels, Van de Watering, Dochy, and Van den Bossche 

(2005) found that, among 100+ law students, the learning approaches self-reported by the 

students do not have any relationships with the components of problem-solving on a multiple-

choice exam. In particular, the results show that there are a mixed number of students reporting 

both surface and deep learning approaches with no emerging patterns. This may show that some 

students do approach tests using deep learning approaches, though the authors raised the question 

of whether multiple-choice exams are appropriate to study students’ learning approaches. 

Another study by Morphew et al. (2020) shows that, by including mastery or formative 

component to frequent testing through the idea of second chance testing, they argued that 

students approached learning in a more distributed study habit than cramming or massing the 

night before the tests. 

In general, assessment approaches can influence how students approach learning because 

students tend to learn in preparation for assessment (Gibbs, 1999; Marton & Säljö, 1976b; 

Scouller, 1998). Although learning approaches tend to be categorized into two extremes of 

surface and deep, some researchers have argued that there are intermediate approaches between 

the two, as represented by the idea of procedural surface, procedural deep, and conceptual deep 

approaches (Case & Marshall, 2004). Prince and Felder (2006) mentioned the idea of strategic 

approaches in which students are “doing whatever is necessary to get the highest grade they can, 

taking a surface approach if that suffices and a deep approach when necessary” (pg. 126). These 

studies suggest that nuances exist within the learning approach spectrum. There is research 
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arguing that learning approaches depend on the students’ awareness of taking advantage of tests, 

but generally, existing research has shown that tests do have tendency to encourage surface 

learning approaches, and intentional usage and implementation of tests, such as scaffolding 

students in using tests to learn, and introducing mastery and formative feature in testing, to 

encourage deeper learning approaches. 

2.5.2.2 Classroom tests can decrease student motivation to learn and provoke test anxiety 

 Assessments can motivate students if designed and implemented appropriately (Brown, 

1999). Many studies have shown that assessments can influence student motivation both 

positively and negatively in various situations, such as confidence and performance with tasks, 

learning, and taking tests (Black & William, 1998; Brookhart, 1997; Brookhart & DeVoge, 

2000; Brookhart & Durkin, 2003; Nolen, 2011; L. S. Norton et al., 2001; Seale et al., 2000; Y. 

Yin et al., 2008). Classroom tests can decrease student motivation to learn, where “learn” 

revolves around pursuing conceptual change. A study about students’ beliefs on exam 

preparations finds that college students tend to be motivated by exams and grades, and if a 

student expects a good grade, they tend to study less (Van Etten et al., 1997). This finding shows 

that the students’ achievement goals ultimately focus on a performance-approach, which 

subsequently leads to surface learning approaches that are not ideal for conceptual change. 

Similar findings are documented in Brookhart and Durkin's (2003) study on classroom 

assessments and how those affect students’ motivation. Studies also show that constant and 

frequent assessments, testing included, lead to a decrease in intrinsic motivation to learn because 

it is replaced with a fear of failure as the main motivation (Tan, 1992; Vaessen et al., 2017). This 

is consistent with the findings that exams and grades are the main motivators for college students 

(Van Etten et al., 1997). Research on the topic, though not abundant, has shown the possibility of 
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the influence of classroom tests on students’ motivation to learn, suggesting that such assessment 

may lead to a lack of conducive motivation to learn among students. 

 The notion of fear of failure as the main motivation can also lead to test anxiety, affecting 

student performances in tests, especially those who identify as historically marginalized groups 

in engineering (Major et al., 2020). Test anxiety has been substantially studied in education 

literature. It has two major components: worry or cognitive test anxiety, which describes student 

reactions cognitively before, during, or after testing situations, and emotionality, which describes 

the physiological responses due to high levels of emotions during testing situations (Cassady & 

Johnson, 2002). A study situation around the first semester students enrolling in a psychology 

course found that students with high test anxiety significantly decrease grade point average after 

the first semester (Culler & Holahan, 1980). However, the authors also found that those with 

high test anxiety (worry) with better study habits/skills performed better than those with poor 

study habits, raising the question of how study behaviors can lead to performance decrement. 

Another study that examined anxiety blockage shows that highly anxious students with prior 

study experience anxiety blockage since these students have prior knowledge for anxiety to 

interfering with performances, showing that students with study skills may have been negatively 

impacted by test anxiety more in terms of test performances (Covington & Omelich, 1987). In 

terms of test anxiety effects on the marginalized groups, Majors and colleagues found that test 

anxiety has a positive relation with grade point average (GPA) in science, mathematics, and 

engineering among students who identify as female and non-binary students, meaning that test 

anxiety led to higher GPAs (2020). However, Major et al. (2020) also argued that women who 

had higher test anxiety may do worse academically than their female peers in STEM courses. 

This argument is consistent with findings from Chapell and colleagues (2005) about female 
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student test performances affected by test anxiety. Existing studies have supported the claim of 

test anxiety negatively influenced student test performances. 

Achievement goals based on testing, from the motivation perspective, have also shown to 

influence student learning approaches. Marton and Säljö (1976b) argued that how students 

approach learning may be influenced by their perceived task demands and the goals associated 

with those demands. Case and Marshall (2004), in the engineering education context, showed 

that if students’ intention is to pass the test, they tend to use surface approaches, whereas if their 

intention is to understand the materials, they tend to use deep approaches. “Intention,” aligns 

with achievement goals in this context. This is consistent with studies from the motivation 

perspective. Elliot, McGregor, and Gable (1999) found that students with mastery-approach in 

learning tend to use deep learning approaches, while those with performance-approach are likely 

to use surface learning approaches. These studies show that achievement goals and learning 

approaches are related, and since assessment methods have been connected to learning 

approaches, it is possible for assessment methods to influence one’s achievement goals. Overall, 

tests have been found to have negative effects on student motivation to learn, and consistent with 

the literature reviewed previously on overall motivation, test anxiety, and learning approaches. 

2.5.2.3 Classroom tests may not be appropriate for measuring conceptual change 

 Tests may not be the best measure of conceptual understanding and change. In general, 

they tend to be a better measure for procedural or algorithmic knowledge (Case & Marshall, 

2004). In addition, students may just perform “pattern matching” while taking the tests (Marton 

& Säljö, 1976b; Scouller, 1998), which is not a reliable way of measuring conceptual 

understanding or change. Streveler et al. (2008) argued that although some tests can assess 

conceptual change, such tests must be designed specifically to assess conceptual change, such as 
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asking students to explain their answers. Streveler and colleagues, however, argued that this may 

affect students’ normal thought processes. Tanner and Allen (2005) agreed. They argued that 

traditional multiple-choice and short-answer tests rarely assess understanding as many focus on 

knowledge, similar to the idea of procedural and algorithmic knowledge assessment as described 

by Case and Marshall (2004). These show that non-intentionally designed tests, which may be 

currently used in engineering education, may not be appropriate to assess conceptual 

understanding and change that should be an important learning outcome in fundamental 

engineering courses due to the concept-heavy nature of these courses (Litzinger et al., 2011; 

Lord & Chen, 2014; National Research Council, 2000). In addition, there have been alternative 

assessments well-documented to assess conceptual understanding. For example, concept 

inventories are designed specifically to measure students’ conceptual understanding and identify 

misconceptions on topics of interest (Hestenes et al., 1992; Steif & Dantzler, 2005; Streveler et 

al., 2008). Concept inventories have blossomed into a unique research domain in engineering 

education (Streveler et al., 2008), with a large number of available concept inventories 

documented on various engineering topics (Martin et al., 2003; Midkiff et al., 2001; M. Prince et 

al., 2012; Richardson et al., 2003; Steif & Dantzler, 2005; Streveler et al., 2011). This makes 

concept inventories an appropriate alternative assessment to measure student conceptual change. 

In addition, instructors may also use concept inventories as classroom tests to facilitate learning 

and inform teaching improvements as they can be also used as tests to specifically measure 

student conceptual change and understanding.  

Portfolios can also be useful in measuring conceptual change. The use of portfolios as a 

form of assessment in higher education is well documented (Klenowski, 2002; Klenowski et al., 

2006). Klenowski et al. (2006) claimed that portfolios “emphasize the collection of work, which 
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includes a reflective commentary.” (pg. 267). Portfolios, the authors argued, can help with 

learning and teaching for various people (professionals, educators, students) in multiple contexts 

(K-12, higher education; (Klenowski, 2002). Essentially, as a form of learning or classroom 

assessment, portfolios provide students opportunities to document, reflect on, and self-assess 

their learning (Mokhtaria, 2015). The important part of portfolios is the “process” of creating 

them during which students can reflect, select personal learning materials, and produce a final 

“product” that represents their learning (Shackelford, 1996). The process of creating and 

reflecting may help evoke students’ knowledge. In particular, having students narrate their 

reflections may help the instructors identify students’ conceptual understanding and change 

(Alonso-Tapia, 2002; Duschl & Gitomer, 1991).  

These are some of the assessments that may be useful in measuring students’ conceptual 

change. However, I am not promoting a complete replacement of classroom tests with these 

alternative assessments. Instead, classroom tests play important roles in student learning as 

described in the test advantage section, and these assessments can complement tests to provide a 

more complete picture of students’ conceptual change processes to better support the learning 

and teaching processes. 

2.6 Review leading to the revelation of Research Gap 1 

Considering the literature on common usage of tests and the extensive documentation of 

the advantages and disadvantages of tests, I have found little research that questions why tests 

are common in engineering education, especially in fundamental engineering courses. In 

addition, although there are advantages that warrant the use of tests in engineering education, the 

disadvantages described do not support the common and default usage current literature is 

demonstrating, raising the question of whether heavy usage of tests in these courses is 
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appropriate and justified. This presents as the prioritized Research Gap 1 that my study 

addressed. 

2.7 Relevant essentials of tests 

 To examine why common and default usage of tests should be questioned and understood 

in engineering education literature, it is important to understand four relevant essentials of tests 

as existing educational literature has shown that discussions of tests tend to involve these four 

test topics: design, administration, cheating, and fairness.  

2.7.1 Test design 

 Test design literature has focused largely on guidelines on how to make tests in terms of 

format and questions, providing necessary information for efforts in promoting intentionality in 

test usage. Felder (2002) situated test design in learning, providing guidelines on how to design 

tests that can help maximize student learning. Some of the guidelines include testing students on 

what has been taught, giving students study guides to prepare for tests, and personally working 

on the tests from scratch to figure out the flows. Research also focuses on multiple-choice design 

for tests. For instance, Timmermann and Kautz (2015) implemented a two-tier multiple-choice 

test questions that assessed student conceptual understanding by having the students answer 

factually at the first tier and the reasoning of their answers at the second tier. A recent study also 

documents the design of a two-stage exam that intersects the ideas of authentic assessments, 

technology-based assessments, and exams to incorporate decision making in design in a large 

enrollment course mandatory for biological, chemical, and environmental engineering students 

(Koretsky et al., 2022). In contrast, Qualters et al. (2008) designed a mastery-based diagnostic 

multiple-choice test to obtain information for competency gain by administering this test to 

second-year engineering students so that there is a benchmark for assessing gain by first-year 
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students. Fellin and Medicus (2015) designed multiple-choice quizzes that preceded written tests 

to help students prepare for concepts learned in a geotechnical course in a civil engineering 

program, and they found positive feedback from the students on such quizzes. These are some 

examples of research studies that focus on improving multiple-choice tests in various contexts.  

 Another form of common test design in education is the constructed-response format. In 

this test design, students are expected to form their responses instead of choosing from readily-

available options, and they typically encompass various types like problem-solving or workout, 

fill -in-the-blank, and essay questions (N. Chan & Kennedy, 2002; Simkin & Kuechler, 2005). 

Many have argued that constructed-response tests are better in assessing students thinking skills 

when compared with multiple-choice tests, though the debate continues (Martinez, 1999; 

Stanger-Hall, 2012). Research on constructed-response tests has focused on comparing the 

design with multiple-choice, such as student perceptions of the designs (Photopoulos et al., 2021; 

Zeidner, 1987), learning differences based on the designs (Stanger-Hall, 2012), and difficulty of 

tests (N. Chan & Kennedy, 2002). All in all, there is robust research on constructed-response test 

format, and this is particularly relevant to engineering education as usage of problem-solving 

questions is abundant in engineering tests (S. Brown, 1999; Jonassen, 2015; Petr, 2005; 

Sheppard et al., 2009).  

The Covid-19 pandemic has also influenced test design substantially. Researchers and 

practitioners have documented the impacts of the sudden shift to virtual learning on test and 

exam designs. Electronic exams (E-exams) become a design used for tests (Awad Ahmed et al., 

2021). Awad Ahmed and colleagues defined e-exams as “combinations of assorted questions 

including multiple-choice, true or false, matching, arrangement, fill in the blank, essays, etc.” 

(pg. 2), showing a breadth of questions included in this format. Another publication explained 
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that civil engineering course instructors continued to use typical problem-solving questions in 

their tests, though they included some features like different values to address cheating (García-

Alberti et al., 2021).  All in all, the Covid-19 pandemic has influenced how tests can be designed, 

though many of the tests and Covid-19 discussions revolve heavily around the challenges of e-

exams in terms of administration and addressing cheating, which I will detail in the following 

sections.  

Research exists in the engineering education domain regarding test design, situating in 

the guidelines on how to create tests (Halls et al., 2022). The engineering education community 

can leverage the knowledge base to work on intentionality in test design, aligning with my view 

of the need for more intentionality in terms of test usage in FECs and engineering education.  

2.7.2 Test administration 

 Test administration focuses mainly on the modality of the tests, with the literature 

providing research on how to implement and run tests, an essential and relevant component of 

testing. The modality mainly includes in-person/in-class, take-home, proctoring, open book/note, 

closed book/note, pen and paper, or electronically administered tests. It must be noted that the 

literature has demonstrated various combinations of these can be implemented in a test 

administration. Instead of forming a duality, the combinations can have various forms as some 

may administer a test open-book/note in-person with proctoring, while some have the open 

book/note take-home, which is assumed to be a typical combination when it comes to take-home 

tests (Bengtsson, 2019). Proponents for take-home, open book/note, not-proctored tests typically 

invoke the advent of the internet and online courses and the need to assess higher-order thinking 

skills as reasons to embrace these types of test administration, while opponents raised the 

concern of cheating with such administration modalities (Bengtsson, 2019; Hellas et al., 2017; 
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Williams & Wong, 2009). A systematic review of research on take-home tests has generally 

supported these claims, finding that the education community agrees on reducing student anxiety 

and testing higher-order thinking skills, like on the Blooms’ taxonomy, as the advantages of 

take-home tests, while major concerns including academic dishonesty/cheating and effects on 

student study habit long term (Bengtsson, 2019). Research shows there have been conversations 

on the modality for test administration. 

In terms of understanding the efficacy of the different modalities, research has largely 

compared the different variations with the traditional in-person, closed book/note, proctored 

tests, with mixed results in terms of learning outcomes being found. Williams and Wong (2009) 

found better efficacy for take-home tests, while Marsh (1984) found the opposite. The literature 

shows there exists many works on the topic but at the same a mixed message on which one is 

more superior. Some researchers did argue that the best administration method may be the one 

that suits the specific learning outcomes, and sometimes having different variations to 

complement the traditional closed book/note, in-person, proctor tests can be helpful and reliable 

(Heijne-Penninga et al., 2008; Parker et al., 2021; Spiegel & Nivette, 2021; Williams & Wong, 

2009). Overall, the efficacy of modality is dependent on the course contexts, and different 

modalities can complement other modalities and assessments. 

Test administration has also become an important component of testing due to the Covid-

19 pandemic, which hit the United States in March 2020, when universities across the country 

shifted abruptly and suddenly toward virtual classrooms in the middle of the spring semester or 

quarter (Jankowski, 2020). Research has shown that many instructors shifted their test 

administration modality from in-person to take-home, open/book note, and not-proctored due to 

this shift (Chadha et al., 2020; Gorgani & Shabani, 2021; Parker et al., 2021), making test 
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administration modes more salient than before. Debates, discussions, and conversations about the 

modality and how to adapt and improve them for individual course contexts ensued, as 

researchers have documented ways to administer tests virtually and remotely (Bhute et al., 2020; 

Chadha et al., 2020; Gorgani & Shabani, 2021). Some used electronic exams (Awad Ahmed et 

al., 2021), and varying levels of online exams, like semi-online exams where students were 

expected to solve problems on paper, scan, and upload them instead of answering on an online 

platform (Asgari et al., 2021), synchronous exams with lockdown browsers (M. V. Jamieson, 

2020), and shift to oral exam  It is important to note that many raised challenges of online exams, 

with concerns about internet crashing in the middle of the exam (Howcroft & Mercer, 2022) and 

authentication, which is tied to cheating (Awad Ahmed et al., 2021). To summarize, Covid-19 

has made test administration an issue due to the shift to virtual learning, leading to an increased 

number of publications on the topic in engineering education. 

2.7.2.1 Review leading to the revelation of Research Gap 2 

 There is a lack of research on understanding how test administration happens in general 

as much of the work focus outside of engineering education, unlike test design where there have 

been documentations on the topic in the field. Even though there is a rise in literature on test 

administration due to Covid-19, test administration research should be further explored in the 

field. This becomes Research Gap 2 that my study addresses. 

2.7.3 Test cheating 

 Cheating is an inherent topic of testing, and discussion and research on tests will not be 

complete without understanding the research on cheating. Academic dishonesty, or cheating, has 

become particularly salient when it comes to the test administration modality as discussed in the 

previous section (Cizek, 1999). Academic dishonesty research has been substantial in 
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engineering education, with the seminal article by Carpenter et al. (2006) documenting an 

extensive list of what engineering students perceive as cheating behaviors. In addition, there 

have been works that demonstrate engineering students who cheat correlate with unethical 

behaviors in professional practice (Harding et al., 2007). Research has also found a discrepancy 

in defining cheating and how cheating works between instructors/faculty and students, and 

students define cheating differently when it comes to different assessments, such as comparison 

between homework and tests (Carpenter et al., 2006; Chirumamilla et al., 2020). Research also 

shows that some students might commit to cheating to get a good grade, even if they think 

cheating is unethical (Carpenter et al., 2006; Peculea & Peculea, 2020). Ultimately, many of the 

cheating behaviors are consistent across the literature as there are similarities in what is 

considered test cheating, such as soliciting unauthorized resources during the tests, peeking, and 

working together on individual tests (McCabe, 2005). Many of the publications also discussed 

the importance of addressing cheating considering the evolution of the internet, which makes 

cheating or dishonest act during tests easier (Kelley & Dooley, 2014; Peculea & Peculea, 2020; 

Srikanth & Asmatulu, 2014), with Chegg being an infamous online resource for students to 

solicit for unauthorized resources to work on the tests and other course assignments (Broemer & 

Recktenwald, 2021).  

Literature also presents substantial information on how to address cheating in engineering 

classrooms. For instance, Alemayehu et al. (2015) listed a number of practices that could deter 

cheating while developing questions that can promote and encourage problem-solving among 

students instead of soliciting outside help or uploaded solutions on the internet. Some of these 

practices include creating new problems and different versions of tests, holding students 

accountable for dishonest work, and reminding students of the honor codes. Other works also 
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raise practices to address cheating in tests administered electronically, like implementing 

lockdown browsers, proctoring, and using biometrics (Chirumamilla et al., 2020; Srikanth & 

Asmatulu, 2014; Von Grünigen et al., 2018). Sofia Martinez-Garcia and colleagues (2022) 

proposed and implemented an invigilated lab exams to address academic dishonesty among 

students on working lab reports, showing another dimension of test research in terms of cheating 

(using tests to address cheating in other types of assessments). 

Cheating has also become a priority and major concern among instructors while 

administering tests during the Covid-19 pandemic. Because of the shift to virtual learning 

environments, concerns there lie in students being able to solicit unauthorized resources while 

completing tests (Asgari et al., 2021). Many works that documented test design and 

administration mention cheating as one major factor considered. For example, while using 

problem-solving test question design, García-Alberti and colleagues made sure to include the 

feature that randomizes the variable values, ensuring students would not have an easy 

opportunity to copy from one another (2021). Some studies used multiple forms of e-monitoring 

or lockdown browsers to make sure students are working individually (Awad Ahmed et al., 

2021; M. V. Jamieson, 2020). Several mechanical and electrical engineering instructors 

implemented oral exams in large enrollment engineering courses to address academic integrity 

violations (Lubarda et al., 2021). These studies show that, with the limitations and restrictions 

brought by the pandemic in learning and teaching, cheating becomes even more important than 

before for engineering instructors to consider  

Overall, the engineering education literature has shown considerable research on the 

topic, demonstrating the importance of addressing cheating among students with assessments in 

the engineering classrooms. Understanding literature on cheating can help with better exploring 
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engineering instructors’ views on tests as cheating is an inherent consideration when it comes to 

test usage. 

2.7.4 Test fairness 

 Fairness, like cheating, is a crucial construct when it comes to the discussion of testing, 

and understanding fairness can help better explore test research in engineering education. In the 

educational literature, there has been an abundance of research on test fairness, including 

defining fairness. Cizek (2009) conceptualized fairness as a form of evidence for validity in 

terms of classroom tests. However, Douglas et al. (2016), arguing for stronger considerations of 

reliability, validity, and fairness in engineering assessments, explained that fairness itself had 

been raised to the same level of importance as validity and reliability in the education 

community. In fact, Douglas et al. (2016) further argued that fairness in assessments should 

incorporate considerations of the historical and present context where engineering is a white, 

male-dominant field that has shown to constantly underrepresent and minoritize people, 

especially those who identify with historically oppressed groups like the Black, 

Hispanic/Latino/Latina/Latinx, and Native American communities (Cech et al., 2017; Espinoza, 

2013; Holly Jr., 2020; Long III, 2020; Riley et al., 2015). In addition, there should be 

considerations for students who do not have English as their primary language when designing, 

wording, and phrasing assessment prompts and questions. All of these are particularly salient 

when thinking about fairness as many of the classroom tests are used for high-stakes decisions, 

especially student final course grades in fundamental engineering courses (Grohs et al., 2018; 

Nagy, 2000). It must be noted that such a call is also present in the larger educational literature to 

focus on student background and equity while considering test fairness (Camilli, 2006, 2013; 

Pellegrino, 2006).  
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 There have been documented works that focus on manifesting fairness into test design 

and administration. Karimi (2015), for example, discussed their work on ensuring grade fairness 

by coordinating course topics of multiple sections of a thermodynamic course to ensure 

consistency in coverage and grades. Rusak and Yan (2021), in contrast, focused specifically on 

tests during the Covid-19 pandemic and proposed a “unique exam” to address possible concerns 

where unfairness exists in terms of administering different versions of a test, administering tests 

outside of classrooms, and ensuring students would not be able to seek out unauthorized 

resources, with ties to discouragement of cheating. There is also research on student perception 

of fairness of tests, though these are studied outside of engineering, which finds students tend to 

associate unfairness with lower course performances (Emeka & Zilles, 2020). Research has also 

found students tend to view learner-centered assessment as fair (Flores et al., 2015). There have 

also been studies that use the classroom justice lens to frame fairness in assessments (Chory‐

Assad, 2002; Rasooli et al., 2019).  

2.7.4.1 Review leading to the revelation of Research Gap 3 

Fairness is another crucial component of testing, and understanding what fairness means 

and how it is implemented in tests is important for researching tests in engineering education. 

However, this review has shown that engineering education literature generally lacks research 

and documentation on test fairness, and this is Research Gap 3 that my study addresses. 

2.8 Literature on instructor beliefs and behaviors in engineering classrooms 

 After building the arguments on the need to question the common and default usage of 

tests in engineering education, reviewing the literature on relevant essentials about test research, 

and identify three research gaps so far, understanding instructors’ beliefs and behaviors becomes 

the next crucial step. As previously described, since engineering instructors have a certain 
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autonomy in course design and there persist barriers among instructors to adopting scholarship 

and research-informed teaching practices, my study focused on understanding the common and 

default test usage through the instructors’ perspective, specifically framed as their test beliefs and 

behaviors. In addition, understanding instructors’ beliefs and behaviors can serve as foundational 

knowledge to pursue diversification of assessments and intentionality on test usage in 

fundamental engineering courses. Thus, reviewing existing belief and behavior research situate 

and frame test beliefs and behaviors for my study. Most of the literature is sourced from the 

larger education literature, with some from the engineering education context. This section will 

introduce the construct of “beliefs,” and how I defined it for my study, and the alignment and 

connections between beliefs and behaviors. 

2.8.1 Definition of the construct ñbeliefsò 

The definition of “beliefs” in research must be defined as there is substantial literature on 

the topic in education, and I have defined beliefs based on existing research. I defined the 

construct of “test beliefs” with the following characterizations: 1) They are subjectively true to 

the instructors, 2) they are stable over time, 3) they can have varying levels of convictions, 4) 

they may activate depending on the contexts, and 5) structured and conflicting. 

Instructor’s belief research is substantial in the education literature, particularly in the K-

12 domain. Although much of the literature reviewed here is situated in the K-12 domain, the 

general idea about teaching beliefs and practices are relevant and still apply to the engineering 

education domain (Moore et al., 2015). The growth of this field of scholarship is rooted in the 

idea that “researchers often target beliefs as a way to influence or change teacher’s practices to 

be aligned with what are viewed as current best practices.” (Buehl & Beck, 2015, pg. 73) 

Research on teachers’ or instructors’ beliefs has revolved around several important topics, and 
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the ones relevant to my study include defining what “beliefs” are and the connection and 

alignment between teaching beliefs and behaviors or practices. On how beliefs are defined, there 

has been no consensus. Skott (2015) presented this lack of consensus as one of the problems in 

research on teachers’ beliefs, summarizing that there have been numerous definitions of beliefs 

in the field, but also a common core that researchers can agree on. The common core includes 

the idea that beliefs are descriptions of one’s mental organization that the person thinks is true, 

they are cognitive and affective, they are generally stable over time unless significant events 

happen, and they can significantly influence teaching practices. These cores are synthesized by 

Skott from a large number of studies that include those from work attempted to consolidate the 

construct by Pajares (1992) and Fives and Buehl (2011). In addition, beliefs can be held with 

varying degrees of conviction, unlike other cognitive constructs like knowledge (Philipp, 2007). 

Many of the research has focused on the beliefs being framed cognitively, though there 

has also been research focusing on framing beliefs as part of the sociocultural paradigm. Francis 

et al. (2015) explained that some researchers in the field have framed beliefs around the social 

component surrounding the instructors, and the beliefs can be different depending on the 

contexts in which their beliefs are implemented, realized, or enacted. They essentially argued 

that the situations and contexts must be considered while researching teachers’ beliefs, meaning 

that belief realization will look different from one context to another. Fives and Buehl (2011) 

also supported this notion, presenting the idea that belief activation happens when the context 

requires it where the beliefs stay stable but may shift when the teacher learns more information 

about the course contexts, such as students’ prior knowledge and resources available to conduct 

teaching. Ultimately, the authors “maintained the perspective that these beliefs are held by 

individual teachers and stay with them as they move in and out of different situations.” (pg. 476).  
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Instructors’ assessment beliefs have also shown similar complexity. A work by Barnes et 

al. (2015) presents a spectrum that situates existing research on beliefs or conceptions of the 

purpose of assessments in the K-12 space. The spectrum contains three different distinct 

differentiators: pedagogical functions, accounting purposes, and irrelevance. For pedagogical 

functions, Barnes and colleagues found that some teachers’ held the belief that the purposes of 

assessments are to facilitate learning among students and help with teaching and instructional 

decisions. For accounting, some teachers believed that assessments are used mainly for 

accountability purposes. Some teachers believed that assessments are irrelevant or useless to 

teaching and did it mainly to comply. Barnes and colleagues also found some teachers have 

mixed beliefs, situating between pedagogical and accounting functions.  

Instructors’ beliefs have also been shown to be contradictory. Bryan (2003) found that 

teachers’ beliefs can be nested and conflicting when they studied a science teacher through 

interviews, teaching observations, and written documents with the grounding of constructivism. 

Bryan presented the teacher’s beliefs in two nests, with one being the ideal beliefs while the 

other one guiding the practice. These two beliefs contradicted each other as the teacher embraced 

the idea of hand-on learning in teaching science but practiced with a more transmission-based 

teaching approach. Overall, the author argued that lack of experience in conducting inquiry-

based learning approaches led to conflicting beliefs and behaviors in teaching. Leveraging this 

literature, I have defined what “beliefs” means for my study.  

2.8.2 Alignment between instructorôs beliefs and behaviors 

 Beliefs influence teaching behaviors and practices, and this becomes a dominant 

foundation of instructor’s belief research. As previously explained, Bryan (2003) found that 

teachers’ beliefs influence practice, especially the ones that conflicted with the teacher’s ideal 
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beliefs on how to teach science. Fives and Buehl (2011) provided a framework for understanding 

how beliefs influence behaviors or practices. In this framework, the authors argued that there are 

different levels of function of beliefs that influence teacher’s practices: Filters, frames, and 

guides. Beliefs can act as filters of information when an instructor receives information about the 

current reality, helping the instructor interpret the information. After the information is filtered, 

the beliefs then frame the situations, problems, and/or tasks in the classroom. Subsequently, 

beliefs function as a guide to immediate actions toward practice. Some of these guides are related 

to motivation, such as the self-efficacy of the instructor in enacting the beliefs. The authors 

explained that different beliefs can serve different functions in different situations, furthering the 

context-dependent argument of belief enactment. There can also be incongruences between the 

alignment of beliefs and behaviors, with explanations like internal and external supports and 

challenges toward belief enactment. Instructors’ level of experience also can influence their 

belief enactment into practices (Buehl & Beck, 2015). Overall, research has provided base 

knowledge on how instructors’ beliefs and behaviors align, and explanatory mechanisms on why 

the instructors decide and enact certain beliefs. Understanding these mechanisms can provide 

explanatory pathways in understanding the alignment between test beliefs and behaviors. 

2.8.3 Beliefs and behaviors in engineering education 

 Although instructors’ belief and behavior research is abundant in education, in 

engineering education, scholarship is scarce on the topic in terms of assessment. Many relevant 

studies focus on instructional methods and pedagogy as compared to assessment. A research 

study focused on understanding how faculty instructional beliefs change with the implementation 

of model-eliciting activities (Moore et al., 2015). In the study, Moore and colleagues found that 

engineering faculty beliefs shifted toward a more student-centered view of teaching, and the 
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belief structures are complex as found in existing teacher’s beliefs literature (Fives & Buehl, 

2011; Pajares, 1992; Skott, 2015). Other studies explored faculty decisions on using certain 

approaches or methods and understanding why they made certain decisions on teaching 

(Coutinho et al., 2017; Huang et al., 2007; Reeping et al., 2018).  

2.8.4 Review leading to the revelation of Research Gap 4 

Overall, although research exists in the belief and behavior space in engineering 

education, many of them focus on instructional methods and not much on assessments. This 

presents Research Gap 4, which is to explore engineering instructors or faculty beliefs and 

behaviors on assessments. 

2.9 Situated Expectancy-Value Theory (SEVT) 

 My research leveraged the Situated Expectancy Value Theory (SEVT) to ground the 

conceptual framework as the study guide. The SEVT, formerly known as EVT, is a motivation 

theory that was developed by Eccles (1983) to discover the factors that influence female 

mathematics achievement from the lens of gender disparity. In addition, Eccles also argued that 

SEVT can be seen as a “general mode of achievement behavior” (pg. 77), paving the way for the 

theory to be used as a framework and lens to understand achievement-related behaviors and 

choices made in various contexts, such as engineering education (P. R. Brown et al., 2015; 

Matusovich et al., 2010; Soledad, 2019; Wu et al., 2020), physical education (Gråstén et al., 

2015; Shang et al., 2022), and K-12 education (Abraham & Barker, 2014; Boström & Palm, 

2020; Day, 2020; Koerten & Dubow, 2021). This non-exhaustive list of work that leveraged 

SEVT shows the widespread research using SEVT, establishing it as one of the essential theories 

in understanding motivation related to achievement and choices. The following section will 

provide an overall view of the theory itself. 
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2.9.1 SEVT framework and explanations 

 The SEVT framework (Figure 2.1) is expansive and involves several components that 

focus on the students themselves and the influences these students interact with that can affect 

their expectancy and subjective task values. Both expectancy and subjective task values then 

explain why students embark on certain achievement-related choices happen (Eccles, 1983). The 

expectation of success, or expectancy, is the confidence and probability of success with the 

achievement-related choices and performance, though the authors have a larger scope than 

Bandura on defining expectancy (domain versus task) (Bandura, 1977; Eccles, 1983; Wigfield & 

Eccles, 2000), and the author has synthesized existing research on expectancy to define what it 

means in SEVT. It is essentially framed as competence in achieving the choices, such as 

Matusovich et al. (2010) defining expectancy as a student gauging whether they can earn an 

engineering degree.  
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Figure 2.1 

SEVT from Wigfield and Eccles (2020). 

 

Subjective task values consist of four elements that explain what values one attaches to 

the choice they make. Wigfield and Eccles (2020) argued that their definitions of task values are 

dependent on the individual of interest, hence the “subjective” labeling. In addition, these task 

values can interact with each other to form a larger, overall value of the specific task that can 

explain whether the student makes certain choices. As shown in Figure 2.1, there are four values. 

First, attainment value is the “personal importance of doing well on a given task” (Wigfield & 

Eccles, 2020, pg. 167). The author argued that this value typically relates to whether a student 

can see themselves fitting into the characteristics of the task, such as whether it is important for a 

student to become an engineer. Interest-enjoyment value, on the other hand, focuses on whether 

a student is interested in the specific choices and obtains enjoyment from pursuing them 

(Wigfield & Eccles, 2000, 2020). Utility value is the usefulness for one to pursue a choice, such 

as whether a student sees earning an engineering degree can be useful for them in the future 

(Wigfield & Eccles, 2000, 2020). Lastly, Wigfield and Eccles (2020) defined cost as “what is 

lost or given up or suffered when doing any particular task” (pg. 169). These four values can 

help determine the overall value of how a student perceives an achievement-related task, such as 

preparing for a test in a fundamental engineering course, passing the course, continuing to enroll 

in more advanced engineering courses, or continuing to major in engineering.  

 In engineering education, SEVT has been used to understand engineering student 

achievement-related choices from various lenses. Matusovich et al. (2010) leveraged the theory 

to understand why engineering some students persisted in engineering, and some did not. 
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Matusovich and colleagues, using a qualitative case study research method, found that students’ 

sense of self is an important component to explain some engineering students’ persisting in 

engineering, unlike existing literature that shows interest as the main driver. Furthermore, the 

authors also discovered that high utility value, combined with a low sense of self and moderate 

interest, can lead to persistence among students. This study presents a motivation lens to 

understand student persistence in engineering. Another notable study defines expectancies based 

on Bandura's (1977) self-efficacy theory and leverages SEVT to discover the relationship 

between the two SEVT constructs and engineering student’s four achievement behaviors: choice, 

effort, persistence, and continuation (Wu et al., 2020). Wu and colleagues found similar findings 

to Matusovich and colleagues where students with high attainment value (strong sense of self) 

are more likely to continue taking engineering courses, persist more in completing engineering 

tasks, and discuss stronger intention to stay in engineering. The authors also discovered that the 

values have more correlation with achievement behaviors than expectancies when considered 

together. These is research that leverage SEVT to understand student persistence in engineering. 

The review on SEVT so far must have raised the question of how SEVT can be relevant in terms 

of understanding FEC instructors’ beliefs and behaviors on test usage. In the next section, I will 

explain the left side of the SEVT and how this side, and SEVT overall, was adapted for my 

conceptual framework. 

2.9.2 Socializers in SEVT and the theory fit for my study 

 The socializer’s beliefs and behaviors lead to various other constructs that ultimately lead 

to expectancy and subjective task values constructs. According to Eccles (2007), there are 

various socialization processes that can influence a student’s subjective task values. The author 

raised several dimensions of such processes, such as gender, cultural and racial differences, and 
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individual differences within various social groups. Eccles also discussed extensively how family 

and school can act as socializers to students when they are forming their expectancies and values. 

Figure 2.2 presents Eccles’s model for parents’ socialization and their influences on their 

children’s achievement-related constructs. For instance, parents can socialize their children in 

various ways, such as through family demographics, cultural characteristics, and role modeling. 

Eccles (2007) also provided brief descriptions of how parents’ beliefs influence their behaviors 

in raising their children. 

 

Figure 2.2 

Eccles and Wigfieldôs (2020) model of parentsô socialization of motivation. 

 For my study, I am specifically focusing on instructors’ beliefs and behaviors on test 

usage, grounded by the argument that tests play a part in the engineering socialization process. 

Eccles (2007) provided information on how school influences student achievement, effectively 
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arguing that school is another socializer and Figure 2.2 applies to school-related socializers, such 

as FEC instructors in the context of socializing students into engineering in their learning 

environments. In fact, the author argued that there are several ways teachers or instructors can 

influence their students’ achievement-related choices and behaviors, such as their general 

expectations of their students, their classroom and teaching practices, and the relationship 

between themselves and their students. There are also other worth-considering factors, such as 

racial discrimination in the classroom, that can happen to students who identify as part of 

historically oppressed groups, which can influence the students’ achievement-related behaviors. 

In addition, Eccles and Wigfield (2020) also asserted that the SEVT is situated and individual as 

it can present an individual student’s journey over time when their expectancies and subjective 

task values changes, and by extension, the socializer’s journey over time with their socializing 

beliefs and behaviors possibly influencing the students’ expectancies and task values. Overall, 

SEVT has been established to be appropriate for framing school, and by extension, college-

related socializers in understanding students’ achievement.  

  The model of parents’ socialization of motivation is appropriate for framing instructors’ 

beliefs and behaviors on test usage in fundamental engineering classrooms with two 

justifications. First, based on Eccles’s (2007) explanations of socializers, I frame FEC instructors 

as one of the many socializers in engineering that socialize students into the field through their 

classroom practices, which is test usage. Based on SEVT, the use of tests can influence students’ 

expectancies and subjective task values in various ways. One possible way is the decrease of 

motivation to learn among students, which can influence expectancies (like working on 

engineering tasks) as students tend to focus on passing the course when there is frequent and 

high stake testing in the course (Kornell & Bjork, 2007; Tan, 1992), and students may start to not 
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see engineering as a good fit for them (impact on attainment value) (Major et al., 2020). 

Furthermore, since students end up focusing on passing tests instead of learning, tests may 

eventually influence students’ task values of interest and enjoyment, as they may start losing 

interest in engineering due to the test discouraging deep learning approaches (Case & Marshall, 

2004; Marton & Säljö, 1976b; Scouller, 1998) and the constant stress and anxiety tests can bring 

to students (Major et al., 2020). Another possible way is that tests could be designed unfairly 

(intentionally or inadvertently) that may impact students with different backgrounds (Camilli, 

2013; Douglas et al., 2016), which can lead to an impact on expectancies and task values like 

attainment values. These impacts, as found by Matusovich et al. (2010) and Wu et al. (2020), can 

influence students to make decisions on whether to persist in engineering, making tests a form of 

gatekeeping to engineering for the students (Nagy, 2000). 

 Second, engineering education research has mostly leveraged SEVT to explore and 

uncover the reasons behind student persistence in engineering (Matusovich et al., 2010; Wu et 

al., 2020), and there is a clear lack of research on the socializers component in understanding 

how the socializers influence students expectancies and subjective task values that can explain 

their engineering achievement-related behaviors. Soledad (2019) used the SEVT to frame 

fundamental engineering course instructors as a socializer to explore the instructors’ beliefs and 

behaviors in teaching, learning, and their students in general. The author found that the 

participants cared mainly about students understanding the concepts and described behaviors that 

work toward this goal, but challenges remain on engaging students to be active in the learning 

process. I followed Soledad’s work by adapting SEVT to frame FEC instructors’ beliefs and 

behaviors specifically on test usage and other test-related topics. The SEVT adaptation will 

establish literature on how instructors think, view, and use tests in the fundamental courses, 
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providing a foundation for future study that encourage conversations on how test practices can 

socialize students into engineering through the influence of testing on students’ expectancies and 

subjective task values. These show that the socializer component is a good fit to guide my study, 

and the following conceptual framework presents the adaptation of SEVT with the socializer 

focus for my study. 

2.9.3 Conceptual framework 

 Figure 2.3 illustrates the conceptual framework of my study, based on the SEVT model 

of parents’ socialization (Figure 2.2) that consolidates the SEVT framework from Figure 2.1. In 

this framework, the FEC instructors’ beliefs are based on three main topics: Test usage, cheating, 

and fairness, as presented in the test literature review. The subsequent behaviors that I studied 

include the instructors’ test usage and their test design and administration. The two boxes of 

beliefs and behaviors are shaded to signify the focus of my study, which is to explore, uncover, 

and articulate the instructor’s test beliefs and behaviors, with the arrow representing the 

alignment or potential misalignment between the beliefs and behaviors.  

 As explained by Eccles (2007), the instructor’s beliefs and behaviors can be influenced 

by their background characteristics. In this case, I include four relevant characteristics: the 

instructors’ personal student experiences, personal teaching experiences, the instructor’s 

interpretations of the course contexts, and the interpretations of the departmental contexts. I 

included the last two because research has shown that these contexts have influenced instructors’ 

classroom beliefs and practices (Lattuca & Stark, 2011). The background characteristics 

influence the instructor’s test beliefs, behaviors, and the intended learning outcome of the FECs 

they teach. The intended learning outcome is the learning outcomes these instructors intend their 

students to achieve after completing the FECs, and SEVT posits that the behaviors are practiced 
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(using, designing, and administering tests) to lead to these outcomes. The instructors’ test beliefs 

and backgrounds can influence how they perceive the intended learning outcomes of these 

courses. Lastly, the intended learning outcomes, across time, can influence the instructor’s test 

beliefs and behaviors. 

 

Figure 2.3 

The conceptual framework that guided my study. 

 This conceptual framework guided my study design, which will be detailed in the next 

chapter. As a reminder, the focus of my study is to explore the shared boxes (test beliefs and 

behaviors) and the black arrow (alignment between these beliefs and behaviors). My study did 

not emphasize the background characteristics, intended learning outcomes, and the related 

relationships among these two constructs, beliefs, and behaviors. These two constructs serve as 

contexts and information to enrich the analysis and interpretation of the FEC instructors’ test 

beliefs and behaviors.  

2.10 Summary 
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 In this chapter, I have built my arguments on why the engineering education community 

should work toward diversifying assessment approaches and promoting intentionality in test 

usage in fundamental engineering courses. Though beneficial to certain learning outcomes, tests 

also bring disadvantages that do not warrant default or common usage in FECs, presenting this 

phenomenon as a practical problem that must be addressed with assessment diversification and 

test usage intentionality. To achieve these goals, my study addressed the prioritized Research 

Gap 1 on why tests are common in FECs through framing instructors’ beliefs and behaviors of 

tests. The framing is based on the acknowledgment that FEC instructors typically have autonomy 

in designing their courses and literature showing barriers toward instructors adopting research-

based teaching practices. Other research gaps that were addressed by my study include test 

administration strategies (Research Gap 2), test fairness literature (Research Gap 3), and 

engineering instructors’ beliefs and behaviors on assessment in general (Research Gap 4). I 

ground my study with the Situated Expectancy-Value Theory (SEVT) by framing FEC 

instructors as socializers to their students into engineering. This grounding, illustrated as a 

conceptual framework, is rooted in the foundational component of the theory along with the need 

to build literature on understanding socializers that can influence students’ expectancies and 

subjective task values, which explain engineering students’ achievement-related behaviors, such 

as persistence in engineering as studied in the existing literature. The next chapter presents the 

methodology and methods that I used to answer the research questions.
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Chapter Three: Methodology and Methods 

3.1 Introduction 

 My research study strived to explore, uncover, and articulate FEC instructors’ beliefs and 

behaviors of classroom tests by leveraging the case study research methodology. The Situated 

Expectancy-Value Theory (SEVT) from the socializer perspective anchored this study as the 

conceptual framework (Eccles, 1983, 2007; Wigfield & Eccles, 2000). The contexts for my study 

were a mechanical engineering program and an engineering science program located in a 

Research 1 (R1) public institution. The research questions (RQ) this study answered are as 

follows. 

Overarching research question: What are the beliefs and behaviors associated with classroom 

tests held by seven fundamental engineering course (FEC) instructors (seven cases) in two 

engineering departments (mechanical engineering and engineering science) in a Research 1 (R1) 

public institution? 

RQ1.a: What are the instructors’ beliefs about using tests in their fundamental engineering 

courses? 

RQ1.b: How do these beliefs align with their behavior of using tests in their FECs? 

RQ1.c: How do these beliefs align with their behaviors of designing and administering tests in 

their FECs? 

RQ2.a: What are other relevant beliefs about tests? 

RQ2.b: How do these relevant beliefs align with their behaviors of designing and administering 

tests in their FECs? 

These research questions were crafted based on knowledge that exists in the current 

literature, the conceptual framework (Figure 2.3), and the initial propositions. RQ1, splitting into 
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three sub-questions, focused on exploring participating instructors’ test usage beliefs in FECs, 

specifically the “what” and “why” of tests. RQ1.a focused on their beliefs of why they used tests 

in their FECs. RQ1.b explored the alignment between their test usage beliefs and behaviors. 

RQ1.c, finally, focused on alignment between test usage beliefs and how they designed and 

administered their tests. RQ2, on the other hand, focused on other relevant beliefs and behaviors 

to testing, like cheating and fairness. Similar to RQ1 in general, RQ2.a focused on their relevant 

and essential test beliefs, and RQ2.b explored the alignment between their relevant beliefs and 

their test design and administration behaviors. Even though the study did not focus on the 

background characteristics and intended learning outcomes illustrated in the conceptual 

framework, the findings answering these research questions incorporated information on the 

instructors’ background characteristics that related to their beliefs and implementations, such as 

1) instructors’ personal backgrounds as a student and on teaching and 2) their interpretations of 

course and departmental contexts. In addition, discussion of theCovid-19 pandemic was 

embedded within the study as the instructors raised and discussed them as the pandemic is still 

ongoing. I also acknowledged how the intended learning outcomes related to these beliefs and 

behaviors as described and demonstrated by these participants. 

3.2 Methodology 

 I employed the case study research methodology with a pragmatic take on Yin's 

perspective (2018) similar to Yazan (2015). From a high-level perspective, Yin’s approach is 

appropriate for studies that focus on phenomena that are highly contextualized and out of the 

researchers’ control (R. K. Yin, 2018). Yin’s approach also encourages shaping the study with 

existing literature to inform the creation of the research questions and the topics that the study 

will focus on. Lastly, the approach calls for the use of multiple sources and forms of data to 
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triangulate the phenomena, and it specifically encourages combining quantitative and qualitative 

data (Yazan, 2015; R. K. Yin, 2018). In addition, Yin provided explicit guidelines on what a case 

study research study can look like, which were helpful for me as a beginner researcher while 

conducting this study. Based on these features, Yin’s perspective is appropriate to answer my 

research questions overall. However, Yazan (2015) asserted that a pragmatist can also design a 

robust case study research methodology without having to subscribe completely to one 

perspective of the methodology. The following three points justify how I employ Yin’s and other 

perspectives in designing my study as a pragmatist. 

 First, test beliefs and behaviors are contemporary phenomena, and they are highly 

contextualized as both beliefs and behaviors may experience disciplinary, institutional, and 

course differences (Godfrey & Parker, 2010). Considering this, I followed Yin’s definition as 

their perspective on phenomena aligns with my interpretations of the test beliefs and behaviors of 

classroom tests as phenomena. This is similar to Merriam’s approach, but Merriam’s definition is 

broader (Merriam, 1998; Yazan, 2015). On the other hand, Stake’s approach argues for a more 

fluid definition of a case as the researchers’ definition will not align with those of the users of the 

case study (Stake, 1995; Yazan, 2015). Eisenhardt’s approach does not specify the definition of 

cases and instead focuses on the selection of cases for theory building with theoretical sampling 

(Eisenhardt, 1989). Thus, Yin’s approach provided a more explicit guideline in defining what a 

case is for a beginner researcher like me. 

 Second, I leveraged the SEVT framework from the socializer perspective as my 

conceptual framework for this study. Essentially, the socializer perspective on SEVT provides a 

direction for this study, as beliefs and behaviors of classroom tests are framed in terms of various 

constructs anchoring the theory. This is consistent with Yin’s approach as it calls for the use of 
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theories in the study when possible (R. K. Yin, 2018). Both Eisenhardt’s and Merriam’s 

approaches have a similar call in which prior literature may shape the initial design of the 

research (Eisenhardt, 1989; Merriam, 1998; Yazan, 2015), but these approaches are more 

appropriate for theory building purposes, which are not the purpose of this study. Stake’s 

approach, on the other hand, has a more flexible design of a case study research and does not 

imply the uses of any propositions to guide the research (Stake, 1995; Yazan, 2015). Similar to 

the first justification, Yin provided a clear guideline on how theory can be used in a case study 

research design. 

 Third, all case study research approaches argue for multiple sources of evidence to form 

the data set to study the phenomena. Yin’s approach particularly calls for the combination of 

quantitative and qualitative data to create the data set, and Eisenhardt’s approach does the same 

(Eisenhardt, 1989; R. K. Yin, 2018). Both also call for triangulation of evidence, though for 

different purposes. Yin’s approach focuses more on understanding deeply the phenomena, while 

Eisenhardt’s approach is more on theory building. Both Stake’s and Merriam’s approaches focus 

more on qualitative data due to the constructivist leaning of both approaches (Merriam, 1998; 

Stake, 1995; Yazan, 2015), and triangulation seems to focus only on data collection, not analysis 

(Yazan, 2015). In addition, research on teachers’ beliefs has called for the use of multiple data 

sets to understand teachers’ beliefs, which aligns well with the use of case study research 

methodology to understand instructors’ beliefs and behaviors about classroom tests in my study 

(Skott, 2015). Here, I am engaging with this research by following Stake and Merriam’s on data 

collection (qualitative interview and document analysis), but I also followed Yin’s perspective 

on triangulation in data analysis. Overall, I followed Yazan’s idea of having a pragmatic take on 
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the case study, focusing on aligning the case study research methodology to answer the research 

questions and with my research paradigm. 

3.3 Research design 

Table 3.1  

Summary of the research questions, data collection method, analysis method, and outcome. 

Overarching research question: What are the beliefs and behaviors associated with classroom tests 

held by seven fundamental engineering course (FEC) instructors (seven cases) in two engineering 

departments (mechanical engineering and engineering science) in a Research 1 (R1) public 

institution? 
Research question Data collection method Data analysis method 

RQ1.a: What are the 

instructors’ beliefs about 

using tests in their 

fundamental engineering 

courses? 

 

RQ2.a: What are other 

relevant beliefs about 

tests? 

 

1. Qualitative interview 1 

(early semester) 

2. Qualitative interview 2 (late 

semester) 

3. Department public websites 

4. Institution faculty handbook 

5. Institution undergraduate 

policies 

6. Institution Covid-19 related 

websites 

1. First cycle: A priori and emergent 

coding (Miles, Huberman, & 

Saldaña, 2014a); Second cycle: 

Thematic analysis (Braun & 

Clarke, 2012) on interviews 

2. Document analyses (Bowen, 

2009) with Conventional content 

analysis (Hsieh & Shannon, 

2005) on documents 

3. Cross-case synthesis (R. K. Yin, 

2018) 

RQ1.b: How do these 

beliefs (RQ1.a) align with 

their behavior of using 

tests in their FECs? 

 

RQ1.c: How do these 

beliefs (RQ1.a) align with 

their behaviors of 

designing and 

administering tests in their 

FECs? 

 

RQ2.b: How do these 

relevant beliefs (RQ2.a) 

align with their behaviors 

of designing and 

administering tests in their 

FECs? 

1. Qualitative interview 1 

(early semester) 

2. Course syllabus for a course 

the participant taught 

3. One test used in the course 

for each participant 

4. Qualitative interview 2 (late 

semester) 

5. Department public websites 

6. Institution faculty handbook 

7. Institution undergraduate 

policies 

8. Institution Covid-19 related 

websites 

1. Document analyses (Bowen, 

2009): Conventional content 

analysis (Hsieh & Shannon, 2005) 

then thematic analysis (Braun & 

Clarke, 2012) on the documents 

2. A priori and emergent coding then 

thematic analysis on interviews 

3. Cross-case synthesis (R. K. Yin, 

2018) 

 

Table 3.1 provides the overall summary of the design including the overarching research 

question, and then the five sub-research questions, with respective data collection strategies, 
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analysis strategies, and outcomes from answering the three research questions. The data 

collection and analysis strategies are based on how they can answer the research questions and 

alignment with the methodology and other sources of data employed.  

I collected and analyzed eight different data sources to answer the research questions. 

These eight data sources are two qualitative interviews with each participant, one happening 

earlier in the semester, and one later in the semester; public institutional and departmental 

documents (department public website, institution faculty handbook, institution undergraduate 

policies, and institution Covid-19 related websites); and participating instructors’ specific course 

syllabi, and specific sample tests. It must be noted that for the institutional and departmental 

documents, the information obtained focused on assessments specifically. The interactions 

between the different data sources become a form of triangulation to answer the research 

questions.  

3.3.1 Definition of the case 

To conduct a case study research, a “case” should be clearly defined and bounded (Yin, 

2018). Figure 3.1 illustrates the definition of my cases. There are several elements to this 

definition. First, I employed a multi-case study design by conceptualizing a case as an individual 

faculty member. Second, the multiple cases are bounded by two contexts: 1) institution and time 

and 2) department. I recruited seven faculty members, who participated fully, in my study. 

I selected a multi-case design because it allows a deeper exploration of the phenomena 

across different contexts and characteristics (R. K. Yin, 2018). Because this is a relatively 

unexplored phenomenon in engineering education, a multi-case design, instead of a single case, 

can provide a more expansive view of instructors’ beliefs and behaviors of classroom tests across 

different instructors and contexts. Multiple cases allow comparisons across different cases and 
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contexts for which Yin (2018) calls a “replication of experiments” if one were to compare a case 

study design to an experimental study. Essentially, the multiple cases serve as multiple 

opportunities and studies to examine a phenomenon, providing unique perspectives on and 

plausible rival explanations to the propositions, and at the same time, credibility to the findings 

on the phenomenon. 

 

Figure 3.1 

The definition and boundary of the case for this study. 

On the conceptualization of cases, there are two reasons why I selected individual 

instructors as cases for my study. First, individual instructors can have different and varying 

beliefs and behaviors about classroom tests. Research has shown that teachers’ beliefs and 

behaviors can differ from one teacher to another, and even if they are similar between two 

instructors, they may have a varying extent of how much their convictions hold (Skott, 2015). 

Second, the SEVT model of socialization provides an individual-level view of beliefs and 

behaviors of classroom tests. Examining the conceptual framework, one can see how the 

different constructs and their relationships are applicable to individual FEC instructors. For 
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instance, individual instructors can have different personal backgrounds and perceive the larger 

contexts differently, which can influence their individual beliefs and behaviors on tests. 

Examining these at the individual level (having individual instructors as cases) can provide 

opportunities for deeper exploration of the phenomena and allow comparisons of the phenomena 

across different cases and contexts. 

The departments of interest, which form the contexts surrounding the individual cases, 

are mechanical engineering (ME) and engineering sciences (ES). I selected ME because 

mechanical engineering is one of the largest and most common engineering programs in R1 

public institutions (Yoder, 2017) and mechanical engineering is a broad discipline, with some 

FECs within the disciplinary curriculum, such as thermodynamics, considered to be 

representative of those in other engineering disciplines. As for ES, I selected the program 

because the department offered several service courses that are required for other engineering 

students in this institution. For instance, ME students in this institution were required to take 

three courses from the ES department (statics, solid mechanics, and dynamics). This makes ES 

important for my study, as both were separate departments offering different majors, and the 

departments might have different ways of structuring the fundamental engineering courses 

offered, which could be an important context in considering the test beliefs and behaviors. 

The cases are situated in the large context of an R1 public, land-grant institution located 

in the mid-Atlantic region at the present time. I selected this institution and the present time (as 

opposed to a historical reflection) because 1) the institution was one of the top ten schools that 

graduate the most engineering bachelor’s degrees (Roy, 2018), and 2) this was a convenient site 

as I am located in the region (Hatch, 2002; Onwuegbuzie & Collins, 2007).  
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As for time, it must be noted that the “present” is situated within the Covid-19 pandemic 

and a heightened awareness of racial injustices in the United States, which have significantly and 

substantially transformed higher education so far (Sheppard, 2020). The need to curb the spread 

of the virus had led to social distancing and shelter-in-place regulations, meaning classes were 

conducted virtually between Spring 2000 and 2021. Virtual classrooms meant adapting to new 

approaches in terms of learning and teaching in higher education, including assessments like 

tests. In addition, high profile murders of several Black U.S. citizens during the pandemic 

(George Floyd, Ahmaud Arbery, Breonna Taylor in particular) led to a summer of protests and 

agitation calling for racial justice, and this also led to increased awakening, heightened 

awareness, and public discourse about systemic racism, power, and the unjust social structure in 

this country at higher education (Holly Jr., 2020; Long III, 2020). Data were collected during this 

period, and these contexts were important to situate my findings as Covid-19 was interwoven in 

the findings and the discussions of fairness of tests from the student background perspective 

were inspired by the heightened awareness of systemic racism from the murders and protests. 

3.3.2 Participant recruitment 

 To recruit seven faculty members/instructors (cases), I conducted several forms of non-

probability sampling methods. First, purposive sampling allowed me to reach out to instructors 

with whom I have established personal connections (Hatch, 2002; Krathwohl, 2009). Purposive 

sampling makes sense as there is only a finite number of ME and ES instructors who teach FEC, 

and they are the ones who will be able to provide me with the information on the topic. In 

addition, purposive sampling can help with obtaining a set of participants who vary in terms of 

demographics, which is important to ensure my study did not silence voices from the minoritized 

groups, attempting to avoid a reproduction of the systemic inequity and injustice that research 
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has been doing due to the situatedness of the research institution within the oppressive system. 

To do this without assuming one’s demographic information, I leveraged snowball sampling by 

asking my connections whom I should ask to participate in terms of diversity considerations.  

After connecting with several instructors, I conducted snowball sampling through these 

instructors (Hatch, 2002; Krathwohl, 2009). Regardless of whether they agreed to participate, I 

requested some instructor recommendations from those contacted. This is because some of these 

instructors may know their colleagues better, and they may be able to appropriately gauge which 

of their colleagues would be interested in my study. In addition, it is helpful to have instructors 

whom I have contacted to recommend or mention certain instructors who may have additional 

viewpoints on the topic, such as demographic that the instructors identified with that should not 

be inferred from their public website where information was collected for purposive sampling 

and their interest in participating in a research study. Ultimately, I successfully recruited seven 

participants across the two departments, with their contexts and backgrounds tabulated below for 

information to interpret the findings of my study. It must be noted, however, that the sampling 

process did not yield the diversity of participants I desired in terms of other demographic 

backgrounds such as race. This became an important limitation in interpreting my findings. 

Table 3.2 

The background context of participants of this study, with relevant information to my study. 

Participant  Role (Dept) Course taught Teaching experience 

John Professor (ME) Heat Transfer More than 10 years 

Sam Associate Professor (ME) 
Thermodynamics 

Heat Transfer 
More than 10 years 

Gemma Assistant Professor (ME) Thermodynamics Less than 5 years 

Matt Assistant Professor (ES)  
Statics 

Solid Mechanics 
More than 5 years, less than 10 

Jenna Instructor (ES) 
Statics 

Solid Mechanics 
Less than 5 years 

Jake Instructor (ES) 
Statics 

Solid Mechanics 
Less than 5 years 

Annie Assistant Professor (ES) Dynamics More than 10 years 
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3.3.3 Data collection  

I collected two major types of data in the form of eight data sources to answer the 

research questions (Table 3.1). They are qualitative interviews (two data sources with Interviews 

1 and 2 with the participants), and documents (six data sources with department public website, 

institution faculty handbook, institution undergraduate policies, and institution Covid-19 related 

websites, course syllabi, and sample tests). For the qualitative interviews, I interviewed the 

participants twice (Interview 1 and 2) to understand their beliefs and reasons behind decisions 

and implementations of classroom tests. Qualitative interviews are appropriate for my study as 

they provide direct responses and descriptions by the participants on the topic (Hatch, 2002), and 

they are useful for the transferability of findings (Kvale, 1994). I interviewed the seven 

participants once early in the semester and once late in the semester. Both were semi-structured 

interviews as I wanted them to share whatever experiences they found salient with classroom 

tests (Adams, 2015).  

The original intent was to have Interview 1 focus on the beliefs of classroom tests and 

Interview 2 focus on the implementations of tests. However, the participants tended to describe 

what they did with tests in their classrooms before explaining their reasonings. Thus, both 

interviews provided substantial information to answer all five sub-research questions. While 

conducting the interviews, I encouraged the participants to share their reasoning behind actions 

with the tests they shared and described. For Interview 2, to further understand their reasoning, I 

discussed with the participants the course syllabi and one test they shared prior to the interview. 

This provided substantial explanations and reasonings on how they made decisions on creating 

and administering the shared tests and how they used tests in their courses. After each interview, 

I reflected and journaled promptly to capture my immediate thoughts on the topic and 
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participants to help situate my thoughts on the participants while I coded the interview data 

(Bourke, 2014; Hatch, 2002). The interviews were conducted virtually, recorded, and transcribed 

for further analysis using university-sanctioned Zoom teleconference software. The interview 

protocols (attached as Appendix A and B) were designed and guided by the conceptual 

framework (Figure 2.3), meaning all test-related questions were asked based on the relevant 

constructs of beliefs, behaviors, background characteristics, and perceived student outcomes. I 

also included questions to initiate conversations about the documents. The language focused on 

creating open-ended opportunities for the participants to respond so that they were not “probed” 

into answering a certain way (Adams, 2015). 

In terms of document data, I collected documents/unobtrusive data in the form of 1) 

public institutional and departmental documents, 2) course syllabi, and 3) sample tests. 

Unobtrusive data are those that document a phenomenon through materials, and not lived 

experiences (Bowen, 2009; Hatch, 2002). The public institutional and departmental documents 

were from the websites of the institution and the departments. They included the department 

public website, institution faculty handbook, institution undergraduate policies, and institution 

Covid-19 related websites. For both the course syllabi and sample tests, they were specific to the 

participating instructors’ fundamental engineering course. Since some participants were not 

comfortable sharing all of their tests, I ensured consistency for data analysis by limiting to one 

syllabus (one course) and one test from the course (all were the first test for the semester). 

These different documents served different purposes in my study. First, the public 

institutional and departmental documents provided important contexts and background in 

analyzing and interpreting the interview, course syllabi, and sample tests. The public documents 

were collected and analyzed prior to interviewing the participants for the first time so that 
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conversations could be had about the documents during the interviews. These ultimately help 

with answering the research questions. Although I expected to collect more institutional and 

departmental documents after Interview 1, none of the participants recommended any documents 

for further collection, which means the public documents are the repertoire I analyzed for my 

study. Second, the course syllabi and sample tests provided a data point to understand the 

participants’ implementations (behaviors) with tests. These documents provide evidence of how 

these participants created and administered their tests as these tests were past tests used in their 

courses (Buehl & Beck, 2015). Findings from these documents provided a data point to 

triangulate with the interview data to strengthen claims and conclusions made in my study (R. K. 

Yin, 2018).  

3.3.4 Data analysis 

 The data analysis strategies revolved around two components: 1) the data type 

(qualitative interviews and documents), and 2) the research questions. Different data types 

required different analysis methods, hence the first part of the section details how I analyzed the 

data collected to allow a clear articulation of the process involved. Then, the second part of the 

section describes how I triangulated the different data types to answer the research questions, 

consistent with the case study research methodology.  

 On the data type, for both Interviews 1 and 2, before coding, I read each interview 

transcript several times to create participant summaries for each of the participants (relevant for 

Interview 1). This process and the summaries allowed a better understanding of who the 

participants are and facilitation of analyzing the data as the meaning-making and interpretation 

process may stay true to what the participants said (Taylor-Powell & Renner, 2003; Walther et 

al., 2013). After the creation of participant summaries, I conducted deductive coding while 
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allowing previously unknown codes, topics, and themes to emerge throughout the process of the 

first cycle coding (Hatch, 2002; Miles, Huberman, & Saldaña, 2014b). The first cycle coding 

process focused on both identifying excerpts implying the a priori codes (deductive coding) and 

codes that might emerge from the coding process and/or not be captured by the original 

codebook (emergent coding) (Miles, Huberman, & Saldana, 2014). This was an iterative process, 

and the codebook was constantly revised throughout (DeCuir-Gunby et al., 2011). The coding 

process employed a codebook devised from the conceptual framework. After completing the 

first-cycle coding, I performed thematic analysis (Braun & Clarke, 2012) with the coded excerpts 

as the second-cycle process to consolidate the codes into larger domains to facilitate subsequent 

analyses. These domains also characterized the different components that answer the research 

questions and provided organizational structures for triangulation with document findings to 

create individual case profiles. The case profiles were then used for cross-case analysis (R. K. 

Yin, 2018). 

For the public institutional and departmental documents, I followed a two-stage analysis 

strategy: In the first stage, I conducted conventional content analysis on the document, meaning 

that I had the documents “speak” to me, letting important information and codes emerge from 

my interpretations and readings of the documents (Hsieh & Shannon, 2005). This process 

allowed me to not impose preconceived notions while interpreting the documents, which led to 

some meaningful findings from the documents, providing a more in-depth look at whom the 

documents are written for and why they are written as such. To do this, I coded the documents 

iteratively, noting points I perceived as important to answering the research questions. The 

outcome of the first stage is the codes that emerged from the documents. In the second stage, I 

conducted a thematic analysis with the documents to categorize the codes and provide an 



 75 

abstraction to a higher-level view of the codes (Braun & Clarke, 2012), contributing to themes 

that will triangulate with the interview themes. These codes may look different across different 

documents, and I do not plan to compare them unless they are from the same program or same 

instructor (case). 

I also conducted conventional content analysis for the course syllabi and sample tests 

shared by the participants (Hsieh & Shannon, 2005). The process was like the one conducted for 

the public documents as I coded the documents with important points that might help answer the 

research questions. In this process, various codes describing the essence of the course syllabi and 

tests emerged from the process. These codes then became part of the data repertoire that I 

triangulated with the interviews to seek out answers on test behaviors and their alignment with 

test beliefs. There are two categories of test behaviors in my study: 1) self-described and 2) 

documented. Self-described behaviors are those that the participants described during the 

interviews, but no other data sources can triangulate said behaviors. Documented behaviors, on 

the other hand, are those that are either documented on the syllabi and/or sample tests or self-

described but also triangulated with those documents. In short, documented behaviors are those 

demonstrated on the shared syllabi and tests. This does not mean any of these categories of 

behaviors hold more weight than the other. I categorized the behaviors as such based on the 

evidence I had, not on value judgment of these behaviors. 

The thematic analysis of each data source led to the consolidation of topics that answered 

the research questions (test usage, cheating, and fairness beliefs, and usage, design, and 

administration behaviors). After the consolidation, I created case summaries for each participant 

for preparation for cross-case synthesis. This is important as one must use a “case-based” 

approach in cross-case synthesis to ensure the cases are not being reduced to aggregates so that 
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the wholeness and holistic features of individual cases are not ignored in the synthesis (R. K. 

Yin, 2018). Creating case summaries essentially “retains the integrity of the entire case” and 

helps with “comparing or synthesizing any within-case patterns across the cases” (Yin, 2018 pg. 

273). To create the case summaries, I followed a two-step process. First, I triangulated themes 

from the analysis of the different sources to create detailed, individual case profiles for each case 

on the participant’s beliefs and behaviors on tests (R. K. Yin, 2018). Specifically, the profiles 

follow the conceptual framework, illustrating the connections between the various constructs in 

the framework. The connections among the beliefs, behaviors, background characteristics, and 

test student outcomes were based on my interpretations grounded in the data. This means I made 

sure to respect what the participants told me during the interviews and made informed inferences 

on certain connections not explicitly discussed by the participants (Walther et al., 2013). These 

case profiles become the repository of data for future analysis, and in my study, cross-case 

synthesis. Second, I created case summaries that capture the individual case patterns for each 

participant (R. K. Yin, 2018). These case summaries capture the essence and characteristic of the 

participant on their test beliefs and behaviors, aligning with Yin’s call for a “case-based” 

analysis (R. K. Yin, 2018) within the context of the SEVT framework that guides my study. 

These case summaries show the within-case characteristics that are the foundation for cross-case 

synthesis. 

The next step of the analysis was inspired by both Yin’s (2018) and Stake's (2006) 

strategies. From Yin, I employed the cross-case synthesis in which Yin argued the need to have a 

“case-based” approach where the individual cases must be understood holistically before 

comparing them with other cases, as previously explained. In terms of how I conducted cross-

case synthesis, I followed Stake’s idea of allowing the researcher’s impression in making sense 
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of the data. Essentially, I allowed the cross-case comparisons to provide me with emergent 

patterns. Stake specifically argued the need for the researcher to find their own ways of 

analyzing the data, which I did by constantly interpreting the comparisons to allow patterns to 

surface. The cross-case findings provide the overall view of the seven participants test beliefs 

and behaviors.  

Three different categories that characterize my participants’ test usage beliefs at a high 

level emerged from the data by conducting cross-case analysis. These categories are grounded in 

the three sub-beliefs of test usage surfacing throughout the analysis (learning outcomes, non-

course-content factors, and test disadvantages), and the varying level of convictions of these sub-

beliefs for these participants. This means the sub-belief comparison of these participants relative 

to each other help differentiated the participants into these three groups. The participant who was 

the enthusiastic test user, for instance, showed very strong beliefs on test usage and test benefits 

to learning outcomes without discussing much of other factors. Those who were default test 

users showed very strong learning outcome sub-beliefs but also showed varying degree of 

convictions in terms of non-course-content factors and test disadvantage sub-beliefs. The 

skeptical test users, on the other hand, showed less strong beliefs in learning outcome sub-

beliefs, strong in non-course-content factor sub-beliefs and very strong test disadvantage sub-

beliefs, with explicit discussion of using fewer tests overall. These groups answered RQ1.a and 

guided the analysis for answering the rest of the research sub-questions, which all will be 

detailed in Chapter Four. 

3.3.5 Research quality 

 To ensure the quality of my research, I took several steps based on existing literature and 

guidelines. First, I designed this study with the transferability of findings in mind. This means 
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that the burden of transfer is on the readers, not the researchers (Guba & Lincoln, 1994; Tracy, 

2010). However, it is my responsibility to provide thick descriptions to facilitate the transfer 

process. In doing so, I constantly identified the contexts and quotes that represent well the 

themes and findings from the study. Providing detailed descriptions of the contexts and quotes 

will help the readers with possible finding transfer, and allow the findings to stay true to what the 

participants meant while expressing their thoughts about perceptions of classroom tests (Geertz, 

1973). Chapter Four and Five contain these detailed descriptions. 

Second, to promote transparency, which helps with the credibility of the findings 

(Treharne & Riggs, 2015), I documented the decisions made about the research process with an 

audit trail (Tracy, 2010). The audit trail is a spreadsheet that documented and detailed the 

decisions I made to the research study, such as revising the interview protocol or the codebook, 

deciding to sample a different group of the participants, and others. This helped remind me of 

what decisions were made and provided the transparency to the readers and me in terms of 

displaying all the decisions to allow readers to evaluate themselves the quality of the research.  

Third, I documented my personal reflections on the topics (reflexivity and positionality) 

through regular personal journaling (Tracy, 2010; Treharne & Riggs, 2015). I journaled after 

each interview, as previously described in the data collection strategies, to make sure I 

documented my interpretations, thoughts, and judgments of the participants and the topics I had 

after the interview. I also journaled once or twice a week when I thought deeply about the 

research and the topic, or when I analyzed the data. As the researcher is part of the process of 

collecting and analyzing data in qualitative research, it is important to be aware of my personal 

stance, assumptions, and positionality on the research to ensure that I can position myself 

appropriately while collecting and analyzing the data (Walther et al., 2013). 
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Fourth, I created participant summaries for all my interview participants to ensure that 

my interpretations of their responses are in line with their intents were (Bernhard & Baillie, 

2013; Taylor-Powell & Renner, 2003). This is consistent with Walther et al. (2013) idea of 

grounding researchers’ interpretations on the participants’ accounts as one needs to be familiar 

with the participants’ responses and understand who the participants are based on the transcripts. 

This helps with improving the quality of the overall research and may inspire confidence in the 

findings among the research communities and the engineering education communities. 

Fifth, to ensure the credibility of my research, I conducted member checks by providing 

an update to the participants (Tracy, 2010; Treharne & Riggs, 2015). I provided the participants 

with their individual case profiles after I have curated the profiles. This provided the participants 

an opportunity to comment on my interpretations of their beliefs and behaviors on classroom 

tests. It must be noted only three participants engaged in this opportunity, and all of them 

approved of my interpretations of their experiences. In addition, I invited some of my peers to 

review my analysis of the data, such as coding and interpretations of the data, to ensure my 

preconceived notion was in check while analyzing.  

3.3.6 Ethical considerations 

 An important element in a research study is ethics. Ethics must transcend the whole 

research process, ensuring that every decision made to advance the study incorporates ethical 

dimensions and guidelines to protect the frame ethics in two forms: procedural ethics and ethics 

during implementation (Guillemin & Gillam, 2004). For procedural ethics, I abided by the 

Virginia Tech Institutional Review Board (IRB) guidelines and protocols to ensure that this 

study is legal according to the three major ethical dimensions: informed consent, justice, and 

beneficence (Orb et al., 2001). I ensured a transparent consent form to provide sufficient 
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information to the potential participants while they decided whether to participate in this study 

and provide clear procedures to document their consent. On beneficence, I made sure to protect 

the participants from harm, and I constantly weighed decisions based on whether the ultimate 

benefits outweigh the harm that may be imposed on the participants by this study, such as 

weighing whether to ask certain questions in my interview protocol that might harm my 

participants. As for justice, I made sure my procedures were fair and just to the participants and 

did not directly or indirectly discriminate or silence certain groups of people, particularly those 

who self-identified with minoritized groups. On ethics during implementation, I was cognizant of 

possible “ethically-important moments” during the research process (American Educational 

Research Association, 2011; Guillemin & Gillam, 2004). During the research, no incidents that I 

perceived as ethically important moments surfaced. 

3.4 Summary 

 In this chapter, I presented the overall research design, the methodology and methods I 

used to answer the research questions. The research design focused on two components of the 

research questions: FEC instructor beliefs and behaviors. A pragmatic take on the case study 

research methodology became the inherent research process I used for my study, with the use of 

Yin’s perspective for the guidelines and Stake’s perspective for analyzing the data. I collected 

eight different data sources, with the interviews, course syllabus, and one test from each 

participant, and department websites, institution faculty handbook, undergraduate policies, and 

Covid-19 related policies as part of the public documents. I analyzed these data sources 

separately, with coding and thematic analysis on the interviews, and conventional document 

analysis and thematic analysis on the documents. The thematic analysis consolidated the findings 

into the main topics of test usage, cheating, and fairness, and the way the participants used, 
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designed, and administered tests in their courses. After the consolidation, I crafted individual 

case profiles by triangulating the themes from the different data sources based on the 

consolidated topics. The case profiles became the foundations for the cross-case analysis where I 

allowed the patterns to emerge from the comparisons, leading to answers to all five sub-research 

questions. Lastly, I detailed the steps I took to ensure research quality and ethical considerations, 

with limitations that must be kept in mind while interpreting my findings. 
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Chapter Four: Results 

4.1. Introduction 

 In this chapter, I present the answers to the five research questions I sought to explore. 

Findings to RQ1.a, which is inspired by the need to address the prioritized Research Gap 1 on 

understanding why instructors use tests, organizes the findings to the rest of the research 

questions. I will present brief cross-case findings for each question, detailed findings to 

exemplify the different categories that emerged from the analysis using the extreme case within 

each category based on RQ 1.a findings, and inter-group comparison.  

4.2. What are the instructorsô beliefs about using tests in their fundamental engineering 

courses? (RQ1.a) How do these beliefs align with their behavior of using tests in their FECs? 

(RQ1.b) 

Understanding the participants’ beliefs of test usage together with their behaviors of 

using tests in their courses, especially how heavily tests are being used in their courses, provides 

a more complete picture of each case. Table 4.1 presents the findings for RQ1.a, showing that the 

instructors differentiate into three test user groups after considering the four sub-beliefs 

constituting the test usage beliefs that emerged from the data. My analysis shows three groups 

characterize the beliefs of why these seven participants use tests in their fundamental engineering 

courses (FECs) based on the level of convictions of their sub-beliefs: enthusiastic test user, 

default test user, and skeptical test user. The four sub-belief categories that ground these 

groupings are: 1) Learning outcome from the participant-perceived student perspectives, 2) 

learning outcome from the instructor perspective, 3) non-course-content factors, and 4) test 

disadvantages.  
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The varying level of convictions in each of these sub-beliefs (Table 4.1) guided the 

categorization of the seven participants to answer this research question. Out of the seven 

participants, John showed the strongest overall in terms of his test usage beliefs as he professed 

very strong convictions on learning outcome sub-beliefs while showing weak convictions on test 

disadvantages or mentioning no sub-belief on non-course-content factor. This differentiated him 

clearly from the other six participants as the “enthusiastic test user.” The remaining participants 

showed varying levels of convictions in terms of the different sub-beliefs. However, both 

Gemma and Annie showed clear distinction in terms of their test disadvantage sub-beliefs as 

compared to the other four participants, emphasizing the need to use fewer tests, albeit from 

different lenses (Gemma with diverse assessments and Annie with gravitating away from tests as 

much as possible except for FECs). This clear distinction, combined with weaker overall 

convictions on learning outcome sub-beliefs as compared to the other four participants, 

differentiates both Gemma and Annie from the remaining six participants as the “skeptical test 

user” group. Lastly, the remaining four participants, though with varying level of convictions in 

terms of the sub-beliefs, overall showed “default test usage” as they justified tests strongly with 

learning outcome sub-beliefs, but also acknowledging that non-course-content factor and test 

disadvantages also influenced their test usage beliefs. However, they did not show very strong 

convictions overall with test usage like John’s, nor show very strong convictions with test 

disadvantage like Gemma and Annie. Hence, these four participants became the “default test 

user” group. To summarize, the underlying sub-belief convictions lead to the differentiations 

among these seven participants, creating three test user groups that characterize their test usage 

beliefs. 



 84 

All seven participants, regardless of their test beliefs, featured tests heavily in their 

courses. Table 4.2 presents the overall cross-case summary of test usage behaviors. There is a 

clear distinction in test usage behaviors between the departments as course contexts were 

different for the FECs in these two departments, as summarized under “autonomy on test usage.” 

This means all four participants teaching in the engineering science department had the same 

total test portion percentage as these courses (statics, solid mechanics, dynamics) were fully 

centralized with standardized course grade weighting. I will explain this course context in detail 

in Matt’s case (a default test user). As for the three participants in mechanical engineering, the 

percentages are different as they had autonomy in deciding how much tests weigh in the student 

course grade weighting. In terms of the number of midterms (tests during the semester before the 

final exam), the mechanical engineering instructors also show autonomy as they had different 

setups (John and Sam had two, Gemma had three). The engineering science instructors all had 

the same setup, with the number of midterms depending on the section class time. This will be 

explained more in Matt’s case. This chapter presents the findings by illuminating each group 

with an extreme case to provide readers the detailed representations of each group. The readers 

will then understand the other test beliefs and behaviors as framed based on these three test usage 

belief groups.
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Table 4.1 

Overall cross-case summary to answer RQ1.a. 
Test usage 

beliefs (RQ1.a) 
John Matt  Jake Sam Jenna Gemma Annie 

Test user group Enthusiastic  Default  Skeptical  

Learning 

outcome 

perceived 

student 

perspective) sub-

beliefs on test 

usage 

Very strong 

conviction that 

tests compel 

students to learn 

and change study 

behaviors 

Very strong 

conviction that 

midterms prepare 

for finals and test 

provides student 

learning feedback 

Strong 

conviction that 

tests help with 

learning, as long 

as students work 

on quizzes, 

homework 

Very Strong 

conviction that 

tests compel 

students to learn 

and give 

students learning 

feedback 

Very strong 

conviction that 

tests compel 

students to learn,  

midterms help 

with final prep 

Strong 

conviction that 

tests provide 

feedback for 

learning 

Strong 

conviction that 

midterms help 

with final prep, 

and partial 

credits reduce 

stress 

Learning 

outcome 

(instructor 

perspective) sub-

beliefs on test 

usage 

Strong conviction 

that tests help with 

assessing learning 

Very strong 

conviction that 

tests are FEC-

appropriate unlike 

project and assess 

individual 

learning 

Very strong 

conviction that 

tests are 

dialogue to 

assess individual 

learning and are 

FEC-appropriate 

Very strong 

conviction that 

tests assess 

students and are 

FEC-appropriate 

Very strong 

conviction that 

tests assess 

individual 

learning for 

teaching 

decisions, FEC-

appropriate 

Strong 

conviction that 

test assesses 

student learning 

for teaching 

decisions 

Very strong 

conviction that 

test assesses 

individual 

student learning 

Non-course-

content factor 

sub-beliefs on 

test usage 

None mentioned 

Strong conviction 

on convenience 

for large class, 

strong conviction 

on inertia and 

peer pressure as 

reasons to keep 

using tests 

Strong 

conviction that 

tests are 

necessary and 

convenient for 

large classes 

Strong 

conviction on 

convenience for 

large classes; 

very strong 

conviction on 

inertia and peer 

pressure 

(apologetic) 

Strong 

conviction that 

tests are 

appropriate for 

large class, 

unlike projects 

Strong 

conviction that 

tests are easier 

for grading in 

large classes, 

very strong 

conviction on 

inertia and peer 

pressure 

(frustration) 

Strong 

conviction that 

tests are easier to 

grade for large 

classes 

 

Test 

disadvantage 

sub-beliefs on 

test usage 

Weak conviction 

on pattern 

matching with 

tests, student 

responsibility to 

not do so and 

learn 

Moderate 

conviction on 

pattern matching, 

student 

responsibility to 

learn 

Moderate 

conviction on 

pattern matching 

strong to address 

stress 

Moderate 

conviction on 

pattern 

matching, 

Strong on stress, 

show 

willingness to 

use other 

assessments 

Moderate 

conviction on 

pattern 

matching, 

strong on stress, 

comfortable not 

using tests in 

non-FECs 

Moderate 

conviction on 

pattern 

matching, very 

strong convition 

on diverse 

assessments in 

FECs 

Very strong 

conviction on 

pattern 

matching, stress, 

and students not 

learning from 

tests, not use 

tests as much as 

possible 
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Table 4.2 

Overall cross-case summary to answer RQ1.b. 

Test usage 

behaviors 

(RQ1.b) 

John Matt  Jake Sam Jenna Gemma Annie 

Test user group 

(RQ1.a) 
Enthusiastic Default Skeptical 

Department 
Mechanical 

engineering 

Engineering 

science 

Engineering 

science 

Mechanical 

engineering 

Engineering 

science 

Mechanical 

engineering 

Engineering 

science 

Autonomy on 

test usage 

Have full 

autonomy on 

assessments, but 

bound by 

expectations of 

multiple sections  

Centralized 

structure of the 

course, no 

autonomy, must 

use tests in 

courses 

Centralized 

structure of the 

course, no 

autonomy, must 

use tests in 

courses 

Have full 

autonomy on 

assessments, but 

bound by 

expectations of 

multiple sections 

Centralized 

structure of the 

course, no 

autonomy, must 

use tests in 

courses 

Centralized 

structure of the 

course, no 

autonomy, must 

use tests in 

courses 

Have full 

autonomy on 

assessments, but 

bound by 

expectations of 

multiple sections 

Overall test 

usage behavior 

finding (RQ1.b) 

All featured tests heavily in their FECs 

Course 

discussed 
Heat transfer Solid mechanics Solid mechanics Thermodynamics Statics Thermodynamics Dynamics 

Percentage of 

test portion in 

student course 

grades 

(excluding 

quizzes) 

80 85 85 75 85 85 85 

Number of 

midterms 
2 

3 or 4, depending 

on class section 

time 

3 or 4, depending 

on class section 

time 

2 

3 or 4, depending 

on class section 

time 

3 

3 or 4, depending 

on class section 

time 

Final exam 

format 

Instructor-

created 

Centralized, 

common 

Centralized, 

common 

Instructor-

created 

Centralized, 

common 

Instructor-

created 

Centralized, 

common 
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4.2.1 Enthusiastic test user group: Johnôs case 

John, a mechanical engineering full professor who has taught for more than ten years, 

argued that tests were necessary for his students to learn heat transfer concepts. John justified test 

usage with learning outcome beliefs and did not mention nor raise any non-course-content factor 

beliefs in his test usage. He briefly acknowledged pattern matching as a test disadvantage but did 

not show any concerns about it while justifying using tests. Figures 4.1 and 4.2 illustrate John’s 

test usage beliefs with the conceptual framework based on the sub-beliefs. 

 

Figure 4.1 

Johnôs sub-beliefs of learning outcome with test usage (both student and instructor perspective) 

as perceived by John, relevant background characteristics, learning outcome, and their 

relationships with test usage. 

Figure 4.1 shows John’s sub-belief on learning outcome from the student perspectives as 

to how he perceived it. His intended learning outcome of his heat transfer course is to acquire, 

not memorize, concepts to solve any types of problems.  
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“You have to show they know the process of how to solve problems, not just putting down 

equations and putting numbers in tune.” 

 

From this quote, John implied that “putting down equations and numbers in tune” was 

memorizing, which was a consistent clarification for him in terms of student learning 

Focusing on the first sub-belief, John believed that tests helped his students attain his 

intended course learning outcome by compelling them to learn: 

 

“What a lot of them [students] do is to look at my notes and solve a bunch of the homework 

problems. And that can be useful if they do it the same way it would be for a test. So make 

themselves use the basic principles when they solve the problems.”  

 

Specifically, students learn while preparing for tests by 1) working on homework problems like 

test problems and 2) compelling themselves to use basic principles when they work on these 

homework problems, like what they are expected to do in their tests. In addition, John expressed 

the belief that tests help students keep track of their learning as tests are “a way to force the 

students to stay up with course.” Both test usage connections to his learning outcomes beliefs 

that lead to test usage are influenced by John’s personal background as a student: 

 

“I really focused on the homework and I stayed up with the course. So when I prepared for a test, 

I would simply do a review of what the basic principles were and what I should know é and go 

do the test, which is all the right ways to learn and do tests. And so the test made you stay up 

with the course, and made you learn the material.ò 
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John personally used tests to keep up with the courses and learn the materials, which influenced 

his beliefs about test usage as a heat transfer professor. In addition, the mechanical engineering 

department’s public website showed commitment to producing graduate students who are 

capable to be in “positions where they utilize fundamental technical knowledge and skills in 

mathematics, science, and engineering to analyze and solve problemsé” This seems to align 

with John’s intended heat transfer course learning outcomes, even though John did not make this 

connection himself.  

Second, John believed that tests changed students’ study behavior, and he had seen it 

with some of his students:  

 

“When it comes to test, é it's important feedback to the students. So, for example, every year, 

probably on the first test I will have maybe 20, maybe a quarter of the students who basically 

flunked the test. And invariably, a number of these are good students. And they come into my 

office, and they're visibly upset. But that is the opportunity to tell them: Okay, how do you study? 

what do you do? You got to make changes. You're not focused on the basic principles in this 

course, and you are not learning how to solve problems. You're trying to memorize equations 

that you can plug numbers into. And that is not engineering. That's what you do in high school, 

that is not what you do in college.” 

 

John saw tests as ways to encourage students to change their study behavior, and this is 

predicated on students’ poor performances on earlier tests in the semester. Particularly, John 

discussed what needed to be changed for the students, which is to move away from 

memorization to learning the basic principles to solve problems while preparing for tests. John 
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furthered the argument by mentioning that memorization and “number plugging” are forms of 

“high school learning,” and this was not suitable for engineering and college learning. Similar to 

previous beliefs, John’s strong belief that tests led to changing student behavior stemmed from 

his personal student experiences in which he learned to change his study behavior based on his 

test performances and advice from his faculty. In addition, John, as a student, focused on 

understanding the basic principles to solve problems, implying that the eventual learning 

outcome influenced his beliefs and behavior on test usage. 

 

“I made a drastic change from what I did in high school, I really listened to the faculty, and what 

they told me was not the case in high school. So I was really focused on understanding the basic 

principles and solving problems, based on knowing those basic principles.” 

 

According to John, some students who took on the feedback and changed their study behavior 

did well in subsequent tests. 

 

“A number of those students [underperformed in the first test] will come and I will talk to them 

individually for at least a half an hour to convince them that they have to change. And there'll be 

a quite a number of them that will change and it will have a dramatic impact on how they do in 

the course. So they'll go from a 50 to a 90 on the next test, for example. No, there's always some 

that will not do it and they'll go from a 50 to a 50.” 

 

 A third student perspective learning outcome sub-belief John discussed is the usefulness 

of tests in helping students to learn about engineering communication. According to personal 
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experiences working as an engineer in the industry, John had seen his colleague lose their job 

over the lack of documentation in engineering work. 

 

“Because that is what you have to show and know at the end of the day. The number by itself is 

worthless. It is worthless. And I have stories that I tell them from when I was working in industry 

where that was the case. And I have a have a whole story I tell them about one of the guys I 

worked with they got fired from the company after working there for 35 years because he came 

up with an answer to a design. And he did not document how he got itéAnd turns out to the 

answer he came up with was correct. But he got called onto the carpet to explain his answer, 

because he did not document that answer when he turned in his design.ò 

 

In addition, John associated high school learning habits with focusing only on providing 

numerical solutions, arguing that “if [students] have an equation [they] put in numbers as soon 

as [they] can for any symbol that [they] have. And that is a bad habit. And it needs to be 

broken.” This is consistent with John’s beliefs that high school learning is not appropriate for 

college and engineering learning. John believes that tests help students learn about engineering 

communication by rewarding them with partial credits for showing symbolic solutions, even if 

the final numerical values are not correct. 

 This personal experience informs the sub-belief that tests taught students about 

engineering communication. Tests, when designed to compel students to show symbolic 

solutions instead of just the numbers, teach students about the importance of showing their 

problem-solving steps and communication in engineering work. 
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“And in symbolic form. Doing engineering is being able to communicate what you've done to 

everybody else and if you can't communicate what you've done, even you have the right answer is 

of no valueé And so I do have points on there [test problems] for correct numerical values, and 

that makes it a whole lot easier to grade in looking at numerical values, but if they have the 

wrong numerical values and even, no matter what, look at the symbolic solutions. And if they 

have the wrong answers and no symbolic solutions, then they get zero. If there is symbolic 

solution, then I can give you partial credit.ò 

 

These are John’s three beliefs about test connections with learning outcomes, and these beliefs 

clearly align with using tests as John thinks tests help his students attain the course learning 

outcomes in his courses (to acquire, not memorize, engineering concepts to solve problems 

creatively), as illustrated in Figure 4.2. Based on John’s learning outcome sub-beliefs from the 

student perspective in general, John had a very strong conviction of this sub-belief. 

 It must be noted that, aside from the departmental goal of knowledge application implied 

from the mechanical engineering public documents and the broad autonomy on assessment a 

faculty has in this institution, the documents analyzed also show the prominence of tests as 

assessment in the institution, which seems consistent with John’s beliefs and behaviors on test 

usage. Particularly, the faculty and student handbook both had specific sections of language 

directed toward final exams and the logistic behind scheduling of the final exams, with the 

assumption that all courses will have a final exam unless stated otherwise. Although there was 

language that specifies policies for instructors who opt for not having a final exam, the existence 

of sections on tests and the pre-scheduling of locations, dates, and times for final exams imply 
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the significant nature of final exams or tests as a form of assumed assessment in courses in this 

institution.  

Aside from academic documents, the Covid-19 pandemic documents also show the 

assumed nature of tests as an assessment, providing substantial resources on how to administer 

and design tests during the shift to virtual learning. However, there was also language on 

recommending or encouraging instructors to use fewer tests in virtual modalities. Regardless, 

these sections show that the institution operated on the assumption that there would be tests in 

the courses, with policy language attached on giving autonomy to the instructors to not use tests. 

Ultimately, these findings triangulate with the interview and course document data to seemingly 

support John’s strong convictions on using tests in his courses, showing the alignment of John’s 

test usage beliefs and behaviors align within the institution he worked in. It must be noted John 

did not make such connections himself. 

 From the instructor’s perspective (John himself), tests assess student learning to let John 

see how much his students have learned. He explained this specifically in the context of test 

changing student study behavior. 

 

“And I specifically said, no, that is not what I'm looking for. I want to see at a higher level, 

you're thinking not as a novice, but as an experienced professional, you can apply basic concepts 

that you understand and know the basic concepts.” 

 

This quote shows that John was looking for whether his students are working at a higher level in 

terms of applying concepts to solve the problem. John especially wants his students to work 

toward being an experienced professional instead of a novice in this, and John could see that 
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from tests through his students’ work and performances in those tests. John implied this 

throughout the interview, leading to the conclusion that John also had a strong conviction of the 

learning outcome sub-belief from the instructor’s perspective. 

 In terms of disadvantages, John acknowledged briefly about tests could encourage 

students to pattern match. 

 

Figure 4.2  

Johnôs sub-belief on test disadvantages, relevant background characteristics, learning outcome, 

and their relationships with test usage (behavior). 

As illustrated in Figure 4.2, John acknowledged that tests could encourage pattern matching, and 

he did not know how to identify whether the students have learned except by looking for specific 

types of responses students provided.  

 

“I don't have a way to do that, other than when I look at the test, I am specifically looking foré 

you drew a diagram and you set up a one or more control volumes and applied the energy 

balance one or more times. You show the process of how to solve problems.” 
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However, ultimately, John implied that it was the students’ responsibilities to not pattern match 

in tests. 

 

“Like I said, some students will spend an incredible amount of time memorizing things. Just 

absolutely amazes me. How much they can memorize for the test, I'm sure they'll forget it a week 

later, but for that time period, they've memorized.” 

 

I interpreted this quote, based on the larger interview, that John placed the responsibility of 

learning onto the students when it comes to justifying test usage while acknowledging tests’ roles 

with student pattern matching. Here, John explained that some students would memorize for the 

tests and forget the materials in a week, implying that students who memorize would not have 

learned, and they should have focused on learning with tests instead of pattern matching. This 

was the only time when John discussed a test disadvantage, and as seen from the presented 

quotes, John did not seem to be overly concerned with this specific sub-belief. Thus, John had a 

weak conviction of the test disadvantage sub-belief.  

Answering RQ1.b (test usage behavior), John showed heavy test usage in his heat 

transfer course. As shown in Figure 4.1, John had tests constitute a majority of his students’ final 

course grades, which is 80%. Each of the tests constitutes about 22% of the final course grade, 

while the final exam itself is 35% itself. All of these show that tests are a big part of determining 

students’ course grades and learning progress in John’s heat transfer course. On the grade 

weighting, John explained that it was “developed over the years, trial and error,” showing that 

he had autonomy in deciding the grades and the number of tests he gave in his courses. John also 

implied that the final exam was designed by himself, and this is supported by Gemma, another 
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participant in mechanical engineering, who explained that the instructor of the thermodynamic 

and heat transfer courses designed their own final exams. 

The above finding is seemingly consistent with the public document analysis showing 

language of instructors having broad autonomy in designing their courses, with language like 

“Grading is a teaching tool that provides specific feedback to students. Faculty should keep this 

in mind when designing assignments and course work” and “the assignment of a grade is the sole 

prerogative of the instructor of the class,” in the institutional faculty handbook, implying that 

faculty has control over their courses, especially on the “what”, “how”, and “why” of student 

grades. Tests are part of these as a form of assessments that contribute to the grades. However, it 

must be noted that John did not make this connection between the handbook and his experiences 

when asked. This explains why this background characteristic is not included in the framework 

in Figure 4.1. Instead, it is placed outside of the framework to illustrate the lack of causal 

connections made by John himself, though a separate analysis of the institution faculty handbook 

pointed toward a similar conclusion on John’s autonomy in assessment decisions.  

 

Figure 4.3 

Johnôs heat transfer course student course grade weighting. The weighting is adjusted slightly 

for confidentiality protection, but the overall sense of the weighting is maintained. 
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In addition, to the tests, John also had his students complete 12 quizzes (Figure 4.4). In 

the interviews, John specifically described his quizzes similarly to tests: 

 

“Every Monday morning they have a quiz on previous week's material. Closed book, closed 

notes, quiz.” 

 

 

Figure 4.4 

Johnôs heat transfer course test schedule. The schedule is simplified for confidentiality 

protection.  

The quote on quizzes shows that John also defined his quizzes as a type of test, albeit 

with a substantially lower stake on the students’ final course grades as compared to the three 

tests. All in all, John used tests in his course by giving 15 tests with varying formats and grade 

stakes in his heat transfer course. 

Overall, based on the evidence that answers RQ1.a and 1.b, John showed alignment 

between his test usage beliefs and behavior. Essentially, John was enthusiastic about using tests, 

and in the heat transfer course that he taught, he used tests heavily to mark his students learning 
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progress in the course. One may argue that John did not raise nor mention any non-course 

content factor that influence his test usage during the two interviews, unlike all other six 

participants. One possible reason is that the interviews did not ask directly what John thinks 

about these topics. However, I am confident arguing for John’s enthusiasm about using tests 

because John’s tone and language used during the two interviews expressing this. Particularly, 

when asked whether John thinks tests ultimately help his students learn, he responded 

emphatically: “Absolutelyéthere is no other way to force them to learn.” Another piece of 

evidence is that John implied that students from one of his peers’ courses did not learn to solve 

the different problems (John’s intended learning outcome) as much because the peer focused 

more on homework than tests. 

 

“They [other instructors] count homework very heavily and that is a big part of the course is 

how you do on homework. To the extent that some professors do over 50% of the grade is 

homework...So they [students] like it, he [a specific instructor] gets teaching awards, but I'm 

convinced the student, talking to students, they learn how to solve a few problems, but they don't 

learn how to solve any problem.” 

 

Here, John expressed his skepticism of a homework-heavy approach in FECs, arguing that 

students would end up knowing how to solve several problems they had seen, but not the 

different types of problems by learning about the basic concepts, which was John’s learning 

outcome for his heat transfer course. This quote further cements John’s enthusiasm on test usage. 

Considering all the evidence, John’s was an enthusiastic test user, and his behaviors 

aligned strongly with this conviction. John had a very strong conviction on tests helping his 
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students learn, a strong conviction that tests helped him see whether his students have learned, 

and a weak conviction on pattern matching as John did not seem to be concerned about it. In 

addition, some background characteristics described by John and learning outcomes have shown 

to influence John’s test usage beliefs and behavior, while institutional and departmental contexts 

interpreted through the public documents seem to be consistent with John’s very strong 

conviction on test usage in his courses. Relatively to two other groups and other participants, 

John showed enthusiasm with test usage, unlike the following default test user group, which 

justified test usage, but also extensively discussed non-course-content factors that influenced test 

usage and test disadvantages. 

4.2.2 Default test user group: Mattôs case 

The second group brings together four cases that, despite demonstrating subtle 

differences in some beliefs and behaviors on test usage and other topics, show similar overall test 

usage beliefs (Table 4.1). Matt, Jake, Jenna, and Sam showed default test usage, meaning they 

justified test usage but also acknowledged some external factors that led to their test usage and 

the disadvantages tests bring while being used. Ultimately, all of them stood by test usage in 

their courses, implying that the benefits outweigh the disadvantages to change test usage. I will 

present this group’s detailed findings using Matt’s story, but I will provide an overview of how 

three other cases compare with Matt. 

Matt was an assistant professor in the engineering science department who taught statics 

and solid mechanics. For Matt’s case, we focused on solid mechanics while discussing tests. 

Matt had taught for more than five years, but less than ten, in the institution. For a brief context, 

both were service courses that many students from various engineering majors were required to 

enroll in. This means multiple sections of these courses were offered within a semester with 
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different instructors teaching these courses. These service courses were centralized through a 

course supervisor, and Matt was the supervisor for both statics and solid mechanics. There was a 

fixed set of topics all instructors must teach, and all instructors must use tests as assessments. 

More details are in Matt’s test usage behavior section. 

 

Figure 4.5 

Mattôs sub-beliefs of test connection with learning outcomes, relevant background 

characteristics, learning outcome, and their relationships with test usage (behavior). 

Matt espoused two different learning outcomes: 1) students should identify correct 

concepts and solve engineering problems to obtain numerical answers, and 2) prepare students 

for professional licensure exams.  

 

“Things like statics, these foundational courses, I mean all you're really teaching them is which 

equation to apply to different kind of problem sets is the mostéif they see a problem is two 

dimensional they do a certain set of equations, three dimensional they have a slightly different 

set. If they're asked to find normal stress versus shear stress, you know they need to pick out the 

right equation and it's really just plugging numbers into that equationé” 



 101 

This quote shows that Matt intended his students to know how to identify the correct concepts 

and solve the problems to obtain numerical answers. This is also consistent, based on my 

interpretations, with the overall mission and goals of the engineering science department in 

which Matt worked, which were to “pursue real-world applications through research and 

innovation that enhance the quality of life,” and “emphasize technology transfer, engineering 

fundamentals, and hands-on learning opportunities.” In addition, Matt also discussed the need 

for students to prepare for the professional licensure exams as another learning outcome in these 

courses, as shown in the quote below. 

 

“Looking forward this sort of question format is what they will see if they take the professional 

engineering the exam and the foundations of engineering exam. I guess that one comes first, 

because if they take the exam shortly after they graduate, this is a sort of thing that they're going 

to see, and so it prepares them, hopefully, for that.” 

 

Matt had four different learning outcome sub-beliefs in terms of test usage beliefs. The 

first two were from the students’ perspective as perceived by Matt. First, Matt believed that tests 

provided students feedback for their learning. Matt mentioned this multiple times, describing 

tests provide feedback not just for him as an instructor, “but also for them [students] to get more 

immediate feedback on how they're progressing through the course.” He described tests as 

“another learning experience where they are getting feedback on it” as Matt could highlight 

“silly mistakes” that the students made in their tests to prepare them for future tests and learning. 

Moreover, Matt thought that students should use tests as a learning tool to remind themselves of 

mistakes and revise for the final common exam. 
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“Students should be looking back over those tests and using them as a learning exercise. That 

they can see what mistakes they made if they made any. And then, also as a revision tool at the 

end of the Semester. The final exam is going to be these sorts of questions as well and by the end 

of the Semester they've probably forgotten what was on Test One, they've probably forgotten half 

of that material, but if they go back and look over their tests right and see sort of what their 

thought process was at the time, and that should hopefully help them remember and learn from 

their mistakes.” 

 

Matt once again compared tests to homework, arguing that even though homework was a better 

learning tool due to less pressure and lower stakes, many students did not do homework by 

themselves. 

 

“I think tests should be a learning tool all of the time, I think that the homework is a better 

learning tool. And because it's less pressure and it's lower stakes at least for this course. 

Buténot everyone will even do the homework, all of the homework exercises and if they do, 

they're not necessarily doing it themselves. So that the test is the one thing that I know they're 

doing themselves, or at least I used to when we had in-person classes, I don't even know.” 

 

Ultimately, Matt believed that tests were the only time students worked on the problem solving 

themselves until Covid-19 hit when many tests became open-book, open-note due to the shift to 

virtual learning, as implied with the in-person classes comment. This quote shows one impact of 

the pandemic in influencing how Matt thought about tests as a form of feedback for their 

students, where Matt showed doubts about the feedback he got from tests during the pandemic. 
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In short, Matt had a strong belief that tests help students learn, but the pandemic might have 

affected that belief slightly. It must be noted that Matt did not show considerable doubts about 

using tests during the pandemic throughout the interviews.  

 Second, Matt believed that prepared students for the future professional exams. For 

context, for a graduated engineer to obtain a professional license, one must take the 

Fundamentals of Engineering (FE) exam and Principles and Practice of Engineering Exam (PE). 

Matt believed getting students to do tests in his courses contributed to this outcome: 

 

“Our students who want to go on to become licensed engineers will take the professional 

engineering exam and it's set up just like this, there you know it's questions from the 

professionals, a lot more complicated, but that they take the foundations of engineering exam 

first and that one certainly is basically statics mechanics and materials and dynamics questions, 

very similar to the types that we ask. Well two things there, so one is, even once they get out of 

college either their engineering experience is still going to be those types of tests, at least for a 

little while until they become licensed engineersé things we do here in a way, is hopefully kind 

of helping set them up for their experience once they graduateéif we didn't teach them how to 

do well at tests, but we don't really teach that we just give them tests and...But if they didn't have 

that experience they got through four years of college without that and then to get their license 

then suddenly had to take one I don't know how well people would respond to that.” 

 

To summarize, Matt thought that 1) the FE and PE exams have a similar content like statics and 

solid mechanics, 2) engineering graduates are first evaluated based on their test performances 

before they have established themselves as an engineer in the workplace, and 3) tests are 
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necessary to set students up for future preparation for the FE and PE exams, and Matt thought the 

students may not take it well if they were not prepared for the FE and PE exams through practice 

with tests. Matt believed that providing tests in his courses helped some of his students for these 

two exams, though he acknowledged that many instructors did not teach their students how to 

take a test. 

 Matt also discussed two learning outcome sub-beliefs from the instructor’s perspective in 

relation to test usage beliefs. First, Matt believed that tests were appropriate for concept courses 

such as solid mechanics. Juxtaposing tests with projects, Matt argued that courses like solid 

mechanics focus on getting students to identify the concepts to solve problems to obtain 

numerical answers. Matt briefly mentioned there might be a way to assess students with projects 

in these courses, but immediately emphasized that he does not see a good way with using a 

project in such courses.  

 

“If they [students] are asked to find normal stress versus shear stress, you know they need to pick 

out the right equation and it's really just plugging numbers into that equation. It's not until the 

later materials courses that they get into really analyzing a real-world situation, where a project 

might be more appropriate. In the foundational courses, I mean maybe there is a good way to do 

it and I just haven't thought of it but yeah I just don't see a good way for a project to assess 

everything that you need to in these types of courses that I teach.” 

 

Second, tests helped with assessing individual student learning. For Matt, “tests are a 

really good convenient way that can test individual students to show you exactly how much 

they've learned and what youôve been talking about, can they put into practice the skills that 
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you've been trying to teach them, can we solve the types of problems.” In addition, Matt thought 

that tests were “much more robust and much more individual thanéasking questions in class 

and just having students put their hand up or using clickers and things you know you can put up 

a multiple choice.” He elaborated that tests provide “in-depth responses” from the students, and 

argued that he could “actually kind of see students thought process that you can't really get, 

unless you're having them write reports or do some kind of project, do some kind of project 

report there's not another convenient way to see that [student solving processes]é” In short, 

Matt associated tests as a way to assess individual student learning. He compared tests with 

doing straw polls in class or projects and perceived both examples as less than robust and less in-

depth than having a “work out” problem-based test. In addition, Matt also associated tests as a 

more convenient way to assess individual learning than project reports, for instance. I will 

discuss more on the convenience of tests as one of the non-course-content factors in the next 

section. 

Furthermore, Matt believed that tests are the “one chance that [he has]to really see 

studentsô thought process and see how they work through problems.” Matt compared tests to 

homework this time, particularly a type of homework where students “just type in the answer and 

it's you know right or wrong.” Matt argued that tests are “the only time that [he] saw that sort of 

real thought process,” as he had students focus on showing their whole work while solving the 

problem. Essentially, Matt obtained feedback on his student learning at the individual level, as he 

put it as “a way for [him] to get more immediate feedback.” 

 Matt expressed four sub-beliefs on test connection with learning outcomes, and he hinted 

that his background as a student influenced these beliefs, though no explicit influence was 



 106 

discussed. When asked about how his personal background influences his thoughts on tests, Matt 

responded: “Iôm sure of it.” He continued:  

 

“It's hard to predict exactly what the effect was without having another me that didn't go through 

thoseébut I would definitely expect that. My entire experience in engineering is going through 

tests to prove that I understand that I can do certain tasks that's how engineering has always 

been to me. Yeah, and so I can't really picture a version of engineering that doesn't have 

something like that, that's and that's true not just through university through Grad school, but 

our students who want to go on to become licensed engineers will take the professional 

engineering exam and it's set up just like thiséò 

 

In short, Matt showed that his entire student experience in engineering was about proving he 

could do engineering tasks through tests, and that defined his engineering experiences to the 

extent that he could not see engineering without tests. This showed that he believed engineering 

helped with his learning as a student, and subsequently influenced his beliefs about how tests 

helped with learning outcomes and test usage in his courses. It must be noted that in terms of test 

connections to learning outcomes, Matt did not provide any concrete examples of how the 

learning outcomes influence his test usage beliefs and behaviors but hinted at them throughout. 

 Overall, Matt showed very strong conviction in terms of learning outcome sub-beliefs. 

Matt has expressed, with affirmative language, about tests helpful for attaining the learning 

outcomes for his students. In addition, Matt also explained substantially how tests were helpful 

for him as an instructor in terms of appropriateness for concept-heavy courses and assessing 

student learning. On the other hand, Matt also acknowledged some non-course-content factor 
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sub-beliefs in relation to his test usage (Figure 4.6) and some of the disadvantages that came with 

tests (Figure 4.7).  

 

Figure 4.6 

Mattôs sub-beliefs of non-course-content factors, relevant background characteristics, learning 

outcome, and their relationships with test usage (behavior). 

The first sub-belief on non-course content factor has been mentioned in learning outcome 

sub-beliefs: the convenience of tests. While explaining how tests assessed student learning at the 

individual level, Matt mentioned that convenience is a big part of explaining test usage in solid 

mechanics. He continued after talking about test convenience: “The benefit with tests is that you 

can do them regularly, and you can get quick feedback and where the project tends to be much.” 

Again, Matt juxtaposed tests with projects to make the point that tests can be done regularly and 

provide quick feedback. These benefits tie to the large class size arguments of these service 

courses. Specifically, Matt discussed the use of multiple-choice tests as the format for the 

common final exam due to the need for a quick turnaround of grades, showing the power of tests 

in terms of grading in large class sizes. 
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“The other reason is entirely practical that if I have 200 students and I have to grade the exams 

are made the final was like 12 or 15 questions and, if I have to grade all that in 48 hours it's 

physically impossible to do so. I need something that I can just put through a scantron.” 

 

Here, it shows that Matt had a strong conviction on this specific sub-belief on the convenience of 

tests, arguing test functionality from grading, class size, and time constraint perspectives.  

The second sub-belief is the inertia and peer pressure that Matt raised to justify using 

tests in the service courses like solid mechanics. According to Matt, “as to why we continue to 

use them [tests], part of it is probably just inertia. Itôs always been that way that's how I was 

evaluated in undergrad that seemed like a good way for me to keep doing.” This quote 

specifically mentions inertia as a reason why tests are common in engineering classrooms. In 

addition, Matt raised his personal student experience as part of the inertia, showing background 

characteristic influences on Matt’s beliefs on this test connection with this non-course-content 

factor. Matt also implied peer pressure as part of this inertia to continue using tests: “Right and 

then that just continues. Even if it wasn't that way for me and undergrad if I get into a 

department and eight other people doing it that way Iôll probably just go along, you know there's 

probably a good reason for that, so you know inertia is probably part of it.” In this quote, Matt 

explained that he would continue to use tests even hypothetically his undergraduate experience 

did not revolve around tests. This is because if every other instructor in the department was using 

tests, there must be a good reason to continue the action. This showed that Matt had a strong 

conviction on this sub-belief based on these quotes about inertia and peer pressure playing a big 

role in him using tests. One thing to note is that Matt did explain inertia and peer pressure as part 
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of the reasons why he continued tests, unlike Sam who explained inertia and peer pressure 

apologetically. 

The third sub-belief focuses on the need to assign grades to students. Matt mentioned that 

he “need[s] some way of assessing the students, [he] needs some way to assign them a grade and 

tests are a good way of doing that.” For this belief, Matt did not elaborate further to explaining 

that tests were a good way of assessing his students and assigning grades to them. The only other 

participant who described this sub-belief was Sam. Lastly, both institutional background 

characteristics (limited autonomy and tests as assumed assessment) provided contexts in 

understanding Matt’s non-course-content beliefs and his test usage in his courses. Matt had to 

use tests in his solid mechanics course, and his sub-beliefs on inertia and peer pressure align with 

the contexts.  

Overall, Matt showed strong convictions on the three sub-beliefs on non-course-content 

factors in relation to his test usage beliefs. He believed strongly that tests were necessary for 

large classes and time constraints, inertia and peer pressure being part of the reasons why he 

continued to use tests and the need to assign student grades and tests were a good way to do so. 

Aside from learning outcomes and non-course-content factors, Matt also discussed some test 

disadvantage sub-beliefs, as illustrated in Figure 4.7. 
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Figure 4.7 

Mattôs sub-beliefs of test disadvantages, relevant background characteristics, learning outcome, 

and their relationships with test usage (behavior). 

First, Matt believed that tests created stress among students. He explained that “the high-

stake environment causes students to panic, freak them out, especially for tests that are half their 

grade, and they basically either pass or fail, based on one test, that causes a lot of stress students 

don't perform.” In this quote, Matt was aware and acknowledged that high-stakes nature of tests 

can cause students to underperform. Matt addressed this by having four short tests (part of 

behaviors that will be explained next) to have each test has a slightly lower stake on the students’ 

course grades: “Their grade mostly based on the tests on the exams and so that kind of dictates 

the way that we talked about how I set the exams up with having a spread out through the 

semester.”  

Second, Matt believed that tests only provide students limited time to show their 

knowledge, saying that “they [tests] don't necessarily show you everything that they [students] 

know, especially if you're only giving them an hour to show me everything that you've learned in 

this course.” Matt in this instance acknowledged the limited-time tests typically had and students 
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might now show all their knowledge. In addition, Matt also discussed that tests could encourage 

pattern matching: 

 

“I'm sure that does happen, sometimes. Students are just kind of regurgitating anything that they 

can remember about a similar looking problem. But I think, generally speaking, when they do 

that they're not actually understanding, it's going to be difficult for them to work, all the way 

through to the final answer. At least with this sort of course and you know I'm sure it happens. 

I'm just not that concerned about it, at least for this course. And it does happen, sometimes, 

especially the topics near the end of the Semester, you know I'll give them a problem and I'll ask 

them to solve for let's say normal stress in a beam. And they'll solve shear stress in the beam 

because they remember that equation, but it's a completely different thing.” 

 

However, Matt explicitly expressed that he had no concerns if his students did so, at least for his 

solid mechanics course, though he did not elaborate further on this. 

 Third, Matt believed that students tend to maximize scores with tests, saying that he 

“would guess for most of them [students] it's just about getting the best grade they can, I tried to 

create the test in such a way that they're not going to get a good grade unless they understand 

the material.” Matt specifically mentioned that he addressed this disadvantage by making sure 

his tests would not reward students would only on grades and not learning. Overall, it seems that 

Matt had moderate conviction in terms of test disadvantage, partly supported by his strong 

justifications of test usage in terms of learning outcome and non-course-content sub-beliefs. Matt 

did not express really strong language in describing these disadvantages. Generally, Matt gave 

the impression that the current test setups addressed some of these disadvantages, such as student 
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stress, or he was not concerned about it, like pattern matching or tests having limited time to 

provide students to show their knowledge. 

 Moving into Matt’s test usage behavior to answer RQ1.b (Table 4.2), Matt showed heavy 

usage of tests in his solid mechanics course. As previously mentioned, solid mechanics and 

statics are service courses that were centralized in this institution, with multiple sections taught 

by different instructors. In addition to being mandated to cover predetermined topics, instructors 

also had to use tests with a predetermined course grade weighting for the students (Figure 4.8).  

 

Figure 4.8 

The student course grade weighting for solid mechanics course that all instructors must use in 

their sections, as stipulated in the course policy document. This also applied to statics. 

Matt explained that these structures and assessments were negotiated among engineering 

departments that require students to enroll in these service courses, and he implied the lack of 

will or initiative to make any modifications to it. 

 

“That [grade weighting and assessments] at some point in the past was negotiated with the other 

departments in sort of an agreement that they came to in how the students will be graded. I don't 
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really know the details of that it's been there for longer than I haveéAnd we've just kind of kept 

doing that same thing.” 

 

This grade weighting shows that all instructors were expected to have tests determining 

85% of their students’ grades. Instructors had autonomy in determining the number of tests, and 

subsequently weighting for each test, though there were suggestions based on the number of 

times the course meets per week (four tests for three-day vs three tests for two-day). In addition, 

instructors were “responsible for making the tests for their sections.” However, for the final 

exam, it was common across all sections, meaning all students enrolled in these courses within 

one semester take the same final exam. As the course supervisor, Matt was expected to write the 

final exam.  

This context does not align fully with the institutional faculty handbook that stated and 

explained a broad autonomy an instructor has in designing their courses. The misalignment is 

confined to the use of tests, course grade weighting, and the drafting of the common final exam 

questions. However, the instructors in these service courses still had autonomy in designing the 

overall instructional approaches, the tests during the semesters, and other assessments. The 

instructors also implied having autonomy in determining student course grades in these 

assessments. Therefore, there are nuances in terms of the alignment and misalignment of the 

findings from different data sources. In addition, the heavy usage of tests as required assessments 

as demonstrated with these courses is consistent with the findings that tests seem to be an 

assumed form of assessment in this institution. It must be noted this is based on my 

interpretations, not an explicit connection from Matt. 
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Figure 4.9 

Mattôs solid mechanics course test schedule. The schedule is simplified for confidentiality 

protection.  

For Matt’s solid mechanics course, Matt had the same weighting listed in his syllabus. 

Matt also had four tests that constitute 60% of the student course grade, with “each one [being] 

15% of their [students] grade”, as illustrated in the simplified schedule in Figure 4.9. Matt did 

not use quizzes as an assessment in his solid mechanics, as shown in his course syllabus. This 

means there were five tests in Matt’s course, unlike John’s that had 15 tests including 12 quizzes.  

 Overall, evidence from Matt that answered RQ1.a and 1.b showed Matt had alignment 

between his beliefs and behaviors on test usage. Matt as a default test user. Even though Matt 

was mandated to use tests in the solid mechanics course, he did show very strong convictions in 

justifying test usage with learning outcome sub-beliefs. Compared to John, who had a very 

strong conviction due to the very strong language, Matt acknowledged non-course-content 

factors and disadvantages while using tests, justifying Matt as the default test user instead of the 

enthusiastic user. However, Matt acknowledged the non-course-content factor and test 

disadvantage sub-beliefs in that they strengthened their beliefs and behaviors on using tests 



 115 

(large class size, inertia, peer pressure, need to assign grades), addressed them (student stress), 

and brushed them off (pattern matching and limited time for students to show knowledge).  

Bringing all these together, I interpreted Matt’s case as one that ultimately represents the 

default test user group and the strong alignment between test usage beliefs and behaviors while 

acknowledging non-course-content factors and test disadvantages. This is supported by Matt’s 

overall tone in the interviews that he was fine with using tests despite some of the disadvantages 

and made the following comment:  

 

“Despite of the drawbacks, I think tests are as good as any of evaluating students seeing what 

they're learning, and you know getting feedback for myself. If there's anything I need to go back 

over, I don't know that there are many other good ways of doing that, instead of a test.” 

 

The comment shows that Matt was a default test user, meaning Matt justifying strongly the use 

of tests while acknowledging other factors, but insufficient for Matt to make any changes, 

keeping tests as the default assessment in his solid mechanics course. Ultimately, he 

acknowledged that there were disadvantages to tests, but overall tests were useful for student 

learning, appropriate for the course context, helpful for him to see his student learn, and inertia 

and peer pressure further compelled him to continue using tests in his teaching. 

4.2.2.1 Comparing participants within the default test user group 

 Although these four cases demonstrate test usage beliefs that warrant being grouped 

under the default test user group, their beliefs differ slightly even though they arrived at the same 

group. As illustrated in Table 4.1, four of them had varying levels of convictions in terms of the 

learning outcome, non-course-content factor, and test disadvantage sub-beliefs, but they ended 
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up being in this group because they ultimately acknowledged other factors and more test 

disadvantages than John (enthusiastic test user), but did not show explicit and strong disapproval 

of tests like Annie and Gemma (skeptical test users). It must also be noted that the participants 

are arranged in decreasing in their relative strengthe of conviction. This means within this group, 

Matt had the strongest conviction, while Jenna had the weakest conviction.  

 In a more nuanced analysis, Matt had implied that there could be ways to not use tests but 

did not commit to the idea. This is especially shown with Matt’s quote where he juxtaposed test 

with the project, and even though he showed a slight hint that maybe there could be a good way 

to use a project to assess his student learning, he immediately went back to affirming the use of 

tests in his statics and solid mechanics courses. Here he showed that he could be persuaded to 

use other assessments but needs more convincing arguments.  

 Jake showed similar convictions on beliefs to Matt in learning outcome and non-course-

content factors of large class size in relation to his test usage. However, the main difference 

between Jake and Matt was that Jake had a weaker conviction in terms of tests helping students 

learn. This is because Jake, an engineering science instructor who had taught for less than five 

years, discussed more on from the course overall perspective instead of specific tests like Matt, 

Sam, and Jenna. Jake argued that ñif [students] understand those [concepts], [students] done all 

the homework and [students] attended the lectures, [their]  exam grade is likely to be Bs and As 

all the way,” showing that Jake looked at tests as part of the larger learning experiences as 

compared to the other three participants. The main differentiator between Jake and Matt is that 

Jake showed a stronger conviction on tests creating stress among student sub-belief, and 

explained that he constantly addressed his students’ stress in various ways to ensure tests keep 
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being an honest dialogue between Jake and his students on learning, which makes him have a 

slightly weaker conviction relative to Matt. 

 

“I don't want to make this [tests] something stressful for you. I want this to show me what you 

[students] know, show me the extensive your knowledge like how far have you comprehend it and 

how far you are comfortable with the material.”  

 

Sam was an ME associate professor (the other three were in ES) who had taught for more 

than ten years in various courses, thermodynamics included. He showed similarity in terms of 

learning outcome sub-beliefs with both Matt and Jake as he had very strong convictions that tests 

compelled his students to learn, provided his students feedback, and appropriately assessed 

students for his benefit as an instructor in an FEC. Sam also had a strong conviction on tests 

being a convenient assessment for a large class. Sam, on the other hand, is different than both 

Matt and Jake because of his strong apologetic tone in discussing how his non-course-content 

sub-beliefs (inertia and peer pressure) influence his test usage heavily. He had also shown 

willingness to use other assessments relative to Matt and Jake. Like the other three cases, Sam 

justified using tests in his courses and ultimately explained that tests were useful in his courses. 

However, Sam sounded apologetic about using tests, a stark contrast from Matt and Jake. Similar 

to Matt, Sam raised inertia and peer pressure as one of the main reasons why tests were common 

in fundamental engineering courses. Unlike Matt, however, Sam framed these as relatively 

negative reasons, and sounded slightly guilty for sticking with tests. 
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“I mean the real answer is just because that's one of the worst answers for almost anything is 

because that's the way everybody's always known it pretty much. So yeah I think when I first 

started, I tried to make sure I sort of conform to what the usual or the typical ones were and 

then, I guess, since then, I haven't put a put a ton of thought into it, I thought, a bunch about the, 

you know some of the lab classes and the usefulness of tests and whether to do projects and 

things instead but yeah just sort of just stuck with it.” 

 

From this quote, Sam showed a willingness to consider other assessments as he mentioned he 

thought about other forms of assessments instead for his heat transfer and thermodynamic 

courses. In addition, Sam demonstrated such willingness by using another type of assessment 

that might not be usual in fundamental engineering courses, which was a project. Figure 4.10 

shows that in his thermodynamics course, Sam used a project that constituted 10% of the student 

grades. This is a departure from other cases in terms of assessment type as other participants, 

including the ones in the default test user group and upcoming skeptical test user groups, did not 

have this type of assessment other than tests, homework, and quizzes. This is a behavioral 

evidence of Sam’s strong willingness to consider other assessments, supporting his apologetic 

view of using tests in his course despite equally strong justifications to use tests. 

The evidence points to a stronger willingness in Sam in terms of using other types of 

assessments (projects) other than tests and homework as Jake briefly mentioned that he would 

move some grades from the final exams in his statics course to homework, and Matt implied that 

he would not change anything. However, it was unknown whether Sam reduced test grades to 

adapt a project into his course nor the percentage of grades moved from tests to the project if he 

did do so. Ultimately, the presented evidence show that Sam was a default test user, keeping the 
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tests in his thermodynamic course as the default assessment while acknowledging apologetically 

some of the sub-beliefs that influence his test usage beliefs. 

 

Figure 4.10 

Samôs thermodynamic course grade weighting. 

Lastly, Jenna had the weakest conviction of test usage beliefs within the strong 

conviction group because of her sub-beliefs on test disadvantage and how she framed it. For 

context, Jenna was an engineering science instructor who had taught for less than five years in 

the institution. She taught solid mechanics in the department. Jenna showed similarly strong 

convictions as Matt, Jake, and Sam on learning outcome sub-beliefs. Jenna also discussed her 

strong conviction on test convenience for large classes. On test disadvantages, however, Jenna 

showed moderate conviction on pattern matching like all her other counterparts. The key 

difference is that Jenna felt more comfortable not using tests in non-fundamental engineering 

courses, like engineering electives, because of the importance of students learning concepts in 

these courses. 

 

“For the engineering physiology class. It was more of a low stakes quiz kind of deal so that one 

was an elective class, so I felt more comfortable just sort of you know, giving them homework 
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and quizzes, but they weren't as heavily weighted as like in the statics class. There was also a big 

project at the end of that class that was probably I can't remember the exact waiting, but it was 

weighted more.” 

 

She elaborated and explained that “the main distinction is this is a class that's like a building 

block to other things. And I feel a lot of pressure to make sure they know these concepts, soé 

they have what they need to understand the sort of more advanced coursesé” supporting her 

stance that FECs were important to set students for future courses, and tests were appropriate for 

this as how she explained as part of her learning outcome sub-beliefs. Jenna then continued by 

juxtaposing FECs with election courses. 

 

“Whereas with the elective courses, those are more sort of self-contained courses and also 

they're a little upper level soé the level of the students in those classes is also differentémost of 

them are interested in the topic in doing that class. They have a lot of experiences and sort of 

self-learning so that you can give them something like a project and they know how to do the 

research and figure out things.” 

 

Here, Jenna explained that because the students who took elective courses had already the 

experiences as students, and they were interested in the topics covered in the course, she felt 

more comfortable giving them projects instead of tests. Jenna also showed similar sub-beliefs on 

stress, putting a strong emphasis on addressing student stress in tests. She illuminated her sub-

belief by saying that “I've had times where I'm looking out over the class taking the test and that 

look a stress on everybody's face making me think that maybe I went too far yeah, so that has 
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changed a little bit,” showing that she took into considerations student stress when she 

implemented tests in her statics course. Her behaviors, detailed later, also align with this sub-

belief. Considering all of these, I placed Jenna and Sam on the same level as being the 

participants with weaker convictions as compared to Matt and Jake as both Jenna and Sam 

showed a willingness to use other assessments, regardless of whether in FECs or electives. 

 It must be noted that Jenna shared similar sub-beliefs in terms of not using tests in 

courses that are not fundamental engineering courses with Annie (detailed next). However, the 

difference between Jenna and Annie is that Jenna had a stronger conviction of learning outcome 

sub-beliefs than Annie in terms of helping the students learn, while Annie believed some tests 

help the students prepare for the common final in dynamics, but ultimately tests did not help the 

students learn. This makes Jenna firmly a default test user who kept tests as the default 

assessments and did not proactively emphasize the need to gravitate away from tests instead of  

skeptical test user, making Jenna the participant that separates between both test user groups. 

4.2.3 Skeptical test user group: Annieôs case 

 The third and final group brings together two participants, Gemma and Annie, in their 

test usage beliefs and behaviors. Both participants were skeptical of tests, meaning that they 

showed very strong disapproval of tests and justified test usage only to a certain extent. I present 

Annie’s story to describe this group. 

 Annie was an assistant professor in the engineering science department. She had taught 

for more than ten years. She taught dynamic, a service course with the same structure and 

policies as those for statics and solid mechanics described in Matt’s case. This means that Annie 

had to use tests and a set grade weighting. More will de detailed after I answer RQ1.a with 

Annie’s case, starting with Annie’s sub-beliefs on learning outcomes (Figure 4.11). 



 122 

 

Figure 4.11 

Annieôs sub-beliefs of learning outcome from the student and instructor perspectives, relevant 

background characteristics, learning outcome, and their relationships with test usage 

(behavior). 

 For Annie, the learning outcome for her dynamics course is to get students to acquire and 

understand the concepts, not memorize them: 

 

“Learning outcomes associated with the course our understanding particle kinematics and 

kinetics and rigid body kinematics and kinetics, and planner kinematics. So I mean I could go 

through them alléI would say boiling it down to they have to understand particle kinematics and 

kinetics and planner rigid body motion and kinetics.” 

 

It must be noted that Annie’s learning outcome stopped short of including concept application to 

solve engineering problems, unlike her peers in my participant pool. The learning outcome, 

however, is not entirely consistent with the departmental goal of applying knowledge. However, 
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Annie’s tests show that she expected her students to identify those concepts to solve “work out” 

problems. Therefore, I interpreted Annie assumed conceptual application when she described her 

learning outcome. 

Annie’s learning outcome sub-beliefs from the student perspective focused on preparing 

her students for the dynamics common final exams, which I interpreted as a way to help her 

students attain the learning outcomes. Annie explained that she leveraged the 60% tests to 

prepare her students for the common final, which she did not have input on the questions or 

format: “I guess I'm being prepared for the format of the test (common final). And that's why I 

implemented multiple choice in my test during the semester.” In this case, Annie implied that she 

believed tests help students prepare for the final exam within the context of service courses in 

this institution. It must be noted that, aside from Annie, Jenna from the default test user group 

also discussed using the midterms to prepare students for the common final, raising an 

interesting observation that because of how the service courses were structured, some 

engineering science instructors leveraged the use of tests during the semesters as a form of 

preparation for their students on the common final, which the instructors did not have the 

autonomy to design. 

Annie’s learning outcome sub-beliefs from the instructor’s perspective are twofold. First, 

Annie believed that tests provided her feedback on her student individual learning. Annie 

specifically mentioned that “the point of the test is to really look at knowledge acquisition 

particular knowledgeé,” showing that Annie agreed with the idea of using tests to assess 

whether her students acquire knowledge in her dynamic course. In addition, similarly to Matt, 

Jake, and Jenna, Annie also emphasized the importance of assessing learning at the individual 

level, arguing that: 
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“The reason, especially in that course [dynamics], to use tests is to really understand as 

students, individual level, because the solutions are out there everywhere. They all work together 

in the homework so it's really hard to understand, even if you look at someone's home or grades, 

they can be getting 100% on everything, but they might not either a be actually doing it, or you 

know they're really leveraging are leaning on someone else so. In that aspect, I think. Because 

you can actually isolate an individual and see if they can do it for dynamics, I understand the 

importance of tests.” 

 

Annie explained the use of tests using the argument relating to cheating. In this quote, she 

specifically discussed the need for “isolating” students from other factors and “differentiating” 

the students from each other to assess their learning, and how tests contribute to this goal. She 

juxtaposed this with homework in which students tend not to work individually, rendering 

student performances on homework meaningless in terms of assessing individual learning. 

Furthermore, Annie continued to emphasize the need for individual-based assessment, arguing 

that “within the teaméyou [students] have a foundation or skill set and there's a need to, for 

example, check your work or something so you're supposed to be able to bring to the table 

certain level,” strengthening the need for individual assessment even though she agreed that 

many engineers work in teams. 

 Second, Annie believed that tests were appropriate for foundational courses. To her, 

“dynamics is really foundational, so I understand having tests there and making sure students 

are understanding the content.” This means that Annie associated the importance of foundational 

courses with tests used as an assessment to make sure students understand the materials. This is 

especially important for Annie as dynamics is “also kind of the foundation that it provides for 
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other courses, you need some sort of test or you need some sort of assessment, I guess,” showing 

that service courses set these students up for future success in advanced engineering courses, and 

tests can fill the role in assessment. However, Annie did briefly mention “some sort of 

assessment,” implying that she might be thinking some non-test assessments could fill the test 

roles. It must be noted that while discussing test connections with learning outcomes, Annie did 

not raise any relevant background characteristics. 

 In addition, Annie argued that tests were easier to use due to the nature of the 

foundational course content. Annie thought “itôs a lot easier in terms of assessment, particularly 

in engineering, where it is a lot of mathematical equations and going through kind of where 

there is a single, direct answer so it's a lot easier to do with a test.” This presents a perspective 

where these service courses focused on getting students to acquire these concepts and solve 

mathematical equations with these concepts that lead to direct single answer, and tests were 

helpful with this learning outcome.  

 Overall, Annie expressed a strong conviction that tests, especially midterms, helped her 

students prepare for the common final exams as she repeatedly described such sub-belief in 

terms of helping her students. Annie also showed very strong convictions that the tests help her 

as an instructor to see her students’ individual learning. In addition, Annie also discussed why 

tests were appropriate for fundamental engineering courses like dynamics because of the 

concept-heavy nature. These are the learning outcome sub-beliefs Annie discussed as part of her 

test usage beliefs. Moving forward, Annie also extensively discussed her sub-beliefs on non-

course-content factors in relation to her test usage (Figure 4.12) and test disadvantages (Figure 

4.13).  
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Figure 4.12 

Annieôs sub-beliefs of non-course-content factors, relevant background characteristics, learning 

outcome, and their relationships with test usage (behavior). 

 Annie expressed a sub-belief that tests were easier to use as an assessment in a large 

classroom. Annie mentioned in multiple instances that the large class size of the service courses 

like dynamics justifies the use of tests. According to Annie, “for the foundational courses and 

high volume, like high enrollment courses I would definitely agree with that,” with “that” being 

foundational courses as the main reason why tests are used in her dynamics course. Annie 

voluntarily raised high enrollment/large class size while justifying the use of tests in her 

dynamics course. In addition, Annie also mentioned that “it's a lot easier to do with a test and 

particularly with our enrollments here at [institution] like the size of our campus I understand 

why people tend to go to tests, because it is a lot easier in terms of grading and managing be the 

assessment part.” This means that Annie thought of tests as an easier way to address large class 

sizes in terms of grading and assessment management, and she argued that it might be a reason 

why many instructors gravitate toward tests in the service courses. Although there is no strong 

support, I suggest that the assumed nature of tests in this institution may explain this sub-belief, 
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considering the institution being a comprehensive university that enrolls large number of 

students every year. I interpreted Annie had a strong conviction in general on the large class size 

sub-belief as she expressed the importance of easier grading in large enrollment courses like 

dynamics in his institution with firm language in describing this sub-belief. 

 

Figure 4.13 

Annieôs sub-beliefs of test disadvantages, relevant background characteristics, learning 

outcome, and their relationships with test usage (behavior). 

 Annie discussed extensively that eventually her test disadvantage sub-beliefs that led to 

my interpretations of her very strong convictions of this sub-belief, illustrated in Figure 4.13. 

First, Annie “[didnôt] think the test help them [students] get to those outcomeséit helped [her] 

understand if they achieve those outcomes.” In short, Annie did not believe that tests directly 

helped her students learn about dynamics concepts. She argued that students tended not to start 

preparing for exams until the night before, leading to cramming or massing of materials, which 

was not helpful in learning: 
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“I understand from that aspect but it's also a question as to when they start doing that prep 

versus like if it's something that they do throughout the semester yeah I can see that, but I think if 

you were to ask any student, it's the night before the test and they cram it in and then it's 

immediately forgotten and I can't even tell you I mean, I know I did it definitely guilty of it.” 

 

Another important takeaway from this quote is that this belief also had influences from Annie’s 

personal background as a student. Annie admitted that she did the same thing by preparing for 

tests last minute, and she ended up cramming information instead of focusing on learning. One 

important interpretation of this is that this created conflicting sub-beliefs within Annie’s test 

usage beliefs. Previously, I described Annie’s very strong conviction on tests helping her seeing 

student individual learning. However, Annie then explained she did not believe tests help her 

students learn because many of them crammed and forgot with tests, raising the question of 

whether Annie was seeing her students’ learning in tests. It must be noted that another participant 

in the default test user group (Sam) also presented conflicting beliefs, though not the same topic 

as Sam was conflicted more on the idea that his continuous test usage was also generally caused 

by inertia. 

Second, the idea of cramming and forgetting instead of learning leads to Annie’s belief 

that tests encourage students to pattern match. Annie specifically discussed the common final 

exam for dynamics as one way that students ending up pattern matching as it is in a multiple-

choice format.  
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“And the difficulty is I don't have control over the final exam and, final exam is very much 

structured to be towards the pattern recognition to be successful, it does use problem setups from 

the homework that they've seen before. So there's always going to be that big struggle.” 

 

There are several important notes from this quote. The first note is that Annie admitted that the 

final exam structure encouraged pattern matching for students to be successful, especially when 

the test problem setups were based on homework that the students had seen prior. The second 

note is that Annie expressed frustration over the lack of control on the common final exam, 

which was because the assessments for dynamics had been set and only the course supervisor 

had the privilege to draft the common final. This is one of the many signs that show Annie’s very 

strong convictions on test disadvantage, and subsequently, disapproval of tests in general, which 

I will discuss more in the next section. It must be noted that Annie also admitted to pattern 

matching when she was a student, mentioning that she was “guilty of it too.” She continued that 

“there were classes that [she] didn't like and [she] crammed and [she] knew the information 

then, but if you asked [her] now [she] would not be able to tell you.” This shows that there is an 

influence of her personal student background in this belief. 

 Annie raised several possible explanations for why pattern matching is an issue among 

students with tests. She explained that “[students pattern matching is] always going to be an 

issue and that is just because of how high stakes the tests are, they [students] just kind of crunch 

through all the problems.” Annie was aware that pattern matching was always going to be an 

issue because of how high the stakes are for tests in grade systems.  

 Third, another possible explanation Annie raised is the pressure on the students due to the 

tests’ association with the grading system and how society views grades. Annie brought in the 
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idea that because tests are part of the larger grading and college systems in the society with 

money tied to it, there is a large amount of pressure on the students to perform well: 

 

“I think the issue is just always going to be at least societal issues and I have no suggestions on 

how to fix this, but there is such an enormous amount of pressure on students. Like in high 

school to be able to make it to college and once you're in college and the amount of money that's 

invested into perform and do welléI know that that's [pattern matching] going to be the case for 

a lot of students so until there is that that high amount of pressure off the student like that 

pressure not that that much for the grade.” 

 

Annie specifically continued with these issues while responding to the questions on pattern 

matching among students in tests. Furthermore, Annie also mentioned that pattern matching 

would continue until the pressure was taken off students.  

 In terms of pressure, Annie also raised the issue of mental health with tests while also 

describing her relevant personal experiences with tests. 

 

“you remember those times when you're sitting in there and I hit in a high stakes tests and having 

no idea what exactly they were looking for, and you know, being in a test, where there were 

significant errors on a test and things like that so it makes you much more where cause, I guess, 

especially nowadays the kind of the mental aspects that our students are under is kind of so much 

worse than one we were or, at least when I was an undergrad student and just kind of that. I 

think that's the part I think about the most is making it least anxiety ridden to really be able to 

see what they can do.” 
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In this case, Annie was responding to make a clear test, and she said it was very important to 

make sure tests do not lead to anxiety among students by having the questions be clearer. I 

interpreted this as Annie implying that tests could cause anxiety among students unless tests 

were well-designed. In terms of test disadvantage sub-belief, Annie clearly showed a very strong 

conviction in terms of her test-disadvantage sub-beliefs as she repeatedly used firm language to 

explain these sub-beliefs. 

 Looking at Annie’s test usage behaviors (RQ1.b), Annie showed similar behaviors in her 

dynamics course mainly because dynamics was a service course managed similarly to statics and 

solid mechanics, as discussed in Matt’s case (strong conviction). Her course grade weighting was 

the standard across all dynamics course (Figure 4.14).  

 

Figure 4.14 

The student course grade weighting for Annieôs dynamic course. The grade weighting is the 

same as those shown for statics and solid mechanics in Figure 4.8. 

As shown, tests, excluding quizzes, constituted 85% of her students’ total course grade, 

which was a significant majority. Like Matt, Annie split the 60% test weighting with four tests 

with 15%, which implied that Annie lowered the stake for each test. It was also possible that 

Annie did four tests because of the course schedule like statics or solid mechanics, but Annie did 
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not mention this. Interestingly, even though Annie had quizzes in the weighting, there was no 

sign of quizzes in the rest of the dynamic course syllabus. In addition, since dynamics was a 

service course, the course had a comprehensive, summative, common final exam like statics and 

solid mechanics. This also means that the instructors of dynamics courses seemingly had limited 

autonomy similar to Matt and other statics and solid mechanics course instructors (Figure 4.8). 

To refresh, the autonomy misalignment with the faculty handbook happened with test usage, 

course grade weighting, and common final exam drafting process. Dynamics also showed heavy 

test usage that seemingly aligned with the test being an assumed assessment in this institution. 

This also contributed to Annie’s frustration about the common final exam encouraging students 

to pattern match because she did not have any control over the design of the test, forming part of 

the sub-belief on pattern matching. 

 Overall, Annie showed that she was a skeptical test user represented the group accurately. 

Annie’s behaviors of test usage also aligned with some of her sub-beliefs generally, even though 

her very strong convictions on test disadvantages sub-beliefs may have affected such alignment. 

However, she did frame test usage only on fundamental courses like dynamics and discussed that 

she gravitated away from tests when possible. In three separate instances, Annie stated that she 

did not use tests when she did not need to. 

 

“For dynamics we do, because it is a multi-section multi-instructor in a particular semester, but 

for all my other classes, no, I really don't.” – when Annie responded to why she used tests in her 

courses. 

 



 133 

“I don't use tests that often unless I really have to. But I don't know who else in my department 

feel the same way about that.” – when Annie responded to how she perceived her colleagues’ 

thoughts on tests. 

 

“Thatôs why I gravitated away from tests and everything else they do.” – when Annie was 

discussing the grading systems that rely heavily on tests. 

 

She also presented very strong convictions that tests helped her assess individual student 

learning, and tests were appropriate for fundamental engineering courses like dynamics. She 

explained strongly that large class sizes make tests an easier assessment to grade, showing her 

strong conviction on the non-course-content factor sub-belief. The defining piece in Annie’s test 

usage beliefs is her very strong conviction on test disadvantage sub-beliefs as she explained 

various disadvantages tests brought. Particularly, her sub-belief that tests did not encourage her 

student to learn (cram and forget) led to a conflict with her learning outcome sub-belief on tests 

helping her assess individual student learning. This raises the question of whether Annie was 

seeing her student learning from tests. Annie also agreed that tests were over-relied in 

engineering education, as evidenced in her agreement with my statement that there was an 

overreliance on tests in: 

 

“Kai Jun Chew: I do think they [tests] have roles to play in the education but at the same time, 

my argument is while we kind of over relying on it [test], but you know that that's where I am. 

 

Annie: I would agree with that yeah.” 
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 Another piece of evidence shone through a hypothetical situation in which Annie was 

asked about what changes she would make to the fixed grade weighting of the dynamics course. 

She responded that she “would take possibly some weight off the tests and put it towards 

homework assignments or quizzes.” In addition, Annie thought the common final ñ[were] not 

good final exams. To give [a person] context that final exam average across all the sections 

[was] typically 50…out of 100 and that's a good year.” Adding on Annie’s expression of 

frustration with the lack of control on the final exam in a previous quote, these show that she 

would prefer to have fewer tests or better-designed tests to help with her understanding of her 

students’ learning. All these elements differentiate Annie from Matt, Jake, Sam, and Jenna from 

default test user group as Annie explicitly expressed her skepticism where she stood on tests in 

her courses, along with her weaker conviction on learning outcome sub-beliefs and strong 

language to gravitate away from tests as the default assessments when possible. In addition, 

Annie’s overall tone during the interviews also implied strong disapproval of tests. 

4.2.3.1 Comparing participants within skeptical test user group 

 Gemma’s test usage beliefs showed skepticism like Annie, but she arrived here from 

different reasonings. Gemma, a mechanical engineering assistant professor who had taught for 

less than five years, had similarly strong convictions on learning outcome sub-beliefs as Annie. 

Gemma also discussed her sub-belief that tests are easier to grade in large classrooms, like 

Annie. However, what differentiates Gemma from Annie is her philosophy in assessments that 

she anchored her strong disapproval of tests (part of test disadvantage sub-beliefs). Gemma 

argued that because every classroom had students with different skills, assessments other than 

tests should be used in engineering courses. This is especially influenced by her learning 
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experiences as a student as Gemma had a much better learning experience when the engineering 

courses had assessments other than tests, unlike physics. 

 

“My experience, so I have two bachelor's degrees I got a study physics and nuclear engineering 

and I have completely different experience in the different departments. In physicséwas very 

common to fail, like 30%, 40% of the class, and it was only based on the exam was pretty tough. 

When I went to engineering departmentéI had different systems of evaluation, there was a lot of 

projects, so I was much more motivated in engineering than in physicsé.I found my own 

personal motivation when I was evaluated in different ways. I started doing much betteréI think 

people are different and they have different skills so that' why it's important to have all the 

different ways [to evaluate]. Because not everybody that is, like, for example, me I didn't have 

great grades in physics, because of this evaluation system. At the moment that changed a little 

bit, I was one of the top students in the class, because I was getting the quizzes, I was doing 

projects, like presentations, lab. I was really good in labs.”  

 

 However, Gemma did not discuss not using tests in her engineering courses like Annie. 

This is because she was an assistant professor in the department, and she was told not to focus on 

teaching too much as she should focus more on research for tenure as implied by her, as she 

mentioned later after she said the following quote. 

 

“The problem is, as I said, I'm an assistant Professor that's my third year. To be honest with you 

the senior professors, they don't actually motivate young faculty to change because they want us 
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to focus on the research, yeah, so it is a matter of well, maybe someday I have enough time to 

come out with somethingé” 

 

This quote shows that Gemma implied she wanted to change how students are assessed in her 

courses based on the idea of diverse assessments and her personal student learning experiences. 

However, she was advised not to as she needed to focus on research to obtain tenure, uncovering 

slightly the culture of the department that emphasized on research than teaching. This also shows 

the barrier Gemma confronted in terms of wanting to focus on teaching changes. Overall, 

Gemma sounded frustrated with this barrier toward diversifying assessments in her 

thermodynamics course. 

 After exploring the three main test usage belief groups with a representative case, 

understanding how the participants’ test usage behaviors align with their beliefs, and comparison 

of the participants within the groups, I will detail how the participants implemented their tests in 

terms of design and administrations. These implementations (behaviors) are discussed in relation 

to alignment with the test usage sub-beliefs described in this section: learning outcome, non-

course-content factors, and test disadvantages. 

4.3 How do these beliefs align with their behaviors of designing and administering tests in 

their FECs? (RQ1.c) 

 The participants’ test usage beliefs and sub-beliefs have shown to have alignment with 

their test behaviors. To answer RQ1.c, I tabulated comparable and essential behaviors among the 

seven participants in Table 4.3, meaning behaviors that were mentioned by most of my 

participants and essential in terms of implementing tests: test design (question types, grades) and 

test administrations (in-person, virtual, open-book, open-note, closed-book, closed-note, 
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grading). I also made note of the alignment between these behaviors with the test usage sub-

beliefs. It must be noted that I did not include behaviors that only one or two participants 

mentioned or discussed, though this did not mean they were not important. Instead, I am 

focusing on illuminating the similarities and differences among the participants and emphasizing 

behaviors that were mentioned by most of the participants. In each of the three cases, I have 

presented some of these behaviors. 

 Table 4.3 shows that the participants’ behaviors vary considerably within and across the 

three groups. In terms of test design, all participants used workout questions, which will be 

explained in the next section. Some participants, like John and Annie, used conceptual questions 

in addition to the workout questions in their tests. Jake did not use conceptual questions. 

However, he explained that he tried to create different types of questions, like fill-in-the-blank or 

partially completed solution questions, to ensure students know about the concepts and 

applications of the concepts. Jenna used conceptual questions in quizzes instead in the tests, and 

Annie include multiple-choice questions in her tests to prepare her students for the common 

final. As for the difficulty of the questions, some participants like Jake created test questions that 

were slightly harder than homework questions that the students had seen. Sam agreed with 

slightly harder questions though he questioned the move considering the limited time students 

had to complete tests. Other participants generally made sure to not create test questions that 

were too different from the homework questions students had seen. 

In terms of administration, many of the behaviors aligned with the test usage sub-beliefs 

revolve around grades. Most of the participants discussed the need for partial credits to show 

students what they have learned from their test performances. John, for instance, used partial 

credits to encourage his students to produce symbolic solutions instead of focusing on getting the 
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final numerical answers, which will be explained in the next section. Sam, on the other hand, 

connected partial credits more with test fairness, which will be detailed as part of questions to 

RQ2.b. Test setup wise, all four participants in the strong conviction test usage beliefs group 

discussed splitting the midterms into multiple tests to make them lower stakes for the students. 

John presented a different philosophy as he would drop the lowest score test for his students if he 

saw his students improve in terms of learning. Lastly, for authorized resources during tests, John 

discussed administering tests closed-book/note because he did not want students to spend time 

pattern matching by searching for similar problems on textbooks or lecture notes while 

completing the tests. It must be noted that John also aligned his closed book/note administration 

with concerns about cheating, like all the other six participants. 

 Following John, Matt, and Annie as the representative cases, I will describe each other 

test design and administration in detail. It must be noted that many of the behaviors were not 

included in Table 4.3 as some are specific to these cases in particular and were not mentioned by 

other participants. To view the behaviors of participants I did not detail in this chapter, please 

refer to Appendix A for their case summaries.  

4.3.1 Johnôs test design and administration behaviors with respect to his test usage sub-

beliefs 

 Table 4.1 presents John’s behaviors in terms of test design and administration (how John 

implemented tests) that align with the beliefs on test connections with learning outcomes as 

previously detailed. 

In terms of the sub-belief of tests being able to change his students’ study behaviors, John 

acted on this belief through several behaviors. For self-described behaviors, he explained that his 

grading scheme rewarded students that show improved test performances by removing the test 



 139 

with the lower score. This is to show that a student can recover from one bad test. John also 

associated change of study behavior with the growth of the students in the course, especially 

performing better in the second and final exam. This can be significant as John had three high 

stake tests in his heat transfer course (Figure 4.3). 

 

“I make the course so that you flunk first test, you can still do well in the course because I have a 

whole system to forgive, If you do poorly on one test, you do well in the other ones, you've really 

learned something in the course. And that's more valuable than the people that come in and do 

well on all the tests and haven't learned anythingéI gave a good grade for people that really 

learned something out of course and turn things around for them… And so there are students 

that come in and they first test they'll flunk the first test. And, but then they'll, they'll change what 

they do, do well in the second test, do well in the final exam, and those students, I want to make 

sure they get at least an A or B, in the course.” 

 

This shows that John valued growth among his students in terms of learning, consistent with his 

overall beliefs that test usage was crucial in helping his students learn and attain the intended 

learning outcomes. 
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Table 4.3 

Overall cross-case summary to answer RQ1.c. 

Test design and 

administration 

behaviors 

(RQ1.c) 

John Matt  Jake Sam Jenna Gemma Annie 

Test user group 

(RQ1.a) 
Enthusiastic Default Skeptical 

D
e

s
ig

n 

Workout 

questions 

Used to see and 

help with student 

learning 

Used to see 

student problem-

solving process 

Used workout 

questions and 

other different 

types of 

questions, like 

fill in the blanks, 

based on courses 

Used to see and 

help with student 

learning 

Used to see and 

help with student 

learning 

Used to see and 

help with student 

learning 
Used both and 

multiple-choice 

questions to 

prepare students 

for common final 
Conceptual 

questions 

Used for seeing 

students 

understanding 

Did not prefer it, 

no explanations 

were given 

Used compel 

deeper thinking 

and discourage 

pattern matching 

Used as after-

lecture quizzes, 

not on tests 

Used for seeing 

students’ 

understanding 

Difficulty of 

questions 

Should be 

simpler than 

homework 

because of the 

limited time for 

tests 

Did not make 

questions 

difficult with 

change to open 

book/note, tied 

to cheating 

Created slightly 

more difficult 

questions than 

homework 

questions 

Challenging 

questions but 

made sure to not 

make the tests 

too long (related 

to the fairness of 

completion time) 

Created 

questions related 

to homework 

questions with a 

bit more 

difficulty, not 

“curveballs” 

Created 

questions that 

focus on 

concepts, not 

mathematical 

manipulations 

Created different 

questions than 

homework 

questions 

A
d

m
in

is
tr

a
ti
o

n 

Partial 

credits 

Used to focus on 

symbolic 

solutions 

Used to highlight 

learning to 

students 

Used to highlight 

learning to 

students 

Used to make 

tests fair 

Used to highlight 

learning to 

students 

Did not 

mention/discuss 

Used to highlight 

learning to 

students 

Test setup in 

relation to 

the course 

grade 

Dropped lowest 

test score to 

reward 

improvement 

Split 60% test 

into four 

midterms to 

make them lower 

stakes  

Split 60% test 

into four 

midterms to 

make them lower 

stakes 

Split 45% test 

into four 

midterms to 

make them lower 

stakes 

Split 60% test 

into four 

midterms to 

make them lower 

stakes 

Made final exam 

optional for the 

semester with the 

sudden pandemic 

transition 

Nothing relevant 

discussed 

Authorized 

resources 

during tests 

Administered 

closed book/ 

note to 

discourage 

students from 

pattern matching 

Authorized resources solely aligned with sub-beliefs on test cheating (Please refer to Section 4.5) 
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Table 4.4 

Johnôs behaviors align with the beliefs on test connections with learning outcomes. 

Sub-belief Behavior 

Tests changed study behavior to achieve outcomes Self-described 

¶ Rewarded students with improved test performances by 

removing tests with the lower score to show one can 

recover from one bad test and adjusting scores to reflect 

student’s growth 

¶ Encouraged students to work on low stake assignments 

(homework, quizzes) like how they would work in tests 

 

Documented 

Set expectations that symbolic solutions should be part of 

the test preparation for workout questions 

Tests compelled students to learn to achieve 

learning outcomes through test prep and tracking. 

Self-described 

¶ Encouraged students to work on low stake assignments 

(homework, quizzes) like how they would work in tests 

 

Documented 

¶ Included workout questions in tests 

¶ Included conceptual questions in tests 

¶ Spread tests across the semester 

¶ Did closed-book/-note tests, not using open-book to 

discourage students from spending time searching for 

similar problems (learning and not memorizing) 

Tests helped students learn about engineering 

communication. 

Documented 

¶ Used partial credits to focus on the student process 

shown with symbolic solutions on workout questions 

(not purely based on the final numerical answers) 

¶ Set expectations that symbolic solutions should be part 

of the test preparation 

Test assessed student learning for John Documented 

¶ Included workout questions in tests (learning) 

¶ Included conceptual questions in tests (learning) 

¶ Should be simpler than homework because of the limited 

time for tests 

 

 John also encouraged his students to prepare for tests by working on homework and 

quizzes as if the students were doing a test: “What a lot of them do is to look at my notes and 

solve a bunch of the homework problems. And that can be useful if they do it the same way it 

would be for a test.” This pertains to changing study behavior because of students not working 

on homework individually to prepare for tests. Specifically, John was frustrated that many of his 
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students used online resources to complete the homework, instead of using homework as a way 

to prepare for tests. 

 

“But when you do the homework problems, do them like you're doing a quiz. So close the book, 

close your notes, and based on the energy balance, can you solve the problem? And can you do it 

in 20 minutes because that's what I expect you to do the quiz. Now the problem is that, 

particularly at this point in time [pandemic], is that they can look up the solutions to these 

problems on the line, whether they use Chegg or whatever they use. And there's a bunch of them, 

that's how they get through courses. They use Chegg, they look up the solutions. This is how you 

do it. They copy it down, boom. Done. And so I have them do homework, but I've very rarely 

collected. What I do instead is every Monday morning they have a quiz on previous week's 

material. Got it. Closed book, closed notes, quiz.” 

 

To address this, John gave quizzes (another form of test, though with relatively lower stakes) to 

make sure students are learning and see whether the students are changing their study behaviors 

while ultimately preparing for tests. 
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Figure 4.15 

Johnôs handout for students to set expectations on how his students should respond to problem 

solving questions in his course. 

 Lastly, a documented behavior pertinent to this belief is that John provided his students 

with a handout (Figure 4.15) that lists down his expectations for the students while responding to 

engineering problems in homework, quizzes, and tests. During the interview, John mentioned 

that this handout was important to set expectations for his students in terms of answering the 

questions, and by proxy, how students received credits for their work. John specifically 

explained that this is to encourage his students to change their study behaviors, again invoking 

the “high school learning” that did not involve symbolic learning, which is shown as bullet point 

4 in Figure 4.15.  
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“First day of class, I have a handout [Figure 4.5] specifically that I actually give to them. And 

mark this and put it in your notebook and look at it, every time you do your homework. Because 

they are not used to doing symbolic solutions because other faculty do not require them to do it. 

And so they did not change from their bad habits of high school...And high school, if you have an 

equation you put in numbers as soon as you can for any symbol that you have yeah. And that is a 

bad habit. And it needs to be broken.ò 

 

This is part of the larger behavior that John demonstrated while using tests to change his 

students’ study behavior, focusing on getting them to switch from high school to college learning 

(understanding the concepts and applying them), and to use homework and quizzes to prepare for 

tests. 

 For the belief that tests compel students to learn and attain the learning outcome (acquire, 

and not memorize, concepts to solve any types of problems), John also associated the self-

described behavior of encouragement of his students to use homework and test to prepare for 

tests as an action that aligns with this belief, as described previously.  

 

“And I will go through, okay, this is how you apply an energy balance and conduction and I will 

do that on several different levels. And then I will do the same thing with heat generation, how 

do you do this? And so I go through it with them and fill in the slides. They have the slides and so 

they can fill it in. And I tell him, you need to go home and then do this yourself so that you learn 

the basic principle hereéThis is an example of what you need to be able to learn. You need to be 

able to do, take energy balance and apply it to a real problem. And so then I tell them once you 

can do that, then go off and do your homework problems.” 
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In this case, John showed his students what they needed to learn, and reminded them to do so 

while the students worked on their homework. In another instance, John associated homework 

with test preparation, implying that he used tests to compel his students to learn in the course. 

 

“Well, what a lot of them do is to look at my notes and solve a bunch, resolve a bunch of the 

homework problems. And that can be useful if they do it the same way it would be for a test. So 

make themselves use the basic principles when they solve the problems.” 

 

 There are three documented behaviors on this belief. First, John argued that tests 

compelled his students to learn by letting them keep track of their learning, like John did when 

he was a student. I interpreted his action on spreading the two tests and final exam with 

equidistant time periods and having weekly quizzes as milestones to help his students keep track 

of their learning, which compel them to continue learning in the course. Second, John included 

some conceptual questions in his tests to gauge his students’ understanding of the concepts. In 

this case, I interpreted conceptual questions as different from the typical engineering workout 

questions.  

 John’s conceptual questions focused on assessing his students’ understanding of the 

concepts by having them think about the relationship of the variables in the equations modeling 

the concepts. For instance, in the test shared with me, there was a question that asked students to 

fill in the answers to whether some variables were increasing, decreasing, or remaining the same 

after the concept equations were used to model a specific situation. The example shared asked 

the students whether the specific heat and density of a semi-infinite material experienced a 
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sudden surface temperature increase. In addition, John had his students sketch a graph of the 

relationship between the thermal resistance of the material and the time. 

 John included conceptual question in his exam to see whether “the students really 

understand the basic concepts.” In this case, the basic concept is the thermal resistance of a 

material and the relationships between thermal resistance and other variables such as specific 

heat and density. John elaborated that he started including conceptual questions because he was 

involved in a National Science Foundation (NSF) grant that provided hands-on workshops, and 

John wanted to see whether his students “really pick up from the workshops, particularly 

emphasizing concepts.” John also mentioned that “itôs [his] own concept questions at this point, 

rather than from the concept inventory,” showing that John was comfortable in writing and 

including conceptual questions in his tests. 

 On the other hand, I defined John’s problem solving or workout question as typical 

because all my participants had questions of the same nature in all their sample tests. In this case, 

I defined typical engineering workout or problems solving question as a question that focuses on 

students identifying engineering concepts to solve the problem through mathematical equation 

manipulations and solving. This type of problem usually includes, but not limited to, 1) contexts 

of the problem with variables and numbers attached to these variables, 2) illustration of the 

contexts, and 3) expectations of systematic mathematical equations. This is based on the coding 

of all my participants’ sample tests.  

John’s problem-solving questions all fit these characteristics. In one of John’s questions, 

a context for about forty fins undergoing heat transfer with the surrounding was described. 

Dimensions of each fin were given, and all necessary variables, along with the numbers, were 

provided for the students. In addition, John gave students some information to the students for 
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problem solving, such as the convective heat transfer coefficient, thermal conductivity of the fin, 

and ignoring radiation. In addition, John provided the students the illustration of one fine with 

the reference frame (origin and the x-axis) given. John had three sub-questions for this problem, 

asking the students to obtain the fin efficiency, total convective heat transfer, and the temperature 

gradient. All other “work out” problems had the same features as described here. 

While discussing problem-solving questions with conceptual questions, it must be noted 

that having conceptual questions in tests is notable as some participants were enthusiastic about 

having them in their tests, while some prefer not to have them, creating a juxtaposition among 

some of the participants’ beliefs and behaviors on conceptual questions on tests. I will elaborate 

more on this with Matt’s case. Ultimately, John believed that conceptual questions helped him 

assess his students’ understanding of heat transfer basic concepts, and I interpreted John included 

workout questions because he wanted his students to learn how to apply those concepts to solve 

problems. It must also be noted that the inclusion of both problems-solving/workout and 

conceptual questions are implied to align with the sub-belief that tests could assess student 

learning for John. 

 Third, John administered his tests closed-book/note because he did not want his students 

to continue associate learning with memorizing. As previously explained, John believed that tests 

could change his students’ study behaviors by forcing them to switch from high school learning 

(memorization and plugging in numbers with test questions) to college-level learning 

(understanding the concepts to be able to use them to solve different problems), which is the 

learning outcome John intended for his students to attain. John described his story in that he had 

done open-book, open-note tests before, but that ended up counterproductive from his 

perspective: 
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“Originally, I did open book open notes, and to tell you the truth, the students performed not as 

well open book test. And they did with a closed book test, because if they had the open book, they 

would tend to spend their time looking through the book, trying to find an example in the book to 

take a copy, rather than actually applying basic principles to the problemsé I want to see at a 

higher level, you're thinking not as a novice, but as an experienced professional, you can apply 

basic concepts that you understand and know the basic concepts.” 

 

Figure 4.16 

Top of the first page of Johnôs sample test. The formatting and wording have been modified to 

prevent reidentification. 

In this case, John compared his students’ performances between open-book and closed-book 

tests and described that his students did better in closed-book tests because students were not 

trying to find a problem to copy, which was counterproductive to his intended learning outcome. 

This is supported in John’s heat transfer sample test (Figure 4.6), as John specifically stated that 

the test would be closed book, closed note.  

 Another sub-belief relates to John’s perspective that tests helped his students learn about 

engineering communication, and John exhibited two documented behaviors. The first behavior, 

providing a handout that set expectations on student test responses, had shown up in the previous 

sub-belief of test changing student behaviors. As shown in Figure 4.5, John expected his students 

to have all the steps included in their test answers, and this is consistent with John’s belief that 
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engineering communication required detailed steps instead of just the final answer, as described 

previously. 

 The second behavior showed John’s use of partial credits to reward students that showed 

all their work. John has specifically explained that he had “points on there for correct numerical 

values, and that makes it a whole lot easier to grade in looking at numerical values, but if they 

[students had] the wrong numerical values and even no matter what, [he looked] at the symbolic 

solutions. And if they [had] the wrong answers and no symbolic solutions, then they get zeroéIf 

there [were] symbolic solutions, then [he could] give [students] partial credité[students] get no 

partial credit simply for a bunch of numbers.ò In short, John associated partial credits with 

symbolic solutions, and this specific anecdote is related to John’s personal story when he was an 

engineer that one of his colleagues was fired for not showing work except for the final solutions. 

John’s personal story’s connection with the way John used partial credits shows John’s action in 

using tests through partial credits to have his students learn about engineering communication. 

John’s expectation handout in Figure 4.5 supports this behavior alignment with John’s belief in 

tests and engineering communication.  

The last sub-belief on tests assessing student learning had another behavior, which was 

one with the difficulty of tests. John specifically explained that “generally, the test problems will 

be easier than a lot of the homework problems, but they [students] do have the time 

constrainté” implying that his test questions were easier than homework questions could be 

because of the time constraints with tests. Overall, John showed alignment between his test usage 

beliefs and test design and administration behaviors as John implied or made explicit 

connections between his sub-beliefs and design and administration. It is also important to note 

that John had taught for more than ten years, and he had shared some of his extensive 
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experiences of using tests, such as the course grade weighting. I interpret that his test usage 

beliefs and behaviors have been shaped substantially by his long teaching experiences. 

4.3.2 Mattôs test design and administration behaviors with respect to his test usage sub-

beliefs 

 Table 4.5 presents the test design and administration behaviors that Matt exhibited or 

described along with the beliefs on test connections with learning outcomes and non-course-

content factors, and test disadvantages. 

For the three learning-outcome sub-beliefs (instructor perspective: tests were appropriate 

for concept courses, test assessed individual learning; student-perspective: tests prepared 

students for the future professional exam), Matt used workout questions to see his students’ 

problem-solving process. He also used workout questions to take notice of mistake patterns that 

his students made so that he could provide feedback for his students, which is his self-described 

behavior aligning with this belief. Matt professed that he preferred the typical engineering 

problem-solving/workout questions to conceptual questions: 

 

“I want to have to work out problems that students will have to sit and apply some knowledge or 

some equation that they've learned and then solve through it and get some numerical answer. As 

opposed to the other way that we could do this sort of thing, which is to have like conceptual 

questions or true and false questions or sort of fill in the blank in the sentence that sort of thing, 

which does demonstrate understanding, but I think what I want to see that students can do is 

actually solve problems, not just that they know conceptually how to do it, but that they can 

actually do it and get the right answer. And that's fairly useful for engineers, is that they not only 

know how to design a bridge, but that they can prove to you that it's not going to fall down the  
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Table 4.5 

Mattôs behaviors that align with the sub-beliefs on learning outcomes, non-course-content 

factors, and test disadvantages. 

Sub-belief Behavior 

Learning outcome sub-beliefs 

¶ Tests were appropriate for concept courses 

¶ Tests assessed individual student learning 

¶ Tests prepared students for future professional 

exams 

 

Self-described 

¶ Used student test performance to inform students 

of their mistakes and give feedback 

 

Documented 

¶ Used workout questions to see students solving 

process and make sure students did not make 

simple or silly mistakes in the process,  

¶ Did not use nor prefer conceptual questions 

¶ Tests provided feedback to students for their 

learning. 

 

Self-described 

¶ Use partial credits in test grading 

¶ Spend substantial time grading to give students 

quality feedback 

Non-course-content factor sub-beliefs 

¶ Tests were convenient, quick, and could be done 

regularly in large classes 

Documented 

Continued using the common final exam with the 

multiple-choice format under the centralized structure 

of service courses 

¶ Inertia and peer pressure influenced test usage 

¶ Tests functioned to assign students grade 

No relevant behaviors were described nor 

documented. 

Test disadvantage sub-beliefs 

¶ Tests could create stress among students, which 

can lead to underperformance. 

Documented 

Split tests for the fixed 60% grade weight to make 

them relatively lower stakes 

¶ Tests provided only limited time to show learning, 

and encouraged pattern matching 

Self-described 

Created questions that students have not seen exactly 

or previously or were different, so that students could 

identify the concepts (the most important part, not just 

solving the equations) 

¶ Students tended to maximize scores instead of 

learning 

Self-described 

Created tests that “trick” students into learning while 

maximizing scores 

 

first time, someone steps on it right, and that they can do that accurately and I want to be able to 

pick out small mistakes students will commonly do. Just silly little things like they will multiply 

when they meant to divide, or they will be off by like a factor of 1000 because they missed it, it 

says kilo newton's instead of newton's or something like that right silly little things that I can see 

that they know what they're doingéBut I also want to be able to highlight those mistakes, 
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because, again in practice, if a student tells me that a cable or let's just say a bridge can hold 50 

cars, but it can actually only hold five cars, because they forgot to carry the one, that's a real 

problem when you open that bridge and put 50 calls on it right and it's just a little mistake, silly 

little thing, but it has a real impact right." 

 

In this quote, Matt discussed two points. First, Matt explained that problem-solving or workout 

questions served his intended learning outcome of students applying the concepts to solve 

engineering problems. Instead of just seeing whether his students understand the concepts, he 

wanted to see whether his students could apply those concepts, solve, and get the final solution in 

addition to understanding them. Second, Matt said that because problem-solving questions 

required his students to show their work, Matt could pinpoint the students’ mistakes, such as 

those that were considered “silly” and “small” so that he could highlight them to his students. He 

explained that both reasons were important because there was potential that mistakes could lead 

to an impact on the society, as implied by the analogy of an engineer designing a bridge in that 

engineers had to be able to make sure every step was done accurately without small mistakes to 

make sure the bridge was safe. He also explained that tests could help Matt give his students 

feedback that was useful for engineers in general  

It must be noted that Matt’s workout questions had similar characteristics to John’s 

problem-solving questions, which are 1) the contexts of the problem with variables and numbers 

attached to these variables, 2) illustration of the contexts, and 3) expectations of systematic 

mathematical equations expected, supporting my claim that these are “typical” engineering 

problems in my data set. In one example of Matt’s workout questions in his solid mechanics 

course, there was a rigid bar that was supported by three rods with no initial strain. The students 
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were asked to solve for the normal strain in one of the supporting rods after a load was applied to 

the rigid bar. Information like lengths of the rods, strains for the two other rods, and the amount 

of load were given to students to help with obtaining the final numerical answer. Matt also 

provided the students with illustrations of the configuration. This problem fits the workout 

question characteristics that emerged from the document analysis and shows that Matt’s 

questions aligned with his intended learning outcome of having students identify concepts to 

solve this type of questions to obtain numerical answers. The sample test Matt shared with me 

also contained only similar workout questions, consistent with Matt’s claim that he preferred 

these types of questions over conceptual questions due to the learning outcomes problem-solving 

questions served. 

 Matt also justified using workout questions based on the professional exams his students 

might take in the future. Matt explained that “this sort of question format is what they [students] 

will see if they take the professional engineering the exam and the foundations of engineering 

exam I guess that one comes first, because if they take the exam shortly after they graduate, this 

is a sort of thing that they're going to see, and so it prepares them, hopefully, for that.” 

Essentially, Matt argued that the professional exams had the same format as the problem-solving 

questions, and having his students work on these tests can help prepare them for taking these 

exams in the future. 

 On another learning outcome sub-belief from the student perspective, Matt also believed 

that tests provided feedback to students for their learning, and he described two behaviors that 

align with this belief. One, Matt rewarded students with partial credits for their steps and answers 

in problem-solving problems, and Matt explained this was a form of learning feedback. He had 

“them [students] show their work and still give them partial credit, but also then highlight the 
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mistake for them, and test should be a way for them to demonstrate what they've learned, but 

also another learning experience, where they are getting feedback on it.” This quote shows that 

Matt associated partial credit with highlighting mistakes for the students as feedback for 

learning. Two, Matt mentioned that he spent a substantial amount of time grading tests to make 

sure he provided sufficient feedback for his students: 

 

“Even for each class it can take a couple days, so you know if I have three classes, it might be a 

week where I do nothing else, but I still think that's time well spent. You know where I can see 

what the students are learning and what they're not learning. Give them direct feedback on that 

process.” 

 

Matt explained that it would take him days to finish grading the tests, but he considered this as 

time well spent, especially since he gave his students direct feedback throughout the process, in 

addition to understanding how his students were learning. 

 On non-course content factor sub-beliefs, Matt believed that tests were convenient, quick, 

and could be done regularly for a large class. He continued to use the common final exam in his 

courses. Even though Matt did not have a choice in administering the common final, as 

previously explained, he justified the use of a common final. Matt explained that it was “entirely 

practical that if [he had] 200 students and I have to grade, the final was like 12 or 15 questions 

and, if I [had] to grade all that in 48 hours it's physically impossible to do so. I need[ed] 

something that I can just put through a scantron.” This quote shows that Matt justified the use of 

common final based on the convenience and quickness in turning around final grades as grading 

of the multiple-choice final could be automated with the scantron.  
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 On test disadvantage sub-beliefs, I mentioned briefly that Matt addressed these 

disadvantages with some actions. These actions align with the idea of Matt continuing to use 

tests despite these disadvantages as Matt showed to address some of the disadvantages or was 

not concerned about them. One, Matt believed that tests created stress among his students, with 

his comment that the tests were high stakes in nature which could cause pressure as described in 

his test usage explanations. To address this, Matt split the fixed 60% course grade weighting of 

tests (Figure 4.11) into four tests. Specifically, Matt explained that “60% [course grades] came 

from these midterms, so if I have four of them, each one is 15% of their grade, which is still 

significant but it's not like half their grade is a midterm and half is just the final.” The word 

“significant” implies that Matt made an effort to make sure that the test grades were split to 

lower their stakes relatively to help with stress among students. 

 Second, Matt admitted that tests could encourage pattern matching among students. Matt 

mentioned that he was not concerned about this, but he also described that he created his tests to 

make sure students would not be able to pattern match: 

 

“I guess that [pattern matching] could potentially happen, I [did] try to pick questions that they 

[students] at least haven't seen that exact question before. You know the picture looks a little 

different or something so they're having toéidentify the correct concepté” 

 

Matt specifically picked questions that looked different than those that the students had seen 

prior. He talked about questions with different pictures so that students had to think about correct 

concepts to solve the questions to address students’ pattern matching in tests. 
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 Lastly, Matt admitted that students tended to focus on maximizing scores with tests 

instead of learning. To address this, Matt mentioned that he “tried to create the test in such a way 

that they're [students] not going to get a good grade unless they understand the material.” He 

elaborated that “they kind of maybe trick themselves into actually learning, they think they just 

trying to learn how to pass the test, but in doing that they're actually learning the concepts 

right.” Essentially, for Matt, he created tests with promoting learning in mind, even though some 

students might not have realized it. Overall, these test design and administration behaviors 

explained here align with Matt’s many of the test usage sub-beliefs as he mentioned these actions 

while explaining or implying his test usage beliefs. Considering Matt’s more than ten years of 

teaching experience, he seemed to have shown that his test usage beliefs were largely shaped and 

supported by these experiences, and he had an extensive experience in how to implement tests, 

especially being the course supervisor for both statics and solid mechanics. He did show a strong 

hint that he would consider other assessments in these courses. 

4.3.2.1 Comparing the behaviors among participants within the default test user group 

 Among the strong conviction group, the participants show similar behaviors in some of 

the design and administration behaviors, but different in others. In terms of problem-

solving/workout questions, both Sam and Jenna hinted that they used the problem-solving 

questions to help with student learning, since Sam discussed heavily how tests help his students 

learn how to apply basic thermodynamic concepts to solve different problems, as explained in 

the following quote. 

 

ñéwhat makes a good test to be is one that's not so straightforward that you can just you have 

to tell the students like it's not going to be just mapping,éI can remember, being in a few classes 
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and you see a problem and it's a new problem, and you have that initial wave of panic, sort of 

like I don't know how to do this and there is a guy that applies the first law of conservation 

energy, here is energy going in here is energy going out here's the energy balance, I know this 

and then he looks like, okay, I actually can I can solve this é once you get good at those basic 

concepts like you can solve anythingé” 

 

Jenna also hinted the same, discussing that tests, and by extension workout questions, are 

appropriate because engineering was a problem-solving field. Both Sam and Jenna also used 

conceptual questions, though in different contexts. Sam included conceptual questions in his tests 

because he wanted to discourage pattern matching among his students. Jenna did not use 

conceptual questions in her tests. Instead, she used them as low-stake quizzes after the lectures to 

see whether her students have learned. 

 

“I do very low stakes quizzes based on the lectures, and so after every lecture the next lecture 

day they'll have a short like conceptual quiz but it's very it's I call it a participation grade and it's 

worth like five percent.” 

 

Jake, on the other hand, discussed that he used different types of questions to create new types of 

questions so that his students did not have old questions on hand, similar to Sam’s reason for 

writing a new test with every new administration. 

 

“I know that for the variety of service courses these courses are consistent students have seen 

them, year after year after year, and so it's very easy to get someone else's notes someone else's 
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homework problems, their exams, or even go online and search a problem statement and find 

something very similar. And so I do go to likes to make sure I make my own problems, I asked 

unique questions and more so for these workout style problem answers that add that I've been 

using I like to include different prompts not more so start from zero and solve the problem yeah 

but I'll use things where I complete it halfway and I say what did I do wrong.”  

 

Comparing these to Matt, Matt had a clearer justification on why he preferred workout questions, 

but Matt did not discuss much why he did not prefer conceptual questions other than 

“[conceptual questions] are not necessarily bad that's just not how I do exams.” 

 Looking at the difficulty of test questions, Sam, Jenna, and Jake explained that test 

questions should be slightly harder or more complex than the homework questions the students 

had seen. Jake argued that if a student had built sufficient knowledge, they would be able to 

apply the knowledge a bit further in solving the problem. 

“[Tests] should be just a little bit harder than your homeworké. they should be just a little bit 

harder because I'm hoping to say, if you have understood everything within this particular box, 

everything I've shown you, maybe you can apply it just a little bit further.” 

 

Sam also shared similar behaviors to Jake, but he also argued that he had to make sure the 

challenging questions did not end up taking too much time. Jenna also shared the same behaviors 

as both Sam and Jake. Comparing them with Matt, Matt only discussed the difficulty when 

discussing switching to open book/note tests during the Covid-19 pandemic and had more 

connections to cheating than test usage sub-beliefs. 
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 In terms of partial credits as part of test administration in the form of grading, all four of 

them discussed the need for partial credits, though for different reasons. Jake and Jenna shared 

the same behaviors with Matt in that he used partial credits because he wanted to highlight 

student learning, with Jenna explaining in the following quote that she wanted to make sure 

students learn about the problem-solving process, and partial credits are the way to highlight her 

student learning on that. 

 

“What I want them to do is then when they encounter that topic again they can they know enough 

that they can sort of pick up their textbook go back to their notes and sort of relearn it on their 

own, so when I test when I grade things I focus much more on the process, and that is mainly 

what I base the partial credit oné” 

 

Sam, on the other hand, discussed more in terms of fairness, which I will cover to answer RQ2.b. 

He had different ideas about why he used partial credits in his course. 

 Lastly, in terms of the test setup, all four of them discussed splitting their tests to make 

sure they were lower stake for their students. It is not surprising to see the three engineering 

science participants discussed this as it was also a standard way of administering tests in the 

courses (all three of them taught statics and solid mechanics). Sam, on the other, raised this even 

though he had slightly more autonomy in terms of how he could administer tests in terms of 

grade weighting. It must be noted that aside from John, all other participants discussed 

authorized resources (notes during tests) as relevant to cheating beliefs. John, to note, mentioned 

both discouraging pattern matching and cheating while discussing his way of administering tests. 
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4.3.3 Annieôs test design and administration behaviors with respect to her test usage sub-

beliefs 

 Table 4.6 presents the behaviors that Annie exhibited or described along with the sub-

beliefs on test connections with learning outcomes and non-course-content factors, and test 

disadvantages. 

In terms of learning outcome sub-beliefs, Annie believed that tests were appropriate and 

easier for foundational courses from the instructor’s perspective. She also explained that some 

tests could prepare students for the common final exam in her dynamics course as the student-

perspective sub-belief. Annie described and exhibited some behaviors that align with these 

beliefs. First, she used conceptual questions in her tests to assess whether her students have 

acquired and understood the concepts. Annie had multiple-choice conceptual questions that 

focused on assessing students’ understanding and possible inappropriate conceptions. Annie 

explained that she used conceptual questions because she did not know “if the kind of [test 

problems] how we currently set it up is the best way to do that because students really perceive it 

as how well they can memorize a homework problem, as opposed to really understanding that so 

that's why I try to incorporate more concept questions into there.” Here, Annie raised the issue 

of students memorizing homework as one reason why she included conceptual questions in her 

tests. I will discuss more on this as part of the test disadvantage sub-beliefs. 
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Table 4.6 

Annieôs behaviors that align with the sub-beliefs of learning outcomes, connections with non-

course-content factors, and test disadvantages. 

Sub-belief Behavior 

Learning outcome 

¶ Tests were appropriate and easier for foundational 

courses 

¶ Tests prepared students for common final 

Self-described 

¶ Asked students to do mental checks on answers to 

make sure they make sense 

 

Documented 

¶ Used workout questions in tests 

¶ Used some conceptual questions to see whether 

students have acquired the concepts 

¶ Included multiple-choice questions with problem-

solving questions in midterms to prepare students for 

the common final, especially students who were not 

comfortable with workout problems in multiple-

choice form 

¶ Tests assessed individual student learning No relevant behaviors were described nor documented. 

Non-course-content factor 

¶ Tests are easier for large class size No relevant behaviors were described nor documented. 

Test disadvantage 

¶ Tests encourage pattern matching Documented 

¶ Used conceptual questions to discourage pattern 

matching 

¶ Created test questions that were different than 

homework questions 

¶ Tests are part of a grading system that causes 

pressure to students 

Documented 

¶ Incorporated some work out problems to help 

students who might get panic with multiple-choice 

questions. 

¶ Tests do not help students learn No relevant behaviors were described nor documented. 

 

In one example, Annie had a question about a wheel rolling on a horizontal surface 

without slipping, with variables and numbers attached to an illustration. There were five 

multiple-choice sub-questions attached to this big question, ranging from calculating the velocity 

of the wheel’s center to identifying the instantaneous center of zero velocity. Comparing Annie’s 

conceptual question to John’s, Annie had her conceptual questions in the multiple-choice format. 

This is different from John’s and it can be attributed to Annie having her tests during the 

semester to prepare her students for the common final, which is in the multiple-choice format. 
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Both John and Annie had multiple elements within each of their conceptual questions that focus 

on various facets of the concepts. For instance, John wanted his students to think about thermal 

resistance in terms of two different other variables (density and specific heat capacity). Annie, 

similarly, wanted her students to think about the disk rolling without slipping and the smaller 

concepts that come with it, such as understanding the disk velocity and the point of the 

instantaneous center of zero velocity. These show that both wanted to assess their students’ 

conceptual understanding at deeper levels. However, unlike John’s, Annie took advantage of the 

multiple-choice format to also identify students’ inappropriate conceptions of these concepts. 

When asked whether the choices in the questions were intentional, she responded yes, saying that 

she had “them [answer choices for Problem 1.1] in opposite directions to see if they [students] 

can separate or understand differences between linear velocity and linear acceleration and 

angular velocity acceleration.” This shows that Annie wanted to also see what inappropriate 

conceptions her students had with the concepts. 

 Second, Annie had problem-solving questions to help her students with the common 

final. She elaborated that “they [students] were having trouble translating from kind of the more 

conceptual multiple-choice questions to essentially each multiple-choice question on the final 

exams; work out [problem] you have to do but it's just put into multiple choice.” For context, 

Annie introduced multiple-choice questions in her tests to “have them [students] more 

comfortable with it [multiple-choice question], by the time the final exam comes up.” However, 

“final exam [was done] differently, [Annie] had a lot of multiple-choice questions, a lot of them 

are conceptual, mentally answer very quickly. And [Annie] felt like that was creating an issue for 

the students and transitioning to multiple choice for the final.” Annie addressed this by reversing 

the percentage of type of questions, with “40% multiple choice 60% work out.” By doing this, 
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Annie believed that it could “give them [students] better feeling of length for a [work out] 

problem.” In short, Annie included more workout questions in her tests after realizing many of 

her multiple-choice questions were conceptual questions, which did not align with the type of 

questions in the common final exam. 

It must be noted that Annie’s problem-solving questions were like those of John and 

Matt’s as her problem also has the characteristics that I identified in these typical engineering 

problem-solving/workout questions in my data set. An example of her problem shows this. In a 

dynamics problem, Annie had her students solve a wheel and link system, with the wheel and 

link guiding a slider moving along a rod. All variables with numbers and the illustrations were 

given. Students were expected to answer for sub-questions to solve for and calculate the angular 

velocity and acceleration of the wheel and link, and velocity and acceleration at a specific point. 

These setups fit the characteristics that emerged from the collected tests. 

 Lastly, Annie described her reminder to her students on doing mental checks when they 

worked on questions, including tests. Annie explained that she “emphasized, for example, for 

homework problems and things like that is feasibility, so if they're getting especially workout 

problems if they give us where something is moving in 120 meters per second, probably itôs not 

right, so don't think of it more in terms of like is your answer, realistic and within the bounds of 

all these other constants you are given. But that's also just also a mental check to see what they 

got out of it.” In this case, Annie was explaining that she helped her students prepare for tests by 

reminding them to do mental checks on answers, especially during working on homework 

problems, so that they can improve their test-taking skills. 

 For sub-beliefs relevant to test disadvantages, Annie had several aligned behaviors that 

demonstrate these beliefs. On pattern matching, Annie included conceptual questions in her tests 
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to discourage her students from pattern matching. As previously described, Annie included 

conceptual questions because she wanted to see her students’ understanding of the concepts and 

identify inappropriate conceptions. Annie justified using conceptual questions to assess whether 

her students pattern matched in their tests: “The goal of having more concept-oriented questions 

is to see if they understand that or if they are pattern mapping and plugging in chugging them.” 

In addition, Annie mentioned that tests as set up currently tend to encourage students to pattern 

match, and she incorporated more conceptual questions to respond to that:  

 

“In all honesty I don't know if kind of how we currently set it up is the best way to do that 

because students really perceive it as how well they can memorize a homework problem, as 

opposed to really understanding that so that's why I try to incorporate more concept questions 

into there [tests]éò 

 

 Annie also discussed that she created test questions that looked different than the 

homework questions to discourage pattern matching among her students.  

 

“For the first test these are all going to be the same concepts, but you're not going to see the 

same figures. You really need to write down what you know, you need to understand the process 

or it's not going to go well.” 

 

Annie was explaining this while responding to a question about making test questions more 

difficult than the ones in homework questions. This shows that Annie would make sure not to 

have similar questions that looked like those students had seen prior to tests. In addition, Annie 
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added that she understood why some instructors created more difficult tests. Essentially, she 

explained that if an instructor used homework questions, solutions would have been available in 

public, and creating more difficult and different test questions made sense. This is tied to the 

belief in cheating, which would be discussed later in the section. 

 On sub-belief that tests created pressure among students due to their association with the 

grading system, Annie included workout questions to provide different formats of questions: 

 

“that's where the workout problems are beneficial, as you can see thought process, and you can 

see, for example, they just accidentally pulled the wrong length, or they pulled the wrong 

measurement and that just cascaded through and got them to the wrong place. And then I mean 

you also the students that they go through they go through this whole process their answers are 

not in the multiple choice that panics them and then viral and then that just impacts, the rest of 

the test so.” 

 

In this case, Annie implied that because of the nature of the multiple-choice questions, some of 

her students might get panic when they did not see the answers as one of the choices, 

acknowledging the disadvantage her test format could have on her students and addressing the 

disadvantage by including more problem-solving questions. 

In addition, Annie mentioned that tests must have a reasonable completion time to not 

induce anxiety among students. 

 

“There's always, the time issue making sure you're not putting too much on there too, so that 

they can actually complete in time because they also kind of spiral in terms of anxiety because it 
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is massively long and then you don't really get what they know you just get that they kind of 

panic.” 

 

Annie essentially associated the timing of the tests with student anxiety as she believed tests that 

were not reasonable in terms of completion time could lead to students spiraling during tests. It 

must be noted that Annie also associated reasonable completion time as a form of test fairness, 

which I will describe later. All these show that Annie considered her students while designing 

and implementing her tests. It must be noted that Annie did not mention nor document behaviors 

of other beliefs for Annie. Overall, Annie’s test design and administration behaviors aligned with 

her test usage sub-beliefs. Considering Annie’s more than ten years of teaching experience, she 

had demonstrated extensive experience in how to implement tests in the dynamics course. 

However, she also gave the impression that, with her extensive teaching experiences, she was 

comfortable not using tests in other types of courses. 

4.3.3.1 Comparing the behaviors among participants within the skeptical test user group 

 Comparing Gemma with Annie, Gemma did not have many similarities in terms of her 

design and administration behaviors. In terms of design, Gemma used both problem-solving and 

conceptual questions to see her student learning. She responded to the question of why she used 

conceptual questions in her tests with the following quote. 

 

“I value a lot of the concepts. If they understand the concepts or not does understand how to 

solve it, because there are two different things. You might be able to kind of getting used to the 

process of solving run the equation and solve it, but it will know what you are doing.” 
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Here, Gemma explained that understanding and applying the concepts were two different things, 

and the conceptual questions helped her see whether her students understood the concepts, even 

though some of them could apply those concepts in a workout question. 

 In terms of difficulty, Gemma specifically singled out instructors that deliberately made 

tests difficult with unnecessary mathematical manipulations,  

 

“éA lot of professors in my in my academia path, it is it is everything about why it calls hard, 

because you are really being hard in the math, it is only hard for certain students.” 

 

Here, Gemma argued that having difficult questions that were based on mathematical 

manipulations made it hard for only certain students. Gemma mentioned this point while arguing 

for the need for diverse sets of questions in tests. 

 

“But some students, they might be really good and conception problems or problems involved 

like plots. Some of them have to read parts and understand the questions and explain what has 

happened and the ones are really good at math maybe bad on thatéò 

 

Here, Gemma was explaining that students had different skill sets, and some of them might be 

better at certain types of questions than others, hence, the need for more diverse sets of 

questions. 

 In terms of administration, Gemma did not discuss anything about partial credits 

throughout the interviews. In terms of the test setup, Gemma did mention that she gave her 
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student agency in deciding whether to take the final exam during the semester where the sudden 

shift to virtual learning happened because of Covid-19.  

 

“…what I did was to offer those who has already pass and I suggest propose like a different 

grade system. They don't need to take the final exam, and even before we change the grading 

system, the final could replace the lowest midterm grade so I made option for those that has 

already passed and does not need to replace and or they need, they want to try to improve their 

grades.” 

 

Here, Gemma demonstrated flexibility during a world-changing event in terms of helping her 

students by shifting the context of the final exam in the thermodynamic course.  

 Moving on from test design and administration behaviors and how they align with test 

usage beliefs, I will focus on other relevant test beliefs and behaviors these participants 

exhibited. In particular, the relevant beliefs are test cheating and fairness and their respective 

aligned behaviors. 

4.4 What are other relevant beliefs about tests? (RQ2.a) and How do these relevant beliefs 

align with their behaviors of designing and administering tests in their FECs? (RQ2.b) 

 I am a similar approach in answering RQ1.a and 1.b to answer 2.a and 2.b. In this section, 

I separate the answers by the two relevant beliefs: Test cheating and fairness. In short, there will 

be two tables based on the relevant beliefs to answer both research questions: Table 4.7 for 

cheating and Table 4.11 for fairness. 
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4.4.1 Test cheating 

 Table 4.7 shows that across all seven participants, all of them explained or implied that 

cheating was important to address because students were not learning when they cheated. 

Reasons have differences, with some explaining these students would be engineers in the future 

(Matt, Jenna, Gemma), hence the need to learn, while some focused more on the learning (John, 

Sam, Annie) and feedback (Jake) from tests specifically. In terms of design, many of them 

created or rephrased test questions to make sure students would not be able to solicit outside 

help, especially from the internet to cheat. Some also used strategies like randomized variables 

and conceptual questions to discourage cheating. In terms of administration, all preferred in-

person tests so that they know students were working individually. All of them also had some 

boundaries set with authorized resources. Lastly, some made sure past test questions would not 

circulate among students as the circulation led to some well-connected students obtaining 

advantages with test preparations or cheating in the tests outright.



 170 

Table 4.7 

Overall cross-case summary on test cheating to answer RQ2.a and 2.b. 
Test cheating 

beliefs (RQ2.a) 

and behaviors 

(RQ2.b) 

John Matt  Jake Sam Jenna Gemma Annie 

Test user group 

(RQ1.a) 
Enthusiastic Default Skeptical 

B
e

lie
f Importance 

of 

addressing 

cheating 

When cheating, 

students were 

memorizing, not 

learning 

Students needed 

to learn as they 

were going to be 

future engineers 

Made sure to 

have proper, 

good-faith 

dialogue 

Made sure 

students were 

doing honest 

work with tests 

Students needed 

to learn as they 

were going to be 

future engineers 

Students needed 

to learn as they 

were going to be 

future engineers 

Made sure 

students were 

learning at the 

individual level 

B
e

h
a

v
io

r:
 T

e
s
t 
d

e
s
ig

n 

  D
e

s
ig

n 

Question 

writing Addressed 

through test 

administration 

(below) 

Rephrased 

homework 

questions for 

tests to prevent 

online search 

Created new 

question versions 

every new test 

cycle to prevent 

circulation 

Created new 

question versions 

every new test 

cycle to prevent 

circulation 

Rephrased 

homework 

questions for 

tests to prevent 

online search 

Created tests that 

were not 

searchable online 
Addressed 

through test 

administration 

(below) 
Other 

notable 

design 

strategy 

Randomized 

variables and 

questions for 

take-home tests 

Had students 

sign honor code 

statement before 

each test 

Used conceptual 

questions 

Had students 

sign honor code 

statement before 

each test 

None 

B
e

h
a

v
io

r:
 T

e
s
t 
a

d
m

in
is

tr
a

ti
o

n 

Modality 

Used in-person 

for hybrid class 

during pandemic, 

conducted 

proctoring 

Used take-home 

during pandemic, 

preferred in 

person for future 

Used take-home 

during pandemic, 

preferred in 

person for future 

Used take-home 

during pandemic, 

preferred in 

person for future 

Used take-home 

during pandemic, 

preferred in 

person for future, 

conducted 

proctoring 

Used take-home 

during pandemic, 

preferred in 

person for future, 

conducted 

proctoring 

Used online 

proctors during 

pandemic, 

preferred in 

person for future 

Authorized 

resources 

during tests 

Allowed one 

page of notes, 

administered 

closed book/ 

note 

Allowed cheat 

sheet in person, 

open book/note 

for virtual class 

during pandemic 

Administered 

open book/note 

for virtual class 

during pandemic 

Administered 

open book/note 

for virtual class 

during pandemic 

Administered 

open book/note 

for virtual class 

during pandemic 

Administered 

open book/note 

for virtual class 

during pandemic 

Allowed cheat 

sheet in person, 

open book/note 

for virtual class 

during pandemic 

Other 

notable 

admin 

strategy 

Requested 

students to place 

bags and 

technology away 

during test  

Did not use 

lockdown 

browsers during 

virtual classroom 

None None 

Notified online 

resources about 

upcoming tests 

Did not use 

lockdown 

browsers during 

virtual classroom 

Did not allow 

students to take 

graded exams 

back to prevent 

circulation 
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4.4.1.1. Johnôs beliefs and behaviors on test cheating 

 Figure 4.17 illustrates John’s test-cheating beliefs and behaviors in the framework, 

complemented with Table 4.8 showing the alignment between beliefs and behaviors on the topic. 

 

Figure 4.17 

Johnôs beliefs and behaviors on cheating. This figure should be reviewed along with Table 4.8. 

Table 4.8 

Johnôs beliefs and behaviors on cheating. This table should be reviewed along with Figure 4.16. 

Sub-belief Behavior 

¶ Cheating must be addressed because students were 

not learning, and they were memorizing when they 

cheated. 

¶ Internet had made cheating easier for students.  

¶ John implied distrust of students (assuming they 

were going to cheat because it is easier to do so). 

Documented 

¶ Had required in-person tests for hybrid courses during 

the pandemic for more control (include proctoring) 

 

Self-described 

¶ Set boundaries with authorized resources (one page of 

note, closed book/note) 

¶ Requested students to leave backpacks and any 

technology behind during test administration 

 

 To John, cheating must be addressed because it was an obstacle to learning. In addition, 

John associated cheating with memorization when students study.  
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“What some of them did was they got out their phones and looked up on their phones, problems 

that were similar to what I had put on this test. All right. Even though I gave them material 

specifically how to solve the problem and what they looked up and had a different solution 

method and they copied that solution method onto the test. I talked to some of them cause I 

caught him on this, I talked to some of them and I said, why did you do this? And they said, well, 

because I didn't understand the material, so I tried to memorize the method. I did not, I couldn't 

understand the material, so I tried to memorize how to do it and that is what we're up against. 

The students think that learning, even these are juniors and seniors and even at that level, they 

think that that learning something is memorizing.” 

 

In this quote, John learned that many of his students cheated because they did not learn like what 

John expected them to. The students would try to memorize instead of learning, which means 

students would want to find similar problems with the solutions to answer the test questions, 

hence cheating with unauthorized resources using the internet. This anecdote also shows that 

John implied cheating is an obstacle to his students’ learning since it reinforces the idea of 

memorization instead of understanding the concepts. 

 Following up on the previous quote, John also explained the rise of the internet as the 

main culprit behind the easier access to unauthorized resources to cheat. He explained that “it's 

[cheating with online access] gotten worse. I see more access they have to the internet easier. It 

is for them to, they always take the easiest route out.” This shows that John blamed easier 

internet access for the worsening of cheating among his students.  

He also talked about students taking the easiest way out in terms of preparing for tests, 

showing that students also had the agency in terms of not cheating, and the easier internet access 
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facilitated the decision to cheat. In another instance, John repeated the point that students tended 

to take the easy way out and essentially argued that humans do so. He said that cheating 

happened “because they're [students] human. And humans look for, if you're smart, you always 

look for the easiest way to do something.” He then mentioned that instructors should not continue 

to reinforce such behavior and should find ways to address this. Consistently, John had been 

associating cheating with learning patterns as he previously already talked about cheating 

connection with students memorizing instead of understanding the materials. 

 

“It's only if you're dumb that you do it the hard way. So the students are smart. There's no 

problem with that. They're smart. We're reinforcing the wrong learning patterns with them. 

Cause we don't make them change. Any like they did in high school and then they say, oh, but 

this is the way I learn. I don't learn the way you're teaching me. No. The problem is you haven't 

been taught the next level up of, of how to learn something.” 

 

 John described and exhibited behaviors that align with his beliefs on cheating. First, he 

required in-person tests during the pandemic to address cheating among his students. Before the 

pandemic, John always had in-person tests set important boundaries to make sure students would 

not have the opportunity to cheat during a test. For instance, John always had his students leave 

their backpacks and electronic devices at the end of the classroom before the students started the 

tests. This is consistent with the tests being administered closed book closed notes. 
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“I've gone to the point now that when I give a test, I make them take everything, phones, et 

cetera, et cetera, put it in their backpack and put it up against the wallé So that they do not have 

that available to them. And I don't have to try to monitor that.”  

 

John wanted to have the same arrangement during the pandemic. Therefore, he leveraged the 

hybrid modality of his heat transfer course and required his students to take the tests in person 

while having lectures virtually. This was stated in this course syllabus (Figure 4.18). 

 

Figure 4.18 

Johnôs language on test in his heat transfer syllabus. 

 

“This term I'm doing the same thing. I'm doing a hybrid course and the tests required they come 

in personéYou have to come in in person to do the test i'm going to have three rooms running 

simultaneously so that they can keep their distance and still do the test. I just don't want to have 

to deal with all the other issues.” 

 

He talked about “other issues,” which means cheating in general as he was responding to 

questions about cheating. Essentially, John believed that in-person tests provided him more 

flexibility and control in terms of preventing cheating among his students, and he basically had 
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his students attend tests in person, showing the length he would do to make sure cheating is 

addressed among his students. 

 Second, having in-person tests also provided John the control in terms of proctoring. John 

wanted to make sure he and his teaching assistants could monitor the students while they were 

taking tests. 

 

“About six years ago, I gave a test to over 300 students all at the same time. And as I was 

teaching the entire senior class in mechanical engineering, and I had a number of TAs with me 

even, and we put all the students in rooms and tried to monitor the students.” 

  

The institution generally also showed a strong emphasis on addressing cheating through 

public documents such as handbooks for faculty and students and Covid-19-related documents. 

There was strong language in terms of policies in defining cheating and the significance of 

violating policies by cheating in assessments. Both the faculty and student handbooks had 

substantial language on academic dishonesty, such as cheating, and the process of addressing 

them. The language centered around ensuring “every student has the right to an academic 

environment free from the injustices caused by any form of intellectual dishonesty; and the 

honesty and integrity of all members of the university community contribute to its academic and 

intellectual vitality.” Language on how cheating cases should be addressed also formed a large 

part of the policies. In addition, due to the shift to virtual learning caused by the pandemic, the 

institution also provided documents that listed resources to address or discourage cheating 

among students, such as proctoring tools like lockdown browsers and quiz security featured on 

the online course management platform. This adds another level of nuances in understanding 
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John’s strong emphasis on addressing cheating. However, it must be noted that John did not 

make such a connection when asked about document connections with to his beliefs and 

behaviors on tests in general. 

Overall, John showed very strong beliefs in terms of addressing cheating, and he 

consistently showed distrust among his students as he had explained that students wanted to take 

the easy way in working on tests, and the easier internet access was not helping. In addition, John 

also believed that a test environment should be created to disincentivize tests, such as having 

students attend in-person tests so that he could “cut up the access to Internet during the exam.” It 

must be noted that John also mentioned cheating was a big conversation among his peers when 

they discussed topics related to tests, and I interpreted this as part of why John saw cheating as 

something significant that must be addressed in his courses. 

4.4.1.2 Mattôs beliefs and behaviors on cheating 

 Figure 4.19 shows Matt’s frameworks on test topics of cheating, with Table 4.6 providing 

the beliefs and behaviors. 

Matt had a strong belief that cheating must be addressed with testing because many of his 

students would be engineers in the future, and this meant the students had to learn all the 

necessary skills to be one. Cheating became an impediment to learning. Matt explained that “a 

lot of the follow-on courses will use this [statics and solid mechanics] material, so if they 

[students] don't actually understand it they're going to be in a lot of trouble in those courses 

anyway.” To Matt, cheating impeded students learning toward future learning in other 

engineering courses. However, Matt did acknowledge that some students might manage to cheat 

their whole way to a degree, and Matt added that if that was the case, many of these students 

might struggle to obtain a job as they would not be able to demonstrate their skills. 
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Figure 4.19 

Mattôs beliefs and behaviors on cheating. This figure should be reviewed along with Table 4.9. 

Table 4.9 

Mattôs beliefs and behaviors on cheating. This table should be reviewed along with Figure 4.19. 

Sub-belief Behavior 

¶ Cheating must be addressed because these 

students are learning to become future engineers, 

and they must learn the necessary skills to be one 

¶ In-person tests were ideal to discourage cheating 

among students 

¶ Did not feel the need to spend time improving 

online tests since they are temporary 

Documented 

¶ Incentivized students to not cheat by making tests 

lower stakes 

 

Self-described 

¶ Used take-home during the pandemic. 

¶ Allowed cheat sheet when test administered in 

person. 

¶ Rephrased homework problems used for tests to 

make sure students would not be able to Google 

solutions, acknowledges that Chegg could be an 

unauthorized resource for students 

¶ Used randomized variables to have different 

versions of tests so that cheating would not be easy 

¶ Did not use lockdown browser because of uneven 

internet speed and the university was discouraging 

faculty from using it 

¶ Balanced time limit to make sure students had 

enough time to complete but not enough to work 

together 
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“If they're gonna cheat through one of those courses, they need these concepts later on right 

either going to learn them later or they're going to fail the later courses, because they don't 

understand it. And if they managed to cheat their way through the entire university career, you 

know some students probably manage and you know, hopefully at some point they'll learn what 

they need to know or they'll struggle to get a job because they can't prove they have the skill.” 

 

Ultimately, Matt implied that cheating and the lack of learning that came with it might end up 

impacting society. 

 

“The worst-case scenario, I know some of my old team tends to be the old teachers, who we have 

at least a couple in the department, and I know I had some as an undergrad and they'd be super 

serious about it. Cheating engineers kill people. Because you know that structures fall down and 

all that kind of thing, which is, I mean maybe not completely untrue, but I think it's a little 

dramaticéI don't think if a student cheats on one of my exams, people are going to die as a 

result.” 

 

To Matt, he did not completely disagree with the notion that the products produced by “cheating 

engineers” might not meet certain expectations. However, he did explicitly state that he 

disagreed with the notion of cheating engineers kill people, as professed by some of Matt’s older 

peers in his department. Although Matt did not totally agree that students who cheat would end 

up killing people, he did make the connection that students who cheat might not produce 

engineering products that did not meet expectations, as he mentioned the falling structures. 
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Ultimately, Matt did think that cheating impedes his students learning, which might lead to these 

students struggling in getting a job and/or producing products that might not meet expectations. 

 Matt also expressed other beliefs on cheating. He strongly stated that in-person tests were 

ideal for discouraging or preventing cheating among his students, especially using the Covid-19 

pandemic virtual mode of testing as a comparison to how it was done previously. 

 

“It changed the way that we had to both teach the course but also evaluate students, especially 

when we had to do everything online for that one semester that might all of our tests are online 

as well. And that creates problems in terms of proctoring students and when a classroom you 

can give everyone the same test the same question and it's easy to tell if somebody whispering to 

somebody or looking.” 

 

Matt specifically raised the issue that because of the switch to virtual classrooms, tests had to be 

done virtually or take-home too, and this created problems with proctoring. This showed that 

Matt preferred in-person tests for proctoring to discourage cheating among his students, such as 

students whispering with each other. Matt also mentioned that in-person tests allowed him to 

give the same test questions, but not with virtual tests. Matt further doubled down on his in-

person preference.   

 

“It would be nice if there was more that we could do to prevent that that sort of cheating I just 

don't think that also we have a very effective, other than what sounds like an extreme solution 

right now, but actually is very normal, which is get all of the students in one room and sit and 

watch them for an hour. But I mean that's what we've always done that prevents all of the issues, 
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there's no way that talking there's no way they're on their phone there's no way they're getting 

their answers for anyone else right it solves basically all of those cheating issues.” 

 

In addition, Matt also elaborated that he did not plan to spend a lot of time working on cheating 

prevention with virtual or take-home tests, explaining that he would go back to in-person tests 

when the time allowed, and he did not think that he would ever use virtual tests if he did not need 

to. 

 

“But we're going back to normal next semester, and so you know we don't want to spend a lot of 

time developing tools to try to catch that sort of thing if we're never going to use them.” 

 

 Matt described and exhibited several behaviors that align with his strong beliefs on 

cheating prevention. First, Matt mentioned that cheating prevention could be incentivized. He 

specifically raised the example of making the 60% test course grade (Figure 4.8) lower stake, 

meaning that he had four tests with 15% each. The reasoning was that students would have the 

urge to cheat if the grade attached to a question could have significant consequences on their 

course grades if the students did not know how to work on them. 

 

“If they're taking a test that's 50% of the final grade and they don't know how to do a question. 

It's almost worth trying to cheat and helping you get away with it, rather than bombing the test. 

So there are there are psychological reasons why students will try and cheat that we can try to 

minimize those reasons.” 
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 Second, Matt balanced the time he provided students to complete the tests to make sure 

that students had sufficient time to complete the test (tied to fairness, which I will discuss later) 

and, at the same time, insufficient time for students to work together on the test. He explained 

that the time limit “is the other thing right they [students] only have 50 minutes and so that cuts 

down on ébeing able to discuss or you know ask other people questions or text people or 

whatever.” However, because of virtual testing during the pandemic, Matt gave his students 12 

hours to complete the tests, setting the time to be from “8am to 8pm” according to his solid 

mechanics syllabus. This strengthens Matt’s belief that in-person tests are preferable for him 

considering cheating. 

 Third, Matt rephrased homework problems that he used in his tests to make sure students 

could not search for unauthorized resources for help during the tests. This is specific to virtual 

testing during the pandemic as Matt already implied previously that he did not allow internet 

access for his students during in-person tests.  

 

“The other thing I try to do or I've been trying to do, I guess kind of developing it I'm not sure 

that this test is a good example, but because these questions are taken from the textbook and 

often there are work solutions on places like Chegg. And things like that. And so, usually at least 

later in the Semester and with the final I've been trying to rephrase the questions so that, if they 

Google that question it won't necessarily show up. And again, I don't know how well it works, I 

mean there's you have to give them certain information right, but if you take the question exactly 

from the textbook like if you copy pasted this and put it in Google I bet it would take you to a 

Chegg solution immediatelyé And so I've been trying to avoid that but again I 'm not sure that 
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that is that effective. And even if they can't find a solution, the student could still upload this to 

Chegg and hope that someone gives them a solution in 20 minutes.” 

 

In short, Matt made sure to rephrase questions in his tests to make sure students would not be 

able to search for them for online solutions, such as those held in Chegg. However, Matt was 

skeptical whether this way worked as he mentioned that students could ask for solutions on the 

Chegg website even if there was no solution available on the newly rephrased test questions, 

which I interpreted as contract cheating. Matt elaborated that there were some features on Chegg 

that helped instructors with cheating prevention, but he mentioned he never really explored the 

options.  

 

“I think the university can work with Chegg and find out if people are online on certain days or 

certain times. I've never really looked into that, which I'm sure would catch out a few people. 

And I've just never really looked into how much work, that is, and whether it's worth it or not." 

 

 Fourth, Matt utilized some cheating prevention methods with his test design, such as 

randomizing questions or variables to have different versions of tests given to his students.  

 

“What we tried to do was either randomized variables, so that students were getting different 

answers, or have questioned polls, so that they wouldn't go on out of three possible questions. So 

that even if they were trying to work together, hopefully, that would make it more difficulté” 
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This method was specifically to impede students from cheating as they would not have the same 

questions or answers with their tests, making it difficult for them to work together as the 

intention of the tests was to assess individual learning. Matt also explained how he did a question 

pool using the test he shared with me, showing me that he typically had only four questions per 

test, but ended up having eight because these tests were virtual, and students had 12 hours to 

complete them. 

 

“And so that's why you'll see when you go through this test it's got problem 1.1, 1.2, 2.1, 2.2, 3.1 

3.2 and so on. And usually, when I do test it would just be you know straight four questions, 

everyone has the same questions, but we do it in a classroom. And the reason that I've got eight 

here is that I will have Canvas just choose from, it will choose one out of the first two one out of 

the second to one out of two one of the last two so that students are not all getting the exact same 

question. Yeah The idea is that that will hopefully discourage them a little bit from trying to work 

togetheré” 

 

Ultimately, even though Matt explained his methods, he constantly cast doubts on the 

effectiveness of these methods in discouraging cheating among his students. To him, “the idea is 

that that will hopefully discourage them a little bit from trying to work together. I'm not sure it 

had any effect at all,” showing that he had little confidence in the methods to discourage 

cheating. 

 Matt had shown to put in a lot of efforts to discourage cheating among his students. 

Throughout, he had stated or implied ways to set boundaries on what is cheating and what is not 

among his students, such as no internet access during an in-person test, randomizing and 
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rephrasing test questions to discourage the use of Chegg or other unauthorized resources, and 

“the students have always been allowed a cheat sheet.” Overall, Matt had shown strong distrust 

of his students when it comes to cheating as evident by his beliefs and behaviors on the topic. 

However, one interesting observation is that he did not elect to lockdown browsers for virtual 

testing. He explained that  

 

“the university is telling us not to rely on you know not to ask students to have cameras on 

because we all live out in the sticks with crappy Internet, and I do as well, and so if you do that 

and someone's internet cuts out or someone's they can't stream properly. What are you going to 

do, punish them for that?”  

 

Essentially, because of the unreliable internet some students might have, lockdown browsers 

became difficult to use as many might not be able to stream their webcam feeds. In addition, 

Matt explained that students could use other ways to circumvent the browsers, arguing that 

“lockdown browser doesn't do anything because they have a phone right here, and so I can lock 

down the laptops but they have five other devices in their house so what's the point.” This shows 

that Matt did not have confidence with the lockdown browsers serving the purpose of 

discouraging and preventing cheating. It must be noted that the institution provided resources on 

lockdown browsers for instructors for administering tests in virtual learning during the 

pandemic. 

 Matt did not make any connections between his beliefs and behaviors on test cheating 

with any of the institutional policies. However, similarly to John’s case, Matt’s beliefs are 

seemingly consistent with academic dishonesty policies in which cheating was substantially 
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explained and featured. Overall, Matt showed strong beliefs in terms of addressing cheating and 

demonstrated some behaviors that align with these beliefs. 

4.4.1.2.1 Comparing test cheating beliefs and behaviors among participants within the 

default test user group 

Jake, Jenna, and Sam shared similar behaviors on test cheating beliefs and behaviors. In 

terms of test cheating beliefs, both Matt and Jenna raised the learning to become a future 

engineer as the reason to address cheating. Sam discussed the need to ensure students were 

working individually on testing, while Jake talked about the need to make sure the test as 

dialogue will be in good faith without cheating, discussing the need to remind students of the 

importance of tests being a dialogue between Jake and his students and appealing to them to 

work on tests individually instead of soliciting unauthorized help to cheat. 

 

“And so I'll highlight those students [who cheated] again, and I will address the class and say I 

don't want to have to go through this process, but if we do know that I will be right there, I will 

take this to the honor court, I will go through all the processes, it will not be fun for either of us. 

But please, I just want to make sure that we're having the dialogue, so I again appeal to the 

students and at that pointé” 

 

 In terms of question writing, Matt and Jenna shared similar behavior on rephrasing 

homework questions to prevent unauthorized online help solicitation, while Jake and Sam shared 

the behavior of creating new questions every new test administration to make sure some students 

would not obtain advantages due to being well-connected as old questions ended up being in 

public. This is especially personal for Sam as he experienced this when he was a student. 
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“When I was a student again thinking back to that, I wasnôt a well-connected student, wasn't in a 

fraternity, didn't have access to a lot of files. I could remember the professor's passing out tests 

and you know I was a pretty good student and then working really hard. Through there and see 

students as soon as the tests got passed out you're looking at each other and laughing and then 

being done halfway through. They just know when they had the old test that had that. They have 

probably done the night before with the solutions and then I was struggling through so I've 

always said I'll never give out tested repeat questionsé” 

 

Here, Sam explained his strong behavior to write new questions with every new cycle of test 

administration because students would then cheat by hoping to have worked on the questions 

before the test administration. 

 With notable design strategies, both Jake and Jenna would have their students sign the 

honor code statement to remind them to adhere to the honor code (Figure 4.20), specifically to 

not cheat. 

 

Figure 4.20 

Jennaôs honor code pledge on the cover page of the test. She required her students to sign it 

before starting the test. 

 In terms of test administration, Jake, Jenna, and Sam, like Matt, used the take-home 

modality during the pandemic, but all explicitly stated that they preferred in-person tests to make 

sure students were working individually during tests. As for authorized resources, all of them 
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used open-book/note during the pandemic. Lastly, like Matt, Sam mentioned that he did not use 

lockdown browsers due to “privacy concerns”, a similar line of reasoning that Matt made. 

4.4.1.3 Annieôs beliefs and behaviors on cheating 

 Figure 4.21, along with Table 4.10, shows Annie’s framework when it comes to cheating 

in tests beliefs and behaviors. 

 

Figure 4.21 

Annieôs beliefs and behaviors on cheating. This figure should be reviewed along with Table 4.10. 

Annie strongly believed that cheating must be addressed because it was an impediment to 

student learning at the individual level. As I have previously described, one justification Annie 

had for using tests in her course is that tests can isolate students from external factors, unlike 

homework, to help her assess individual learning. She specifically discussed that students tend to 

work together on homework, which rendered it not useful in assessing individual learning. Thus, 

tests become the assessment that can assess individual learning, and Annie believed that cheating 

among tests deters from such goal. 
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Table 4.10 

Annieôs beliefs and behaviors on cheating. This table should be reviewed along with Figure 4.21. 

Sub-belief Behavior 

¶ Cheating is important to address as it was an 

impediment to student learning at the individual 

level  

Self-described 

¶ Did not make test questions public to allow future 

students unauthorized access to the questions prior 

to testing 

 

Documented 

¶ Reminded students of honor code in tests to 

discourage cheating 

¶ In-person tests can discourage cheating 

¶ It is difficult to enforce close book close note 

Self-described 

¶ Used open book open note when shifted virtually 

¶ Tried lockdown browsers when the semester 

suddenly shifted virtually 

¶ Had students sit spaced out during in-person tests 

 

Documented 

¶ Set boundaries with authorized resources 

¶ Had students who were not able to attend in-person 

tests during the common time find their own 

proctors, before and during the pandemic 

¶ Used zoom proctoring when the course was taught 

online, before and during the pandemic 

 

 Annie’s behaviors align with this belief. First, Annie mentioned that she did not allow her 

students to bring back their completed and graded tests. 

 

“I donôt let my students keep their tests. They can come and look through it and work through it 

with me. But also, for that reason [cheating] I donôt let them take the test and take it home as I 

donôt want my problems all out there.” 

 

Annie explained here that she allowed her students to look through the graded exams and she 

would help her students work through the problems personally. However, she would not let her 

students bring the tests with them since she assumed that those test problems would be made 

public or circulated among the students, implying that students would use these as unauthorized 
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help and resources while they worked on their tests, which is how I define cheating based on the 

data set. 

 Annie also reminded students of the honor code by having them sign the honor pledge 

before they started the tests (Figure 4.22). Annie explained that she “had students sign an honor 

code statement at the beginning of every single test. So if theyôre caught in a lot of trouble.” 

Essentially, for Annie, signing the honor pledge implied that the students understood the honor 

codes that they had to abide by when completing the tests, and students would be penalized if 

they were found to have broken the codes. It must be noted that Annie reminded the students of 

the codes in the syllabus, which was required as part of the syllabus writing in this institution as 

part of the faculty handbook.  

 

Figure 4.22 

Annieôs honor pledge on the first page of the sample test. 

 Annie also believed that cheating could be much more easily discouraged when she had 

tests in person. Annie mentioned that “itôs a little bit more difficult to cheat in person,” implying 

that she believed being in person for tests makes it difficult for students to cheat. Something 

related to Annie’s style of test administration (preference for in-person) is that it was much more 

difficult to enforce a closed-book, closed-note test online, and this is especially relevant with the 

shift to virtual learning during the pandemic. 
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“I actually also taught online courses at my previous institution something that actually I learned 

from them is, if you have it online, you canôt really unless you make them get a proctor you canôt 

really enforce a no textbook no formula sheet policy because you actually have to enforce it so 

thatôs why I gravitated that way [open book open note].” 

 

In short, Annie believed that in-person tests made it difficult to enforce a closed-book, closed 

note policy for tests, which she implied to be part of the cheating perception. This quote also 

shows that Annie’s past experiences of teaching service courses online influenced her beliefs and 

behaviors toward cheating. 

 

Figure 4.23 

Annieôs language about test administration in her dynamics course syllabus. 

 Annie exhibited several behaviors that align with the idea that tests can be discouraged in 

person. First, Annie set boundaries on what students could use as authorized resources during 

their tests, which I interpreted as effectively setting some boundaries between what is cheating 

and what is not during a test. Figure 4.23 shows what Annie accepted as authorized resources for 

students to have during tests. She allowed her students to have one sheet of 8.5” by 11” paper 

that her students could use to include all information they wanted for help during tests. Annie 

would check all her students’ resource sheets before the tests. Annie also allowed her students to 

have a calculator during tests.  
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“For testing, they all were in person before Covid hit and so everyoneôs in the same room I 

allowed them a handwritten formula sheet front and back so I check their formula sheet before 

they left they could have whatever they want on there, they could have examples, they could 

have. They could rewrite the textbook for all I care, but it had to be handwritten. And kudos to 

them if they rewrote the entire textbook. I mean theyôre given that freedom and flexibility for 

whatever works for them.” 

 

These were some of the ways Annie set the boundaries on what constitutes authorized and 

unauthorized resources, which can be seen as proxy to what is cheating and what is not cheating. 

Another behavior Annie changed to open-book, open-note tests during the pandemic 

when the classroom shifted virtually because Annie did not think there was an effective way to 

enforce the policy. As illustrated in Figure 4.22, Annie used to do closed-book, closed-note tests 

before the pandemic.  

 Even though Annie shifted to open-book/note policy, cheating was still a significant 

consideration for Annie. As described so far, Annie’s behaviors toward how she administered 

tests during the Covid-19 pandemic also highlighted her strong beliefs in addressing cheating. 

During the semester suddenly shifted to virtual learning, Annie tried several methods to 

discourage cheating among her students. She first tried lockdown browsers but realized that 

logistically it was not productive. 

 

“I did [used lockdown browsers] when we have that very quick transition last spring. Actually, 

no I didnôt because I tried it, and then they [students] actually couldnôt open up a PDF to do 

their work out stuff and submit it so because they have the lockdown browser and they literally 
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cannot open anything else, and I was like well I need to they need to do that right at work and 

upload the exam I donôt know what else to do so, I did not use ité” 

 

Annie explained that the lockdown browsers ended up being not useful as the students could not 

do additional tasks on their devices when the browsers were open, and ultimately Annie did not 

use the browsers in her tests in the virtual setting. Annie did mention that she understood why 

people used lockdown browsers overall: “There is the cheating aspect, especially now that weôre 

all online and I understand why people that use the lockdown browser,” supporting the claim 

that she is specifically focused on discouraging cheating among her students. In addition, the 

institution provided a considerable number of resources on discouraging cheating with virtual 

tests, with lockdown browsers being one of the key elements. 

 Even though the lockdown browser did not work, Annie had other ways to discourage 

cheating. Among them is continuing the policy of proctoring. For Annie, proctoring was an 

important way to discourage cheating among students. In Annie’s dynamics syllabus that was 

revised for virtual classroom due to the pandemic, language on searching for own proctors was 

included (Figure 4.24). 

There are two takeaways. First, Annie had always had proctor in her tests for students 

taking tests on campus, and it was clear that Annie had tests and exams to all be done at a 

common time. Second, Annie also had the policy on students having to find their own proctors 

even before the pandemic, when she taught dynamics online. She explained that she learned this 

from a summer workshop on course design. 
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Figure 4.24 

Annieôs language on the need for test proctoring for online courses (before and during the 

pandemic). 

 

“This kind of came through I went through [course design program]. There was some sort of 

summer program to make a course or transition a course online pre-Covid so this would have 

been summer 2018. I went through and did this, and this kind of came up within a course 

redesign because you know the time, not a lot of people did online. But the main issue or concern 

with taking the service courses online is the ability to cheat and particularly because when you 

have them in person theyôre not allowed their textbooks, you can make check for that you can 

check their cheat sheets or formula sheets and you can have those kinds of roles, but when you 

have just one section online, itôs difficult to implement those rules [closed book closed notes, 

other authorized resources] without some sort of proctor, even when I offered this online pre-

Covid, I think 98% of the students were on campus anywayéI think over the course of how many 

times three or four times I offered an online pre-Covid I think I had two students who are 

actually not physically in [town]éAnd so there they were actually at a university or near a 

university where they can use their library proctoring system. And I was going to talk to the 

proctor.”  
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Annie provided many justifications for this policy. Essentially, Annie wanted to make sure that 

some of her test administration policies, like closed-book/notes and authorized resources, could 

be enforced for online courses pre-pandemic, even though most of her students were on campus 

anyway. This quote also supported Annie’s belief that cheating is an important consideration for 

her while testing her students.  

 For the shift virtual due to the pandemic, Annie had Zoom proctoring for her tests. As 

previously described, Annie decided against the lockdown browser since it did not work for her. 

Therefore, Annie decided to have her students take tests on Zoom while she had a teaching 

assistant to proctor during the test. 

 

“I had an online proctor, so I had the [teaching assistant] have a zoom room they had to have 

their camera on them, whether it was on their phone or whatever, and before the test started, but 

they had to show the proctor space.” 

 

 It must be noted that for the very semester that shifted virtually halfway, Annie did not 

enforce the proctoring rule because of “everything with the pandemic, so those last two tests 

were actually not proctored because of everything going on.” However, she did enforce the rule 

when the institution went fully virtual for the academic year 2020-2021. 

 Lastly, for in-person tests, Annie had her students “spaced out so that they couldnôt be 

like looking off each other,” showing that Annie also acted on physical distancing to make sure 

students did not have the opportunity to cheat during tests. 

 Overall, Annie showed very strong beliefs and behaviors to address cheating among her 

students. In multiple instances, Annie implied that students would cheat if they were not 



 195 

proctored or in-person when they did their tests, showing that Annie had a level of distrust of her 

students. It must be important to note that Annie’s case on cheating provides a perspective that 

even with her skepticism on test usage, she showed a strong commitment when using tests, 

showing similar behaviors as compared to her peers in terms of addressing cheating. In terms of 

triangulation with the public documents, Annie did not make any connections between her 

beliefs and behaviors with the institutional policies of cheating, though cheating is a big part of 

the academic dishonesty policies. However, they are seemingly aligned. 

4.4.1.3.1 Comparing test cheating beliefs and behaviors among participants within the 

skeptical test user group 

 Annie had shown very strong beliefs and behaviors toward addressing cheating. Gemma 

showed similar beliefs and behaviors but were weaker overall. Gemma explained that cheating 

must be addressed because many of her students were going to be engineers in the future, and 

they had to work to learn the knowledge by themselves, which was similar to Annie, but Gemma 

moved it further with the future engineer argument: “…you are going to be an engineer, so you 

wanted to do your work by yourself as the best as you can…” In terms of test design, Gemma 

specifically mentioned that she created test questions that her students would not be able to 

search for help online, while Annie addressed cheating mainly through test administration. 

 For administration, Gemma used the take-home modality during the pandemic, but like 

all my participants, she preferred in-person as she would be able to proctor the students during 

tests, like Annie. She also administered tests open book/note during the pandemic, as long as the 

students did not communicate with anyone during tests. Lastly, Gemma did not use any 

lockdown browsers, unlike Annie, though she did not explain this decision.   
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4.4.2 Test fairness 

 Table 4.11 summarizes the cross-case findings on test fairness among the seven 

participants. Overall, the seven participants shared similar beliefs on what fairness means in 

terms of tests. On test completion time, all participants except for Jake raised it as one key 

component of test fairness. Many of them also have similar behaviors in responding to creating a 

fair test with reasonable completion time, especially with the personal rule of thumb of how 

much time to provide students based on personal time to solve the test. On material coverage, 

some participants believed that test content should have sufficient information provided for 

students to prepare. Along this sub-belief, some other participants argued that a fair test should 

not deviate too far from the homework questions students had seen in the course. Gemma had a 

different take in that she thought a fair test covered a wide range of topics to ensure students had 

opportunities to show what they learned, instead of heavily featuring certain topics that some 

students might not be good at, resulting in students performing badly in the tests. In terms of test 

design, some participants discussed how they ensure the content was covered fairly in the tests, 

such as Matt providing all the necessary information for the students to succeed in the tests, 

Jenna not including “curveball” or deviations to the test questions, and Annie showing different 

types of questions in class. 

 In terms of how student backgrounds connect with tests, the participants provided 

varying connections, and some could not make any connections. Both John and Sam raised 

international students when asked about student background, arguing that the language barrier 

was something they considered while they designed or administered their tests. They both 

explained their actions in addressing the language barrier among international students in their 

tests. Gemma, on the other hand, shifted the conversations to improving diversity through 
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recruitment in engineering. Jake mentioned socioeconomic status as a possible influence on how 

students approached courses, like tests. Annie also discussed a similar topic to Jake in that she 

raised resource disparity, which she hinted could be tied to race. In addition, Annie also 

discussed extensively students with disabilities and how she ensures to accommodate her 

students with tests. Lastly, both Matt and Jenna could not make any connections between tests 

and student backgrounds, though both were open to learning when asked about international 

students. 

4.4.2.1. Johnôs beliefs and behaviors on fairness 

 Figure 4.25 illustrates John’s beliefs in test fairness, along with Table 4.12 with the 

beliefs and behaviors. John overall believed that test fairness is meant to ensure all his students 

had an equal level playing field when they start the tests. John responded to the question of how 

he ensured fairness in his tests, and he specifically said that “everybody gets same test I grade 

them all same way,” implying that his idea of fairness was everyone having the same starting 

point (same test) and ending point (grading the same way). This is also consistent with the 

institutional policies pertinent to fairness. Language on the institution faculty handbook 

specifically calls for “consistent treatment of all students in the class” in grading, showing the 

institution’s call for fairness in assessment grading. In addition, the student handbook stated that 

“All grades are to be based on established grading criteria and not on personal conduct or 

opinions unrelated to academic standards,” another piece of evidence supporting equal treatment 

of all students in grading. 
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Table 4.11 

Overall cross-case summary on test fairness to answer RQ2.a and 2.b. 
Test fairness 

beliefs (RQ2.a) 

and behaviors 

(RQ2.b) 

John Matt  Jake Sam Jenna Gemma Annie 

Test user group 

(RQ1.a) 
Enthusiastic Default Skeptical 

S
u

b-
B

e
lie

f 

Completion 

time 

Had reasonable 

completion time 

for students 

Had reasonable 

completion time 

for students 

Did not mention 

Had reasonable 

completion time 

for students 

Had reasonable 

completion time 

for students 

Had reasonable 

completion time 

for students 

Had reasonable 

completion time 

for students 

Material 

coverage 

Covered content 

with prior 

resources and 

expectations 

Covered content 

with adequate 

time to prepare 

for 

Covered content 

with prior 

resources and 

expectations 

Covered content 

with prior 

resources and 

expectations 

Did not deviate 

too far in terms 

of what students 

had seen prior 

Covered a wide 

range of topics to 

reduce 

randomness 

Did not deviate 

too far in terms 

of what students 

had seen prior 

Student 

background 

Discussed 

international 

students and the 

language barrier 

Did not think 

about it, but open 

to learn 

Hinted at 

socioeconomic 

status affecting 

student decisions 

in courses 

Discussed 

international 

students and the 

language barrier 

Did not think 

about it, but open 

to learn 

Shifted the 

conversation to 

the need for 

diversity 

Discussed 

resource gap 

amplified during 

pandemic, hinted 

at race, discussed 

disability 

B
e

h
a

v
io

r 

Timing 

design 

Used personal 

time rule of 

thumb to adjust 

the number of 

questions 

Used rule of 

thumb of twice 

the personal time 

for students to 

complete 

Did not mention 

Balanced test 

difficulty with 

the expected 

completion time 

Used rule of 

thumb of twice 

the personal time 

for students to 

complete 

Used rule of 

thumb of six 

times the 

personal time for 

students to 

complete 

Used rule of 

thumb of three 

times the 

personal time for 

students to 

complete 

Coverage 

design 
Did not mention 

Provided enough 

information to 

students before 

tests 

Did not mention Did not mention 

Did not include 

“curveball” 

questions 

Demonstrated 

coverage through 

the test discussed 

in interviews 

Showed different 

problems to 

students in class 

Student 

background 

design or 

admin 

Adjusted grades 

when there were 

confusing 

wordings in 

questions 

None directly 

relevant to 

student 

background 

Anonymized 

grading to reduce 

bias 

Created 

questions with 

all needed 

information and 

explained jargon 

when needed 

None directly 

relevant to 

student 

background 

None directly 

relevant to 

student 

background 

Actively 

provided 

accommodations 

for students with 

disabilities 
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Figure 4.25 

Johnôs beliefs and behaviors on fairness. This figure should be reviewed along with Table 4.11. 

John’s belief in an equal level playing field was reflected in his other fairness-related 

beliefs. First, John believed that a fair test covers materials that have been discussed in classes. 

He explained that he reminded students to practice examples he showed in class to prepare for 

tests, implying that John would make sure to include materials covered in his class in the tests. 

 

“My lectures in class I go over how you should think and how you should do problems and I tell 

students, okay everything that Iôve done in class, you need to go home and do this yourself now. 

Because Iôve done like I do the process that youôre supposed to do, every day, you need to go 

and do it yourself just watching me do it is of no value.” 
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Table 4.12 

Johnôs beliefs and behaviors on fairness. This table should be reviewed along with Figure 4.25. 

Sub-belief Behavior 

¶ A fair test provided students an equal level playing 

field at the beginning. 

No relevant behaviors were described nor documented. 

¶ A fair test covered materials that have been 

discussed in classes. 

No relevant behaviors were described nor documented. 

¶ A fair test gave students reasonable time to 

complete the exams. 

Self-described 

¶ Grade weighting was influenced by the expected 

completion time; it was proportional between both 

within a test 

¶ The number of questions was adjusted based on the 

personal rule of thumb on completion time 

¶ Provided sufficient time to upload 

¶ Test questions were simpler than homework because 

of the limited time 

¶ Test fairness meant fair test grading based on 

expectations set. 

Self-described 

¶ Set expectations on how students were graded with 

tests 

¶ Did not penalize students for calculation mistakes 

¶ Adjusted grades based on John’s personal mistake 
(like confusing wording) 

¶ Tests could affect students with the language 

barrier, such as international students. 

Self-described 

¶ Adjusted grades based on John’s personal mistake 
(like confusing wording) 

¶ Made sure to not use confusing language in tests 

 

 Second, John thought that a fair test provided the students a reasonable time to complete. 

While explaining how he set the grade weighting for the tests and final exams (Figure 4.3), he 

mentioned that he determined the completion time based on the grade weighting. For instance, 

the final exam was 50% more than the individual tests because it was double the grade of each 

individual tests, and “it gives the students a little bit more time on the final exam since thereôs 

only 50% longer they have twice as long do it. And so it makes it a little bit easier for them to not 

be rushed to finish it.” In short, John made sure to have a reasonable test completion time based 

on the grade weighing, which is a form of fairness. 

 John described and exhibited some behaviors on fairness in terms of completion time. He 

had a rule of thumb he learned from a previous department chair on how to determine 

completion time for his students. He wrote out a complete solution to the tests and made sure he 
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could complete each question within five and a half minutes, which then determine how long to 

give his students to complete the tests. 

 

“I need to be able to write out a complete solution and about one third the time that I give them. 

Thatôs a good general rule of thumb. I used to even time myself on how long it would take for me 

to do the complete solution to a problem, and if I couldnôt do it in five or five and a half minutes, 

itôs too longéSome of this, how I teach came from, I was mentored in teaching by [previous 

department head], who was department had when I started.” 

 

 During the shift to virtual learning, John provided his students more time for the tests to 

allow them sufficient time to upload the test responses, considering the varying internet speeds 

students had. This shows that during the pandemic, John changed some of his previous rules to 

accommodate the students, expanding on his belief in fairness in terms of sufficient completion 

time. 

 

“In the Spring I did try to accommodate the students. Although you know I still gave quizzes 

every weekend I gave the tests online. And so they had to download them do the test and upload 

them and I gave them time limits and so on, so forth. Everything you can do out of canvas. And I 

tried to be reasonable, if somebody lost their connection while they were doing tasks and so on, 

so forth. I let them still send it then and was late, I didnôt really count off. Iôd be try to be 

reasonable about it. I say that most all students didnôt have a problem. They can upload things, 

take picture on their phone, uploaded make PDF whatever I let them turn in whatever file they 

wanted. So I tried to make it as easy as possible and most everybody had you know decent 
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connections. Internet and majority of students came back to [campus town] they were here. And 

there was thereôs only one that could not get a connection. 

 Lastly, John explained that “generally, the test problems will be easier than a lot of the 

homework problems, but they do have the time constraint. And so they really need to know what 

theyôre doing to be able to do it, and I make them so that they donôt have to memorize any 

equations.” In this quote, he implied that because of the time constraints, he would make the test 

questions easier than the homework problems to make sure the students were learning, not 

memorizing equations. 

 John’s fourth belief on fairness revolves around fair grading. John set expectations for his 

students on how he was going to grade the tests. He explained that “if you [students] show me 

the process that you have done, and you do the right process and doing the problem. I will give 

you 90% of the credit irregardless of if you get the right answer or not.” This shows that John 

focused on fairness in terms of making sure students showed their work. He further elaborated 

that if the situation was reversed where the students got the right answer but did not show the 

whole process, he would not reward them only with half of the credits. This is one of John’s 

definitions of fair grading, by setting the expectations that students had to provide full thought 

process of their work. 

 

“If you then put in numbers get the wrong, you know get the wrong answer if you show me 

clearly what youôve done and itôs obvious that you just type your calculator wrong, you know Iôll 

take off, you know, 1% or something on the problem. If you get the right answer and do not show 

me how you got that right answer and show me the whole process, you should expect to get a 

50.” 
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Another dimension to this definition of fairness was that John made sure to not penalize his 

students if they made calculation mistakes, knowing that students had limited time to make sure 

the calculations were exactly correct. He specifically said that “when youôre rushed, anybody can 

punch something wrong in a calculator you donôt have time to check your answer.” He further 

said that he did multiple checks on his answers when he was working as an engineer, “but I canôt 

expect somebody to do that in a pressure situation of a test. So if you punch something wrong 

okay hey you know anybody can do that.” This shows that John 

 This definition of fair grading associates with John’s personal background as an engineer. 

A quick reminder of John’s test usage beliefs, one of the learning outcomes John wanted his 

students to attain with tests was engineering communication in which he saw one of his peers get 

terminated from a job due to lack of documentation of work. John argued that this was fair 

grading as it was consistent with getting his students to learn about engineering documentation. 

In addition, John’s belief in fair grading is consistent with the institutional language on grading 

fairness as previously described. John setting expectations with his students also aligns with the 

handbook language on the need for the instructor to do so with their students on grading and 

assessments.  

 Lastly, John would adjust grades based on his mistakes in writing tests. While discussing 

international students, which I will discuss in the Student Background section next, he mentioned 

that he would adjust the grades after the test to reflect on unclear language that influenced 

student performances. 

 

“If I do make a mistake, you know I account for that in grading. But hey part of the deal is 

students need to write down what your assumptions are. And if I see hey well, they made the 



 204 

wrong assumption here because they didnôt understand what I was asking for or understand part 

of the problem, then I try to accommodate for that.” 

 

 In terms of student backgrounds, when responding to the question on how he considered 

student background in testing, John specifically raised the issue of the language barrier with 

international students. He said that “the biggest issue on that is some of the international 

students. That may not understand the terminology that I use when I do the problems.” The focus 

is the terminology that John used, and John said that he would always “try to make the problems 

very self-explanatory very clear. And no mistakes in the problem.” However, if he did make 

mistakes, he would adjust the grades to reflect that, as previously described as part of the fairness 

topic.  

 As shown in Figure 4.25, the institutional policy document (faculty handbook) mentioned 

students with disabilities while stating the need for “reasonable accommodation must be made in 

the instructional process to ensure full educational opportunity.” In this specific instance, 

instructors are asked to consider student backgrounds while designing their instructional 

practices, assessments included. John, however, did not bring up this aspect while discussing 

student backgrounds in tests. 

 Overall, John expressed strong beliefs and behaviors on fairness, with his definitions 

confined to an equal playing field as the important aspect. This manifested into beliefs and 

behaviors related to fair coverage of materials, fair completion time, and fair grading. Language 

on the faculty and student handbooks also seemingly aligns with John’s beliefs and behaviors on 

fairness, particularly on the ideas of equal treatment of all students and setting expectations on 

grading. However, based on findings from the documents, it must also be noted that John did not 
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mention anything about fairness in terms of procedures or avenues for students to appeal on 

grading. John’s heat transfer syllabus also did not state any policies on this. Another document 

finding that did not surface in John’s interviews is the connection between fairness and cheating. 

In the institution faculty handbook, the language on academic dishonesty and cheating implied 

the students’ rights to a fair academic environment free from dishonest acts. John discussed both 

separately but did not make the connection between them. 

In terms of student backgrounds, John showed that he thought about international 

students when it came to international students. He also described some of the actions he took 

that align with these beliefs. In addition, I interpreted some of his other actions, such as 

providing students more time to upload their test responses during the pandemic as part of 

making a fair test, as part of John’s actions toward this topic. Lastly, it must be noted that John 

did not raise nor discuss students with disabilities when it came to this topic. 

4.4.2.2 Mattôs beliefs and behaviors on fairness 

 Figure 4.26 shows the beliefs in fairness and Table 4.13 shows the list of beliefs and 

corresponding behaviors regarding fairness. 

 First, Matt believed that a fair test covers materials that students have sufficient time to 

prepare and remember. He wrote his test to have four questions in each of them, with each 

question covering a topic for each week.  

 

“When Iôm writing the exam and like I said itôs just going to work out problems covers about a 

month worth of material, so they usually be like four questions you know one per week. And we 

tend to cover about a chapter of the book but weeks a one kind of topic for week and then they 

get one question on each topic.” 
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Figure 4.26 

Mattôs beliefs and behaviors on fairness. This figure should be reviewed along with Table 4.13. 

This is consistent with the information on his syllabus (Figure 4.10) as he scheduled the tests 

typically four weeks apart. Matt also elaborated that he would make sure to not “judge them 

[students] on things that I just taught them,” strengthening this belief that a fair test provided 

students adequate time to learn the materials before they are getting tested on the knowledge. In 

addition, Matt also provided his students with as many prep materials as possible to help them 

prepare for the tests, especially when the level of difficulty of the test should be similar to those 

of the prep materials like homework. 

 

“All of the examples we do in class all of the homework, they do, and all of that test questions are 

all taken out of the same textbook and so, in theory that content should be pretty consistent right, 

the level of difficulty will vary based on the exact questions that you pick but what theyôre being 
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asked to do with the way theyôre being asked to do it, how long that takes them and even the way 

the questions are formatted should all be pretty consistenté And so I try to make everything 

consistent throughout the course and I think that ties into just being fair to the students and 

giving them a chance right and make it as straightforward as possible, Iôm never trying to trick 

the students up, throw in things that will confuse them itôs always intended to be straightforward. 

Or if you learn how to do this. Youôve seen basically this question before, and if you paid 

attention you can get right into the solution and get through this.” 

 

Table 4.13 

Mattôs beliefs and behaviors on fairness. This table should be reviewed along with Figure 4.26. 

Sub-belief Behavior 

A fair test covers materials that students have 

adequate time to prepare for/remember 

Documented 

¶ Split tests for even coverage 

¶ Provided mock test for practice  

 

Self-described 

¶ Included one question for each week’s topic 

¶ Did not “trick” students with convoluted questions 

¶ Had students prepare cheat sheets 

A fair test has a reasonable completion time for 

students. 

Self-described 

¶ Used rule of thumb to determine completion time 

¶ Made reasonable decision on the type of questions 

based on cheating and time fairness 

Student performance on tests can gauge test fairness. Self-described 

¶ Use student test performance to gauge test fairness 

for future test writing and fairness assessment (self) 

Open-book/note tests do not mean harder test 

questions (students may try to find similar questions 

to copy). 

No relevant behaviors were described nor 

documented. 

¶ Matt did not make an explicit connection between 

test and student background 

¶ Matt believes that tests focus on materials, and 

everyone will get the same tests 

¶ Matt has not thought about international students 

and the language barrier until the issue was raised. 

No relevant behaviors were described nor 

documented. 
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In addition to making sure to be consistent in terms of test difficulty, Matt also ensured to not 

“trick” his students by including convoluted questions in his tests. As long the student paid 

attention, they would get through his tests.  

 As previously mentioned, Matt allowed his students to have a cheat sheet to use during a 

test to set boundaries on what authorized resources are to define cheating. Matt further 

elaborated that the process of students preparing the cheat sheet was also a way for the students 

to prepare for the tests overall as students would have to process what they have learned to 

identify what was important and relevant to success in the tests. 

 

“If they're not preparing a cheat sheet, because then they have to actually look for the 

information, instead of having it right there, and actually preparing those sheets is a pretty good 

practice exercise because it forces them to pick through and find what's important and what's 

relevant that they want to put on there.” 

 

 Matt also provided his students with mock tests for test preparation. He connected this to 

his past student experience, where he prepared tests with mock tests, as described and also listed 

in his syllabus. 

 

“That [mock test] I think was something that I always appreciated, when I was a student having 

something that looks like the real test that I can see. What sort of questions will be asked what 

level of difficulty those questions will be? And just some to sit and practice, like me, if I can sit 

and do this in an hour and get the questions right, then I feel confident, for the real test, and so 

Iôve just kind of kept doing that I figured that students find it useful. I mean I don't get a lot of 



 209 

comments about them, but on occasion you know students I'll put something on the spot survey 

that says they were super helpful, so I don't know it's something that I appreciated having so I 

assume my students well as well.” 

 

In addition to having his past student experience influence his beliefs and behaviors, Matt also 

mentioned that he obtained feedback from some of his students on the benefits of using mock 

tests, possibly strengthening his beliefs and behaviors in providing mock tests as a way for 

students to prepare. This connects with the idea of fairness in terms of helping students prepare 

for tests in the spirit of covering materials with sufficient time to prepare. 

 Second, Matt expressed that a fair should have a reasonable completion time, similar to 

John. Matt had a rule of thumb in deciding how much time he gave his students to complete the 

test. 

 

“And then the other things are definitely timing right the students have enough time to finish this 

exam. I don't want them to have all day to do it, being able to solve problems in a reasonable 

amount of time is important. And so I think having a time limit is fine, but I don't want to feel 

super rushed for time, that's you know, like there's no possible way that they could answer all the 

questions inside and so you know that's her I'll sit and try and work through it and if you know, 

based on how long it takes me, I will judge if that's long enough for them.” 

 

Matt provided detailed explanations of how his rule of thumb on time he provided his students to 

work on his tests, and it was based on how long it took for him to complete it and his past 

teaching experiences, observing his students on how much time they usually took to complete a 
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test. This aligns with Matt’s beliefs that fairness involves providing students a reasonable time to 

complete tests. 

 

“égives the students two and a half times as long as it takes me. Average student should take 

probably twice as long. And that tends to be what happens, you know when they give the testing 

class, the first students leave after about half an hour and they always get 100% where they 

either get 100% or they get like 20%. Because they either knew everything they were good they 

were quick a good student can do those exams in half an hour or they knew nothing at all, and 

they just gave up for now. But it's more of the first, and it kind of plays out in class, I can do it in 

20 minutes good students can do it in half an hour. Rest of the class starts leaving after about 40 

minutes, they start trickling out by 45 minutes there's usually less than half the people left, and 

then by the end there's probably about a quarter of the class left that are just either finishing up 

or just checking their work. So it seems to work out that the average student takes about twice as 

long as I do. Some students are a little slower, but they still do. So two and a half time seems to 

be about appropriate and then a similar thing for the final like, I try and solve it in about half an 

hour 35 minutes, and then they have two hours.” 

 

 Matt also considered cheating while deciding how much time to give his students to 

complete the tests. As previously explained, Matt balanced the time to make sure his students 

had sufficient time to complete, while at the same time, not enough time for them to work 

together. 
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 Third, Matt used student test performances to gauge whether his tests are fair. Matt had 

an average that he aimed for when he wrote a test based on his past experiences in teaching the 

courses and his student experience and used that to benchmark student test performances. 

 

“And then the other thing I do look for is just see what the grades come out to be. And then, also 

a little more in depth, whether specific concepts or specific questions that a lot of people 

struggled with. And so I typically shoot in my classes for an average of about 80% which is, on 

that border of B minus to C plus, which I think is about average again in England it's a little 

different system which we can talk about if it's helpful but yeah I think that's about average. GPA 

I think about B- is, that kind of means average so if my average is there, then it says, probably a 

good indication, and if I give a test and the average comes back at 60%, then I probably did 

something wrong if it comes back at 100% I probably did something wrong. I made it too easy, 

and so, if I grade the test and the average naturally comes out at about 80, 82. With a reasonable 

distribution, I don't put it through statistical software or anything like that, but I look to see 

there's some students getting hundreds. A lot 90s, a lot of 80s, A few 70s, you know, maybe the 

students that are struggling they'll be a couple in the 60s. But if I'm getting, from getting an 

average of 80 but there's a peak down at 40 as well, then that's not good either." 

 

To summarize his thought process, Matt defines test fairness based on the average percentage his 

students did in a test, and he set it at around 80%. Percentages that go above, as he explained, 

meant that he might have given an easier test. This shows that Matt quantified fairness, which he 

associated again with the level of difficulty, based on his personal benchmarks and his student 

test performances. 
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 Lastly, Matt believed that even though his test administration has turned to open-

book/note due to the shift to virtual learning during the pandemic, Matt did not make any 

changes to the level of difficulty of his test questions, making sure that the tests have consistent 

fairness. From his perspective, he implied students having a cheat sheet was a form of open book 

open note administration, and having a textbook allowed during a test did not change the framing 

substantially. 

 

“I don't think i've really changed anything in the difficulty of the amount of time it takes the 

students have always been allowed a cheat sheetéthey've always been able to have that I don't 

think having it be open book is really that different.” 

 

In terms of triangulating Matt’s fairness beliefs and behaviors with findings from public 

documents, Matt did not mention nor make any connections between the idea of fairness and 

equal treatment of students. In addition, Matt did not make any connections between fairness 

policies and how those were related to cheating, as stipulated in the faculty and student 

handbooks. Lastly, there was no mention of having avenues for students to appeal grades during 

in the interviews and no documentation of this policy in the solid mechanics syllabi. 

Shifting to student backgrounds, Matt did not make an explicit connection between tests 

and student backgrounds. He implied that because the tests are based on the materials and he 

wrote like how he wanted to be tested himself, the tests themselves are the same for every 

student. Student background, in this case, did not have a connection with the tests. However, he 

did acknowledge that student background might have connections with tests, such as how tests 

could affect students with different backgrounds, like helping some students. 
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“To be honest, and give you a very short answer, no. I probably write test the way that I would 

want to be tested on material, I suppose, and then I put them out there, and everyone takes the 

same thing. I've never thought about how tests affect different backgrounds, or how might that 

help certain students that have. There are other students, I really haven't no.” 

 

 In addition, when asked about international students as one possible group of students 

that might be affected by tests, he was clearly open to learn more about the topic. This shows that 

he was open-minded to learning more about the topic. Furthermore, Matt had also shown that he 

considered student backgrounds when it came to testing, as evident with the non-use of 

lockdown browsers because of uneven internet connection. In terms of public document findings, 

Matt did not raise students with disabilities when discussing student backgrounds during the 

interviews, though Matt had languages on accommodation in his syllabi. It must be noted that all 

instructors in this institution must include accommodation languages in their syllabi. Overall, 

although Matt did not explicitly make connections between tests and student backgrounds, he 

showed openness to learn more about the possible connections and he showed to act on this 

connection. 

 Overall, Matt had strong beliefs and behaviors on fairness, with the focus specifically on 

providing a fair test to his students through adequate test prep time and reasonable completion 

time, with cheating taken into consideration while setting the time. In addition, Matt used student 

test performance and his personal benchmark to gauge whether a test was fair. Lastly, Matt made 

sure to not change any test question difficulty even when he switched to virtual, open-book/note 

tests during the pandemic. However, Matt did not raise any of the topics that emerged from the 

public document analysis. In terms of student backgrounds, Matt did not make any connections 
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between tests and student backgrounds but was open to learning when international students 

were mentioned as a possible connection. 

4.4.2.2.1 Comparing test fairness beliefs and behaviors among participants within the 

default test user group 

 Looking at the participants in this group, their fairness beliefs vary slightly but were 

largely similar. In terms of completion time, all participants except for Jake discussed the 

importance of a reasonable completion time for students. Jenna discussed the rule of thumb on 

setting reasonable time, while Sam discussed balancing the test question difficulty with expected 

completion time in making sure his tests were fair in terms of timing.  

 

“éit's challenging but not challenging because it's long or that the time comes into play, but 

challenging and that you got to think aboutéò 

 

Material-coverage wise, Jake and Sam had the same beliefs as Matt in that all three of them 

discussed the need to make sure students were given sufficient expectations and information 

about the content being covered in the tests so the students could prepare them adequately. Jenna 

discussed not deviating from homework questions significantly to ensure the tests were fair, as 

discussed in the quote below. 

 

“I don't give them [students] problems that they haven't seen in some form. I don't give them 

exact copies of the homework or anything either, but they might have some mix of different 

conceptsé I do want it [test] to be fair.” 
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In terms of behaviors, Jenna discussed not including “curveball” questions, tied to her beliefs on 

the difficulty of test questions. Both Jake and Sam did not share any behaviors on material 

coverage. 

 In terms of student background, Jenna shared the same beliefs with Matt in that she could 

not make a connection with tests, though she was also open to learning about it like Matt. As for 

Sam, he raised the topic of international students on this issue and discussed the language barrier, 

which was similar to John from the enthusiastic test user group. Jake, on the other hand, hinted at 

socioeconomic status being an influence among students when they made choices with courses, 

especially on how much students could focus on his solid mechanics course, acknowledging that 

it is a limitation on tests. Jake continued by saying that he tried to anonymize grading to reduce 

biases to address this limitation. 

 

“I know there's going to be a variety of socioeconomic factors which play into. Student's ability 

or time to focus on material and really how much they can be devoted to a particular class, so I 

understand there's going to be limitations there absolutely.” 

 

4.4.2.3. Annieôs beliefs and behaviors on fairness 

 Figure 4.27 illustrates Annie’s beliefs and behaviors in fairness, along with Table 4.13. 

 First, Annie defined a fair test as one that provided students with reasonable time to 

complete, similar to other participants. As previously quoted, Annie mentioned that a test is fair 

when students could complete it in time. It has been a common thread that Annie was not fond of 

the common final exam as she previously mentioned that those tests were conducive to 

encouraging pattern matching, and she did not have the privilege to change it. Here, Annie 
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invoked an unreasonable completion time of the common final as a way to support her point of 

timing fairness. 

 

“Final exam for this class that's very fear that's my, that's my opinion Iôve voiced it several times, 

but I understand the logistics of why we do we do I don't agree with it, but I understand the 

reasoning, for example, our final exam is 20 questions, each one is probably a homework 

problem, seen it before not and those homework problems sometimes when I go through some 

more problems they can take 10 minutes each so when you put together that's 200 minutes and 

thatôs 120...i'm, not to say that they're all 10 minutes, some are going to be easier than others, 

but I think it's just such a drastic. I believe those are not good final exams.” 

 

 

Figure 4.27 

Annieôs beliefs and behaviors on fairness. This figure should be reviewed along with Table 4.14. 
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In short, Annie disagreed with how the common final exam was set up as students were given 20 

questions that might take 10 minutes each, yet students were only given a substantially short 

amount of time to complete the tests. She eventually stated that those were not good final exams, 

showing that Annie had a strong belief and conviction on fairness in terms of completion time. 

Table 4.14 

Annieôs beliefs and behaviors on fairness. This table should be reviewed along with Figure 4.27. 

Sub-belief Behavior 

¶ A fair test had a reasonable completion time Self-described 

¶ Completed the tests personally to gauge completion 

time (at most 1/3 of assigned time) 

 

Documented 

¶ Wrote test questions that could facilitate a quick 

solution for the students 

¶ A fair test did not deviate too far in terms of 

questions that students had seen in class 

¶ If the tests were open book, having harder test 

questions was reasonable for a fair test. 

Self-described 

¶ Discussed with students how a certain keyword to 

think about how to solve problems in class 

¶ Wrote test questions that do not follow preset 

homework questions that tend to focus more on 

math than concepts 

¶ Annie did not explicitly connect tests to student 

backgrounds, though she acknowledged the 

pandemic may have amplified disparities and 

inequities in terms of resources, and this could be 

racially related 

¶ Annie mentioned students with disabilities and the 

accommodation that came with it 

Self-described 

Annie is actively providing accommodation for 

students with disabilities on tests 

 

 In terms of behaviors, Annie had a rule of thumb to decide how many questions to give 

her students so that they could complete the tests in time.  

 

“Typically when I go through, and I make a test, I make it and then I go try to go through it and 

if I can't get through it and a third of the time, then I know it's too long, so I go back and try to 

either make some questions easier or change it a little bit of take some of the complexity out of 

the workout problem to make it more manageable and still get what I want out of it so.” 
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For Annie, if she could not complete the tests within a third of her time, then she could make 

necessary adjustments to ensure it was fair to her students to complete. It must be noted that most 

of my participants have similar rules in determining the number of questions and overall length if 

of tests. 

 Another behavior that Annie exhibited with test fairness of test timing is the way Annie 

wrote her questions. When responding to the question of whether her test was fair, she 

responded, while pointing at the conceptual questions: 

 

“I think it is. This one because, for example, what is it there's 20 questions, 16 points so each has 

three pointséall of that is just based on the relative acceleration equation so they can get 

through that section in less than five minutes if they actually understood each of those parts of 

that equation.ò 

 

Here, Annie explained that the questions were based on one specific concept, and if her students 

understood the relative acceleration equation, they would be able to complete the sub-questions 

quickly, demonstrating that she considered timing when she wrote her questions. 

 Annie also believed that a fair test did not deviate too far from what students had been 

exposed in the class, arguing that she “tend[ed] to not exactly the same setup but something I 

know that they [students] had seen before.” This means that Annie wanted to make sure her 

students could complete these tests and not have questions that deviate too far from what was 

covered in class. In addition, she also believed that creating a more difficult test was reasonable 

if the tests were open-book/note. 

 



 219 

“If they [instructors] are using textbook problems and a lot of our professors do that, and 

especially in the service courses, to using textbooks or alternate textbooks, so I understand that 

side of it [making test questions more difficult], because if you're using a problem that's very 

similar and already there, they can very easily find it and go through the solution on it.” 

 

In short, Annie connected the idea that because many instructors use textbook problems as test 

problems, it was reasonable for them to make the tests more difficult because they would need to 

circumvent the issue of having solutions for these problems made public. I also interpreted this 

as a connection with cheating, with the idea that these solutions could become unauthorized 

resources for students to cheat on the tests. Thus, a fair test could also mean one that might 

discourage cheating among students. This is also consistent with the institutional academic 

dishonesty policies where cheating is clearly connected with the idea of fairness. Annie’s belief 

is a manifestation of such a connection. 

 In terms of behaviors that align with these two beliefs, Annie had shown to act on these 

beliefs to ensure the tests were fair for her students. First, she made sure to make connections to 

certain keywords to help her students know how to interpret the test problems. 

 

ñFor example with that rigid body kinematic, we talked extensively about how you actually find 

the Center and how you know which way the, the point is moving and then kind of using a similar 

setup a different application on the test, so it definitely is not like the same figure or things like 

that, but it's kind of the same wording to kind of clue them in a little bit, and kind of the same 

wording of what I am asking for.” 
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Annie was discussing the problem illustrated in Figure 4.25 to explain her action on how she 

helped her students in terms of preparing them to see some problems that might not look exactly 

the same as the problems her students saw in class.  

 Annie also elaborated further on fairness in terms of what to test students, especially on 

writing test questions that might not look exactly similar to the ones her students had seen in 

class. As she previously mentioned, some instructors used homework problems as test problems, 

and she did not do so because some of the homework problems were not testing what students 

were supposed to learn. 

 

“Well, I would say it's the same concepts, I mean using the same terminology, the same notation 

and kind of things like that. But I really do tend to do something completely different, this is just 

my issue with [homework software], and my issue with the textbook we use is that the homework 

problems tend to be so heavily based on stuff that is not really related to the target concept so, 

for example, where on some problems for students really struggle it's all about where they 

struggle is in geometric relationships, and to solving a problem is really knowing this obscure 

geometric relationship that you would have to Google to be able to solve ité” 

 

Here, Annie raised the issue of many homework problems that focus not on the concepts. 

Instead, she claimed that many of these questions focus a lot more on mathematical 

manipulations and concepts that many of her students might not be aware of immediately. This 

shows that Annie wanted her test to be fair to her students in terms of testing the target concepts, 

not asking her students to work on difficult mathematical concepts. 
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 Considering the findings from the institutional documents, Annie did not make the 

connection that fairness implies the need for equal treatment among her students. In addition, 

Annie also did not discuss any procedures for her students to appeal grades in her courses, and 

her syllabi did not include any language on this.  

 In terms of student backgrounds, she raised the issue of the pandemic exacerbated 

resource inequity, while hinting at race, among students and students with disabilities when it 

comes to considering student backgrounds while designing and administering tests. First, she 

discussed how the pandemic might have made resource access worse for some students. 

 

“I never really thought about that, I mean the main thing I think Iôve considered or thought 

about, especially since Covid, hit is like resource access which I guess could be racially really. I 

don't know yeah I see it, more as like a resource aspect in that, to be honest, no I haven't really 

thought of that.” 

 

Annie hinted at the possibility of the resource access issue to be racially connected. However, 

she did not further elaborate on the issue, and ultimately admitted that she did not think about 

how race influenced anything related to tests. Another thing to note is she raised students with 

disabilities when she furthered her comment on student backgrounds. 

 

“I do think a lot in terms of the disability side. It was one of the other main reasons I don't like 

test or like I try to avoid test as much as possible is because it's like the different kinds of 

accommodations and time and all of that comes with doing a test first student who has a 

document and accommodation is just it's overwhelming it's for me and for the students.” 
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Essentially, Annie explained that there were a lot of accommodations that came with testing for 

students with disabilities, and she argued this was another reason why she avoided tests when she 

could. This has been a consistent theme as Annie had previously stated that she avoided testing 

when possible, except for service courses in which tests were justifiable to her. She explained 

that she did not take into account the disabilities when designing the tests, but she made 

accommodations when it came to test administration. She provided some examples. 

 

“I don't think I really take that into account when I design it. But administering, I do, for 

example, I always give my cell phone number to I have the students take them at the disability 

Center this is back when I could actually do that because one it's a distraction free environment 

for real. I can't really offer them in any space that we have here there's never there's always 

something going on. And then also to have that that time limit imposed, where I don't have to 

physically sit there or double time so like an hour and fifteen-minute class, two and a half hour, 

the final exam it's four hours, or some who have tripled time I just canôt fathom that, like having 

to sit there to practice for six hours.” 

 

However, Annie did express frustration of some with the accommodations that were time-

intensive, which strengthened the claim that Annie would not use tests when possible. It must be 

noted that students with disabilities were mentioned specifically as part of fairness in terms of 

institutional policies. Annie’s discussion seemingly aligned with this policy, especially when she 

explained that she reached out to the institutional office for students with disabilities, implying a 

connection between her discussion and the institutional policies. 
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 One thing that I noted in terms of Annie’s responses to the test connection with student 

background is that even though Annie did not make an explicit connection, some of Annie’s test 

beliefs and behaviors did imply that she had such a connection. For instance, Annie mentioned 

and explained multiple times that she considered her students’ anxiety while designing test 

questions, such as the use of problem-solving/workout questions to allow students to not panic 

with the multiple-choice format and making sure the number of questions was fair and 

reasonable for students to complete within the specified time frame. These are some 

interpretations I made of Annie’s beliefs and behaviors that associate with student backgrounds. 

 Overall, Annie had expressed strong beliefs and behaviors on fairness in general. She has 

shown to focus a lot on completion time and material coverage in tests. She also described and 

exhibited some behaviors aligning with these beliefs. On student background, Annie discussed 

resource disparity being exacerbated due to the Covid-19 pandemic and hinted at race but did not 

make further connections. Annie, however, did discuss extensively accommodations for students 

with disabilities and stated that she would avoid testing because of the accommodations. 

4.4.2.3.1 Comparing test fairness beliefs and behaviors among participants within the 

skeptical test user group 

 Comparing Gemma to Annie, Gemma had similar beliefs and behaviors on completion 

time, though Gemma provided her students six times of her personal time instead of three times 

to set the completion time. Gemma, in addition to making sure she covered materials that had 

been discussed in the class before tests and also different formats to cater to students who have 

different skillsets, she also talked more about covering a wide range of topics in her tests to make 

sure students would not be penalized for randomness.  
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“I think it is useful to kind of getting rid of the randomness, because some students they can study 

that topic and that topic is in the exam and they are going to do good, but if itôs a different topic 

they did not knowé so if you put more topics we can get rid of a little bit of these randomness.” 

 

In terms of behaviors, Gemma explained her shared test, demonstrating that she included 

different types of formats and questions (conceptual questions with true/false and explain format 

and workout questions) with six questions that cover a larger range of topics. Lastly, Gemma 

shifted the conversation to diversity improvement in engineering and the need to recruit to 

achieve such improvement and acknowledged the importance of inclusive classrooms. 

4.5 Summary 

 I have presented the answers to the research questions with detailed evidence. 

Specifically, I provided rich and thick descriptions of three cases that represented each of the test 

usage belief groups that emerged from the analysis. Here, I present the high-level takeaways for 

each research question. 

RQ1.a: What are the instructorsô beliefs about using tests in their fundamental engineering 

courses? 

 The participants had shown a varying level of convictions of test usage beliefs, with 

beliefs being explained by the sub-beliefs of learning outcome from both the student and 

instructor perspectives, non-course-content factor, and test disadvantages. These test user groups 

ultimately emerged based on some of the small details that differentiate these participants. The 

four participants who are the default test users, even though having varying levels of convictions 

within the group, overall showed convictions that are less strong than the John ,who is an 

enthusiastic test user, as these four participants acknowledged non-course-content factors and 
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test disadvantages relative to their test usage. The skeptical test user group, on the other hand, 

has participants that showed clear explicitly disapproval of tests through the sub-beliefs as both 

participants had a weaker conviction with the student-perspective learning outcomes and 

stronger convictions on the non-course-content factors of inertia and test disadvantage of 

students not learning from tests. These also show that the different sub-beliefs can be interpreted 

as “interacting” with each other to form the overall test usage beliefs of the participants, 

categorized by the three test user groups. 

RQ1.b: How do these beliefs align with their behavior of using tests in their FECs? 

 All seven participants, even with the varying level of convictions in terms of test usage 

beliefs that led to the three different groups (enthusiastic, default, skeptical), heavily featured 

tests as the assessment in their fundamental engineering courses. All seven participants had tests 

that constituted at least 75% of their student course grade. All of them used at least three tests in 

their courses. Examining the alignment between test usage beliefs and behaviors leads to the 

illumination of some of the conflicting beliefs that lead to differentiation of the three test user 

groups. The default test user justified heavy test usage. They justified heavy test usage with 

acknowledgment of non-course-content factors and test disadvantages, showing complexity as 

some participants had to weigh the justifications with other sub-beliefs. Some in this group 

showed a willingness to use other types of assessments in different contexts, confining test usage 

only in FECs in general. Ultimately, the default test user group presented a more comfortable 

tone in using tests heavily than the skeptical test user group. It must be noted that some within 

the default test user group did imply slight conflicting beliefs as some were trying to make sense 

of other factors and disadvantages with tests. The skeptical test user group’s justifications of 

heavy test usage were confined only to FECs and certain learning outcomes such as from the 
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instructor’s perspective mostly, unlike the other two groups. This group also showed clear 

disapproval of heavy test usage and explained or implied that the non-course-content factor of 

large class size played a large part in featuring tests heavily. The group expressed clearly would 

prefer diverse assessments and move away from tests in other contexts. Participants in the 

skeptical test user group had expressed clear conflicting beliefs and behaviors as they constantly 

had to justify heavy test usage while also making sense of other factors and disadvantages, like 

some in the default test user group. 

RQ1.c: How do these beliefs align with their behaviors of designing and administering tests in 

their FECs? 

 The seven participants described or demonstrated various behaviors that align with the 

test usage sub-beliefs. These behaviors that emerged from the data can be categorized into test 

design and test administrations. On test design, workout questions, conceptual questions, and 

difficulty of these questions surfaced from the analysis, while on test administration, partial 

credits, test setup in relation to course grade, and authorized resources surfaced. At the sub-belief 

levels (learning outcome, non-course-content factors, test disadvantage), I do not find 

misalignment between beliefs and behaviors as the participants provided explanations on how 

they designed and administered their tests and why they did so. At the test usage overall belief 

levels (the test user groups), however, I do not find any specific pattern of alignment or 

misalignment between the beliefs and behaviors as the participants showed various behaviors 

whether they are in the enthusiastic, default, or skeptical test user groups. In addition, the 

alignment of test design and administration adds complexity to understanding the participant’s 

test usage. For instance, even though the participant in the enthusiastic test user group (John) 

believed strongly in test, and might have given the impression of rigidity, they also show that 
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they emphasized growth among their students by allowing their students to drop the test with the 

lowest score if the students showed improvement. Another example is a skeptical test user 

(Annie), who even though strongly disapproved of tests, shows similar test design and 

administration strategies to those from enthusiastic or default test user groups with no clear 

differences. These show that how the participants implemented their tests seemed to be explained 

at the sub-belief level but showed complexity when viewed with respect to the overall test usage 

beliefs. Another important note is to consider the teaching experiences of these participants, with 

some of them showing their test usage beliefs and behaviors were shaped and supported by their 

experiences, especially in how they designed and administered tests. Some also showed their 

experience helped them to feel comfortable not using tests in other types of courses. 

RQ2.a: What are other relevant beliefs about tests? 

 In terms of test cheating, all participants discussed extensively the need to address it with 

strong language. The beliefs on why it was important to address cheating varied slightly among 

the participants, but all explained or implied that the students did not learn when they cheated. In 

addition, when it comes to cheating, all participants seemed to have defined cheating through 

their test administration with the modality (in-person to make sure students work individually on 

the tests) and authorized resources (setting boundaries on what resources being solicited would 

be considered cheating). Looking at test cheating beliefs and behaviors in relation to the test user 

groups, I do not find a clear pattern that shows there are cheating belief differences among 

participants. I also generally observe that the participants associated cheating with test usage 

frequently in that the participants would discuss them without being asked about the topic and 

connected various behaviors to addressing cheating. In terms of test fairness, like test cheating, I 

do not find a clear pattern that differentiates how the participants in the different test user groups 
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define test fairness. All participants explained or implied the need to have adequate coverage of 

materials in a test as part of test fairness. Six participants also discussed the need to provide 

students a reasonable completion time to define test fairness. It was clear that all participants 

believed in the idea of equal treatment of all students with test fairness, though some mentioned 

this explicitly and some implicitly. In terms of student backgrounds, several discussed 

international students while some implied or hinted at the socioeconomic status and resource 

disparity could have a connection with tests. Interestingly, only a participant from the skeptical 

test user group mentioned test accommodation for students with disabilities. Like test cheating, 

there is no discernable pattern that differentiates fairness beliefs among the test user groups. 

RQ2.b: How do these relevant beliefs align with their behaviors of designing and 

administering tests in their FECs? 

 In terms of test cheating, all seven participants show strong behaviors to address 

cheating. They show similar behaviors in terms of addressing cheating through test design and 

administration as many focused on creating new test questions and preferring in-person test 

administration, especially considering the shift to virtual learning due to the Covid-19 pandemic. 

Many were also using open book/note during the pandemic but was hoping to shift it back to 

closed book/note when in-person classroom returned as some were skeptical their students were 

doing the tests on their own. In general, many of the participants had a level of distrust toward 

their students. Following the answers to RQ1.c, some behaviors on cheating add to the 

complexity of their test usage beliefs, such as Annie’s very strong behavioral responses like 

being the only participant who used lockdown browsers toward addressing cheating with tests, 

showing her commitment to tests when she used them. In terms of test fairness, I also do not find 

discernable differences when comparing the test user groups. Most of them had a personal rule of 
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thumb to determine how much time they gave their students to complete the tests. Some 

discussed how they ensured coverage was fair to their students. Lastly, only some of them 

discussed how they considered student backgrounds when it came to test design and 

administration. Overall, all participants’ behaviors align with their beliefs on cheating and 

fairness, but no clear pattern when it comes to alignment or misalignment with the test usage 

beliefs and the overall test user groups. 

Overarching research question: What are the beliefs and behaviors associated with 

classroom tests held by seven fundamental engineering course (FEC) instructors (seven 

cases) in two engineering departments (mechanical engineering and engineering science) in 

a Research 1 (R1) public institution? 

I found nuanced details of classroom test beliefs in three topics: test usage, cheating, and 

fairness. In terms of test usage, three test user groups (enthusiastic, default, and skeptical) 

characterize my participants test usage beliefs, describing their overall beliefs in terms of how 

they justified using tests in their courses and what factors they discussed that influenced their test 

usage beliefs and behaviors. Regarding cheating, all seven participants show strong beliefs about 

the need to address cheating, and there is no discernable pattern between their cheating beliefs 

and the test user groups. Lastly, test fairness beliefs show that the participants all defined fairness 

with the need to provide adequate content coverage for each test for students to prepare. Most 

participants also defined fairness in terms of the need to provide students with reasonable amount 

of time to complete each test. Considering student backgrounds in the context of fairness, some 

mentioned international students with language barrier as a form of fairness consideration, some 

hinted at unequal access, especially due to the pandemic, but overall, there is no concrete 
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connections being made between tests and student backgrounds. Similar to cheating, there is no 

discernable pattern between test fairness beliefs and the test user groups.  

 In terms of test usage behaviors, all participants, regardless of their test beliefs, featured 

tests heavily in their FECs. All of them justified heavy test usage with learning outcome sub-

beliefs, even though the four participants from Engineering Science had no autonomy to make 

decisions to not use tests. Some acknowledged some non-course-content factors and test 

disadvantages that influenced their test usage behaviors, supporting the test user groups 

characterization. Other test behaviors (design, administration, cheating, fairness) contributed to 

the complexity of the participants test beliefs and behaviors. This means that even though the 

participants explained their alignment of their behaviors with their beliefs at certain level, the 

participants showed complexity of their beliefs and behaviors alignment at the higher level (test 

user group), such as a skeptical test user showed similar test design and administration behaviors 

like those in enthusiastic and default users, and stronger cheating behaviors than some of those in 

the other groups.
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Chapter Five: Discussions, Implications, and Concluding Remarks 

5.1 Introduction 

 My results have contributed to ten major takeaways to the engineering education 

community about test beliefs and behaviors. This chapter presents these takeaways and situates 

them within the engineering education literature. Essentially, the takeaways show that my 

participants showed heavy test usage even though they have varied strength of convictions when 

it comes to test usage beliefs. My findings also show some alignments between the test usage 

beliefs and behaviors. Lastly, design, administration, cheating, and fairness are relevant and 

essential components of tests with my participants.  

5.2 All participants featured tests heavily regardless of their strengths of convictions of test 

usage beliefs 

 My study has confirmed the common and default test usage in engineering education in 

terms of heavy test usage by all my participants, regardless of their strength of conviction of test 

usage beliefs. This is consistent with the reviewed literature on common usage. For instance, 

Rompelman (2000) has argued that testing culture is inherent in engineering education, while 

other literature has mentioned or implied that tests have been the go-to assessment in 

fundamental engineering courses (Felder et al., 2000; Lord & Chen, 2014; Nolte et al., 2021; 

Sheppard et al., 2009; Sletten, 2021). It must be noted that participants from the engineering 

science department (Matt, Jake, Jenna, and Annie) did not have the autonomy in deciding 

whether to use tests in their courses as the statics, deformable bodies, and dynamics were 

centralized under a course supervisor, and even the course supervisor did not have autonomy in 

modifying the structure of the course. Even with this consideration, all four participants justified 

heavy test usage in their FECs to a certain extent with varying levels of convictions in terms of 
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the benefits of using tests. Overall, my data have lent strong support to the claim that test usage 

is common and default in fundamental engineering courses, particularly those in R1 institutions. 

5.3 All participants justified test usage in terms of learning outcomes regardless of their 

overall test usage beliefs 

 My study has found that all participants justified heavy test usage with the benefits to the 

intended course learning outcomes. Whether they were enthusiastic, default, or skeptical test 

users, all of them justified to an extent how tests are beneficial to their students and themselves 

in terms of the teaching and learning process to achieve the outcomes, as mentioned previously. 

While discussing the testing culture and the need to shift assessment toward a more skill-based 

paradigm, Rompelman (2000) argued that one reason why testing culture is inherent in 

engineering is that tests assess whether education goals have been achieved, similar to the 

arguments made by my participants in that they need to see whether their students have attained 

the intended learning outcomes. In addition, another study mentioned that engineering instructors 

use tests constantly because “they know no other way to ensure that students have sufficient 

knowledge and understanding to pass an exam without the risk that others have helped them 

excessively” (Parsons, 2008, pg. 1111). My findings support this statement as all my participants 

explained or implied the need for understanding their student learning at the individual level. 

Essentially, my participants saw many of the tests administered as a form of summative 

assessment to see where students are in terms of their proficiency in engineering concepts 

(Lachlan-Haché & Castro, 2015; Suskie, 2018). Ultimately, my findings have shown that tests 

have been used heavily to obtain student learning information for the instructors. 

 Additionally, some of my participants argued that tests help students learn toward the 

intended learning outcomes. Some of the arguments in this domain align with existing findings 
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on the testing effect as some participants argued that problem-solving test questions help 

students to apply concepts to solve certain types of problems (Butler, 2010). Participants also 

implied that tests helped their students remember the concepts for future courses, hinting at the 

idea of tests help with retention (Butler & Roediger, 2007; McDaniel et al., 2007; Roediger et al., 

2011). Furthermore, many of my participants also mentioned that tests compelled their students 

to study or change their study habits (Morphew et al., 2020). Overall, arguments that tests are 

beneficial for students in the learning process emerged from my data and they are similar to 

those found in the existing literature on test advantages. One important caveat to these 

similarities is that they are based on the instructors’ perspectives and not the students, and my 

study was not designed to examine the testing effect specifically. Lastly, many participants also 

see their tests as formative assessments in terms of providing feedback to their students for 

learning and preparation for the summative final exam (Pellegrino et al., 2001; Suskie, 2018).  

Finally, my findings support conclusions by Barnes et al. (2015) that present a spectrum 

in terms of teachers’ conceptions or beliefs of the purpose of assessments. For Barnes and 

colleagues, the spectrum specifically focuses on categorizing works that demonstrate 

conceptions of the purpose of assessments in terms of pedagogical functions (assessments help 

students learn), accounting purposes (assessments help with accountability), and the extreme of 

assessments being irrelevant to teaching. My findings have shown that the participants’ beliefs of 

test usage, aligning with the idea of the purpose of using tests in fundamental engineering 

courses, situate mostly under pedagogical functions, with a few having mixed beliefs of 

pedagogical functions and the need for accounting purposes, such as ABET or the need to 

provide students a grade. In conclusion, my participants have argued strongly for tests from the 

learning outcome dimension, both from the instructor and student perspectives. These arguments 
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align with the existing literature, showing my further contribution on this front to engineering 

education research. 

5.4 Default and skeptical test users acknowledged non-course-content factors that 

influenced their test usage. 

 Most of my participants, except for John was enthusiastic about using tests, 

acknowledged non-course-content factors that influenced their test usage beliefs. Specifically, 

six of the participants raised these factors voluntarily, while John did not. These factors have 

been acknowledged in existing engineering education literature. For context, I conceptualized 

instructor beliefs that influence practices with sociocultural elements, arguing that beliefs can be 

different depending on the contexts (Francis et al., 2015). This aligns with using the Situated 

Expectancy Value Theory (SEVT) to frame test usage beliefs as situated in different contexts as 

the framework shows that the beliefs can be influenced by background characteristics (Lund & 

Stains, 2015). Two participants discussed not using tests in different courses, showing that their 

beliefs about test usage became different in different course contexts, a non-course-content factor 

(Fives & Buehl, 2011). This is consistent with literature as there have been works that discuss the 

need to consider the different contexts associated with the course for course design, including 

assessments (Brookhart, 1997; Lattuca & Stark, 2011).  

Another non-course-content factor, departmental contexts in the form of inertia and peer 

pressure, also situates my participants’ test beliefs and behaviors. Some participants have 

discussed that inertia and peer pressure or culture within their departments led them to use tests 

heavily in their courses, and the engineering science department mandated the use of tests, 

potentially influencing how these participants’ beliefs and behaviors on using tests. The idea of 

inertia as a reason for continuing certain practices has been well-documented, with statements 
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like “we have also done it that way” or “if it ain’t broke, don’t fix it” exemplifying the inertia 

concept (Lane, 2007; National Academy of Engineering, 2005; Reeping et al., 2018). This shows 

that my participants are not different from the larger engineering instructors in terms of inertia 

influencing test usage.  In terms of peer pressure or culture, some participants discussed the idea 

that since all their peers are doing it, there is no reason to be different. In addition, a participant 

also discussed their more senior peers advising her to focus more on research instead of teaching 

for tenure. Both of these findings contribute to research that shows faculty decisions revolve 

around colleagues’ influence and reward systems, with both heavily influencing how faculty 

think about adopting different teaching practices (Brownell & Tanner, 2012; Campbell & 

O’Meara, 2014; Lund & Stains, 2015). Overall, my study has contributed to the literature on 

inertia and peer pressure in terms of why my participants continued to use tests in their FECs. 

My participants also discussed the need for tests as a convenient way to assess students in 

large class sizes, consistent with the idea of managing students in a testing culture described by 

Rompelman (2000). Class sizes have been one of the more mentioned factors and characteristics 

that influenced teaching and assessment decisions (Borrego et al., 2010; Coutinho et al., 2017; 

Lund & Stains, 2015). As described by Boylan-Ashraf and Haughery (2018), fundamental 

engineering courses with large enrollment tend to require more demanding commitment from the 

instructors in various aspects, such as holding student attention and personnel management. My 

findings have contributed to the literature on associating test usage with large class sizes as my 

participants argued the demanding task of assessment grading to justify the use of classroom 

tests. 

Lastly, many of the participants also invoked their personal experiences, whether their 

learning experiences as a student or their teaching experiences, to explain their beliefs about test 
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usage, especially on the learning outcome sub-belief that tests were helpful for learning, 

consistent with the literature on instructors’ beliefs that argue teaching beliefs and behaviors can 

be highly situated based on personal experiences (Fives & Buehl, 2011; Skott, 2015). In addition, 

some participants mentioned their lack of experience in using other types of assessments that 

influenced their test usage beliefs and behaviors, further contributing to the literature on the 

topic. Overall, my findings have shown a variety of non-course-content factors that influence the 

participants’ test beliefs and behaviors, and the findings further expand the literature on external 

components that can affect course decisions. 

5.5 All participants acknowledged test disadvantages, but with varying degrees of 

importance of this consideration while considering test usage in general. 

 All the participants discussed test disadvantages, though the strength of conviction of 

how important this aspect for test usage consideration varies considerably. All participants 

acknowledged the disadvantage of tests in terms of encouraging students to pattern match. This 

finding is consistent with several aspects of the literature on test disadvantages. First, as 

reviewed in Chapter Two, tests tend to discourage students from deep learning approaches, and 

some participants have implied that students tend to focus on cramming or massing to pattern 

match and obtain certain grades. In fact, a participant specifically explained that students 

typically do not learn from testing because they were just focusing on cramming the night before. 

These findings are consistent with the literature on tests leading to the discouragement of deep 

learning approaches (Case & Marshall, 2004; Marton & Säljö, 1976a) and massing or cramming 

days before the tests (Blasiman et al., 2017; P. C. Brown et al., 2014; Karpicke et al., 2009; 

Kornell & Bjork, 2007).  
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 My findings also show most participants acknowledged the stress and anxiety that tests 

bring to the students. This specific finding is consistent with existing literature where test anxiety 

is highly associated with testing in general. Specifically, my findings have shown that 

participants discussed students focusing on grades and the stress tests provoked imply that some 

of their students may experience fear of failure as a form of motivation that can lead to test 

anxiety (Major et al., 2020). Some participants described behaviors that address this 

disadvantage, though not all participants did so. It must be noted that most of the discussions of 

stress and anxiety were from the instructors’ perspectives, and existing literature on stress and 

test anxiety has largely been studied from the student perspectives. Therefore, the discussion on 

this specific finding should focus on the need to study test anxiety in the engineering education 

context as a part of the future work inspired by this study. Overall, all participants discussed 

some test disadvantages, with pattern matching and anxiety as the main ones. These findings are 

consistent with existing literature, though more work should be done on understanding these 

disadvantages. 

5.6 Participantsô test beliefs and behaviors show varying levels of conflict, especially those 

who are default and skeptical test users. 

 I have also found that the participants’ test beliefs and behaviors have varying levels of 

conflict between them. Existing literature has shown that instructors’ beliefs and behaviors or 

practice have a complicated relationship. Researchers have found mixed messages in terms of the 

belief and practice connections as there are variations of the connections based on factors like the 

different types and functions of beliefs these instructors have and the instructors’ level of 

experience in teaching practices or behaviors. My findings support such claims, consistent with a 

study by Moore et al. (2015) that understand faculty beliefs change in using model-eliciting 
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activities (MEA) in engineering classrooms as they found the belief to be complex and 

individually constructed. 

In terms of different functions, Fives and Buehl (2011) especially provided an 

appropriate and intuitive framework to interpret my findings. The authors argued that the 

complexity of belief-behavior connections can be explained by what they called an 

“incongruent” relationship and the degrees of such incongruence. My findings have shown the 

level of incongruences through the different test usage belief conviction levels as all my 

participants with varying levels of conviction exhibited heavy test usage. The details on the 

incongruences stemmed from the sub-beliefs, with a combination of varying convictions of the 

learning outcome, non-course-content-factor, and test disadvantage. As presented in Chapter 

Four, some of my participants have presented beliefs that seem to point toward less test usage in 

their courses, but that was not observed from their course syllabi. 

Fives and Buehl (2011) argued that such incongruences can be explained by internal and 

external support and challenges. My research has found extensive external supports or challenges 

toward my participants enacting some of the beliefs that lead to less test usage in FECs. One 

external support of test usage belief enactment into behavior is class size, as previously 

discussed. Class size emerged from all my participants to support their enactment of heavy test 

usage because tests were convenient and easier in terms of grading in a large enrollment class. 

This is consistent with Fives and Buehl’s as factors in the immediate environment that support 

the test usage belief enactment was demonstrated by my participants, which is strong 

“congruence” in this case. In terms of challenges, my findings also are consistent with Fives and 

Buehl’s work as I found some participants invoked challenges of inertia and peer pressure (role 

of culture and actions of colleagues based on the authors) and stress among students that could 
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have prevented them from using test less in their courses, essentially making enactment of some 

of their test usage sub-beliefs difficult. This shows the challenges that explained the strong 

incongruences between test usage beliefs and behaviors, especially on the non-course-content 

sub-beliefs on inertia and peer pressure, and some of the test disadvantage sub-beliefs, like tests 

creating stress among students.   

There was also discussion on the importance of the instructors’ level of experience in 

their teaching practices in influencing their enactment of beliefs (Buehl & Beck, 2015), and my 

findings have hinted at this. I have found that my participants shared their teaching experience 

and how the experience informed how they used, designed, and administered tests in their 

courses. Some also demonstrated that they were comfortable not using tests in non-FEC courses. 

Overall, many of my participants used anecdotes from their past experiences to support some of 

their test usage, cheating, and fairness beliefs, behaviors, and the connections between the beliefs 

and behaviors. 

5.7 All participants , regardless of usage beliefs, used problem-solving questions, with some 

added conceptual questions. All participants viewed test question difficulty differently.  

 My study has found that all participants used problem-solving/workout type questions in 

their tests, in the design of constructed response or multiple-choice. The findings where everyone 

used problem-solving, constructed-response questions are surprisingly scarce in existing 

literature, even though the participants gave the impression that these types of questions were 

typical in FECs to assess students’ problem-solving process. The current literature does imply 

this type of question is typical in engineering tests (S. Brown, 1999; Jonassen, 2015; Petr, 2005; 

Sheppard et al., 2009). In addition, the engineering science instructors discussed the use of a 

multiple-choice, problem-solving-question test as the design for the common final exam, and this 
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is consistent with the literature in which the use of multiple-choice exams is widely documented 

in the existing literature. I have uncovered the use of multiple-choice as the final exam in the 

service courses in engineering science, with possible reasons including instructors’ beliefs about 

large class sizes and the overall course structure. This finding is not surprising as engineering 

education literature has argued that this format is common to assess students broadly and 

efficiently, with many of these works focusing on designing and improving multiple-choice 

exams/tests (Akeroyd, 1981; C. K. Y. Chan et al., 2011; Fellin & Medicus, 2015; Petr, 2005; 

Timmermann & Kautz, 2015). In addition, the common multiple-choice final exams were 

designed to get students to show their knowledge through engineering problem solving, and 

literature has shown such usage of multiple-choice exams in engineering education (Fellin & 

Medicus, 2015). 

Research in engineering education on problem-solving questions typically discusses 

combining problem-solving questions with multiple-choice questions (Fellin & Medicus, 2015; 

Photopoulos et al., 2021). Fellin and Medicus specifically used multiple-choice questions to 

prepare students for the written exam, which I interpreted as problem solving questions because 

the authors described them as calculation problems that are consistent with my research findings. 

Another test design finding is the use of conceptual questions among some of my participants. 

Timmermann & Kautz (2015) discussed the use of conceptual questions in the form of multiple-

choice tests and argued that it was important to understand student conceptual understanding in 

courses, which my findings support as some of my participants argued for conceptual questions 

based on similar justifications. Overall, my findings have expanded the literature on test design, 

specifically on the discussion of problem-solving questions in different formats like constructed 

response and multiple choice. 
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In terms of difficulty of questions, some of my participants discussed the difficulty of test 

questions based on the homework questions they gave their students, with some arguing tests 

should not be more difficult due to the time constraints while some argued tests should be where 

students are challenged to demonstrate their learning. Existing literature on this topic is scarce, 

with some literature researched on different question formats and how they are the different 

formats could be perceived as easier or more difficult by the students (N. Chan & Kennedy, 

2002). Another publication by Ahmad et al. (2011) defines exam question difficulty using the 

Bloom’s taxonomy as a framework as part of describing an automated system that categorizes 

exam questions, while another discussed the perception of difficulty and the differences in this 

perception between instructors and students (Lingard et al., 2009). However, there has been little 

discussion on how the difficulty level design should relate to the given homework questions, and 

this finding contributes the first sets of knowledge to the engineering education literature and for 

future work on understanding test question difficulty relationship with homework questions. 

5.8 Most participants mentioned partial credit as an important part of test grading and 

were mindful of the ñstakesò each test had. Both spanned the different usage beliefs. 

 My findings have shown the importance of partial credits when it comes to grading tests 

among my participants. Most of my participants mentioned and discussed the need for partial 

credits for various reasons. This is consistent with existing literature that partial credits are used 

as part of the grading scheme of tests, especially in the constructed response type of questions 

(DiBattista et al., 2009; Grunert et al., 2013; Hieb & Bego, 2020; Petr, 2005). My findings align 

with the explanations of why partial credits are typically provided to students, which is to reward 

students for part of the work they get right when they ultimately did not reach the desirable 

responses (Grunert et al., 2013), though there are other reasons my participants used partial 
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credits in their grading scheme. Literature also argued that partial credits may not be as useful as 

most think as they send the message to students that they are fine to not achieve the learning 

outcome (Blodgett, 2017), though this did not surface in my data. Ultimately, partial credit was a 

big component of test administration and grading among most of my participants, contributing to 

the literature on partial credits in engineering education tests. 

 My data also support the call for lowering the stakes of tests, or something similar that 

makes some tests optional. Existing literature has described high stake tests as those that have a 

“decisive impact on the students’ grades” (Bengtsson, 2019, pg. 2). My participants have 

discussed the need to split test grades into several tests to lower the stakes and provide their 

students with ways to “catch up” if they do not do well on some of the tests. The lowering of the 

stake also leads to addressing student stress and anxiety among some participants. These findings 

expand on how the engineering education community can look at “stakes lowering” in testing 

overall. Specifically, engineering education scholarship has scarce research on this, and my 

findings have begun to address this scarcity by ultimately addressing the research gap on test 

administration. 

5.9 All participants showed very strong beliefs about the need to curb cheating among 

students and demonstrated or described behaviors that align with these beliefs. 

 I have found that all participants extensively discussed cheating and how they addressed 

them. In terms of defining cheating, my findings have shown that the participants defined them 

largely based on their behaviors of addressing cheating, like the modality of in-person to make 

sure students were working individually and authorized resources to set boundaries to resources 

students could use during tests without being considered cheating, such as pages of notes to be 

taken into the tests and non-permission to use internet websites and resources. This is consistent 
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with findings of my instructors defining cheating in engineering education, where actions such as 

peer collaboration and peeking (not working individually), and outside assistance (authorized 

resources) (Alemayehu et al., 2015; Carpenter et al., 2006; Chirumamilla et al., 2020), though 

there has been differences on how instructor and student define cheating. On why cheating must 

be addressed my findings support what has been researched on the topic as students were not 

learning when they cheated, considering they aspired to become engineers in the future 

(Carpenter et al., 2006; Kelley & Dooley, 2014). Furthermore, my research has also found 

cheating must be addressed to ensure the assessment of students is conducted in good faith to 

know whether the students have learned, consistent with the literature (Carpenter et al., 2006; D. 

M. Smith et al., 2017). Overall, my study has illuminated how some engineering instructors 

define cheating. 

 Some of the measures to curb cheating through test design discussed by my participants 

were consistent with existing literature, such as rephrasing or creating new test questions that 

looked different from the homework questions (Alemayehu et al., 2015), randomizing questions 

(Alemayehu et al., 2015; Chirumamilla et al., 2020), and reminding students of honor codes 

(Alemayehu et al., 2015; Carpenter et al., 2006; Srikanth & Asmatulu, 2014; Tabsh et al., 2019). 

Thus, in terms of test design, there was no surprise and many of these are well documented in the 

existing literature. 

5.10 Because of the shift to virtual learning due to the Covid-19 pandemic, most 

participants demonstrated or described behaviors to address cheating due to lack of in-

person testing and expressed a strong preference for in-person testing in the future. 

 My research has also found that test cheating and administration, specifically on 

modality, became more salient to the participants when the Covid-19 pandemic hit. Most of my 
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participants were already concerned about cheating due to the easier access to resources that 

students can use as unauthorized resources during cheating. However, due to the shift to virtual 

learning (Jankowski, 2020; Sheppard, 2020), my participants had to navigate how to administer 

their tests while also considering the cheating component. Aligning with the current state of 

literature in engineering education, studies and works that discussed or examined modality of the 

test while considering cheating have surfaced during the pandemic, considering it was scarce 

pre-pandemic. Consistently, my participants shifted the modality to take home and virtual testing 

due to restrictions on in-person learning (Chadha et al., 2020; Gorgani & Shabani, 2021; Parker 

et al., 2021). In addition, most of them discussed the importance of addressing cheating, like 

some in the literature (Awad Ahmed et al., 2021).  

 My findings have shown that instructors were not comfortable with the modality take-

home tests due to students not being proctored, raising the question of whether they were 

working individually. This has been well-documented in the literature as many measures to curb 

cheating involved in-person testing and proctoring (Bengtsson, 2019; Srikanth & Asmatulu, 

2014; Tabsh et al., 2019; Williams & Wong, 2009), and I have evidence to support that my 

instructors all preferred to conduct in-person tests when classroom goes back in-person. In 

addition, concerns about easier cheating with technology, such as devices with internet to access 

websites like Chegg and conducting tests electronically, emerged from my data and support 

existing research (Bhute et al., 2020; Broemer & Recktenwald, 2021; Chirumamilla et al., 2020; 

Kelley & Dooley, 2014; Srikanth & Asmatulu, 2014). My findings have also shown that all but 

one participant also moved to have open-book/note exams during the virtual shift because of the 

pandemic (Chadha et al., 2020), but doubts remained as many explained that compounding open 

book/note with take-home modality seemed to provide opportunities for their students to cheat. 
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Overall, Covid-19 emerged as an important component associated with test administration 

modality and cheating among the FEC instructors who participated in my study. 

5.11 Cheating emerged as a prominent finding, consistent with existing literature. Cheating 

has also been associated closely with the Covid-19 pandemic due to the shift to virtual 

learning. 

 Summarizing the key takeaways of 5.9 and 5.10 above, cheating emerged as a prominent 

finding for my dissertation, which is consistent with existing engineering education literature. I 

have found large number of studies that research cheating and academic dishonesty in general in 

the field, showing the importance of the topic. My findings have extended results of the existing 

documented scholarship, particularly on defining cheating from the instructor perspective 

(Carpenter et al., 2006; Chirumamilla et al., 2020) and reasons for the need to address cheating in 

engineering education, particularly considering the rise of internet and easier access to resources 

some engineering instructors may deem unauthorized for students during testing (Kelley & 

Dooley, 2014; Peculea & Peculea, 2020; Srikanth & Asmatulu, 2014). Furthermore, my findings 

have contributed further to behaviors that engineering instructors showed while addressing 

cheating with their tests (Alemayehu et al., 2015; Chirumamilla et al., 2020; Srikanth & 

Asmatulu, 2014; Von Grünigen et al., 2018). Even more salient is the connection my findings 

have shown between cheating and the Covid-19 pandemic as many classrooms shifted to virtual 

setting to help with the curb of the spread of the virus. Discussion of cheating constantly ties to 

the need to ensure students did not have the opportunities to access unauthorized resources 

during administration for virtual tests, though my data have also shown some participants 

decided to not emphasize on cheating as they argued the students have the responsibility to make 

sure they understand the materials to move forward to subsequent courses. Ultimately, cheating 
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is a prominent component of test beliefs and behaviors, and made particularly more important 

with the Covid-19 pandemic. 

5.12. Most participants defined test fairness with two components: sufficient completion 

time and adequate content coverage. All participants had different beliefs on fairness and 

student backgrounds. 

 My research has contributed to the test fairness literature in engineering education by 

uncovering my participants’ definition of fairness that revolves around sufficient completion 

time and adequate content coverage. As previously reviewed, fairness in engineering 

assessments has been relatively understudied, and my work on examining test fairness from the 

instructors’ perspective has contributed to reducing this research gap, especially on the idea of 

fairness and equity (Douglas et al., 2016). On what fairness means, my findings have found that 

the participants have specific notions of what fairness is defined for them while they use tests: 

reasonable completion time for the students and adequate material coverage on the tests. This is 

consistent with existing literature where fairness has been generally discussed from the student 

perspective (Tierney, 2013). In addition, these participants discussed fairness more as part of 

tests being a tool used to assess student learning in their courses, another general finding on 

fairness research in classroom assessment, which is appropriate for the fundamental engineering 

course assessment context (Tierney, 2013). As interpreted in the results, all the participants in 

my study mentioned or implied the need to treat students equally, which is generally assumed as 

part of the test fairness definition (Tierney, 2013; Zieky, 2016). Interestingly, fairness research 

also finds the close association between fairness and validity of the assessments (Cizek, 2009; 

Tierney, 2013; Zieky, 2016), and I do not find explicit evidence that supports this as most of my 

participants focused specifically on fairness as part of the tool and equal treatment to students. 
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Ultimately, my participants have discussed defining fairness with these two components, and 

they align with current literature. 

 On the separate sub-beliefs of reasonable time and adequate coverage, existing research 

has shown that these are considerations in test design (Zieky, 2016). On reasonable time, my 

findings are consistent with literature that focuses on the idea of time as possible unfairness 

when considering the speed students complete the test. My findings have shown the instructors 

tend to provide more time for their students to complete the tests than they expected themselves 

to do so, with some providing more time for students to upload the test responses due to the 

nature of the administration caused by the Covid-19 pandemic (Felder, 2002; Rusak & Yan, 

2021). On adequate coverage, my findings have shown the core idea of setting expectations on 

the materials, consistent with the idea of transparency with the students on the material coverage 

(Tierney, 2013). In addition, Felder (2002), while providing guidelines on how to design tests to 

maximize learning among students, argued that instructors should test on what the students have 

been taught, and my finding on adequate coverage supports this claim. Overall, timing and 

coverage are part of test fairness design. 

 When it comes to student backgrounds, my findings show the instructors raising different 

points about how student backgrounds and tests connect in terms of fairness. Some discussed 

international students and the language barrier, which have been well-documented in the 

literature (Camilli, 2013; Douglas et al., 2016). Some speculated the idea that socioeconomic 

status and resource disparity could influence how students make choices about their courses, or 

that the problem was mostly on improving diversity, while others did not make such connections. 

This range of responses aligns with the general sense that there has been relatively scarce 

research and work considering student backgrounds while implementing tests from the fairness 
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perspective (Douglas et al., 2016; Pellegrino, 2006), though there have been arguments for this 

consideration in fairness literature (Camilli, 2013). Those who call for more consideration of 

fairness consideration along with equity invoked the idea that high-stake assessments, even in 

classrooms like tests as found in my study, can act as gatekeeping mechanisms that affect 

students with different backgrounds, especially those who identify with systemically oppressed 

groups (Douglas et al., 2016; Nagy, 2000; Pellegrino, 2006). My findings, though brief, have 

begun to get to the topic as they show a range of thoughts among the seven participants, and I 

interpret this as a lack of knowledge or consideration of student backgrounds while 

implementing tests. 

 Lastly, continuing the discussion about student background, only one participant raised 

the topic of test accommodations for students with disabilities, considering that such policies 

were expected to be written in the course syllabi. Existing literature has shown that faculty 

beliefs on accommodations have been generally supportive of providing accommodations in 

learning environments, though implementations have been lacking (Zhang et al., 2010). In terms 

of test accommodations, research on community college faculty has shown that most faculty are 

supportive of providing accommodations with tests to students with disabilities (S. M. Norton, 

1997). There have been other studies that research test accommodations for students who 

identify with learning disabilities (Lovett et al., 2019; Weis & Beauchemin, 2020), 

demonstrating the extent of the work. This raises the call for future work in engineering 

education in understanding how test accommodations can serve students with disabilities to 

provide equitable assessment experiences. Ultimately, my participants showed varied beliefs on 

how test fairness connects with student backgrounds, with some beliefs being consistent with 

existing literature. 
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5.13 Contributions to the identified research gaps 

 I identified four research gaps from the engineering education literature that my study 

sought to address: The prioritized Research Gap 1 on why tests are common in engineering 

education, Research Gap 2 on the lack of research on test administration in engineering 

education, Research Gap 3 on the lack of studies on test fairness, and Research Gap 4 on 

literature and scholarship on engineering instructors’ beliefs and behaviors on assessment in 

general.  

 For the prioritized Research Gap 1, I have contributed to the engineering education 

community understanding by explicitly laying out the beliefs and behaviors on why the seven 

participants featured tests heavily in their FECs and justified heavy usage with learning 

outcomes. In addition, some participants argued for some non-course-content factors like inertia 

and large class size to justify test usage. The overall findings (test user groups) show that the 

common usage of tests in engineering education may be explained by the complexity of the 

beliefs behind the usage, considering non-course-content factor and test disadvantages 

influenced my participants test usage beliefs and behaviors at varying level of convictions. All in 

all, my findings have contributed to more nuanced understanding on why tests are common in 

engineering education, considering the lack of questioning of this phenomenon in the field. 

 For Research Gap 2, I have presented findings that detailed these participants consider 

test administration strategies and their beliefs behind using certain types of strategies. Existing 

test administration literature in engineering education is scarce as most work on this topic was 

done outside of the field. My findings have provided details on how FEC instructors in 

engineering education administered tests in engineering education and considerations behind 

these strategies, such as preference for in-person testing to address cheating, particularly during 
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the Covid-19 pandemic. For Research Gap 3, my findings have provided details on how FEC 

instructors defined test fairness (adequate content coverage and reasonable completion time) and 

how they ensured fairness with their tests (personal rules of thumb to set completion time, etc.), 

contributing to the existing literature in which there is a lack of scholarship that studies fairness 

as a construct in the context of testing in engineering education. Lastly, for Research Gap 4, I 

have detailed the test beliefs and behaviors of seven participants, addressing the literature in 

engineering education that has scarce scholarship on instructors' beliefs and behaviors in 

assessments in general. My dissertation has begun to address these four gaps that provide the 

foundation for future research and practice implications as detailed in the following. 

5.14 Implications for the engineering education community 

My research has three major implications for future research and practice in engineering 

education, with implications focusing on assessment research and practice, and stronger 

consideration and intentionality of addressing systemic inequity and oppression in such 

endeavors.  

5.14.1 Future research of tests through situating in assessment philosophies 

 My research findings can potentially jump-start the examination of tests as an assessment 

tool by situating tests in the larger assessment ecosystem. Some of the prominent assessment 

literature has discussed important concepts to design assessments, such as the formative and 

summative paradigms, assessment triangle, and evidence-based assessment strategies (Pellegrino 

et al., 2001, 2014; Suskie, 2018). Although there has been research that indirectly situates tests 

within these larger assessment philosophies, my work particularly can serve as a foundation to 

understand FEC instructors’ assessment philosophy through their test usage, including why they 

use tests and how they implement these tests while considering important constructs such as test 
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cheating and fairness. Essentially, the focus of such research is to promote intentionality of 

assessment design (Russell & Airasian, 2012; Suskie, 2018), and encourage intentionality behind 

test usage, such as focusing on certain targeted learning outcomes (conceptual change) with 

certain types of tests (concept inventory instead of workout question tests). In addition, my 

findings have also documented a number of test design and administration behaviors that can 

potentially inspire FEC instructors to think about test usage, design, and administration more 

intentionally. For instance, considering what makes a good test for a specific FEC could be a 

good start in thinking about the intentionality of test design and administration. Specifically, in 

terms of the summative and formative paradigm (Pellegrino et al., 2001, 2014; Suskie, 2018), my 

findings have shown that most of my participants did not explicitly use these terms to define 

their tests. However, many of them hinted at the different roles their tests played considering 

formative and summative constructs. For instance, some of them discussed the midterm exams or 

tests serving as the final exam preparations for the students, in addition to assess student learning 

at a specific point during the semester. Though these participants did not use the terms as 

labeling, they defined the roles of their tests based on these constructs. This is something the 

engineering education community can further explore as part of situating my findings in the 

larger assessment philosophies. In short, my findings can serve as the foundational knowledge 

toward understanding test usage better where future research findings can potentially inform 

better and more intentional test usage strategies in fundamental engineering courses, and in 

engineering education in general.  

 

 



 252 

5.14.2 Findings to push for diversification of assessments and more intentionality with test 

usage in fundamental engineering courses 

 My findings may also encourage the engineering education community to leverage the 

test usage belief findings to push for belief changes in terms of assessment design and 

implementation in FECs. Existing literature on teachers’ beliefs has rooted the scholarship in 

promoting belief, and subsequently behavioral changes, in teaching (Skott, 2015). My findings 

serve as initial knowledge for the engineering education community to strategize on how to push 

for more diverse forms of assessments in FECs, and I foresee four potential strategies. One, the 

belief and behavioral knowledge from my study can inform the possible contextual and systemic 

changes that the community should address if we are to achieve diverse assessments. These 

changes can be tied to the non-course-content sub-belief. Such changes include rethinking how 

FECs with multiple instructors and sections can be coordinated at large universities, 

reconceptualizing how large classes can be conducted, and others. In addition, considering how 

engineering culture and inertia within the field influence assessment usage should garner 

attention for future research as the community rethinks about how assessments can be done from 

the system perspective. These are some of the important findings that have been tied to the test 

usage beliefs that can be leveraged to move engineering education forward in terms of 

assessment design and implementation. 

Two, the engineering education community can leverage test usage and test-relevant 

beliefs to adapt and design alternative assessments that can work in FECs. My findings have 

presented various dimensions of the sub-beliefs (learning outcome and test disadvantage) that 

can be leveraged to design alternative assessments that align with these sub-beliefs. For instance, 

for instructors who believed that tests can be tremendously helpful to assess individual student 
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learning but are concerned about tests creating stress for students, one can consider other forms 

of tests, such as even lower-stakes with take-home options, and assessments like individual mini-

projects that might take a similar time to grade tests, for adaptation in FECs. This means my 

findings, and the future research that engages assessment beliefs, can potentially inspire different 

ways of designing and implementing assessments in engineering education. 

Three, the test usage belief conviction groups (very strong, strong, and moderate) can 

inform future research and practical efforts to identify FEC instructors who may be open to using 

different types of assessments in their courses. My findings have shown that some who are in the 

default and skeptical test user groups show a willingness and thoughts about using non-test 

assessments in their courses to help with the learning process. When used appropriately, these 

groupings can help our community to seek out FEC instructors who may have similar beliefs on 

test usage with the two groups, which can help in encouraging diverse assessment usage with 

these instructors. Considering that one of the change strategies encouraged in engineering 

education is diffusion and implementation (Borrego & Henderson, 2014), the groupings can be 

leveraged with these strategies to work toward diverse assessments and reduce test usage in these 

courses. It must be noted that these groupings should not be used to profile the instructors as my 

findings are based on the situatedness of test usage beliefs and behaviors, and the grouping 

should be appropriately used to seek out instructors, not to immediately assume they are the 

same as these participants. 

Four, in promoting diverse assessments through this work, research and practice behind 

alternative assessments logically should be part of the larger conversations, scholarship, and 

practice. Existing literature has documented a large number of types and forms of assessments 

that are typically viewed as authentic and performance-based (Suskie, 2018). My findings have 
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shown that some FEC instructors involved were willing to use different forms of assessments, 

but due to factors like inertia and lack of knowledge, some expressed limitations in terms of 

other forms of assessments. Considering some of the explained implications, such as identifying 

FEC instructors who may be open to diverse assessments, considering the beliefs that relate to 

test usage, and including perspectives from students and instructors who identify with oppressed 

groups, the engineering education community can focus on further researching and implementing 

different forms of assessments that can complement tests in FECs. Some examples include the 

mini-projects, exams, or homework wrappers to get students to reflect on their works, small 

portfolios to document students’ works, and concept maps or inventories to target the learning 

outcome of conceptual change. These are some of the assessments that our community can 

consider in engaging with diverse assessments. 

5.14.3 Larger connection to work to address systemic inequity and oppression 

 The inclusion of understanding student background and test connect is intentional as part 

of setting the foundation for future research and practice in terms of promoting assessments that 

are fair and equitable from the systemic inequity and oppression perspective. Essentially, 

understanding how FEC instructors perceive student background with respect to their test usage 

provides a glimpse of whether student backgrounds are considered, and these glimpses hopefully 

can set the stage to deconstruct instructor assessment beliefs and practices, and assessment as an 

educational practice overall, from the critical perspective (Ladson-Billings, 1998). I view the 

higher education system as inherently situated and political (Bruner, 1996), and the engineering 

education community should embrace such a notion so that work on addressing systemic 

inequity in engineering and through engineering can happen (Riley et al., 2015). Instead of just 

focusing on quantifying diversity through an increasing number of representations, my findings 
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hopefully may encourage the engineering education community to further research that focuses 

on understanding assessment practices from the systemic perspectives and how they play a part 

in contributing to the perpetuation of inequity and injustices in engineering. In short, I hope my 

findings showing limited consideration of student backgrounds in the context of tests can provide 

the necessary small step toward studying assessment from the social justice perspective, 

considering emotion, qualitative method, and reflection instead of just testing in engineering 

assessment (Riley et al., 2015). The ultimate goal is to focus on creating, designing, and 

implementing assessments that involve perspectives from students who identify with historically 

oppressed groups by understanding and respecting their lived experiences as people in 

engineering (Cech et al., 2017; Espinoza, 2013; Goodley, 2001; Holly Jr., 2020; Long III, 2020; 

Riley et al., 2015).  In addition, I also hope the lack of findings when it comes to test 

accommodations for students with disabilities will encourage our community to take on research 

that furthers our understanding to provide equitable test and assessment experiences to this 

historically oppressed group of students. 

5.15 Summary 

 Overall, my findings have contributed to the existing literature on various topics. These 

include addressing the research gap of why FEC instructors use tests in engineering, uncovering 

and articulating what these test usage beliefs and behaviors are in understanding test usage, 

articulating cheating and fairness beliefs in regard to tests, showing how these beliefs and 

behaviors connect at the individual levels, and expanding the view of instructor/teachers’ beliefs 

from the assessment perspectives. In addition, my research has also uncovered briefly the notion 

of instructor autonomy in course design, especially in courses with multiple sections and 

instructors. Other contributions of my work include adding to the literature on test design, 
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administration, cheating, and fairness. Lastly, in terms of SEVT, my study has supported the use 

of the theory to understand instructors’ teaching beliefs and behaviors, while also showing that 

more research on the connections between these beliefs and behaviors should be done to extend 

SEVT. In terms of implications, I am hopeful my research can encourage the engineering 

education research community to study further test usage and relevant test constructs in the 

larger engineering education assessment literature and philosophy. My findings also can 

potentially inspire change in terms of encouraging more intentionality in terms of using tests and 

diverse assessment philosophy in thinking and implementing different forms of assessments that 

can complement tests in FECs. Lastly, my brief findings on student backgrounds provide a 

preliminary view on FEC instructors’ beliefs about test and student backgrounds, and I am 

hopeful these findings can inspire work to deconstruct assessment from the critical paradigm in 

understanding how assessments in engineering courses possibly contribute to perpetuating 

systemic oppression and inequity. In addition, including lived experiences of those who identify 

with oppressed groups in assessment design and implementation should also be considered. 

5.16 Concluding remarks 

I have found three use groups (enthusiastic, default, and skeptical) that characterize the 

participants test usage beliefs. All participants featured tests heavily in their fundamental 

engineering courses. All also showed aligned test behaviors in terms of design and 

administration. My participants also showed strong beliefs and behaviors in terms of addressing 

cheating and fairness in their tests. The details behind these participants’ test usage beliefs and 

behaviors have shown complexity of beliefs and behaviors in fundamental engineering courses, 

providing nuanced foundation to understand why tests are common in engineering education.  
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There are two larger questions that my dissertation findings have hinted at. First, 

connecting back to the grounding of Situated Expectancy Value Theory (SEVT) and 

socialization of students into engineering by the FEC instructors using tests, my findings have 

shown the potential explanations to why tests are common in engineering education and how this 

contributes to possible gatekeeping in terms of socializing students in engineering. Assessments 

can be a gatekeeping mechanism in engineering to prevent some students from continuing in 

engineering (Nagy, 2000). Tests being featured heavily, along with the disadvantages they bring, 

can perpetuate this gatekeeping mechanism. This can be part of the explanations of why students 

identify with historically oppressed groups are underrepresented in engineering as students must 

go through testing to obtain a degree and practice as engineers, and not all students have the 

resources or the preparations necessary to practice as good test takers. My findings contribute to 

scholarship on why tests are a common form of assessments in fundamental engineering courses, 

paving the path forward to better understand common assessment practices in engineering 

education, especially in the context of how common assessment practices socialize students into 

engineering from the gatekeeping perspective. I suggest exploring student perspective of testing 

as the next step building on my dissertation findings. 

Second, it is important to consider that test usage may not be purely based on the need for 

assessing learning or helping students learn. My findings have shown strong justifications of 

heavy test usage based on non-course-content factors, such as inertia, peer pressure, and large 

class size of these courses, in addition to learning outcomes. This raises the question of whether 

learning outcome is not the sole reason why tests are commonly used in engineering education. 

With the increasing enrollment in engineering programs across the country, especially in large 

universities, the need for easier management in terms of assessments may be the main reason 
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why tests are commonly used in these courses, even if tests may not be the best assessment for 

certain learning outcomes. The idea of inertia may also explain why tests are common, 

considering many engineering faculty do not have pedagogical training and based their practices 

on their personal student experiences, which historically is test heavy in engineering. In addition, 

my findings show heavy emphasis on cheating with testing as some argued the need for tests to 

isolate students from unauthorized resources to assess their learning. This raises thoughts on 

whether cheating also plays a big part in why tests are common in engineering education, 

especially with the need to assess large number of students in large classes. Ultimately, my 

dissertation has answered some questions about common usage of tests in engineering education 

but raises more questions on the topic. These questions touch on non-learning outcome factors, 

such as inertia, class size, and cheating, that may drive engineering instructors to use tests 

heavily in fundamental engineering courses and engineering education in general. The 

engineering education community should continue pursuing scholarship on this topic to further 

understand assessment practices that can improve how we educate future engineers.
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Appendix A 

 

Interview 1 Protocol 

Opening statement 

Thank you for agreeing to spend some of your valuable time to speak with me today. As you 

may have read in the consent form, we are interested in understanding how instructors think and 

use tests or exams as learning assessment in engineering classrooms, particularly in technical 

courses such as statics, deformable bodies, fluid dynamics, heat transfer and others. Please think 

of this conversation as an opportunity to reflect on how you have been experiencing tests or 

exams as an instructor in those courses that you teach, not as an interrogation of how you assess 

your students. Examples of your personal experiences are greatly appreciated during this 

conversation. 

Verify consent is in place and it is ok to audio record the interview 

Before we begin, I would like to verify consent with you with several questions and statements. 

First, is it ok to audio record this conversation? (assuming yes, turn on recorder) 

Second, with the recorder on, I am verifying that you are ok with recording the conversation. 

Third, I would like to verify that read the consent form. Please note that this will be a semester 

long study that involves this interview, email communication between me and you for document 

collection during the semester, and a second interview toward the end of the semester.  

Fourth, do you have any questions regarding consent? 

Fifth, do you provide consent? 

And with that, consent is verified and established with you. Thank you. 
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Personal background characteristics and beliefs/experiences about tests/exams 

First, let us talk about your personal backgrounds as an engineering instructor and former 

engineering student (in general). 

 

1. How long have you been teaching? 

2. What courses have you been teaching? 

3. Do you use tests/exams in the courses you are teaching this semester/you have taught in 

the past? 

a. If yes, what type, format, or design of tests/exams have you been using? 

Examples will be appreciated. 

4. Why do you use tests/exams in your courses (or not use tests/exams in your courses)? 

a. Do you agree that it is common for instructors to use tests/exams in engineering 

courses (not considering first year and capstone courses)? If so, why do you think 

that is the case? 

b. What do other instructors in your field (in general, not just at Virginia Tech) think 

about tests/exams? 

c. What do your colleague (faculty members/instructors) in your department think 

about tests/exams? 

i. What courses in your department tend to have tests/exams? Why do you 

think that is? 

d. Follow up questions from on program document analyses findings (undergraduate 

curricula, program website), [share screen]. 
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i. Are there any specific institutional, departmental, or course policies that 

you think of while designing classroom tests? 

e. How did your past experiences as an engineering student influence your thoughts 

about exams? 

 

i. Do you have one specific experience that you remember vividly? If so, 

how did that experience influence you while you give your students tests? 

ii.  How have your thinking/opinions about exams changed over the years 

since you started working as a faculty member/instructor? Did getting 

tenure change your views? 

Fairness of tests/exams 

Second, let us discuss fairness about tests/exams. 

5. Would you describe your tests/exams as fair to your students? How are they fair/not fair? 

a. Do you see test/exam fairness in terms of minoritized population (clarify what’s 

considered as minoritized)? 

Perceived student outcome 

Lastly, let us discuss tests/exams in the contexts of student outcomes you perceived in the 

courses you have been teaching. 

6. What do you expect your students to learn from your courses? 

a. How do you think test/exams help your students learn? 

b. Do you think tests/exams are effective in playing those roles? If so, how? If not, 

what other forms of learning assessments do you see paying those roles? Can you 

provide an example? 
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7. What do you think your students’ goals are when they prepare for tests/exams in your 

courses? (some of the goals include focusing on purely passing the tests/exams, using 

tests/exams as ways to improve understanding etc.). 

8. How do you see your students use tests/exams as feedback for their learning? 

 

9. Do you think tests/exams impact your students’ confidence in learning? If so, how? It 

not, why not? 

COVID -19 

10. Let’s now shift the conversation to what we are experiencing right now – the COVID-19 

pandemic. Since the shift to a more virtual learning environment, what do you think of 

tests/exams? 

a. Have your views on tests/exams shifted since the pandemic? How? 

Closing 

11. Final question: Is there any of your colleague in your department whom you will 

recommend for this study? 

12. That’s all the questions we have, but is there anything that you expected us to ask that we 

didn’t? 

13. If we have follow-up questions, is it okay if we contact you? 

Thank you again for taking your time to speak with us. I will contact you soon on email to 

collect course syllabi and some of your sample tests/exams over the next few days. Toward the 

end of semester, I will contact you to schedule for a second interview. Please note that you have 

the agency to withdraw your consent and from the study at any time.
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Appendix B 

Interview 2 Protocol 

Opening statement 

Thank you for agreeing to spend some of your valuable time to speak with me for the second 

time. As you may have read in the consent form, we are interested in understanding how 

instructors think and use tests or exams as learning assessment in engineering classrooms, 

particularly in technical courses such as statics, deformable bodies, fluid dynamics, heat transfer 

and others. Please think of this conversation as an opportunity to reflect on how you have been 

experiencing tests or exams as an instructor in those courses that you teach, not an interrogation 

on how you assess your students. Examples of your personal experiences are greatly appreciated 

during this conversation. 

Verify consent is in place and it is ok to audio record the interview 

Before we begin, I would like to verify consent with you with several questions and statements. 

First, is it ok to audio record this conversation? (assuming yes, turn on recorder) 

Second, with the recorder on, I am verifying that you are ok with recording the conversation. 

Third, let us review consent. Do you have any questions regarding consent? 

Fourth, do you provide consent? 

And with that, consent is verified and established with you. Thank you. 

Implementation and decisions of tests/exams 

First, let us discuss your course syllabi and the sample tests/exams you provided me a while back 

[share screen of the syllabi first, then the sample tests/exams] 

1. How do you come to the decisions to use tests/exams in this course? 

a. Follow up based on the course syllabi (the number of tests/exams, the types) 
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2. Now, let us look at the sample tests/exams. Please walk me through your thought process 

and decisions while designing and implementing this test/exam. 

a. Why did you use this format for this exam? 

b. Why did you have this number of questions in this exam? 

c. Why did you use this language for the exam? 

3. A few months ago, we discussed about your views on tests/exams, and you talked about 

[brief listing of the views interpreted by KJ from Interview 1]. How do you these views 

influence your decisions on tests/exams in this course? 

4. Also, in our first interview, we discussed some background characteristics (personal, 

disciplinary, department, course and COVID-19 contexts) and how those may have 

influenced your thinking about tests/exams.  

a. While designing this sample tests/exams, how did program contexts (policies, 

culture) influence your decisions and implementations? 

i. Follow up on specific contexts that are not mentioned or described during 

the interview. 

b. How did you implement this test/exam in your course prior to the COVID-19 

pandemic? 

i. How have you changed the implementation due to the pandemic? What 

decisions did you make? 

Fairness of tests/exams 

In our first interview, we discussed about fairness about tests/exams, and you these are some of 

your views on the topics as I interpreted [list down the views]. 

5. Would you portray this tests/exam as fair to your students? If so, how? If not, why not? 
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6. Have you ever discussed about fairness of test/exam with your colleague/peers in the 

department or field? What are the conversations about? 

Perceived student outcome 

We also discussed about tests/exams in the context of student outcomes in the courses you have 

been teaching/have taught. 

7. Based on this sample test/exam, how did your students learn the important engineering 

concepts from taking the test/exam? 

8. While implementing this test/exam, how did you see your students’ preparing for this 

test? 

9. What kind of feedback do you expect your students to take from this exam? 

Closing 

10. That’s all the questions we have, but is there anything that you expected us to ask that we 

didn’t? 

11. If we have follow-up questions, is it okay if we contact you? 

12. As I work on reporting these results, would you like to choose your own pseudonym? 

13. I would also need to report demographic information. Please self-identify your gender, 

race/ethnicity so that I can accurately represent the data set. 

Thank you again for taking your time to speak with us.
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Appendix C 

Brief Case Summaries for Sam, Gemma, Jake, and Jenna 

 

C.1 Samôs brief case summaries 

Sam was a mechanical engineering associate professor that had taught for more than 10 

years. Sam featured tests heavily in his thermodynamic course, as illustrated in his course grade 

weighting in his syllabus. It must be noted that Sam did use a project, unlike the other 

participants as mentioned and explained in Chapter Four.  

 
Figure C.1  

Samôs thermodynamic course grade weighting 

 In terms of Sam’s learning outcome sub-beliefs as related to test usage, Sam believed 

strongly tests help students in attaining the intended learning outcomes. Figure C.2 shows his 

sub-beliefs contextualized with SEVT model of socialization. 
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Figure C.2  

Samôs sub-beliefs of test connection with learning outcomes, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

To summarize, Sam had four elements of his sub-beliefs, which are that tests compel 

students to learn, tests fit the numerical nature of engineering, tests can encourage problem 

solving in different contexts, and tests should challenge students in terms of their learning. Sam 

had mentioned briefly that he learned some lessons about tests and made a general comment 

about not repeating elements of tests, thought he did not give specific examples. 
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Figure C.3 

Samôs sub-beliefs of test connection with non-course-content factors, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

Sam discussed extensively and apologetically about inertia and peer pressure influenced 

his test usage beliefs. Sam constantly brought up the idea that he is not creative enough to use 

other types of assessments, though he did use project unlike other participants. Other factors Sam 

discussed include the need to assign grades to students with tests, more grading with assessments 

alternative to tests, and tests are suitable for large classrooms. Sam did not mention any relevant 

background characteristics that influenced his sub-beliefs. 
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Figure C.4 

Samôs sub-beliefs of test connection with test disadvantages, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

Sam discussed four elements of disadvantage sub-beliefs. First, Sam believed that test 

encouraged pattern matching and could not predict future student success. Sam also sounded 

apologetic when he discussed these disadvantages. Sam also mentioned that he acknowledged 

students tended to maximize grades with tests and tests could create pressure among students. 

Though Sam discussed the sub-beliefs (non-course-content factors and test disadvantages) at 

varying level of details, he continued to justify the use of tests through learning outcomes. 
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Table C.1 

Samôs behaviors that align with the sub-beliefs on test connections with learning outcomes. 

Sub-belief Behavior 

Tests without a straightforward type of questions can 

help students achieve the applying concepts to different 

contents learning outcomes. 

Self-described 

¶ Created tests that do not encourage pattern matching 

¶ Set expectations on test (test taking skills, giving 

old tests, asking students not to expect similar 

problems like in the past) 
 

Documented 

¶ Included conceptual questions that discourage 

pattern matching and compels students to think 

deeper 

¶ Used questions that focus on concepts, not math 

manipulations 

¶ Encouraged students to work on homework as way 

to prepare for tests by weighing them heavier for 

course grade, personally have seen homework 

helped with students test performances in his course 

If given reasonable time, Sam agrees that tests should 

be where students are challenged to push their thinking 

on their knowledge. 

No relevant behaviors described nor documented. 

  

Generally, Sam showed alignment between his learning outcome sub-beliefs and 

behaviors. He explained some of his test behaviors with the learning outcome sub-beliefs of 

needing straightforward type of questions to help students learn how to apply concepts, such as 

using conceptual questions to ensure students could not pattern match and they would learn the 

concepts instead of memorizing them. Sam, however, expressed the sub-belief that tests should 

challenge students, but were constrained by the lack of time for testing that allowed him to write 

more challenging tests for his students. 
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Table C.2 

Samôs behaviors that align with the sub-beliefs on test connections with non-course-content 

factors. 

Sub-belief Behavior 

¶ Sam did not think he (and many instructors) is 

creative enough to use alternative assessments. 

Everyone knows tests pretty much. It is also hard to 

write a good test in general. 

¶ Inertia played a big part in influencing test usage for 

Sam and in engineering. 

¶ Peer pressure also played a part (not rocking the 

boat) 

¶ Tests were also a way to address academic 

dishonesty in a more assuring way. 

¶ Alternative assessments might lead to more grading 

and more work for the students. 

¶ Tests could provide the grades that are necessary in 

higher education (what do base the grades on?) 

¶ Large classroom played a role in influencing test 

usage in terms of grading management. 

Documented 

¶ Sam used tests in his courses 

¶ Sam used project in thermodynamic 

  

Sam also showed some willingness with his use of projects in this thermodynamics 

course, and this slightly aligned with Sam apologetic discussion of his sub-beliefs in that inertia, 

peer pressure, and lack of creativity led to him believing and continue using tests in his courses. 

Table C.3 

Samôs behaviors that align with the sub-beliefs on test connections with test disadvantages. 

Sub-belief Behavior 

Tests might not predict students’ future success, 

juxtaposing engineers with trauma surgeon in that 

engineers did not have to make quick life and death 

decision during emergency surgery as engineers had 

time to figure out models before executing them. 

Documented 

¶ Sam justified using tests based on learning 

outcomes and some non-course-content factors 

¶ Sam used a small project in one of his courses 

Students tended to maximize grades instead of 

learning; however, one still had to learn to be able to 

maximize scores (responsibility on the students on this) 

No relevant behaviors described nor documented. 

Tests could lead to students pattern matching, but a 

good tests could be designed to discourage students 

from doing so. 

Self-described 

Created new questions and did not use old questions so 

that students would be able to apply the concepts on 
new contexts 

Sam implied that tests could cause stress and pressure 

among students 
Documented 

Sam splits tests into multiple ones to make sure there is 

no pressure on just one test for students 
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 However, Sam showed some misalignments in terms of test disadvantages in that Sam 

discussed extensively about some of the disadvantages tests had and continued to use tests, partly 

due to non-course-content factors discussed in Table C.2. Sam acknowledged that students could 

pattern match with tests, and explained the use of new questions in every new iteration of tests to 

ensure students could not memorized. Sam also made to split tests into multiple administrations 

to lower the “stake” that could help with stress and pressure tests caused on students. 

 
Figure C.5 

Samôs beliefs and behaviors on cheating. This figure should be reviewed along with Table C.2.  
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Table C.4 

Samôs beliefs and behaviors on cheating. This table should be reviewed along with Figure C.5. 

Sub-belief Behavior 

¶ Cheating must be addressed to make sure that 

students were doing honest work with the tests. 

¶ Some students would cheat when they got the 

opportunities to do so (distrust of students) 

¶ Implied cheating was easier with technology 

(Chegg). This argument also tied to the Covid-19 

pandemic for virtual classrooms. 

Self-described 

¶ Preferred in person tests 

¶ Wrote new version of tests for every new 

administration to make sure old test circulation 

among students would not help with students trying 
to cheat. Made old test questions public 

¶ Changed how tests administered during the 

pandemic (non-Googleable tests, have students 

explained their thought process more, not copiable 

from resources like homework) 

¶ Balanced exam timing (sufficient for completion, 

insufficient to seek help) 

¶ Did not use lockdown browser or other way to 

design tests that are difficult to cheat 

 

Documented 

¶ Authorized certain resources during tests to set 

boundaries 

¶ Included conceptual questions to discourage 

cheating (copying from resources) 

  

Sam explained some his strong beliefs of the need to address cheating and implied that 

students were not learning when they cheated. In addition, Sam also expressed his distrust of 

students in that he believed some students would cheat when given the chance. In addition, Sam 

also implied technology helped make cheating easier among students, and that the Covid-19 

pandemic has made addressing cheating more difficult. Sam behaviors largely aligned with his 

beliefs on cheating, described and documented some behaviors to address cheating like writing 

new questions for every new iteration of tests, balanced exam timing to ensure students have 

sufficient time to complete the tests and insufficient to work together to seek unauthorized help, 

and used conceptual questions to make sure students could not copy solutions from unauthorized 

sources. 
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Figure C.6 

Samôs beliefs and behaviors on fairness. This figure should be reviewed along with Table C.5.  
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Table C.5 

Samôs beliefs and behaviors on cheating. This table should be reviewed along with Figure C.5. 

Sub-belief Behavior 

Test fairness meant equal footing for all students at the 

beginning of the tests. 
Self-described 

Made their old tests public and write new tests to be 

fair for all students (well-connected students would not 

have test questions prior to testing) 
¶ A fair test had reasonable completion time, balance 

timing for completion and cheating discouragement, 

not reusing old test questions, and balance material 

coverage with timing (enough questions for students 

to show their knowledge, but not too long that leads 

to longer completion time) 

¶ Covid had made gauging fair time difficult. 

Self-described 

¶ Balanced number of questions (materials) and 

expected completion time 

¶ Informed students that certain questions will not be 

covered because they took too long to solve in a test 

¶ Gauged test fairness with student performances 

¶ Provided test taking skills to make sure students did 

not leave questions unanswered (they got partial 

credits) 

Documented 

¶ Final exam was twice as long because it covered the 

whole semester worth of knowledge 

Partial credits were a form of fairness. Self-described 

¶ Used partial credits to reward students for what they 

showed. Asked students to write all their thought 

process for partial credits 

¶ Provided test taking skills to make sure students did 

not leave questions unanswered (they got partial 

credits) 

Documented 

¶ Set expectations with “good engineering form” to 
get credits 

Fairness meant defensible test and grading Self-described 

¶ Read tests defensively to make sure it’s fair 

¶ Graded test defensively 

Acknowledged that luck could play a role in students 

working on tests and exams 
No relevant behaviors described nor documented. 

A fair test covered materials that are discussed in the 

course. 
No relevant behaviors described nor documented. 

¶ Tests could affect students with language barrier, 

such as international students.  

¶ A test question should be straightforward and not 

complicated (unlike homework) 

Self-described 

¶ Created test questions that have all the information 

in the question 

¶ Explained jargons in tests if needed 

  

Sam showed large elements of sub-beliefs in terms of fairness. Sam defined fairness with 

the need to make sure students started with equal footing, with sub-beliefs on giving time for 

students to complete the exam. Sam also raised several sub-beliefs such as the use of partial 
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credits for fairness and defensible grading. Sam explained and documented some of aligned 

behaviors with these sub-beliefs. 

 Overall, Sam showed strong conviction of test usage, with strong beliefs on cheating and 

fairness. Sam was apologetic while discussing test usage, making him situated at the lower end 

among those in the strong conviction group as he showed willingness to not use tests in his 

thermodynamic course, though still featuring tests heavily overall. 
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C.2 Gemmaôs brief case summaries 

Gemma was a mechanical engineering assistant professor that had taught for less than 

five years. Gemma featured tests heavily in her thermodynamic course, as illustrated in her 

course grade weighting in her syllabus. 

 
Figure C.7 

Gemmaôs thermodynamic course grade weighting. 

Figure C.7 shows that Gemma had tests constitute about 85% of her student course grade. 

However, it must be noted that Gemma made the final exam optional during the Covid-19 

pandemic, allowing her students to make their own decisions on whether they would want to take 

the final exam. This meant the students who did well in the three tests could decide not to take 

the final exam to possibly relieve stress caused by the pandemic. 

 

 

 

 

 

 

 



 312 

 
Figure C.8 

Gemmaôs sub-beliefs of test connection with learning outcomes, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 Gemma had two elements in her learning outcome sub-beliefs, specifically focusing on 

feedback for herself and her students. Gemma explained that she saw tests as ways to obtain 

information about how her students learned, and at the same time, she hoped her students were 

learning from tests. She pointed out the idea of raising common mistakes from tests to her 

students, showing the interaction between feedback for her as an instructor and her students. 

Gemma did not discuss any relevant background characteristics. 
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Figure C.9 

Gemmaôs sub-beliefs of test connection with non-course-content factors, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 Gemma discussed the appropriateness of using tests in a large classroom. However, 

Gemma also expressed her frustration with the lack of reward in terms of tenure to do something 

different in her courses as she explained the culture of the department and also peer pressure, 

such as those from senior faculty, to not focus too much effort on teaching, but on research. She 

explained these non-course-content factors influenced her beliefs and behaviors on test usage. In 

addition, the structure of the course, even though there was no specific mandate like the courses 

in engineering science department, compelled her to continue featuring tests heavily as she did 

not feel comfortable to make any changes as a junior faculty. 
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Figure C.10 

Gemmaôs sub-beliefs of test connection with test disadvantages, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 Connecting with Gemma’s frustration with the culture that did not motivate changes in 

assessments in her courses, Gemma professed the need for more diverse types of assessments in 

her courses to ensure students with different skillsets could succeed. She based this of her person 

learning experiences as she admitted to learning better in an engineering course with different 

types of assessments other than tests unlike her physics courses. In addition, she also implied 

such need based on the disadvantage that students would pattern match with tests, and she had to 

remind students to focus on the learning, not the grades, when it came to working with tests. This 

reminder connected with her sub-belief that students tended to focus more on maximizing grades 

instead of learning, presenting another disadvantage from Gemma’s perspective. 
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Table C.6 

Gemmaôs behaviors that align with the sub-beliefs on test connections with learning outcomes. 

Sub-belief Behavior 

¶ Tests gave students feedback for their learning 

toward the outcomes. 

¶ Tests gave Gemma feedback on her students’ 
learning of concepts. These feedbacks helped with 

teaching adjustment. 

Self-described 

¶ Used student performance of test to help students 

with common mistakes 

¶ Used homework as ways for students to prepare for 

tests. 

¶ Tests gave Gemma feedback on her students’ 
learning of concepts. These feedbacks helped with 

teaching adjustment. 

¶ For Gemma, she knew whether students pattern 

matched based on test design (similar homework 

problems but different wording) and saw whether 

students identify the right concepts. 

Self-described 

¶ Used student performance of test to help students 

with common mistakes 

¶ The current format of tests in the course was 

designed to evaluate students on differentiating the 

student performances based on grades. 

 

Documented 

¶ Included conceptual questions in tests 

Diverse assessments were important to help students 

learn. This also related to the idea of hard tests that 

tended to focus more on math manipulation. 

1. No relevant behaviors described nor 

documented. 

 

 Gemma showed alignment between some of her learning outcome sub-beliefs and test 

usage behaviors. For instance, she discussed student test performances as a form of feedback to 

adjust her teaching, such as focusing on common mistakes that her students made so that her 

students would learn from them. In addition, Gemma also designed tests to ensure she could 

differentiate her students on their learning. She also included conceptual questions to help with 

assessing her student learning of the knowledge. She did not discuss any behaviors in terms of 

the need to use diverse assessments. 
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Table C.7 

Gemmaôs behaviors that align with the sub-beliefs on test connections with non-course-content 

factors. 

Sub-belief Behavior 

¶ Culture (inertia) and peer pressure played a big part 

in test usage. 

¶ Wanted to change how to assess students but told 

not to by senior faculty members (focus on research 

instead for tenure) 

¶ Structure of the course (multiple sections and 

multiple instructors) made it difficult to change 

assessment (for Gemma who was the only junior 

faculty in the group) 

¶ Many professors did not know how to assess other 

than tests. 

¶ Tests were easier to manage for large class size 

(compare with application-based homework which 

Gemma implied more work) 

Documented 

¶ Used tests in her courses heavily 

¶ Used the standard course weighting 

 

Self-described 

¶ Justified test usage based on learning outcomes 

 

 Gemma’s non-course-content factor sub-beliefs also aligned with some of her behaviors 

documented, specifically on her heavy test usage in her thermodynamics course. In addition, 

Gemma also used the standard course grade weighting as used by other instructors (comparison 

to Sam and John’s).  

Table C.8 

Gemmaôs behaviors that align with the sub-beliefs on test connections with test disadvantage. 

Sub-belief Behavior 

Large range of students in terms of goals in test prep, 

with some focusing on just the grades, and student 

backgrounds played a part in observing some patterns 

in terms of student performances. 

Self-described 

Reminded students to focus on the learning in addition 

to focusing on maximizing grades 

Gemma implied that tests could encourage pattern 

matching but can be addressed with test design that did 

not use same questions as those students have seen 

prior. 

Self-described 

¶ Created questions that are different that students 

have seen prior 

¶ Paid close attention to the student thought process 

to see whether they get the concepts, instead of 

pattern matching 
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These behaviors have been mentioned briefly while explaining Gemma’s test 

disadvantage sub-beliefs, and overall showed alignment between her sub-beliefs and her 

behaviors on test disadvantages. However, considering her frustrations on the lack of motivation 

in her department to make changes to her course (culture/inertia and peer pressure factor), 

Gemma ultimately showed misalignment in terms of heavy test usage and some of her sub-

beliefs, particularly on her sub-belief for the need for diverse assessments in her courses. 

 
Figure C.11 

Gemmaôs beliefs and behaviors on cheating. This figure should be reviewed along with Table 

C.9. 
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Table C.9 

Gemmaôs beliefs and behaviors on cheating. This table should be reviewed along with Figure 

C.11. 

Sub-belief Behavior 

¶ Cheating is important to address because these 

students needed to learn these concepts as they 

were going to become engineers in the future. 

¶ Implied that internet made cheating difficult to 

address. 

Self-described 

¶ Created tests that are not googleable 

¶ Paid attention when grading to identify possible 

copying from each other 

¶ Reminded students on the honor code 

 

Documented 

¶ Used authorized sources to set boundaries 

¶ Pandemic had made it difficult to create tests that 

discouraged cheating (related to internet) 

¶ Implied that in person tests were effective in 

discouraging cheating. 

Self-described 

¶ Physically distant students during in-person tests 

¶ No lockdown browser to simulate in-person, implied 

it was not possible to simulate as such in virtual 

learning 

¶  

Documented 

¶ All tests were open-book, open note during virtual 

learning due to Covid 

Gemma ultimately argued she had to treat students like 

adults and could not be too worried with cheating, 

students had responsibility to not cheat. 

No relevant behaviors described nor documented. 

 

 Gemma showed some behaviors that align with her beliefs on cheating, which was 

important to address because students needed to learn these concepts to become engineers in the 

future. Gemma overall implied that in-person tests were the way to go to address cheating, and 

particularly discussed the difficulty of administering tests during the pandemic. Even during the 

pandemic, Gemma decided to make all tests open-book, open-note and did not use lockdown 

browsers as she implied it was not possible to simulate the in-person test administration. Other 

behaviors that aligned with her general cheating beliefs include created tests that were non-

googleable, paid attention to identify cheating patterns among students, and set boundaries with 

authorized resources, like several pages of notes. Ultimately, Gemma argued that she could not 



 319 

focus on making sure all students did not cheat as she saw her students as adults, and they had 

the responsibility for their own learning. 

 
Figure C.12 

Gemmaôs beliefs and behaviors on fairness. This figure should be reviewed along with Table 

C.10. 

 

Table C.10 

Gemmaôs beliefs and behaviors on fairness. This table should be reviewed along with Figure 

C.12. 

Sub-belief Behavior 

A fair test was one that covered materials with a wide 

range of topics included to reduce randomness in 

courses. 

 

Documented 

¶ Gemma explained using the shared tests the 

coverage of the tests 

 
A fair test had different formats (considering students 

with different skills). 
Documented 

¶ Gemma tests had different types of questions 

A fair test was one with reasonable completion time. Self-described 

¶ Provided six times more of personal completion time 

for students (self) 

¶ Provided more time for students in test during the 

pandemic (self) 
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 Overall, Gemma showed alignment and demonstrated how she believed in test fairness. 

She believed that a fair test should cover materials with a wide range of topic, and she explained 

such fairness by showing the diverse types of questions she included in the shared test analyzed 

for my study. In addition, Gemma argued the need for reasonable completion time for a faire 

test, and she described her rule of thumb in determining period of time for her students to 

complete the tests. Lastly, she described providing students with more time during the pandemic 

for logistics, such as uploading the completed tests. 

 Overall, Gemma showed skepticism with test usage and strong beliefs on cheating and 

fairness. Gemma professed the need for diverse assessments and was constantly frustrated with 

the lack of systemic motivation to change her assessment structure in her thermodynamic course. 

In addition, Gemma had a weaker conviction as compared to those in very strong and strong 

conviction groups in terms of justifying test usage with learning outcome sub-beliefs, making her 

in skeptical test user group.  
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C.3 Jakeôs brief case summaries 

 Jake was an instructor in the engineering science department teaching statics and solid 

mechanics. He had less than five years of teaching experiences. Jake used tests heavily in his 

solid mechanics course. It must be noted such heavy usage is mandated by the context of the 

course as Jake was one of the many instructors who taught the course, which was offered with 

multiple sections to accommodate the large number of students as explained in the results. Figure 

C.13 shows the standard course grade weighting as shown For Matt and Annie in Chapter Four.  

 
Figure C.13 

Jakeôs statics course grade weighting.  

 As expected for instructors in these courses, tests constitute 85% total of the course 

grade. In terms of Jake’s learning outcome sub-beliefs, Figure C.14 provides the overall view 

contextualized with the conceptual framework. 

 

 

 

 

 



 322 

 
Figure C.14 

Jakeôs sub-beliefs of test connection with learning outcomes, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 Jake learning outcome sub-belief had some main elements to it. For Jake, he believed 

tests help with his students learn if they prepare for the tests by working on other assignments 

such as homework. As for his instructor perspective beliefs, he argued that tests were a dialogue 

between him and his students to let him know how his students are learning in the course and 

that tests are ultimately appropriate for courses like statics and solid mechanics as they are 

principle or concept based. 
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Figure C.15 

Jakeôs sub-beliefs of test connection with non-course-content factors, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 As for non-course-content factors, Jake had two elements of his sub-belief. First, he 

argued that tests were convenient for grading in large enrollment courses. In addition, Jake also 

argued that because of how the service courses were structured in this institution, using tests 

were necessary. 
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Figure C.16 

Jakeôs sub-beliefs of test connection with test disadvantages, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 Jake believed that tests could create stress among his students. He explained that even 

though he did not experience much stress when he was a student, he was aware that his students 

were stressful while working with tests. However, he continued to use tests as he believed tests 

were useful as previously described based on his learning outcome and non-course-content sub-

beliefs. 
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Table C.11 

Jakeôs behaviors that align with the sub-beliefs on test connections with learning outcomes. 

Sub-belief Behavior 

¶ Tests were a form of dialogue between Jake and 

Jake’s students to assess individual learning.  

¶ Tests were appropriate for concept courses, which 

are principle-based. 

¶ Tests could help Jake see whether students had 

acquired the concepts by seeing whether they 

recognize the equation or types of questions. Jake 

attributed this to lack of understanding. 

¶ Tests could also help see whether student had test 

taking skill issues, though it was difficult to discern 

whether students had learned, or they were good at 

taking tests. 

Self-described 

¶ To maintain dialogue as less stressful for students, 

will keep open book open note during in-person tests 

¶ Used partial credits to show students how much they 

have learned (self) 

¶ No punishment to students with simple/small 

mistakes (self) 

¶ Created different questions based on courses (statics 

was looking at fundamental, while solid mechanics 

was looking more closely into understanding; these 

lead to different question types) 

¶ Created the first exam that did not surprise students 

in terms of formats to introduce their students to test 

formats 

 

Documented 

¶ Emphasized that students must work individually on 

exams 

Test should be little harder and not similar than 

homework exams as students need to be pushed to 

think a bit more on the concepts to prevent pattern 

matching. 

Documented 

¶ Created test questions students had not seen or with 

different perspectives 

 
¶ Jake had set up the course in a way that that if the 

students were consistently doing what they were 

asked to learn (homework, lectures), they would be 

able to work on the tests and get decent grades. 

¶ Problem solving questions provided partial credits 

for students, who appreciate the credits. Jake saw 

partial credits as way to reduce student stress. 

Self-described 

¶ Used partial credits to show students how much they 

have learned 

¶ Encourage students to use homework to prepare for 

tests 

 

Documented 

¶ List down expectations of what to do to get partial 

credits 

Equal weighting on problems on test convey the 

message that every topic is equally important. 
No relevant behaviors described nor documented. 

 

 Jake exhibited some behaviors that align with his sub-beliefs. For instance, Jake 

continued to use tests even though he realized students could get stressed out over preparing for 

tests, and he made sure to not surprise students with different types of questions by preparing 

them with the type of questions he gave students in the very first test. In addition, Jake also 

framed the use of partial credits to reduce students stress as students know they would be 

rewarded with credits if they showed their work, even though they did not get the correct 



 326 

answers (no punishment for wrong numerical answers). Other behaviors included providing 

expectations on how to obtain partial credits and encouraged students to prepare tests with the 

homework assigned. 

Table C.12 

Jakeôs behaviors that align with the sub-beliefs on test connections with non-course-content 

factors. 

Sub-belief Behavior 

¶ Tests were appropriate for large class size (timing 

and necessity that call for convenience in terms of 

grading assessments in large classrooms, also serve 

as sample size of the population of how well 

students are doing (learning outcomes)). However, 

Jake did acknowledge workout problems take longer 

to grade. 

¶ Jake did not have autonomy as tests must be used in 

the courses he taught (service course contexts) 

Documented 

¶ Used tests in course 

 

Self-described 

¶ Created tests with a range of questions to balance 

difficulty and personal grading time 

 

In terms of non-course-content factor sub-beliefs, Jake showed alignment with the heavy 

feature of tests in his statics course. Jake also acknowledged the lack of autonomy he had in the 

course as he was mandated to use tests substantially, but he justified in with the idea that large 

enrollment class needed tests for convenience and necessity. Jake also created tests with a range 

of questions to balance difficulty and personal grading time, aligning with the grading 

convenience justification. 
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Table C.13 

Jakeôs behaviors that align with the sub-beliefs on test connections with test disadvantage. 

Sub-belief Behavior 

Tests could create stress among students, and this can 

lead to dialogue not being effective and useful for Jake. 
Documented 

¶ Used tests in courses  

¶ Listed down expectations of what to do to get 

partial credits 

 
Self-described 

¶ No punishment to students with simple/small 

mistakes 

¶ No tricky questions to make sure students are not 

stressed about exams 

¶ Used partial credits to show students how much 

they have learned and to let students know that Jake 

is trying to help them with tests, not to stress them. 

Students appreciate partial credits 

¶ Would move some final exam scores to homework 

scores knowing students are stressed about final 

exams. 

Students tended to focus on maximizing scores, and 

Jake would try to remind students that he would give 

them partial credits as long as the students are showing 

him what they know in the tests. 

No relevant behaviors described nor documented. 

Jake did not explicitly explain that tests lead to pattern 

matching among students. Instead, Jake discussed how 

he could identify students who may have issues with 

conceptual understanding of the materials, like students 

failing to recognize type of questions and necessary 

concepts and equations. 

No relevant behaviors described nor documented. 

 

 Jake also exhibited and described many behaviors that addressed the stress students 

experienced when they prepared for tests. As previously described, Jake justified the heavy use 

of tests while addressing the disadvantage of stress that tests brought to students by actions such 

as using partial credits and setting expectations on how to obtain partial credits. When asked 

what changes he would do if he had the opportunity, Jake would move some scores from the 

final exam to some of the homework scores, showing that Jake would move away the stakes of 

the tests to other types of assessments. 
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Figure C.17 

Jakeôs beliefs and behaviors on cheating. This figure should be reviewed along with Table C.14. 

 

Table C.14 

Jakeôs beliefs and behaviors on cheating. This table should be reviewed along with Figure C.17. 

Sub-belief Behavior 

¶ Cheating should be addressed because tests were a 

way for Jake to have proper, good faith dialogue on 

student learning, which meant cheating impedes 

Jake from knowing how much his students learn. 

¶ Preferred in person tests when classes came back in 

session as logistically it is the easiest to discourage 

cheating.  

Self-described 

¶ Created own tests to discourage cheating (no old 

questions to circulate among students) 

¶ Provided students whole day to complete tests to 

alleviate stress, but students may take advantage to 

cheat  

¶ Jake had ways to identify students who cheat 

(patterns among students) 

 

Documented 

¶ Had students sign honor code statement before tests 

to remind them 

¶ Stated the students must work individually 

¶ Included hints in test questions to see whether 

students cheat 

¶ Used different types of question format to 

discourage cheating (direct copying) 

 

 Jake showed alignment between his cheating beliefs and behaviors. For Jake, it was 

important to address cheating because tests were meant to be a dialogue between him and his 



 329 

students, as previously described as one of the elements of his learning outcome test usage sub-

belief. Because of that, Jake ensured that his tests were created to discourage cheating, such as 

writing new questions. Jake also ensure students were reminded of the honor code, stated in the 

syllabus that students must work individually with their tests, and used different types of 

question formats to discourage cheating. However, Jake also provided students more time for 

students to complete tests, considering that it was during the Covid-19 pandemic, to alleviate the 

stress students had, but was concerned about cheating overall. He ultimately decided that he 

could prefer an in-person tests when classes went back to in-person. 

 
Figure C.18 

Jakeôs beliefs and behaviors on fairness. This figure should be reviewed along with Table C.15. 
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Table C.15 

Jakeôs beliefs and behaviors on fairness. This table should be reviewed along with Figure C.18. 

Sub-belief Behavior 

¶ A fair test covered content students had resources on 

and with expectations set on what a specific test 

would cover. 

¶ Jake viewed his exams as fair even they were 

slightly more difficult than homework because of the 
administration policies (open book/note, longer time, 

expected to challenge on thinking of concepts), but 

difficulty should not focus on mathematical 

manipulations. 

¶ Partial credits and expectations were a form of a fair 

grading scheme. 

Documented 

¶ Provided more time for students to complete the 

tests 

Jake hinted at socioeconomic status and how that 

influences students’ decisions on courses. 
Self-described 

¶ Anonymized grading to address possible bias on 

students 

¶ Provided students whole day to alleviate stress, but 

students may take advantage to cheat 

¶ Created the first exam that does not surprise 

students in terms of formats to introduce their 

students to test formats 

¶ No punishment to students with simple/small 

mistakes 

 

Documented 

¶ Used surface level hints to help with students who 

may have issues deciphering problems 

 

 Jake believed that test fairness involved covering content in tests where students had 

resources and expectations on what content would show up in the tests. Jake also viewed his tests 

as fair especially since his test questions were created to be more difficult than the homework 

problem as he expected students to be challenged to learn. His behaviors aligned with these 

beliefs as Jake provided his students more time to complete the tests to with the coverage and the 

difficulty of the questions. Jake also hinted at socioeconomic status of the students as connection 

of his sub-beliefs and student backgrounds, though he did not fully flesh out the idea. He also 

immediately raised anonymized grading as a behavior that connected to this sub-belief. 

However, even though Jake did not make explicit connections between some other behaviors like 
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providing more time for students to complete the test to alleviate stress, I interpreted these 

behaviors as Jake ultimately considered student background while using tests. 

 Overall, Jake showed a very strong beliefs in terms of justifying the use of tests with 

learning outcomes and non-course-content factor of large class sizes. Jake acknowledged the 

stress tests created for students, but he made sure to address them as a way to justifying test 

usage. Jake also showed very strong beliefs and behaviors his design and administration. On 

cheating, Jake also had strong beliefs on the need to address cheating to ensure a good faith 

dialogue between him and his students and showed behaviors that align with these beliefs. 

Lastly, on fairness, Jake argued that his students would be able to do well in his tests if they 

prepare by working on other assignments in the course, such as homework. 
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C.4 Jennaôs brief case summaries 

 Jenna was an engineering science instructor who taught solid mechanics. She had taught 

for more than five years. Jenna featured tests heavily in her solid mechanics course. As 

previously explained, Jenna taught courses that were structured to ensure tests were featured 

heavily. However, Jenna justified the use of tests strongly with learning outcome and non-

course-content sub-beliefs. Figure C.19 shows the standard course grade weighting in her solid 

mechanics course. 

 
Figure C.19 

Jennaôs solid mechanics course grade weighting. 

 Similar to Jake, Matt, and Annie, the tests constituted 85% of the student course grades. 

However, Jenna removed 5% from the homework to assess her student participations. This move 

further supported the explanations given from all engineering science faculty in that the test 

weighting cannot be changed and negotiated by the instructors of these service courses. 
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Figure C.20 

Jennaôs sub-beliefs of test connection with learning outcomes, relevant background 

characteristics, student outcome and their relationships with test usage (behavior). 

 Jenna had several elements to her learning outcome sub-beliefs. Jenna argued that tests 

compelled her students to learn about the solid mechanics concepts so that her students would be 

able to solve engineering problems with the concepts and discuss intelligently these concepts. In 

terms of instructor perspective, Jenna argued that tests could assess individual learning and were 

appropriate for engineering and foundational courses. Jenna also supported her sub-beliefs with 

her personal backgrounds, explaining that her whole life she had been experiencing and using 

tests to learn, and still tests were the best way to assess in courses like this. However, it must be 

noted that Jenna also mentioned that she felt much more comfortable not using tests in non-

foundation and service courses like solid mechanics and statics, such as elective courses where 

the student population was different than these mandatory and required courses. This shows that 
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Jenna’s strong learning outcome sub-beliefs in test usage may confine only to the service 

courses. 

 
Figure C.21 

Jennaôs sub-beliefs of non-course-content factors, relevant background characteristics, student 

outcome and their relationships with test usage (behavior). 

 Jenna’s non-course-content sub-beliefs revolved around the large enrollment these 

service courses had, which partly explained the overall structure of the course that mandated the 

use of tests in her courses. Jenna did respond to the question about why she used tests with a 

short “because I need to” to exemplify rigid structure of the course. However, Jenna did justify 

this structure due to the large class sizes and these are required courses for students to take and 

learn before they became an engineer and subsequently justified the need for tests in these 

courses. 
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Figure C.22 

Jennaôs sub-beliefs of test disadvantage, relevant background characteristics, student outcome 

and their relationships with test usage (behavior). 

 Jenna also mentioned some disadvantages that tests brought, such as stress they created 

among students. In addition, Jenna also discussed that students tended to maximize scores 

instead of learning with tests. These disadvantage sub-beliefs were similar to other participants’ 

sub-beliefs. Ultimately, Jenna still strongly justifying the use of tests in service courses, though 

she explained that she was more comfortable not to use tests when it came to other types of 

courses. However, her test usage beliefs differed from Annie and Gemma in that she did not 

express very strong language on why tests should not be used, using words like “comfortable not 

using tests in other types of courses”, unlike Annie and Gemma who did not have strong 

justification of test usage in terms of learning outcomes, and strong language like “gravitating 

away from tests” when possible.  
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Table C.16 

Jennaôs behaviors that align with the sub-beliefs on test connections with learning outcomes. 

Sub-belief Behavior 

Tests compelled students to learn as they are being 

tested (tracker). 
Self-described 

Gave lecture quizzes to compel students to review 

notes after lectures. 
Tests could reward students with learning improvement 

with extra credits. 
Self-described 

Extra credit quiz to reward students for improving on 

concepts they did not do well in past tests 
Mid-term tests helped students prepare for the common 

final. 
Self-described 

¶ Include potential final exam questions in midterms 

¶ Discuss student mistakes so they would not repeat 

in the final 

¶ Encourage practice tests with extra credit to reduce 

student anxiety in final exams 

Tests could improve students’ confidence on tested 

knowledge through a pressured environment. 
No relevant behaviors described nor documented. 

¶ Tests assessed individual student learning for 

teaching adjustment. Project did not do so. 

¶ Tests were appropriate for engineering as it was a 

problem-solving field. Jenna focused a lot on the 

solving process. 

¶ Test helped with knowing students had learned when 

they could show their overall process. 

¶ Foundational courses that helped with building 

concepts were suitable with tests as assessments. 

However, Jenna was comfortable not using tests in 

other courses, like electives. 

¶ Would prefer making the common final exams worth 

a little less (due to lack of partial credits that helped 

with focusing on the process, and reduce the all-or-

nothing nature of final exams) 

Documented 

¶ Used partial credits to show student learning 

progress, and to compel students to focus on 

showing all the solving process 

¶ Multiple formats of tests that emphasize workout 

problems 

 

Self-described 

¶ Focus on big picture when grading to determine 

whether the students have learned 

¶ Train students to look at problems and identify 

keywords to see similarity in questions to avoid 

from memorizing in general, does not mind student 

memorizing the type of questions and the 

subsequent steps 

¶ Not penalized students with simple mistakes 

(process focus) 

¶ Encourage students to work on homework as 

practice for tests and also set the tone to focus on 

the process (answers already given with homework) 

 

 Jenna showed overall alignment between her learning outcome sub-beliefs and some 

behaviors related to design and administration, such as using partial credits to show progress for 

student learning using tests, and used other types of tests like quizzes to compel students to 

continue with their learning. 
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Table C.17 

Jennaôs behaviors that align with the sub-beliefs on non-course-content factors. 

Sub-belief Behavior 

¶ Tests are appropriate for large class size. 

¶ Jenna did not have autonomy as tests must be used 

in the courses he taught (service course contexts) 

¶ Used tests in courses (self, syllabi, tests) 

¶ Justified test usage (student: reward student for 

learning, compel student to learn, tests help with 

final, teacher: appropriate for engineering and 

foundational courses, assess individuality, knowing 
students have learned with process) 

 

 Jenna featured tests heavily in her courses and justified it based on the non-course-

content factors substantially, especially on the factor that these service courses have large 

enrollment. This factor associated with the structure of these service courses. 
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Table C.18 

Jennaôs behaviors that align with the sub-beliefs on test disadvantages. 

Sub-belief Behavior 

¶ Tests did encourage students to pattern match Documented 

¶ Used tests in courses, justified with learning 

outcomes 

 

Self-described 

¶ Test questions did not follow the topic sequence to 

make sure students know how to solve different 

problems instead of just memorizing 

¶ Created tests questions that were not that similar to 

the homework questions, but not entirely different 

as high-stake tests are not the place for that 

¶ Tests could create stress among students. Jenna saw 

on her student expressions during tests and would 

adjust (grading, future tests) if she realized the tests 

were too difficult. 

¶ Preferred to split the tests into even smaller tests to 

make them lower stake. 

¶ Would prefer making the common final exams 

worth a little less (due to lack of partial credits that 

help with focusing on the process, and reduce the 

all-or-nothing nature of final exams) – “all or 

nothing” and discussion of partial credits imply this 

is connected with student stress. 

Documented 

¶ Used tests in courses, justified with learning 

outcomes 

¶ Split tests to make them low stakes 

 

Self-described 

¶ Encourage practice tests with extra credit to reduce 

student anxiety 

¶ Provided partial credits to reduce student stress 

¶ Large range of students with many focus on 

maximizing tests and trying to get by the courses. 

Jenna observed certain students showed certain test 

performances (those who are anxiety-ridden tend to 

get As, and those who want C or Ds just want to get 

by). 

No relevant behaviors described nor documented. 

 

 Jenna also showed an alignment between her disadvantage sub-belief and behaviors. In 

short, she addressed the disadvantages to continue justifying using tests. For instance, she made 

sure to provide partial credits in her midterms to help with the stress as students would know 

they were rewarded if they showed their process. This also aligns with her focus on the process 

instead of the final answers. She also acknowledged students pattern match with tests and created 

tests to make sure students would be discouraged to do so. Overall, Jenna showed that she 

justified the need and necessity for tests in the foundational courses with strong language. 

Although she showed willingness to not use tests in other types of courses like electives, she did 
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not use strong language like Annie or Gemma in terms of representing her test usage beliefs 

overall. Her behaviors exhibited these. 

 
Figure C.23 

Jennaôs beliefs and behaviors on cheating. This figure should be reviewed along with Table 

C.18. 
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Table C.18 

Jennaôs beliefs and behaviors on cheating. This table should be reviewed along with Figure 

C.23. 

Sub-belief Behavior 

¶ Cheating must be addressed because students were 

not learning to be an engineer if they were cheating 

and she would not know whether the students have 

learned. 

¶ Implied internet made cheating difficult to address 

¶ Jenna was only willing to spend a certain amount of 

time to chase students who cheat, and resigned to 

the idea that these students ultimately need to learn 

to do well in future courses and career. 

¶ Preferred in person tests to discourage cheating. 

Self-described 

¶ Rephrased questions from textbook to prevent online 

search 

¶ Balanced time for reasonable completion time but 

not enough to seek out unauthorized resources 

¶ Got students to sign honor code before exams 

¶ Went to online resources to search for her questions 

¶ Notified online resource to prevent student accessing 

resources for cheating 

¶ Made tests more complex to discourage students 

from direct copying, framed around cheating. 

¶ Created tests that are more nuanced than typical 

homework problems to discourage direct copying 

(cheating) 

 

Documented 

¶ Used to make multiple sf multiple choice tests, but 

stopped because it is time consuming 

  

Jenna believed strongly that cheating must be addressed because students were not 

learning to be an engineer when they cheated. In addition, she would not know whether her 

students have learned. Her behaviors strongly align with this belief as she rephrased questions 

from the textbook to prevent online search of solutions, balanced time between reasonable time 

to complete and insufficient time to cheat, engaged with online websites and resources on her 

test administration. She also believed that tests should be more complex to discourage students 

from direct copying solutions.  
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Figure C.24 

Jennaôs beliefs and behaviors on fairness. This figure should be reviewed along with Table C.19. 
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Table C.19 

Jennaôs beliefs and behaviors on fairness. This table should be reviewed along with Figure C.24. 

Sub-belief Behavior 

¶ A fair test was one where students had seen similar 

test problems like in homework, and they were not 

extra hard. Fair tests should not include certain 

mathematical manipulations. 

 

Self-described 

¶ Made sure to not include curveball questions in tests 

¶ Provided hints on mathematical methods when tests 

are high stake 

 
¶ A fair test had reasonable completion time. 

¶ A fair test had enough problems to balance both 

completion time and grade weightings (not overly 

weighting on one specific questions) 

Self-described 

¶ Gave students twice the amount of time Jenna 

finished the tests 

¶ Constantly reflected on test timing for in person tests 

due to Covid 

¶ Created tests that balance grades and topics 

 

Documented 

¶ Removed multiple choice questions because students 

complain the tests are too long 

¶ Provided bonus questions in tests for students who 

think they are too easy 

A fair test might need adjustments after tests due to 

issues with test designs. 
Self-described 

¶ Curved test grades to account for certain situations 

¶ Provided extra credit for students to earn back their 

grades lost from tests 

¶ Jenna thought about students’ perspective while 
grading the tests (big picture). 

¶ Jenna when asked about how tests (and the content 

of tests) connect with student background, especially 

those who identify as part of minoritized groups, 

Jenna did not think of any connections. 

¶ Jenna is opened to learn about how tests can 

influence international students in terms of language. 

Self-described 

¶ Made the test open-book open note due to the 

pandemic. 

¶ Graded considering big picture whether students 

have learned. 

 

 Jenna also showed her fairness beliefs in terms of the need to reasonable completion time 

and also adequate content coverage. Her behaviors also align with these beliefs, and she 

exhibited and described behaviors like making sure to remove curveball questions, gave students 

twice the amount of time Jenna spent on answering the test questions, and curved the test grades 

if Jenna made mistakes with the test design and administration.  

Overall, Jenna showed very strong beliefs in test usage, though she also showed a 

willingness to not use tests in certain course contexts. The differentiation of Jenna with those in 
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the moderate group (Annie and Gemma) is that Jenna provided very strong justification to use 

tests in her solid mechanics course, which much strong language than Annie and Gemma, even 

though all three of them demonstrated the willingness to not use tests in courses other than 

fundamental engineering courses. In terms of other aspects of tests like cheating and fairness, 

Jenna also expressed strong beliefs on those, with aligned behaviors described and documented.
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Appendix D 

Codebooks 

 

Table D.1 

Public document codebook 

Code Definition 

Smaller graduate program 

Mention or hint of the department having a smaller 

graduate program relatively to the undergraduate 

program 

Hands on and professional skills 
Mention or hint of the department focusing on hands-

on education, and emphasis on professional sills 

Vast career or employment paths 
Descriptions of mechanical engineering career path 

being wide 

Learn and use technical knowledge 
Mention, description, or hint of the department 

focusing on technical knowledge 

DEI presence 
Mention, description, or hint of the department 

focusing on DEI issues 

Assessment policy 

Policy language (institutional, program, or course) that 

is relevant (in my opinion) to assessment in 

undergraduate classrooms 

Final exam significance/exam significance 

Policy language (institutional, program, or course) that 

hints or implies the institutional significance of final 

exams or exams in general. Information provided to 

instructors. 

Exam cheating prevention 
Resources that provide instructors information on how 

to prevent cheating on exam 

Fairness 
Language that talks about the need to be fair in terms 

of assessing students 

*Example excerpts are removed to ensure confidentiality of the institution and departments
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Table D.2 

Course document codebook 

Code Definition Subcode Definition Example excerpt 

COVID-19-related policies Language on syllabus or tests 

that are related to COVID-19 

  This class is a combination 

of in-person and on-line 

instruction. The course will 

start as on-line and will 

switch to in-person 

instruction as deemed 

appropriate, depending on 

the success of the COVID 

vaccine program. Everyone 

must abide by the University 

COVID guidelines.  

Test Format/Type Mention, or use of, the type 

and format of the test 

(midterms, final, quizzes, 

etc.) 

  The Final Exam will be a 

common time exam on 

Tuesday, 11th May. The 

final exam is cumulative and 

will cover the entire course. 

Please note that common 

time exams take priority over 

other exams. If there is a 

conflict with another exam, 

you should attempt to 

reschedule the other exam 

first. If that is not possible, 

please see me as early in the 

semester as possible. 

Test Procedure Explanations, descriptions or 

mentions of the procedures 

in the instructor running, 

administering the exams in 

the course documents 

  Two tests will be given on 

the dates shown on the 

assignment schedule and will 

be in person in Goodwin 

Hall. The final exam is 

mandatory and will also be in 

person in Goodwin Hall. If 

you cannot come to Goodwin 

for these tests you must 
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transfer to a section which is 

fully on-line. Missing a test, 

exam, or quiz will result in a 

grade of zero unless the 

student validates to the 

instructor's satisfaction an 

emergency or illness. If you 

need to miss class, send the 

instructor an e-mail. Makeup 

tests will only be given in 

extenuating circumstances. 

The final exam will be 

comprehensive, i.e., it covers 

all the course material. 

Test Connection with Grades 

(Documents) 

Any part of the course policy 

or tests that show the 

connections between tests 

and grades, such as course 

grade weighting, point 

distribution in tests, etc. 

  Grades: The course grade 

will be based on the 

following relative weights:    

Two tests     45 %     

Quizzes, Homework, 

Exercises  22 %      Final 

exam     33 %    No grades 

will be dropped. 

To assess individual 

knowledge/Exam dishonesty 

Explanations or descriptions 

of the need to assess 

individual students' 

knowledge through 

tests/exams. Also, any texts 

that imply efforts to 

discourage cheating is also 

coded here, such as the 

inclusion of Honor Code 

statement for students to 

sign. 

  Any work submitted for 

grade credit must be the 

effort of the individual 

student alone. This forbids 

copying of homework 

solutions from any source – 

e.g. other students, Chegg, or 

online. 

 

 

Problem-based 

questions/Workout problems 

Test questions that show the 

typical (KJ’s judgment on 

typical based on his 

positionality and existing 

literature) engineering 

workout style problems that 

involve expecting students to 

Illustration of context The problem includes 

diagrams to assist students in 

visualizing the problem 

descriptions 

*Any illustration included as 

part of the question. 
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show their thought process 

through presenting 

calculations, equations and 

visualizations. 

  Overall context with 

variables and numbers 

The problem descriptions 

that include variables and 

numbers students are 

expected to leverage to 

model and solve the problem 

with engineering concepts 

A vinyl [E = 2.60 GPa; ν = 

0.40] block with width b = 

40 mm, depth d = 80 mm, 

and height h = 210 mm rests 

on a smooth rigid base.  A 

load P is applied to a rigid 

plate that rests on top of the 

block.  If depth increases by 

.3077 mm, determine a.) The 

change in the height 

dimension h of the block ((+) 

if expansion, (-) if 

compression) b.) The load P 

applied c.) The change in the 

width dimension b of the 

block. ((+) if expansion, (-) if 

compression) 

  Systematic equation 

sequence expected 

The document shows what 

the instructor expects from 

the students (solutions show 

step-by-step systematic 

equation sequence) 

 

Note: Some instructors did 

not share documents with 

solutions BUT they implied 

or talked about the need for 

such systematic sequence in 

either or both interviews. 

Well annotated free body 

diagram(s) (when 

applicable), Relevant 

equations and their inputs 

  Symbolic solution required The test solution shows that 

the students are expected to 

show their symbolic 

solutions (in addition to final 

numerical answer). 

*Solutions that show 

symbolic form of solutions 

Conceptual-based questions Questions that focus on 

testing students concepts; 

  Question 1 (1 pt.) Indicate 

whether the following 
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they typically are multiple 

choice that focus on 

understanding. They are 

different from workout 

problems in that these 

questions do not need 

students to show their 

thought process through 

systematic equation sequence 

nor illustrations or 

visualizations 

statements are true or false. 

Explain. 

Expectations of Students' 

Response 

Explicit expectations and 

requirements (texts) the 

instructors have for the 

students on how the students 

should respond to the test 

and present their answers to 

get credit in the tests. 

 

Note: Some instructors did 

not share such documents 

BUT they implied or talked 

about the need for such for 

students while they grade in 

either or both interviews. 

  Show all work, including 

free body diagrams, on all 

problems for full credit (no 

or insufficient work = no 

credit even for multiple 

choice questions answered 

correctly!).   4) For multiple 

choice questions, clearly 

circle the letter and the 

answer beside it.   5) For free 

response questions, clearly 

box in or circle your answer. 

To maximize partial credit 

on free response, be as neat 

and orderly as possible. 

Write out your plan and 

follow it. Fully write out any 

equations you use. 6) Failure 

to follow the above protocol 

may result in grade 

deductions.   
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Table D.3 

Interview codebook 

Code Definition Subcode Definition Example excerpt 

Beliefs Any of the coded excerpts 

based on the codes listed 

above that imply participant's 

beliefs that may directly 

relate or relevant to tests. 

This code is for organization 

purposes to separate belief 

and behaviors. 

  Yes, yes, yes. It's only if 

you're dumb that you do it 

the hard way. So the students 

are smart. There's no 

problem with that. They're 

smart. They, we just are not, 

we're, we're reinforcing the 

wrong learning patterns with 

them. Cause we don't make 

them change. Any like they 

did in high school and then 

they say, oh, but this is the 

way I learn. I don't learn the 

way you're teaching me. No. 

The problem is you haven't 

been taught the next level up 

of, of how to learn 

something. 

Behaviors Any of the coded excerpts 

based on the codes listed 

above that imply participant's 

behaviors directly related to 

tests/exams. This code is for 

organization purposes to 

separate belief and 

behaviors. Personal 

experience of the participant 

does not count as 

participant's behavior in this 

analysis 

  And so that's more about that 

it's more about you know if 

they if they look like they've 

done everything correctly 

and they've done all the steps 

that I said that they had to do 

you know that were, like you 

know, like free body diagram 

or something that are very 

necessary, then they get full 

credit, but then just to give a, 

you know, a general you 

know, take a couple points 

off if the everything's not 

fair, or whatever you know 

so that's meant more for the 
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TA. when it comes to the 

exams I grade those myself 

and in those cases i'm it's a 

little bit more abstract I don't 

have a real set rubric for 

those as I go through tests 

and I he certain common 

mistakes i'll kind of mentally 

assign a certain amount of 

points to a particular kind of 

mistake but, overall, my 

process in looking at test 

questions is one heavy heavy 

emphasis on the process, so 

if they followed all the steps 

correctly and showed that 

they knew what to do, and 

maybe just made a couple of 

very minor errors like they 

wrote down the number 

wrong or you know, 

whatever you know i'll take a 

point off just the day notice 

that there was something 

wrong, but not to you know, 

really, not to really punish 

you know that kind of a 

mistake. And then I kind of 

go from there, then like I 

said, you know i'd say go 

through, and I see what the 

common mistakes are. I try I 

try to assign a certain number 

of points particular mistakes, 

but it's not it's more about 

you know I tried to do more 

on the overall picture of how 

correct was their process and 

methodology and 

implementing it. 
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Belief-Behavior Connection Excerpts that show the 

connection between beliefs 

and behaviors. This has to be 

an explicit connection, which 

means I am looking at 

behavior evident from the 

course documents 

(something the participants 

have acted on/implemented), 

and how their beliefs explain 

why they did what they did 

on the course documents 

(syllabi, tests). 

 

Excerpts that are coded 

“Belief-Behavior 

Connection” should be based 

strictly on what the 

participants are talking based 

on their tests and syllabi 

shared with me. This code 

will only show up in 

Interview 2. For the Dedoose 

co-occurrence between the 

Beliefs and Behavior codes, 

those are beliefs and 

behaviors that are not evident 

from the tests, and are more 

of the form of what the 

participants say they did, and 

explained why they did them. 

  So this kind of came through 

I went through learning 

excellence design led there 

was some sort of summer 

program to make a course or 

transition a course online pre 

Covd so this would have 

been summer 2018 I went 

through and did this, and this 

kind of came up within 

within a course redesign 

because you know the time, 

not a lot of people did online. 

But the main issue or 

concern with taking the 

service courses online is the 

ability to cheat and 

particularly because when 

you have them in person 

they're not allowed their 

textbooks, you can make 

check for that you can check 

their chichi or another cheat 

sheets or formula sheets and 

you can have those kinds of 

roles, but when you have just 

one section online it's it's 

difficult to implement those 

rules without some sort of 

proctor, even when I offered 

this online pre Covid, I think 

98% of the students were on 

campus anyway, they were 

just taking my section, 

because it was if they're 

scheduled better or wasn't, 

there, there was various 

reasons I think I only had 

over the course of how many 

times three or four times I 
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offered an online pre Covid I 

think I had two students who 

are actually not physically in 

[town], like so somewhere in 

ISE is doing rotation like 

internship rotations. And so 

there they were actually at a 

university or near a 

university where they can 

use their library proctoring 

system. And I was going to 

talk to the proctor. 

Test common usage reason Mentions or explanations 

that imply about common 

usage of test 

  I mean the real answer is just 

because that's that's one of 

the worst answers for almost 

anything is because that's the 

way everybody's always 

known it pretty much. So 

yeah I think when I first 

started, I tried to make sure I 

sort of conform to what the 

usual or the typical ones 

were and then you know, I 

guess, since then, I haven't 

put a put a ton of thought 

into it, I thought, a bunch 

about the, you know some of 

the lab classes and the 

usefulness of tests and 

whether to do projects and 

things instead but yeah just 

sort of just stuck with it yeah. 

 

Test 

definition/implementation 

Mentions or explanations 

that talk or imply about 

format/type and procedures 

of tests; this is the umbrella 

code for these two subcodes. 

Format/type Mention, explanations that 

discuss the format and/or 

type of the tests the 

participants use in their 

courses. These range from 

format (midterms, quizzes) 

The final exam is the same 

for everybody and again 

there's a couple reasons for 

that. We used to use it for 

ABET so that you know we 

could. Also, we had 

something consistent across 
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to type (open book, closed 

book, in person, etc.) 

everybody, we still use it 

internally, just to make sure 

that each instructor was 

teaching students what they 

need to know somebody is 

not falling behind. But, as a 

result of that, so some of the 

instructors they hand grade 

their homework, as well as 

the tests and so they get GTA 

help for that, and some of us 

use an online like Wiley 

plus. 

  Procedure Mention, explanations that 

discuss procedural 

descriptions of how the 

participants conduct or 

organize or writing (general 

efforts in writing, not related 

to any specific formats) the 

tests. These may be useful in 

parsing out their beliefs 

about tests in the context of 

different topics, such as 

fairness, timing, grading, 

connection to learning 

outcomes and others. 

So my exams the I I give the 

exams outside the class time 

so because the class is 50 

minutes, and there are not 

much they can do in 50 

minutes, though I give them 

two hours after the class, like 

an evening and they only 

have, so I think six question 

five questions because I 

might if I think it might all 

make sense, our total of 11 

points. 

"wanted to have some way to 

assess" / test as assessment 

of individual knowledge 

Emerged code that implies or 

discusses how tests seem to 

be the way to assess students 

while comparing other 

alternatives 

  so you know I could have 

done some other projects or 

you know given him a… to 

write something or do 

something with some of the 

other material, but some of 

the material that didn't quite 

that we thought was 

important, but didn't quite fit 

directly into a lab. I wanted 

to have some way to assess 

that so but we basically a de-

emphasize the test, and there 
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I think they were just like a 

20 question multiple choice. 

So the weighting was 

reduced 

Exam timing Mention or explanations 

about how the participants 

think about timing of the 

exams (scheduling, length of 

individual exam, etc.) 

  And I tried to have either 

three or four kind of midterm 

exams so spread through the 

Semester so about once a 

month. And so that's so that 

students only have to 

remember about a month's 

worth of material. 

Instructors' personal students 

experiences on tests/exams 

Explanations on how 

personal experiences 

influence the participants' 

beliefs about exams (or even 

teaching in general) 

  KJ:I agree with you yeah. I 

think a little bit. yeah I agree, 

I want to know why I want to 

be a tenure track faculty 

Member in the future, and I 

was always I will talk to 

myself that while kj you're 

experienced that, so please 

don't do that in the future, 

please talk to. 

ID21 : I tried to keep those 

tried to remember those 

things that. I said the same 

things about what I disliked 

back in the day and try to 

continue to do those do those 

things. 

"inertia" to use tests in 

engineering 

Explanations or implications 

of anything that talks about 

tests/exams being used 

because of "it's how it's 

always been done" 

sentiment. 

  I think just that that's the way 

it's been done and, and I 

know we're probably not all 

that creative I think some of 

it is there's other issues too, I 

think, with, you know work 

that's done maybe one way 

it's inertia, other ways is 

maybe just easier for faculty. 

i'll make it up, make it up 
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good test is a is a real 

difficulty.  

Exam dishonesty/cheating Explanations or mentions on 

how to address 

dishonesty/cheating among 

students while taking tests 

  And I think the other issue of 

courses, the your academic 

dishonesty, and that type of 

work that if you make a new 

test that you handed out in 

class and you stand there 

during class then. You know 

you have a greater certainty, 

I guess, or greater odds, that 

the work is done honestly 

and if you do take homes or 

papers, a little less control 

over it well, I think, if you do 

some of those if you do some 

of those carefully, you put 

more work into him like now 

doing the making tests that 

are so I don't do any of the 

lockdown browsers or the 

cameras. 

Changes because of COVID-

19 

Explanations or descriptions 

of the participants ways of 

addressing COVID-19 

pandemic while 

implementing tests/teaching 

approaches in general 

  And you know I if I do see 

students whispering to each 

other, or whatever you know 

I’ll take it to the Honor 

Court, but with COVID and 

everything online it’s just 

very difficult to do that, and 

so, in the end I’m just kind of 

hope, hoping or trusting that 

students will right and the 

ones that aren’t hopefully 

we’ll get caught out later on, 

I suppose. 

Feedback from tests 

(instructor or students' 

perspectives) 

Explanations, descriptions or 

implications that feedback is 

obtained from the tests for 

instructors teaching 

Feedback for instructor Excerpts that discuss 

feedback instructors obtained 

from tests/exams for teaching 

improvement, for instance 

but how I typically set up my 

multiple choice so i'm 

actually also involved in a 

concept warehouse for 

dynamics. These are a little 
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improvement or student 

learning 

bit more numerical 

calculations than what's in 

that concept warehouse but 

they're still very conceptual 

in nature, so, for example, 

like that first question [Part 

1, Problem 1, Dynamic] the 

velocity if you really do 

understand rotation, then you 

know, because it is 

counterclockwise it can, it 

has to be going to the left. 

And so that automatically 

eliminates two of the 

choices, you know it's not 

zero because it's rotating so 

the zeros there to catch it 

they understand that it's not 

the instantaneous Center 

there's like a couple things in 

there to catch them. So 

unless they actually 

understand conceptually 

where the point, 

instantaneous Center is, the 

angular velocity and that 

angular velocity is different 

than angular acceleration 

they're not going to 

understand the problem. 

  Feedback for student Excerpts that discuss 

feedback students obtained 

from tests/exams for 

learning, for instance 

I believe that i'd like to keep 

most things similar, I think 

exams are valuable because 

of that individual feedback 

and being less stressful 

making sure that we're 

having a dialogue centered 

and so i'd like to keep them 

open book i'd like to keep 

them open note in person 
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Test connection to 

grades/grading 

Explanations, discussion on 

grades/grading, particularly 

those that tie to tests. 

Anecdotes or descriptions 

from other assessments or 

other aspects of grading can 

be coded for future analysis 

  You know, I suspect, a lot of 

them do get kind of test 

fatigue where they're just 

trying to get through, 

because they have five 

classes, but five tests each 

and some of them, you know, 

hopefully they get a little 

lucky there in a couple labs 

or they're in a project based 

course or something. 

Student test anxiety/fatigue Explanations, discussion, 

descriptions of student 

anxiety while taking tests, 

also the fatigue comes with 

taking too many tests. 

  You know, I suspect, a lot of 

them do get kind of test 

fatigue where they're just 

trying to get through, 

because they have five 

classes, but five tests each 

and some of them, you know, 

hopefully they get a little 

lucky there in a couple labs 

or they're in a project-based 

course or something. 

Test/Exam Fairness  Implementation Mentions or explanations on 

how fairness are being 

perceived and thought about 

by the participants in terms 

of tests; this is connected 

more to the fairness in terms 

of exam implementation in 

the learning environments. 

NOTE: While coding for 

this, I may interpret some 

actions as the instructor's 

way to be fair to their 

students in tests, even though 

they did not specifically 

mention fair, because some 

actions align with their 

explanations/descriptions of 

fairness. 

over the years on, on you 

know testing and grading and 

I guess the, the one that stuck 

with me a lot was you talked 

about like fair indefensible 

grading, and so that's that's 

what I always tell the 

students like I try to make 

the test, fair and then you 

know I sort of practice 

defensible it was like 

defensive driving and stuff 

right always being aware of 

what everybody else may do, 

and this guy might run that 

stop sign, so I I do think 

about that a lot about you 

know, and I make like some 
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multiple choice questions are 

some of the concept type 

questions like, how could 

somebody misinterpret this 

or interpret the wrong way, 

whether they're trying to or 

not, and those kinds of 

things, but so some of those 

influence how I do the tests. 

You know about the some of 

the you know, making how 

to design good multiple 

choice questions and not 

given you know, A through J 

and You know, having 10 

different choices and saying 

you know, A and E or the 

answer or B and Add D E So 

some of that go into some of 

those workshops has helped 

a little bit. 

  Student background Explanations, discussion on 

test/exam fairness that 

grounds in students' 

background differences (for 

instance, anything social 

justice related). 

I can't say that i've really 

been able and even now i'm 

sure i'm sure that people who 

think about this a lot can 

make some connections, but 

I would struggle to try and 

figure out where there would 

be an intersection between 

the actual things that I gave 

on a test. And the you know 

sort of racial diversity kind 

of thing you know I mean as 

a as a woman in engineering 

and also you know also I 

mean I was born here, but 

obviously not, also from a 

Indian background. You 

know I have felt, you know, 

so I feel like I hope that my 
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presence is a little bit more, 

you know makes people feel 

more included or you know, 

but as far as the actual test 

questions I don't I can't see 

where that comes into it. 

Tests typically aren’t about 

people or they're typically 

about very mundane you 

know things like beams or 

you know something very 

benign. 

Outcomes associated with 

test usage 

Umbrella code that captures 

all excerpts that discuss 

outcomes test usage intend 

for the students 

Conceptual 

understanding/Conceptual 

change 

Descriptions or explanations, 

or implications on the 

outcome the instructors want 

their students to learn from 

the classes that can be 

interpreted as conceptual 

understanding or change. In 

addition to any explanations 

on learning, this code is 

applied when participants 

discussed about pattern 

matching when students 

taking tests, and this makes 

sense since it relates to the 

idea of learning (deep or 

surface learning approaches) 

based on literature. 

I always split it into a couple 

different things like there's 

the the fundamental things 

like a student should know 

how to do an energy balance 

and how to, understand the 

difference between internal 

energy and entropy and, like 

those kinds of things like the 

real technical details of the 

class 

  Knowledge application to 

solve problem 

Descriptions or explanations 

that talk about student 

outcome that links to 

applying knowledge learned 

to solve problems. One thing 

to note is that this may mean 

more on the textbook 

problem side of things, 

instead of hands-on projects 

(applying equation to model 

problems on paper). 

Then, you know, I was trying 

to the bigger picture kind of 

things about you know 

structured Problem Solving 

like how to think about a 

problem, how to attack a new 

problem. And that you know 

almost everything all the 

problems that we get are 

inherently messy. But there's, 

there's the book type 
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problems which are easy to 

solve, but then there's, then 

there's the real problems and 

it's like all right, well, so this 

one we don't know what the 

emissivity is we don't know 

what the thermal 

conductivity is or as 

convection important like 

well nobody gave us the 

value so, can you estimate it 

and then at least like what's 

the worst case let's say the 

emissivity say it's black, and 

this is the maximum 

radiation, what is the 

maximum radiation loss 

going to be in is that going to 

be 1% or 10% or 50% like so 

like those things like 

estimating errors like bigger 

picture kind of things that 

would apply to anything and 

engineering beyond just that 

particular class 

  Producing quality engineers Descriptions, mentions or 

explanations on how 

engineering education is 

meant to  produce quality 

engineers. This in some ways 

is tied to cheating 

You know the worst case 

scenario, and you know I 

have, I know some of my old 

team tends to be the old 

teachers who we have at least 

a couple in the department, 

and I know I had some as an 

undergrad and they'd be you 

know super serious about it, 

and you know cheating 

engineers kill people. 

Because you know that 

structures fall down and all 

that kind of thing, which is, I 

mean maybe not completely 
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untrue, but I think it's a little 

dramatic. 

  "incentive" for student to 

learn/Other non-engineering 

related outcome 

Descriptions, mentions or 

explanations of outcomes 

that relate to college learning 

(not explicitly related with 

the engineering course 

content). In addition, for this 

code, mentions of students 

learning approaches to 

prepare exams are coded 

here since they are part of the 

non-engineering related 

outcomes of test (students 

preparing test may be the 

learning process). 

 

Test taking skills are part of 

the preparation for test, and it 

is coded under here. 

 

Emerged code that talks 

about tests as incentive (from 

the instructors' perspectives) 

for students to learn the 

knowledge/materials in class. 

Any mention of how the tests 

are designed to help or 

compel students to study 

should be coded here. In 

addition, any mentions that 

discuss functions of test 

helping students learn non 

engineering-content related 

materials are part of this 

code. 

and then we also tried to 

teach some other things that 

didn't quite fit into the labs 

you know, in the lectures and 

stuff and I think if the if we 

didn't have tests or some 

other way of assessing that 

information than, the 

students respond to 

incentives, just like anybody 

else, then they wouldn't you 

know if homework is not 

worth anything students will 

not do it, and if.. If there if 

there wasn't any tests done or 

any I guess I should really 

say any way of assessing 

some of the material outside 

of the labs then it'll just get 

ignored, 

Test connection with 

learning outcomes 

Explanations or descriptions 

of the connection between 

tests and the intended 

learning outcomes 

  I think back to like a 50 

minute test, you know I try to 

do a lot of short quick like 

concept kinds of things, tou 
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know here's this if this has 

changed, what happens to the 

final the final result does it 

increase decrease stay the 

same, you know or this you 

know if we increase the 

frequency what happens to 

the output like, yeah so in a 

quick one sentence, I can test 

if they know a concept, so 

those tend to be a lot more, I 

think, on the concepts related 

to the course and it's a little 

more challenging to get them 

to, one of the other ones i've 

thought about thought about 

it, especially to get around 

the the cheating or other 

things is to you know 

describe as scenario or you 

know here's something 

explain what's happened. 

Student achievement goals 

while preparing for tests 

Descriptions of students' 

goals while preparing for 

tests 

  I think, mostly is just to 

maximize the score, 

maximize on the, test the I 

mean there's there's some 

students that will you know 

the really good ones that 

want to learn. 

Confidence (self-efficacy) Descriptions or explanations 

of how tests influence 

students' confidence to learn 

or take tests. 

   So if you and other faculty 

wanted to give me a test on 

heat transfer tests that they 

gave me some hearts 

conduction or convection 

questions. I wouldn't do as 

well, so sometimes it's, it is 

the luck of it, I think that 

does affect students 

confidence, a lot I think 

some students get down and 
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think i'm not a good test 

taker and you know, 

sometimes I think, can you, 

yeah just can be difficult if 

you're already going and 

thinking negatively about 

some of the tests yeah. 

"Easier for faculty" Descriptions, mentions or 

explanations on how tests are 

easier, and more convenient 

for instructors to assess 

students. 

  I think just that that's the way 

it's been done and, and I 

know we're probably not all 

that creative I think some of 

it is there's other issues too, I 

think, with, you know work 

that's done maybe one way 

it's inertia, other ways is 

maybe just easier for faculty. 

Interview 2: Test Connection 

with Homework 

Descriptions or explanations 

on how the instructors 

leverage homework in terms 

of test design and learning 

with their students (use to 

organize and see whether 

they co-occur with other 

codes so far from Interview 1 

and 2) 

  Absolutely, and so I don't say 

I wouldn't blank it and say 

you will get 100% on the 

exam, but if you do the 

selected homework 

assignments that you know, I 

imagine, are the most 

important, perhaps the most 

indicative of different 

perspectives of different 

types of problems. If you 

follow through the 

homework you'll have built 

up enough of the intuition 

enough of the problem 

solving strategy that anything 

that comes in front of you, 

you will at least be able to 

work your way through, and 

even if you make a mistake 

and, and this is perhaps one 

of the big things I wanted to 

focus on for my exams, and 

of course the drawback is the 
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time it takes, but because of 

the partial credit that I gave 

for my 60% of the exams if 

you know the process and 

you've made a small mistake 

or your assumption was 

wrong in one spot the 

process is correct, and so, for 

you know, altogether, if you 

know the process on every 

single question you're going 

to wind up with at least a at 

least an 85 or more because 

know what's going on, and 

then there were small 

mistakes that we can iron 

out. 

Interview 2: Good test Descriptions of 

characteristics of a good test 

is for the instructors (use to 

organize and see whether 

they co-occur with other 

codes so far from Interview 1 

and 2) 

  Hope So yes, i'm. yeah it's. I 

mean I told you before that's 

my third year at VT hey not 

sure if we're going to keep 

the same format for forever 

but it is a good test. There 

are some, that there are some 

questions that if they do not 

know they are gonna fail, the 

other questions that covers 

the core and there's there's at 

least one question that is 

hard, I consider hard our 

level and so that's more or 

less how I how I get a grade 

distribution. 

Interview 2: Test taking 

skills 

Descriptions of anything 

related to student test taking 

skills 

  The the idea with these tests 

is that the whether it's the 

book or just a cheat sheet it's 

just supposed to be a 

reference just to help them 

jog their memory, or to you 

know remind themselves 
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what what the equation is 

rather than having to 

memorize the equation. 

Because you know I don't 

memorize them, so why 

should the students have to 

you know. What it's just 

supposed to be there was a 

reference it's not supposed to 

actually teach them how to 

solve the problem, is it not 

going to give them a direct 

well maybe the textbook 

would actually give them a 

solution if they if they had 

time to sit and read the entire 

chapter, but they don't right 

and so. That's why I haven't 

made it any more difficult 

because if they need that you 

know if they actually use 

everything that the textbook 

can do it's going to take them 

an hour to do one problem. 

Interview 2: Influence that 

motivates change 

Descriptions, mentions, or 

explanations that talk about 

how participants are 

influenced by other 

(programs, people) to 

motivate them to make 

changes to their course 

design in general, such as 

advice, inclusion of projects 

in addition to tests, etc. 

  yeah really I mean really the 

the credit for the project all 

goes to [faculty member]. 

She had the idea for a project 

that we did that, as part of a 

nsf project, and I did like it, I 

mean it was it was definitely 

more work, although she did 

quite a bit of the work. She 

really did almost all of the 

work and setting it up so it's 

a little bit more, you know 

management and the 

feedback from the students 

was quite good overall they I 

think they enjoy doing, and it 
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was it was something a little 

bit different had a little bit of, 

you know, building power 

plants in different designing 

a power plant in different 

locations, so a little bit of 

learning about different 

countries and also thinking, 

some of the stuff that we 

never think about of the you 

know economics or societal 

impact and things like that 

yeah. 

 

 

 


