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Exploring I nstructors’ Classroom Test I
Fundamental Engineering Courses:
A Qualitative MultiCaseStudy
Kai Jun Chew
ABSTRACT
Classroom tests are a common and default form of assessments in-t@masgpt
fundamental engineering courses. Tests have benefits to learning, such as the testing
effect that helps with the retrieval of knowledge, but tlaecalso 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 assessnsa&droh 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 studyingemahtal engineering course
i nstructors’ test beliefs and behaviors beca
autonomy in making course decisions and barriers to adopting scholbasieip
assessment practices among these engineering instruatiss. pe
This dissertation study, grounded in the Situated Expectancy Value Theory

(SEVT), explored, uncovered, and articulated seven fundamental engineering course
i nstructors’ test beliefs and behaviors fron
sciencedepartments in a public, largtant, Research 1 institution. Leveraging the case
study research methodology from a pragmatic perspective, my-caghistudy, with
each participant being defined as a case, answered an overarching research question and

five subresearch questions that yielded findings on five test aspects: test usage, design,



administration, cheating, and fairness. Eight collected data sources in the form of
gualitative interviews, course, department, and institution documents became the
dailbase 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 crogsse analysis to understand belief and behavior patter

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 witarning outcomes and some noourse
content factors like large class sizes for grading conveniences. However, those in default
and skeptical test user groups also acknowledged sormeoniosecontent factors, like
inertia and peer pressure, that infloed 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 nesary. Some participants also presented conflicting
beliefs and behaviors regarding their test usage. My study has also found all participants
using problensolving questions, emphasizing the need to curb cheating especially
during the Coviell9 pandemic, igferring inperson 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 researchn 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.



Exploring I nstruct eandBehalitraairs sr oom Test
Fundamental Engineering Courses:
A Qualitative MultiCase Study
Kai Jun Chew
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 problesnlving. There are benefits to tests, like helping
students remmber 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,
surprisirgly, 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 scienagepartments. 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 withresearch 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 becausetetthe

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 participanteaipbasized

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
1.1Problem 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 eduq&enta & 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 middigears engineering curricula, be conebpaivy, and contain a large

amount of foundational knowledge of engineering education, often employ classraoastast

way to measure student learnif@@regory, 1984; Lord & Chen, 2@; Sheppard et al., 2009)

Tests are commonly cited in the literature on assessing student lgduaridg: Chen, 2014;

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

researchers have directly reported on tests or exams as constituting a large portion of how
students are graded in an FE&rohs et al., 2018)lhe 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
showntat tests can help with knowledge retrieval
identification, knowledge retention, and transfer when assessed through similar tests or exams
(Butler, 2010; Butler & Roediger, 2007; McDahet 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 knowle@fyeu-Zaid & Khan, 2013; Case &

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

engineering learning process.



However, common and default usagfd¢ests can also be problematic. First, tests
discourage deep learning approaches that are instrumental in facilitating conceptual change and
understandingBlasiman et al., 2017; Case & Marshall, 2004; Kornell & Bjork, 2007; Scouller,
1998) Second, tests can decrease student motivation to learmauaikg anxiety among
students, which can cause students to not perform durindEdgis et al., 1999; Major et al.,
2020; Tan, 1992; Vaessen et al., 20ITHird, some tests may not be appropriatméasure
conceptual understanding and change in coAeceaty FECs where there are other intentiorally
designed assessmefdonsoTapia, 2002; Duschl & Gitomer, 1991; Hestenes et al., 1992; Steif
& Dantzler, 2005; Streveler et al., 2008hese problems, @hg 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 tospsty 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 intentionaliitin 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)whkpltestg
are common in engineering education (priority for my study), 2) lack of research on test
administration strategies, 3) understudying o
behaviors on assessments in general. Overall, the engineducatien community should work
on scholarship on these topics to address the practical problem and contribute to diversification

and intentionalit Chew & Matusovich, 2022)



My study took the first step to achieving the aforementioned goals by situating research
on FEC instructors’ test ivbigdraurelédsnthe argumdnestha v i or
engineering instructors tend to have autonomy in their codraéisica & Stark, 2011; Skott,
2015) and research has shown resistance and barriers among instructors to adopting research
based classroom potices(Brownell & Tanner, 2012; Henderson & Dancy, 2007; JaBggart
etal.,2021) I n addition, extensive r emwmdoarsddmaiwi t hi n
has shown that beliefs can influence practice
help with understanding their test behaviors, and potentially influence their test and assessment
behaviors in genergBuehl & Beck, 2015; Skott, 2015)o0 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, | designed and conducted &aseli$tudy, grounded
in a pragmatic take on case study research method@tfeggn, 2015; R. K. Yin, 2018%uided
by the Situated Expectancy Value Theory (SEVT
(Eccles, 1983, 2007; Eccles & Wigfield, 2020; Wigfield & Eccles, 20P8xplored, uncovered,
and articulated seven i ndi ndibehavers iniwvoengineeringt or s’
programs located within a public, lagdant, Research 1 (R1) institution. To explore test beliefs
and behaviors, | collected eight data sources: two qualitative interviews, one course syllabus, one
testused foreachcageu bl i ¢ documents on the departments’
undergraduate policies, and Covi8irelated policies. My findings have contributed to
addressing the identified research gaps, particularly in understanding why tests are common in

FEGs, in addition to three other research gaps. Implications include paving the foundations for



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. | base these definitions on existing literature and my interpretations of
how they are relevant to this study.

1. Tests exams and/orclassroom testsare used interchangeably in my study. Tests are
defined as systematic procedures to gather information about student |¢&inelg
2009; Russell & Airasian, 2012An important type of tests in higher education are
examg(Feldhusen, 1961; Roediger et al., 2011; Venezia & Voloch, 2&kans
typically involveunseer(Brown, 1999)story problemgJonassen, 201%)at lead to
single(Sheppard et al., 200@ndnumerical(Petr, 2005panswers within @pecific time
constraint(S. Brown, 1999)regardless of whether they arecliass or takdnome exams.

In some cases, studemn obtain partial crediteven if the final answers are incorrect
(Petr, 2005)

2. Learning assessmentandclassroom assessmengse used interchangeably in this
study.Learning assessmeydre a form of assessments that focus on assisting and
facilitating learning and improveme(Banta & Palomba, 2015; Pellegrino et al., 2001)
and student growtfLachlarrHaché & Castro, 2015 hey can serve as accountability
assessmen{®agy, 2000; Pellegrino et al., 2001hough that is not common. They are
usually formative but can be summative if the ultimate purpose of the assessments is to
facilitate learning and improvemefRRussell & Airasian, 2012 lassroom assessments

are a form of learning assessment. They are typically used in the classroom context



(Pellegrino et al., 2001andarea product of the calls to shift assessments from
accountability to learning “ Sage Handb. Res. Classr. Asses
. Fundamental engineering courses (FECSprm part of thdargest block of courses
engineering curricul&Sheppard et al., 2009)hey typicallyfocuson fAengi neer i ng
s c i e iSheppad et al., 2008nd areconceptheavy(Streveler et al., 2008 hese
courses are usually taught in #&erly 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 solvinghen et al., 2010; Gregory, 1984; Lord & Chen, 2014)
Examples of FEC are statics and dynamics; these caerse$o be large in size and

serve multiple disciplineiSoledad, 2019)

. Instructor, f acul ty, dest beliefsare underdyioghphilosdphies that guide
an i ns testhelaviarsy whish includeusing, designing, and administeringests
(Chadha et al., 2020; Felder, 2002; Fives & Buehl, 2011; Gill & Fives, 20dBjined

t he const r ucedonaHe idéabthat REE indriictortestsisage and other test
relevant topic beliefs can besubjectively true to the instructors, [ stable over time,

3) have varying levslof convictions, 4) activate depending on the contexid5) be
structuredand conflicting. The nexthaptereviewstheliterature on the alignment

between beliefs and behavigfsves & Buehl, 2011; Pajares, 1992; Skott, 2015)

. Test cheatingis a form of academic dishonesty prevalent in higlleication(Cizek,

1999) There can be many behaviors that are considered cheating, such as soliciting
unauthorized resources, peekatginauthorized resourgemnd working together on

individual testgCarpenter et al., 2006; Chirumamilla et al., 2020; McCabe, 2005;



Peculea & Peculea, 2020)hedevelopment otheinternet has made cheating much
easierfor studentsaccording to engineering faculfigroemer & Recktenwald, 2021;

Kelley & Dooley, 2014; Peculea & Peculea, 2020; Srikanth & Asmafdlt4) There

are many measures to address cheating, such as creating new questions for every iteration
of test administration, proctoring, having arp@rson/iaclass modality of test

administration, and othefélemayehu et al., 2015; Chirumamilla et al., 2020; Srikanth

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

. Test fairnessmeans that all students have equal treatment when being (€&tek,

2009) There have been recent calls to consider the emphasis on fairness from the equity
perspective in engineeringl@cation(Camilli, 2013; Douglas et al., 201§articularly in
historical and current contexts of the power structure thatisasically oppressed

those who identify with the Black, Hispanic/Latino/Latina/Latinx, Native America
communities, and students with disabilit{€ech et al., 2017; Espinoza, 2013; Goodley,
2001; Holly Jr., 2020; Long 11, 2020; Riley et al., 201Bhe context of power structure

Is more salient than before due to the heightened awareness of systemic racism caused by
the highprofile murders of several Black U.S. citizens during the pandétalty Jr.,

2020; Long 11, 2020)

. TheCovid-19 pandemicis a worldaltering public health crisis that has been happening
since early 2020, withniversities 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 Covif virus(Jankowski, 2020)This study is situated

within the pandemic as the pandemic is stiljoing and the data were collected in 2021

when virtual learning was still happening.



8. Conceptual understandingandconceptual changeare used interchangeably in my
study. Conceptual understandimgf a t opi c i s one’s collectio

knowledge of that topicStreveler, Brown, Herman, & Montfof2014)defined it based

on three components: Apncepts whi ch are “pieces of <cluste
beliefs whi ch are “propositional mentalanbdlsons hi p s
which are “groups of meaningfully related

explain phenomena andConepuwlcipngesl i thé o'hgr o¢ @

altering one’ s c o(Bteelertetalh RP008) pgpdd@heera ndi ng”
various perspectives on how conceptual change operates and structures depending on the
nature of knowledgéStreveler et al., 2008; Vomou, 2008) This process usually
involves one addressing therisconceptions which are conceptions of the topic that
canbe difficult to and resist chand€hi, 2008)and carcontribute to naive and
inappropriate understandingf the topic(diSessa, 2002; Vosniadou, 2002; Vosniadou et
al., 2008)

9. Learning approachesaretypes of strategies and actions students use to learn. | employ
Marton & Saljds (1976a, 1976bjurface 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 andmotivation to learn are used interchangeably in my stubiiotivation
can be defined as “a condition that activa

(National Academies of Sciences, Engineering, and Medicine, pg1809, such as

learnirg (motivation to learn).



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 theutecomes for answering the sodsearch questions. | leveraged the case study
research methodology outlined in (2018)andYazan(2015)with multiple sources of data
(documents/unobtrusive data, and qualitative interviews) collected and analyzed to explore

instructors test beliefs and behaviors. I
leading to seven cases for my mugise desigrilhe Situated Expectandyalue 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 paifrthe 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 fiveliegs
triangulated to create individual case profiles before being compared across cases to obtain high

level findings that answered the five sigsearch 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-seearch questions, and the respective data

collection method, analysis method, and outcome.

Overarching research questionWhat are the beliefs and behaviors associated with classestsn
held by seven fundamental engineering course (FEC) instructors (seven cases) in two engineel
departments (mechanical engineering and engineering science) in a Research 1 (R1) public ing

Research question

Data collection method

Data analysis method

Finding

RQ1l.a: What are

1. Qualitative interview

1. First cycle: A priori

9 Test enthusiastic,

default, and skeptical
groups on usage beliefs

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?

course the participant
taught

3. One test used in the
course for each
participant

4. Qualitative interview
2 (latesemester)

5. Department public
websites

6. Institution faculty
handbook

7. Institution
undergraduate
policies

8. Institution Covid19
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. Crosscase
synthesis

the instr 1 (ea_rly_semester) and emergent 1 All hgd_strong
beliefs about using 2. Qualitative interview coding; Second conVI_CtlonS about

. . 2 (latesemester) 2 . learning outcomes
tests in their . cycle: Thematic
fundamental 3. Department public analysis of 1 Some talked about nen
engineering Web'SI'[(.-',‘S interviews coursecontent factors
COUrSes? 4. Institution faculty 2. Document analyses influencing usage.

' hanplbqok 'with convantional 1 All talked disadrantages,
RQ2.a:Whatare | Ln:dtglﬁn?:duate content analysis on|  Putthe mf!ugnce on
other relevant lic 9 documents usage varie .
beliefs about tests7 . Policies _ 3. Crosscase 1 Very strong beliefs on

6. Institution Covid19 svnthesis discouraging cheating
related websites y 1 Beliefs on fairness
focused on completion
time, content coverage
RQ1.b: How do
these beliefs
(RQL1.a) align with | 1. Qualitative interview
their behavior of 1 (early semester) 1 All used tests heavily.
using tests in their | 2. Course syllabus for a 1 All showed varying

levels of belief and
behavior test usage
conflicts

All used problem
solving questions, some
included conceptual
questions

All demonstrated and
described bhaviors to
address cheating
Covid-19 had made
beliefs and behaviors or
cheating and test
administration more
salient




1.4 Significance ofmy research

This research provided several outcomes that benefit the engineering education
community. First, myindings 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 outcomepunmsecontent
factors, and test disadvantages) and their interaction. My study has also shging leaels of
conflicts between test usage beliefs and behaviors. Viewing this at a higher level, my findings
can jumpstart examination of tests as an assessment in the larger assessment ecosystem in
engineering education. Assessment research is kessassments 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 theqass. Overall, my findings have provided much
needed knowledge on furthering assessment scholarship for the engineering education research
community.

Second, my findings paved the foundation f
beliefs in promotingliverse 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 aislo trestea
details instructors’ beliefs as one way to ad
guide and influence classroom practices. Complementing these with my findings showing the

characterizations of test usage beliefs and behaviors, andheating 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 usagdéundamental engineering courses, and even other types of
courses such as firgear, laboratory, and capstone courses for engineering instructors and
education practitioners.

Lastly, my findings did not reveddleflssubstan
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 identifiyhigtorically 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 impontiastep 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 ofmy study

The main purpose of my study was to exploregave, and articulate the potential
themes or patterns that describe FEC instrucpesceptios of classroom testsy leveraging
the case study research methodolddgwever, 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 inentional decisionmaking 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, particidehigher education. However, to make
this study a manageable one for a dissertation, | decided to not fully engage with the grading
component in this research as grading, with its vast literature, can be a study of(Braey
1964; DiBattista et al., 2009; King, 2015; Klapp, 2015;Mdbcran et al., 2017; Post, 2014 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 @hforms 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. Howey, 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 learrfBi)gM. Norton, 1997; Weis &

Beauchemin, 2020; Zhang et al., 2018igher educabn is currently confronted with the

challenge of ensuring students with disabilities are afforded appropriate learning environments
for their learning, consistent with the learnuentered calls in designing classrooms. | agree that
this is an importantssue to consider and address but incorporating this topic may lead to a
substantially larger study for a dissertation. | did not detail this component in my study, but in
terms of understanding test fairness beliefs, students with disabilities emergegiasof

discussion, and | 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 engingexducation 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 thabders can transfer relevant findings to their contexts.

Second, participant bias | imited the study
phenomenon. Participation in the study by any engineering instructors and students is voluntary,
and thisled 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 generalizerdefis 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
expeted. 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 MinofBerving Institutions. Howeer, 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.Thi s means the findings here were a snapsho
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 comfortablegsdlatheir tests, the
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Il i mitation to one test provided a |imited vie
the current findings are. This must be noted as the findings are interpreted and transferred.
Another important context is thatelCovid 19 pandemic was and is still happening during my
research study period. Covi® led to the shift to virtual learning environments in which Spring
2021 was a part dfankowski, 202Q)meaning the findings must be contextualized in terms of
this significant and major shift in hgr education in the United States.
1.7 My positionality as aresearcher

As an Asian man with experience in mechanical engineering education as an
undergraduate and a master’'s student, | decid
with the ultimate goal of identifying how engineering education can be improveccurignt
state and form. This inherently implies that | hold certain assumptions about engineering
education that may influence how | conceive of this study.

First, my personal experiences with tests in mechanical engineering education influence
how | viewclassroom tests as a learning assessment. In short, | hold the opinion that classroom
tests are overelied upon in FECs, and though classroom tests have their roles in the engineering
learning and teaching process, | think there are alternative assestimaémay 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 rRiy2keducation back in Malaysia and
mechani cal engineeramd mautcart i-cigmediabdheavyzell lort est
leading to sometimes dismay and frustration with tests generally. These influenced how |
designed and conducted the study, and | was mindful of this assumption throughout the process.
In particular, if a peicipant shares a similar view, | leveraged that to build rapport with the

participants so that they would be more willing to share sensitive opinions with me, yet | was
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also mindful to distance myself sosah hat | cou
“outsider” to prevent missing nuances and sub
experiences.

Second, through the process of obtaining a doctoral degree in engineering education, |
have learned and fully embraced the idea of constructiviseamihg and teaching. In essence,
| 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 caas. This assumption influenced how | view the current
engineering learning and teaching process and may harbor certain judgments and evaluations of
that process in this research. | remembered this assumption and its influence when | conducted
the researchnd made efforts to remind myself while collecting and analyzing data.

Third, I was mindf ul of my personal goal o]
currently conducted”. This was especially i mp
“mi s s i iohmmeagns itvmight have led to procedures that directly or indirectly skewed the
findings to align with what | think the narratives should be. Though | embrace this take and made
it explicit throughout the research process, | acknowledged that not exagrgtiout 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, | was mindful of the privilege and status | hold while | conducted the study. This
means | brought in certain lenses when | conducted my study and would not be aware of some

parts of my experiences that are perceived as a form of privileggineering education. | was

constantly reflective of my privilege throughout my study to make sure | 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 threqess.
1.8 Personal research paradigm

| identify as a pragmatic researcher, which means | aim for practical and tangible
outcomes from my research to inform educational practice. | approach research design and
implementation pragmatically, which mearfed¢us on answering the research questions with the
most appropriate and helpful methodologiEshnsorandOnwuegbuzi€2004) in arguing for
mi xed methods, <c¢cl ai med that prbasgdoacontigencyi n r es
approach to resear ch (pg. t1).9yhondsandGorard(206t0¢ pt sel ec
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
methodologiesTashakkoriandTeddlie(1998) in their publication on discussing mixed
methodologies, argued thafpragmatic researcher does not confine themselves to specific
methodologies based on their research paradigms and beliefs. Instead, they used their research
guestions as the focal point in determining methodologies, and they labeled such as the
“di csthaitporof research questions, not paradi gms
pragmatism are consistent with my personal beliefs on research, and | embrace this worldview
when | conduct research.

| also aim to design studies in which the findiegs 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 chatiges the world is facin@-. Jamieson & Lohmann, 2009; National

Academy of Engineering, 2004)his means research that advances knowledge and practice in
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the learning andeaching 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 leeighten
accountability in the fieldLondon & Borrego, 2017)and | strive to produce research and work

that provide tangible contributions to the engineering education community. These influenced
and informed how | designed and conducted my study.

| respect my participantsid 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, | will
ensure that my particgmts in this study and any future research are respected. This means my
participants, when requested, will control and narrate their experiences themselves and | will
respect these experiences by engaging with them while | interpret their experiencésfthea
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 thatwill always grow and develop as a researcher, and
although | currently identify as a pragmatic researcher, | strive to become a pragmatic researcher
who is also critical in terms of viewing the world. In short, | want to constantly be mindful of
how thepower structure in this world has oppressed and discriminated certain groups of people
by identities when | conduct and disseminate my research. In addition, | want to focus on

addressing these problems viewed from the critical lens with my pragmatiortaikeearch.
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1.9 Summary

The main purpose of this study was to exploreaver and articulat¢s EC i nstruct or
test beliefs and behaviors through a maodtse studyrindings from this study will address four
research gaps in efforts to address tlaetical problem of overeliance 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 Twasynthesizes existing literature to build the arguments that | have presented
in this chapter that motivate and support my study. | reviewed the literature on tests in
engineering education that leads to the identification of three research gaps. lithesdfthe
review with a |iterature review on instructor
research gap that my study addressed. Lastly, | present the Situated Exp¥atarcyheory
(SEVT) as the grounding theory for my conceptual framewak guided my study.

Chapter Three provides the details on the methodology and methods to answer the
research questions. In this chapter, | present the justifications for using the case study research
methodology for my study and the mudtase design Is&d 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 throughltimiilation 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 questiors @ganized 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. | situate the findings in the existing engineering education
literature and highlight my contributions toward addressing the identified research gaps. | then
frame these contributions to explain future implications thaetiggneering education

community should consider.

16



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 ([&£Gis3 et al., 2018; Lord &
Chen, 2014; Rompelman, 2000; Sheppard et al., 20@83}s have certain advantages in terms of
assessing learning, especially in strengthening the retention of declarative, algorithmic, or
procedural knowledge tbugh knowledge retrieval, or the testing eff@dbu-Zaid & Khan,
2013; Butler, 2010; Case & Marshall, 2004; Morphew et al., 2020; Roediger et al., 2011)
However, there are also numerous docuot®é disadvantages to testing that do not warrant
common or default usage. For example, tests discourage deep learning approaches that are
needed for conceptual understandiBtasiman et al., 2017; Case & Marshall, 2004; Kornell &
Bjork, 2007; Scouller, 1998Additionally, tests can decrease studentivation to learn(Elliot
et al., 1999; Tan, 1992; Vaessen et al., 2@hd) provoke anxiety among students that can lead
to underperformance among studdiMsjor et al., 202Q)Lastly, Some testsay not be
appropriate to measure conceptual chg@gse & Marshall, 2004; Streveler et al., 2Q08)
considering other more appropriate assessments for thigAdoaso Tapia, 2002; Duschl &
Gitomer, 1991; Hestenes et al., 1992; Steif & Dantzler, 2005; Streveler et al., 2008)dering
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(EB€w & Matusovich, 2022)
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Diversification can be in many shapes, like using different types of assessments in addition to
tests that dedie 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 designirgranidtaring

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 thenemon and default usage of tests and work toward
diversification in assessment classes and tes
test beliefs and behaviors and starting to address identified research gaps. The focus on
instructors is delierate on the ground that engineering instructors tend to have an extent of
autonomy in course decisioflsattuca & Stark, 2011; Skott, 201&hd research has shown
barriers among instructors to adopting scholardlaged teaching approach{&sownell &

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

Thus, findings on test beliefs and behaviors
lead to future change by promoting diversification and intentionafitgng engineering

instructors to address common and default test usage in FECs.

By exploring instructors test beliefs and
gaps identified from reviews of engineering education literature in several doprawising

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 tagsness in engineering education, and 4)

|l ack of explorations on FEC instructors’ beli
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specifically prioritized the first research gap of questioning why tests are common and default in
FECs because undensting 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 fundamentalestng 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 ®hich 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 disadvartges 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 edu&aseach 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 educatienthese 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 re\Rmsearch Gap 2which is a lack of research on
test administratiom engineering education; afksearch Gap 3a lack of studies on test
fairness. Finally, it is necessary to examine

provide readers with important knowledge to understand how my study studibdliefstand
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behaviors (Section 2.7). Such literature rev&asearch Gap 4Literature and scholarship on
engineering instructors’ beliefs and behavior
Expectancy Value Theory (SEVT) is introduced as it grodhedsonceptual framework guiding

my study (Section 2.8).

2.2 Fundamental engineering courses (FECSs)

Fundamental engineering courses form part of the largest block of courses in engineering
curricula, and are char act ecreisz’e da nbdy bheawnugs icnogn c
(Gregory, 1984; Sheppard et al., 2009; Streveler et al., 2088%e courses are usually taught in
the early and middle years of engineermugricula, 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.,. 2209
examples of FECs in mechanical engineering include statics, dynamics, heat transfer,
thermodynamics, and fluid dynamics. Teeourses tend to have large enrollments and serve
multiple disciplinegSoledad, 2019)

My study focuses on FECs for two reasons. First, literature and policies have shown these
courses to be essential platforms for engineering studetgarn 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 apation (National Research Council, 200@oth
conceptual understanding andokviedge application are vital for students to develop skills to
tackle design problems in capstone courses and engineering pfaitticger et al., 2011,

Streveler et al2008) Second, FECs are the location in engineering curricula where classroom
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tests are prominently used as assessni@néegory, 1984; Lord & Chen, 2014; Sheppard et al.,
2009) making FECs the befitting context for my study.
2.3 Conceptualizingclassroomtests in engineering education

The conceptualization of classroom tests combines two major literature domains:

clarifying the constructs of tests and exa
assessments” and “classroom assessmetests, 3. ” | n
discovered that knowledge of how engineering education educators define and implement

classroom tests is scarce. An extensive revie

systematic process of col | wledgeiamdgnakingihferancest i o n

about student learnin@izek, 2009; Russell & Airasian, 2012) | n contr ast , “
refer to a type of tests used in higher education lea @rgvn, 1999; Feldhusen, 1961;
Gandara & Lépez, 1998; Nath & Lovaglia, 2009; Roediger et dl12@an Etten et al., 1997;

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

exams whi | e d eadated researc{Pgllegrins et &.s281déPatrt 2005;

Sheppard et al., 2009; Walther & Radcliffe, 2Q@)d | interpret this information as consistent

with the definition of “exams given that

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

exam

ma n

blurring the differences between the terms. S

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

Moving on to the phrase “classroom,” *cl

assessment.” “Learning assessments facil
instructional practiceAmerican 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.,. 20@l) are different from
assessments for accountability purpg&=mnta & Palomba, 2015; Pellegrino et al., 2001)
Learning assessments can be formative or summ@aen, 2014; Pellegrino et al., 200and
measure student gyintherleawnindg prooegtaghlantlachecsi Castro,

2015) Classroom assessments aferen of learning assessme(ftellegrino et al., 2001A
seminal article byshepard2000)argues for the need to shifie focus of assessments in school
systems from higistakes, largascale testing to more learpregentered assessments that facilitate
learning situated in the classroom context. There is a constructivist philosophical underpinning to
this call, which is cosistent with subsequent reports that call for leaceetered approaches in
learning environments, including those in enginee(Brgnsford et al., 2000; Chi & Wylie,

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

Felder, 2006; K. A. Smith et al., 200%)jonsidering this literature, | situated the construct of

test as a form of | ear ni nagmnerdaengneesinmgeaqurisesu s e d

in my research, interchangeably wusing “test,k”
Shifting to the general description of tests in engineering educationtyf@stly have

students work on unseen story problehet lead to singleral numerical answers within a

specific time constraint, regardless of whether theyadministeredn-class takehome exams

open book/note, or closed book/n@® 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(BestsSimon et al., 1997;

Grunert et al., 2013; Hieb & Bego, 2020; Petr, 2005; Slepkov & Godfrey, 2B%8jns and

quizzes are examples of tests, dmely come in different designs or formats, such as multiple

choice, constructetesponse, and othefd. Chan & Kennedy, 2002Y ests are different from
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other forms of assessmeguch as concept invenies, whicharedesigned specifically to
assess student s’ (Hestenes et al.ul®92; Steif &Hansent 2986d i n g
portfolios, which providea platform for students to reflect on their learniidenowski et al.,
2006; Palmeet 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
classroorrbased assessments with certain characteristics, and theyuaralent 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 educatioRompelman(2000)argued that tests or exam@nstitute engineering
education culture, pressing for a more feeddaméed assessment paradigm in the field. The
argument of testing as part of engineering education culture manifests in otherStesard
et al.(2009)noted that exams usually constitute a large portion of the grade for engineering
students, but the authors do not specify theneds of those exams except that exam questions
usually lead to single answers. SimilaiGrohs, Knight, YoungandSoledad2018)explored
academic pathways in a large foundational class, showing that there were sevestdkegh
problemsolvingbased tests and a multiptboice exam in the course that constituted a large
portion of a student s’ exkian$Sheppardeaf2008)imade.By consi
addition,Petr(2005)also hinted at the high frequency of exams in engineering educatio
through the word “traditional” in “traditiona
problemsolving oriented that lead to numerical answers, though there is no further detail on the
format of those exams. Other works have mentioned and brieflgiegdlthe prevalence of test

usage in engineering courd@anta & Palomba, 2015; Nolte et al., 2021 ; telet 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; Gandara & Lopez, 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.
2.5Why common usage of classroom testsan be problematic

Tests are common and defaltengineering education, and | have identified the lack of
guestioning 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 tes Ultimately, | argued that the disadvantages make the common and default
usage of tests problematic. Advantages wise,
effect,” meaning that students goi m¢adttonr ough
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 caad to underperformance, and being
inappropriate in some contexts to measure conceptual understanding and change. These
advantages and disadvantages are reviewed as follows.
2.5.1Advantages of classroom tests

There have been debates and discussions #imule of testocused assessment
approaches in education, particularly in the context of schooling, dating back to the Barly 20
century(BangertDrowns et al., 1991Proponents argue that tests contribute beneficially to
student learning through the construct of the testing effect, where kadgeuetrieval 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 ek @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 instavicBaniel et al(2007)found that
recall, instead of recognition, type of quizzes can produce better retrieval in subsequent tests.
They also found that sheanswer quizzes can beone 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 tegtiestiongButler, 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 authergued 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 repetagd tes
Specifically,Morphew et al(2020)found that by splitting tests into more, smaller tests, students
performed better in the final examhd authors also argued that the inclusion of mastery testing
usi ng t hceh a*nsceec otnedst i ng” met hod had motivated
better in the courses, which may lead to better final exam performances. However, a meta
analysis byBangertDrowns 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 beshown to help students with identifying knowledge gaps, improving
organizations of knowledge, and assisting with knowledge transfer to new contexts through

identical element transféRoediger et al., 2011Dn these benefits, Rdiger 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 gapghey 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
canhelptostrengten student s’ proficiency in declarat:.i
procedural knowledg@bu-Zaid & Khan, 2013; Case & Marshall, 2004)

Classroom tests can help with the retention of declarative knowledge, and many
engineering concepts are declarative knowlgdi¢grphew 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 knowBstdgexample 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 ofmatgdnowledge. Tests can be designed to
assess such learningdse & Marshall, 2004 In addition, some engineering skills, such as
drawing free body diagrams in statics and solid mechanics courses, are considered procedural or
algorithmic knowledg€éAmbrose et al., 2010; Streveler et al., 2014; Taraban et al.,,20@GY)
classroom tests are appropriate assessments for this type of knowledge.

Overall, there has been substantial research in uadeisg test advantages and benefits
to student learning. There have also been a large number of works that argue against test usage in

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

Opponents of test usage have longuad that tests can discourage students to pursue
deep learning approaches that facilitate conceptual ci{@age & Marshall, 2004; Gibbs et al.,
1997; Tan, 1992)ecrease student motivation to learn armypke test anxiety, which can cause
lower academic performance for some of the student popul@mssady & Johnson, 2002;
Chapell et al., 2005; Tan, 1992; Vaessen et al., 2@h0) may not be appropriate to measure
conceptual changepnsidering other more assessments that are designed to do so.
25.2.1 Classroom testsan discouragedeep learning approaches

Classroom tests can discourage learning approaches that can lead to conceptual change.
Sever al publications explain that conceptual
supported by deep learning approadi@esse & Marshall, 2004, Litzinger et al., 2018)arton
andSaljo (1976b)posited thalearners 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

{3

esence, they claimed that I f the type of | ear
evaluation anticipated, what is learned will undoubtedly reflect what is seen to be appropriate for

that particular purpose, although by other criteriaitwouldleen si der e qMantoe& y poor ”
Saljo, 1976bpg. 123. 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 théites surface learning

approaches or rote recalBhepard, 2000bHowever, if they see tests as opportunities to master

the knowledge tested, then they may take time to understand the underlying basic concepts that
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will lead them to more advanced understandings for prokdehing purposes. It is important to
note that surface learning approaches tend not to lead to conceptual understanding, which is
typically expected in an FEQ.innenbrink & 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 approacl&syuller(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 findihgsenengineering 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 approach{@ase & Marshall, 2004)hese studies support the suggestions
put forth byMartonandSéalj6 (1976b)and additional studies have shown similar patté@isbs
et al., 1997; Tan, 1992)

Literature on student study approaches also raised the questitretbiewstudents are
aware of the advantages of tests for their learning, and research has found that students typically
do not have such awarendBs C. Brown et al., 2014; Karpicke et al., 200@rnell & Bjork
(2007)al so found that many coll ege students deci
such as tests, leading to students massing or cramming the information within a short period of
time before the tests. This is supportedBtgsiman et al(2017) Blasiman et al(2017)also
conduded that students tend to use ineffective study strategies like copying notes and rereading
notes and textbooks to learn. Another study detailed the use-béstitiy as a study habit,

finding that sektesting can help with improving test performan(éartwig & Dunlosky, 2012)
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This research has shown the dimension of student learning approaches in taking advantage of
tests to learn.

Some studis also support the claims that tests do not have much connection with
learning approaches. For instanGgpels, Van de Watering, DochgindVan den Bossche
(2005)found that, among 100+ law students, the learning appesageHlreported by the
students do not have any relationships with the components of prebleimg on a multiple
choice exam. In particular, the results show that there are a mixed number of students reporting
both surface and deep learning approagtitsno emerging patterns. This may show that some
students do approach tests using deep learning approaches, though the authors raised the question
of whether multiplec hoi ce exams are appropriate to study
Another study by Mrphew 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 kefore the tests.

In general, assessment approaches can influence how students approach learning because
students tend to learn in preparation for assessf@dnivs, 1999; Marton & Saljo, 1976b;
Scouller, 1998)Although learning approaches tend to be categorized into two extremes of
surfaceanddeep some researchers have argued that there are interenapmbaches between
the two, as represented by the idea of procedural surface, procedural deep, and conceptual deep
approachegCase & Marshall, 2004PrinceandFelder(2006)mentioned the idea aftrategic
approaches in which students are *“dtheyran, what e
taking a surface approach if that suffices an

studies suggest that nuances exist within the learning approach spectrum. There is research
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arguing that | earning apwarernessoflakirgg advatage ofdestg n t h
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 leaamd introducing mastery and formative feature in testing, to
encourage deeper learning approaches.
2.5.2.2 Classroom testsan decrease student motivation to leaamd provoke test anxiety

Assessments can motivate students if designed and implemented approfiBratety,
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 tes(Black & William, 1998; Brookhart, 1997;mokhart & DeVoge,
2000; Brookhart & Durkin, 2003; Nolen, 2011; L. S. Norton et al., 2001; Seale et al., 2000; Y.
Yinetal.,2008) Cl assroom tests can decrease student
revolves around pursuing conceptual changeuAdsy about student s’ bel i e
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\fessEtten et al., 1997This finding shows
that the students’ achi evemenappogahavhich ul ti mat e
subsequently leads to surface learning approaches that are not ideal for conceptual change.
Similar findings are documented BrookhartandDurkin's (2003)study on classroom
assessments and how those affect students’ mo
frequent assessments, testing included, lead to a decrease in intrinsic motivation to learn because
it is replced with a fear of failure as the main motivatidan, 1992; Vaessen et al., 201This
is consistent with the findings that exams and grades are the main motivators for college students

(Van Etten et al., 1997Research on the topic, though not abundant, has shown the possibility of
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the influenceofdssroom tests on students'’ motivati on

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 perfomances in tests, especially those who identify as historically marginalized groups
in engineerindMajor et al., 202Q)Test anxiety has been substantially studied in education
literature. It has two major components: worrycognitive 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 sity@assady &
Johnson, 2002A 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 semestdCuller & Holahan, 1980)However, the authors also foundttitzose 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 showshilgaly 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 moretgrms of test performancéSovington & Omelich, 1987)in
terms of test anxiety effects on the marginalized groups, Majors and colleagues found that test
anxiety has a positive relatiavith grade point average (GPA) in science, mathematics, and
engineering among students who identify as female andimamy students, meaning that test
anxiety led to higher GPAs (2020). However, Major et al. (2020) also argued that women who
had highetest anxiety may do worse academically than their female peers in STEM courses.

This argument is consistent with findings from Chapell and colleg@d@%)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 approachdswrtonandSalj6 (1976b)argued that how students
approach learning may be influenced by their perceived task demands and the goals associated
with those demand€aseandMarshall(2004) in the engineering education context, showed
that i f student s’ i ntention is to pass the te
intenti on is to understand the materials, they
with achievement goals in this context. This is consistent with studies from the motivation
perspectiveElliot, McGregor,andGable(1999)found that students with masteapproach in
learning tend to use deep learning approaches, while those with perforapgmoach are likely
to use surface learning approaches. Theg#est show that achievement goals and learning
approaches are related, and since assessment methods have been connected to learning
approaches, it is possible for assessment met
tests have been found toveanegative effects on student motivation to learn, and consistent with
the literature reviewed previously on overall motivation, test anxiety, and learning approaches.
25.2.3Classroom testmay not be appropriate for measuring conceptual change

Tests nay not be the best measure of conceptual understanding and change. In general,
they tend to be a better measure for procedural or algorithmic knowl@dge & Marshall,
2004) I n addition, students may just (Matonf orm “p
& Saljo, 1976b; Scouller, 1998vhich is not a reliable way of measuring conceptual
understanding or changstreveler et af2008)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 texplain their answers. Streveler and colleagues, however, argued that this may
affect student s’ Tanmermred Allent (20@b)agyded. Theyacgoed thet e s .
traditional muliple-choice and shownswer 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 thatinamtionally designed tests, wh 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 condegavy nature of these courgegzinger et al., 2011;
Lord & Chen, 2014; National Research Council, 200®xddition, there have been alternative
assessments walocumented to assessnceptual understanding. For example, concept
inventories are designed specifically to meas
misconceptions on topics of interébtestenes et al., 1992; Steif & Dantzler, 2005; Streveler et
al., 2008) Concepinventories have blossomed into a unique research domain in engineering
education(Streveler et al., 2008vith a large number of available concept inventories
documented on various engineering togMsrtin et al., 2003; Midkiff et al., 2001; M. Prince et
al., 2012; Richardsoet al., 2003; Steif & Dantzler, 2005; Streveler et al., 20Thjs makes
concept inventories an appropriate alternative assessment to measure student conceptual change.
In addition, instructors may also use concept inventories as classroom testgadtefearning
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 assesment in higher education is well documeng€btnowski, 2002; Klenowski et al.,

2006) Klenowski et al(2006)c | ai med t hat portfolios “emphasi z
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includes a reflective commentary.” (pg. 267) .
learning and teaching for variopsople (professionals, educators, students) in multiple contexts

(K-12, higher educatiorfKlenowski, 2002) Essentially, as a form of learning or classroom

assessment, portfolios provide students opportunities to document, reflect on, -asdesdf

their learningMokhtaria, 2015) The i mportant part of portfoli
them during which students can reflect, select personal learning materials, and produce a final

product” that r @lpackelfsre, AA9&Thet proeessrof cleadirgramdi n g

reflecting may help evoke students knowl edge
reflections may help the instructors identify
(Alonso-Tapia, 2002; Duschl & Gitomer, 1991)

These are some of the assessments that may
change. However, | am not promoting a complete replacement of classroom tests with these
alternative assessments. Insteadssriaom 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
and teahing processes.
2.6 Review leading tdhe revelation of Research Gap 1
Considering the literature on common usage of tests and the extensive documentation of
the advantages and disadvantages of tests, | 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 usageliterature is

demonstrating, raising the question of whether heavy usage of tests in these courses is
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appropriate and justified. This presents agitharitized Research Gap 1that my study
addressed.
2.7 Relevant essentials of tests

To examine whyommon 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 tendve ihgsé 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 usagd-elder(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 beetaught, 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 rohtiipkedesign
for tests. For instanc&immermanmandKautz (2015)implemented a twaier 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 secondriéeen study also
documents the design of a vgtage exam that intersects the ideas of authentic assessments,
technologybased assessments, and exams to incorporate decision making in design in a large
enrollment course mandatory for biological, chemiaalj environmental engineering students
(Koretsky et al., 2022)n contrastQualters et al(2008)designed a mastetyased diagnostic
multiple-choice test to obtain information for competency gain by administering this test to

secondyear engineering students so thedre is a benchmark for assessing gain by-yesr
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studentsFellin andMedicus(2015) designed multiplehoice quizzes that preceded written tests
to helpstudents 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 muttipléce tests iwarious contexts.

Another form of common test design in education is the construesgense format. In
this test design, students are expected to form their responses instead of choosing from readily
available options, and they typically encompassouartypes like problersolving or workout,
fill -in-the-blank, and essay questioffdé. Chan & Kennedy, 2002; Simkin & Kuechler, 2005)
Many have argued that constructesponse tests are better in assessing students thinking skills
when compared with multiplehoice tests, though the debate continiertinez, 1999;
StangerHall, 2012) Research on constructeesponse tests has focused on comparing the
design with multiplechoice, such as student perceptions of the degRjmsopoulos et al., 2021;
Zeidner, 1987)learning differences based on the des{@tangeHall, 2012) and difficulty of
tests(N. Chan & Kennedy, 2002All in all, there is robust research on construatesponse test
format, and this is particularly relevant to engineering education as usage of psublarg
guestions is abundant in engineering téStBrown, 1999; Jonassen, 2015; Petr, 2005;
Sheppard et al., 2009)

The Covid19 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 examsdkEams) become a design used for téstgad Ahmed et al.,

2021) Awad Ahmed and colleagues defined &« a ms a s combinations of
including multiplechoice, true or false, matechg, arr angement, fill i n ¢t

(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 prediénmg questions in
their tests, thugh they included some features like different values to address cH&xnoig
Alberti et al., 2021) All in all, the Covid19 pandemic has influenced how tests can begded|
though many of the tests and Co\lil discussions revolve heavily around the challenges of e
exams in terms of administration and addressing cheating, which | will detail in the following
sections.

Research exists in the engineering education doregerding test design, situating in
the guidelines on how to create te@islls et al., 2022)The engineering education community
can leverage the knowledge base to work ¢enitionality 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 literatur
providing research on how to implement and run tests, an essential and relevant component of
testing. The modality mainly includes-person/inaclass, takéhome, proctoring, open book/note,
closed book/note, pen and paper, or electronically adminisiesed 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 opdrwok/note inperson with proctoring, while some have the open
book/note takdhome, which is assumed to be a typical combination when it comes thdaiee
tests(Bengtsson, 2019Proponents for takkome, open book/note, aptoctored tests typically
invoke the advent of the internet and arlicourses and the need to assess higlger thinking
skills as reasons to embrace these types of test administration, while opponents raised the

concern of cheating with such administration modalifBengtsson, 2019; Hellas et al., 2017,
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Williams & Wong, 2009) A systematic review of research on tdi@ne tests has generally
supported these claims, finding that the education communitysagneeeducing student anxiety
and testing higheor der t hinking skill s, l i ke on the Bl o
takehome tests, while major concerns including academic dishonesty/cheating and effects on
student study habit long ter(Bengtsson, 2019Research shovikere 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 traditionapérson, closed book/note, proctored
tests, with mixed results in terms of learning outcomes being fadfitiams andWong (2009)
found better efficacy for takkome tests, whil&arsh(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 metthectineagne
that suits the specific learning outcomes, and sometimes having different variations to
complement the traditional closed book/notep@rson, proctor tests can be helpful and reliable
(Heijne-Penninga et al., 2008; Parker et al., 2021; Spiegel & Nivette, 2021; Williams & Wong,
2009) Overall, the efficacyf 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 iah 2020, when universities across the country
shifted abruptly and suddenly toward virtual classrooms in the middle of the spring semester or
guarter(Jankowski, 2020)Research has shown that many instructors shifted their test
administration modality from Hperson to takénome, opefbook note, and ngtroctored due to

this shift(Chadha et al., 2020; Gorgani & Shabani, 2021; Parker et al.,,203king 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 ygiBbtee et al., 2020;
Chadha et al., 2020; Gorgani & Shabani, 208bme used electnec examgAwad Ahmed et
al., 2021) and varying levels of online exams, like samline exams where students were
expected to solve problems on papssan, and upload them instead of answering on an online
platform(Asgari et al., 2021)synchronous exams with lockdown browg@ds 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 oéxan(Howcroft & Mercer, 2022and
authentication, which is tied to cheati(fwad Ahmed et al., 2021Yo summarize, Covid9
has made test administration an issue due to the shift to virtual learning, leading to an increased
number of publications on the topicengineering education.
2.7.2.1Review leading tothe revelation of Research Ga®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 designtivre have
been documentations on the topic in the field. Even though there is a rise in literature on test
administration due to Cow9, test administration research should be further explored in the
field. This becomeResearch Gap Zhat my studyaddresses.
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 itraes to the test administration modality as discussed in the

previous sectioliCizek, 1999) Academic dishonesty research has been substantial in
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engineering education, with the seminal articledaypenter et a[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 practifidarding 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 aompariso
between homework and teg¢@arpenter et al., 2006; Chirumamilla et al., 20R¥search also

shows thasome students might commit to cheating to get a good grade, even if they think
cheating is unethicgCarpenter et al., 2006; Peculea & Peculea, 202@mately, many of the
cheating behaviors aremsistent 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 testiicCabe, 2005)Many of the publications also discussed

the importance of addressing cheating considering the evolution of the internet, which makes
cheating or dishonestct during tests easi@felley & Dooley, 2014; Peculea & Peculea, 2020;
Srikanth & Asmatulu, 2014with Cheggbeing an infamous online resource for students to

solicit for unauthorized resources to work on the tests and other course assigBnmuamer &
Recktenwald, 2021)

Literature also presents substantial information on how to address cheating in engineering
classrooms. For instano&lemayehu et ali2015)listed a numbeof practices that could deter
cheating while developing questions that can promote and encourage psoblérg among
students instead of soliciting outside help or uploaded solutions on the internet. Some of these
practices include creating new probkeand 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,mpctoring, and using biometri¢g€hirumamilla et al., 2020; Srikanth &
Asmatulu, 2014; Von Grunigen et al., 2018pfia MartinezGarciaand colleague2022)

proposed and implemented mvigilated 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 ptipend major concern among instructors while
administering tests during the Covid pandemic. Because of the shift to virtual learning
environments, concerns there lie in students being able to solicit unauthorized resources while
completing test§Asgari et al., 2021)Many works that documented test design and
administration mention cheating as one major factor considered. For example, while using
problemsolving test questiodesign,GarciaAlberti 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 formsooiitering
or lockdownbrowsers to make sure students are working individgallyad Ahmed et al.,

2021; M. V. Jamieson, 2020%everal mechanical and electrical engineering instructors
implemented oral exams in large enrollment engineering courses to address academic integrity
violations(Lubarda et al., 2021 hese studies show that, with the limitations and ré¢isinis

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 thenportance 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 temds® as
test usage.
2.7.4 Test fairness

Fairness, like cheating, is a crucial construct when it comes to the discussion of testing,
andunderstanding 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 fairnessCizek (2009)conceptualized fairness as a form of evidence for validity in
terms of classroom tests. Howevenguglas 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
communiy. 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,
maledominant field that has shown to constantly unefeesent and minoritize people,
especially those who identify with historically oppressed groups like the Black,
Hispanic/Latino/Latina/Latinx, and Native American communi(@sch et al., 2017; Espza,
2013; Holly Jr., 2020; Long 11, 2020; Riley et al., 2016) 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. disef are particularly salient
when thinking about fairness as many of the classroom tests are used fstakigghdecisions,
especially student final course grades in fundamental engineering c@brshs ¢ 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 fa{@asslli, 2006, 2013;

Pellegrino, 2006)
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There have been documented works that focus on manifesting fairness into test design
and administratiorKarimi (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 gradegsakandYan (2021) in contrast, focused specifically on

testsduringtheCovid 9 pandemi ¢ and proposed a uni que e
where unfairness exists in terms of administering differergions 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 #eeare studied outside of engineering, which finds students tend to
associate unfairness with lower course performa(eeeka & Zilles, 202Q)Research has also
found students tend to view learreantered assessment as (&iores et al., 2015)There have
also been studies that use the classroom justice lens to frame fairness in assésénients y -
Assad, 2002; Rasooli et al., 2019)
2.7.4.1Review leading tothe revelation of Research Gaf8

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 literatueeajgriacks research
and documentation on test fairness, and thigesearch Gap 3hat my study addresses.
2.8 Literature on instructor beliefs and behaviors in engineering classrooms

After building the arguments on the need to question the commanhefaualt usage of
tests in engineering education, reviewing the literature on relevant essentials about test research,

and identify three research gaps so far, wunde

the next crucial step. As previously dabed, since engineering instructors have a certain
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autonomy in course design and there persist barriers among instructors to adopting scholarship
and researcinformed teaching practices, my study focused on understanding the common and
default testusagy t hr ough the instructors’ perspective,
behaviors. Il n addition, understanding instruc
knowledge to pursue diversification of assessments and intentionaligsbusage 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 theieagring education context. This section will
introduce the construct of “beliefs,” and how
connections between beliefs and behaviors.
28. 1 Definition of the construct fAbeliefso

The def i ni tinsearahustbe @efinedeat there is substantial literature on
the topic in education, and | have defined beliefs based on existing research. | defined the
construct of “test beliefs” with the fooll owin
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.

l nstructor’s belief research ticumarlysmthblst ant i a
12 domain. Although much of the literature reviewed here is situated ini2edémain, the
general idea about teaching beliefs and practices are relevant and still apply to the engineering
education domai(Moore et al., 2015)The growth of this field of scholarshiprooted in the
idea that “researchers often target beliefs a
be aligned with what ar e(Buehl&Beeki20Epgg.7ur rent be

Research on t eacher s’ olvedraround svteralungportant tepics, and | i e f s
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the ones relevant to my study i1include definin
alignment between teaching beliefs and behaviors or practices. On how beliefs are defined, there
has been no consens&kott(2015)presented this lack of consensus as one of the problems in
research on teachers’ b ebken auimerqus definitromsaof belefs ng t h
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
they are cognitive andfafctive, 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 coadbkdat
construct byPajareg1992)andFivesandBuehl(2011) In addition, beliefs can be held with
varying degrees of conviction, unlike other cognitive constructs like know{&tgkgpp, 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 sociocultulighpdfeancis
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 researcifg&ea s’° bel i ef s,
that belief realization will look different from one context to anotRéresandBuehl(2011)
also suppo#d 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, s uc lavaialsletsconduwtte nt s’
teaching. Ultimately, the authors “maintained
indi vidual teachers and stay with them as the
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l nstructors’ assessment beliefs Bamneset al so
al. (2015)presents a spectrum that situates existing research on beliefs ortworscepthe
purpose of assessments in thd Xspace. The spectrum contains three different distinct
differentiators: pedagogical functions, accounting purposes, and irrelevance. For pedagogical
functions, Barnes and c oleldéalpliektsat thfe pupnsdsof hat s
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 teachmieved 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.

l nstructor s’ b e dwin ® bescontraalivta\Bryah (8003)fdurdehat s h
teacher s’ beliefs can be nested and conflicti
interviews, teaching observations, and written documents with the grounding of constructivism.
Bryan presented t beestd withonk leeing tise idbabbeliefe whde then t w
other one guiding the practice. These two beliefs contradicted each other as the teacher embraced
the idea of hanan learning in teaching science but practiced with a more transmiszseal
teaching apmach. Overall, the author argued that lack of experience in conducting mquiry
based learning approaches led to conflicting beliefs and behaviors in teaching. Leveraging this
|l iterature, |1 have defined what “beliefs”™ mea
28.2 Alignmentlet ween instructoros beliefs and behavi

Beliefs influence teaching behaviors and practices, and this becomes a dominant
foundation of instructor’s belief research. A

teacher s’ beli efpecinmflllyendhe pmaect itdhat e€eonfl ic
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beliefs on how to teach sciené@vesandBuehl(2011)provided a framewrk for understanding
how beliefs influence behaviors or practices. In this framework, the authors argued that there are
di fferent |l evels of function of beliefs that
guides. Beliefs can act as filtersinformation 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 safficacy of the instructor in enacting the beliefs. The authors
explained that different beliefs can serve different fumstiin different situations, furthering the
contextdependent 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 beliehea ct ment . l nstructors’ | evel of exp
belief enactment into practicéBuehl & Beck, 2015)Overall, research has provided base
knowl edge on how instructors’ beliefs and beh
the instructors decide and enact certain beliefs. Uratedistg these mechanisms can provide
explanatory pathways in understanding the alignment between test beliefs and behaviors.
2.8.3 Beliefs and behaviors in engineering education

Al though instructors’ belief and behavior
engineering education, scholarship is scarce on the topic in terms of assessment. Many relevant
studies focus on instructional methods and pedagogy as compared to assesseseatchA
study focused on understanding how faculty instructional beliefs change with the implementation
of modeteliciting activities(Moore et al., 2015)in the study, Moore and colleagues found that

engineering faculty beliefs shifted toward a more studentered view of teachingnd the
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belief structures are compl ex a(Bives&Buehld i n exi
2011; Pajares, 1992; Skott, 2016¢her 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 arsiructional methods and not much on assessments. This
presentfkesearch Gap 4which is to explore engineering instructors or faculty beliefs and
behaviors on assessments.

2.9 Situated ExpectancyValue Theory (SEVT)

My research leveraged the Situated &stancy 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 Egcles(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 aseamengemehmhalvimode (@fg.adlWi)ev
theory to be used as a framework and lens to understand achievetattt behaviors and
choices made in various contexts, such as engineering edugatienBrown et al., 2015;

Matusovich et al., 2010; Soledad, 2019; Wu et al., 2Q&tysical educatiofGrastén et al.,

2015; Shang et al., 2022nd k12 educatiorfAbraham & Barker, 2014; Bostrom & Palm,

2020; Day, 2020; Koerten & Dubow, 202 This norexhaustive 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 ovell 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 subgitivalties then
explain why students embark on certain achievesrelated choices happéBccles, 1983)The
expectation of success, or egfcy, is the confidence and probability of success with the
achievementelated choices and performance, though the authors have a larger scope than
Bandura on defining expectancy (domain versus f@kndura, 1977; Eccles, 1983; Wigfield &
Eccles, 200Q)andthe 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.

Cultural Milieu Perception of. Goals and General
Self-Schemata Expectation of Success

1. Gender and other =] 1. Socializer's beliefs — "

social role systems and behaviors 1. Self-concept of one's
2. Stereotypes of 2. Gender and other abilities

activities and the social roles 2. Self-schemata

nature of abilities 3. Activity characteristics 3. Personal and social
3. Family and demands identities

Demographics 4. Possible activities 4. Short-term goals Achi t-Related

5. Long-term goals chievement-nelate -7
9 g Choices and Performance
Socializer's Beliefs and
— Behaviors

Person Characteristics / \A

; #D'“Udes . Affective Reactions Subjective Task Value
emperaments and Memories
3. Sex 1. Interest -enjoyment value
4. Ethnic group 2. Attainment value
‘ Interpretation of Experience: 3. Utility value
4. Relative cost
* | Previous Achievement-
Related Experiences
’
b e e e e e e e o hemssTime - I
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Figure 2.1

SEVT fromWigfield and Eccles (2020)

Subijective task values consist of four elements that expladt values one attaches to
the choice they mak&Vigfield andEccles(2020)argued that their definitions of task values are
dependent on the individual of dditon, thesetask, henc
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, attainmenitmpar tueende dfheddip@gogeda&lall on a
Eccles, 2020pg. 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. Intesggbyment value, on the other hand;dses on whether
a student is interested in the specific choices and obtains enjoyment from pursuing them
(Wigfield & Eccles, 2000, 2020tility 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 (2
|l ost or given up or suffered when dodamg any p
help determine the overall value of how a student perceives an achievelated task, such as
preparing for a test in a fundamental engineering course, passing the course, continuing to enroll
in more advanced engineering courses, or continuingajorm engineering.

In engineering education, SEVT has been used to understand engineering student
achievementelated choices from various lenskgtusovich et al(2010)leveraged ta theory

to understand why engineering some students persisted in engineering, and some did not.
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Mat usovich and coll eagues, wusing a qualitatiwv

sense of self is an important component to explain some engineeg st udent s per s
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 persisteraaong students. This study presents a motivation lens to

understand student persistence in engineering. Another notable study defines expectancies based
onBandur& (1977)self-efficacy theory and leverages SEVT to discover the relationship

between the two SEVT constructsd engi neering student’s four a
effort, persistence, and continuatiMiu et al., 202Q)Wu and colleagues found similar findings
to Matusovich and colleagues where studeritis high attainment value (strong sense of self)
are more likely to continue talgrengineering 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
togeter. 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 i nst r uc tintheséxtsdctoh, Iwllf s and
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 bel i efhercoastrutts that ditinatelydeads | e a
to expectancy and subjective task values constructs. Accordifartes(2007) there are

van ous socialization processes that can influe

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 discussed extensively how family

and school can act as socializers to students when they are forming their expectancies and values.
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Figure 2.2

Eccles and Wigfielddés (2020) mo d el of parents
For my study, I am specifically focusing o

usage, grounded by the argument that testsgfzgrt 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 selaiet socializers, such

as FEC instrators 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
infl uence t hei r -redatedcth@castasd behavons, isuelvag treaeanat

expectations of their students, their classroom and teaching practices, and the relationship

between themselves and their students. There are also othercamasitlering factors, such as

racial discrimination in the classroom, that can hagpestudents who identify as part of

hi storically oppressed groups, uehiedcbehadoassn i nf |

In addition,EcclesandWigfield (2020)also asserted that the SEVT is situated and individual as

it can present an individual student’s journe
task values changes, and by extension, the so
belief s and behaviors possibly influencing the s

SEVT has been established to be appropriate for framing school, and by extensior, college
related socializers in understanding students

The model of parents socialization of mot
beliefs and behaviors on test usage in fundamental engineering classrooms with two
justifications. First, based on m&EECIngrmsctos (200
as one of the many socializers in engineering that socialize students into the field through their
classroom practices, which is test usage. Bas
expectancies and subjective task vainegarious 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 irhe courséKornell & Bjork, 2007; Tan, 1992)and students may start to not
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see engineering as a good fit for them (impactttarament valuefMajor et al., 202Q)
Furthermore, since students end up focusing on passing tests instead of learning, tests may
eventually influence students’ task values of
interest in engineering due to the test discouraging deep learning appr@ateg. Marshall,
2004; Marton & Saljo, 1976b; Scouller, 1998)d the constant stress and anxiety tests can bring
to studentgMajor et al., 202Q)Anotherpossible way is that tests could be designed unfairly
(intentionally or inadvertently) that may impact students with different backgrq@zabsilli,
2013; Douglas et al., 2018)hich can lead to an impact on expectancies andvtdsks 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 stud€Nisgy, 2000)

Second, engineering education research has mostly leveraged SEVT to explore and
uncover the reasons behind student persistence in engin@dengsovich et al., 2010; Wu et
al., 2020) and there is a clear lack of easch on the socializers component in understanding
how the socializers influence students expectancies and subjective task values that can explain
their engineering achievemerglated behaviorsSoledad2019)used the SEVT to frame
fundament al engineering course instructors as
behaviors in teaching, learning, and their students in general. The author found that the
participants cared mainly about studls understanding the concepts and described behaviors that
work toward this goal, but challenges remain on engaging students to be active in the learning
process. | foll owed Soledad’s work by adaptin
behaviorsspecifically on test usage and other-edated 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 $tquwaetices can
socialize students into engineering through t
subjective task values. These show that the socializer component is a good fit to guide my study,
and the following conceptual framework peats 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 ( Fi glkfromFigue2)l.Int hat ¢
this framework, the FEC instructors’ beliefs
and fairness, as presented in the test literature review. The subsequent behaviors that | studied
include t he i nsdtheintestdesiga and admisidtrations Theytwo baxes 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
alignmentor potential misalignment between the beliefs and behaviors.

As explained by Eccles (2007), the instruc
by their background characteristics. In this case, | include four relevant characteristics: the
instruco r s’ personal student experiences, persona
interpretations of the course contexts, and the interpretations of the departmental contexts. |
included the last two because research has shown that these contextsshaveinfc ed i nstr u
classroom beliefs and practiogsttuca & Stark, 2011)The background characteristics

influence the instructor’s test beliefs, beha
they teach. The intended learning outcome is the learning outcomes these instructors intend their

students to achieve after colejing the FECs, and SEVT posits that the behaviors are practiced

58



(using,

designing,

and

admi ni

steri

ng

tests) t

and backgrounds can influence how they perceive the intended learning outcomes of these

cour ses.

beliefs and behaviors.

Last |

y, th

e

ntended

earning

TN

v

1

out come

Background Instructor’s test beliefs Instructors’ test Intended learning
characteristics (topics) behaviors (topics) outcomes
* Personal student
experiences
P . Using tests in FECs .
* Personal teaching Designing and Learning outcomes
experiences * Usage s associated with
) . administering tests .
* Interpretations of * Cheating — based on usage | StUdENS completing
course contexts * Fairness cheating.an dg ’ the fundamental
* Interpretations of fairness i)eliefs engineering courses
departmental
contexts
* Across time * I
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 b&hdhostudy 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 analysisantdier pr et at i on

beliefs and behaviors.

2.10 Summary
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In this chapter, | have built my arguments on why the engineering education community
should work toward diversifying assessment approaches and promotimipimadity 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 mustdokessed with assessment diversification and
test usage intentionality. To achieve these goals, my study addressed the priReseacch
Gaplon why tests are common in FECs through fr:
tests. The framing isased 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 studysnclude te
administration strategie®Résearch Gap 2, test fairness literatur&gsearch Gap 3 and
engineering instructors’ bel i Rdsmsarch@Gadd lbehavi or
ground my study with the Situated ExpectaiMatue Theory (SEVT) by &iming 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 socializersthan 1 nf |l uence student s €
subjective task values, whi ch -redategplelzavians,seamngi ne e
as persistence in engineering as studied in the existing literature. The next chapter presents the

methodology and mettals that | used to answer the research questions.
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Chapter Three: Methodology and Methods

3.1 Introduction

My research study strived to explorecover and articulag FEC instructorsbeliefs and
behaviorsf classroom testsy leveraginghe case studsesearch methodologyhe Situated
Expectancyalue Theory (SEVT) from the socializer perspective anchored this study as the
conceptual frameworieccles, 1983, 2007; Wigfield & Eccles, 2000he 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) thisastenmgred are as
follows.
Overarching research question What are the beliefs and behaviassociated witlslassroom
testsheld by seveifundamental engineering course (FEC) instructeesen cases) two
engineering departments (mechanical engineemageragineering scien¢én a Research 1 (R1)
public institution?
RQl.aaWhat are the instructors’ beliefs about
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 intheir 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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threesuquestions, focused on exgulsage behetsinpECs,t i ci pa

specifically the “what and why” of tests. R
in their FECs. RQ1.b explored the alignment between their test usage beliefs and behaviors.

RQ1.c, finally, focused on alignment iaeten 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 essdral 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 ontieptual

framework, the findings answering these research questions incorporated information on the
instructor s’ background characteristics that

1) instructors per s on ateaching ané 3) tharinterpretatiensof a st u
course and departmental contexts. In addition, discussion of theC®wdndemic was
embedded within the study as the instructors raised and discussed them as the pandemic is still
ongoing. | also acknowledged hdkae intended learning outcomes related to these beliefs and
behaviors as described and demonstrated by these participants.
3.2 Methodology

| employed the case study research methodology with a pragmatic talke'sn
perspectiveZ018)similar toYazan(2015) From a higHh e v e | perspective, Yin
appropriate for studies that focus on phenomena that are highly contextaalizedt of the
resear ché€rR. K. Yin,20d8) t ryoln’ s approach al so encour ag

existing literature to inform the creation of the research questions and the topics that the study

will focus on. Lastly, the approadalls 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)n addition, Yin provideaxplicit 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 feature
research questions overall. HowgVvéazan (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 foll owing
perspectivesn 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 difference&sodfrey & Parker, 2010) Consi dering this, I foll o
their perspective on phenomena aligns with my interpretations of thestie$s land behaviors of
classroom tests as phenomena. This is similar
broader(Merriam, 1998; Yazan, 2015) On t he ot her hand, Stake’s a
fluid definition of acaseas¢h r esear cher s’ definition wil!/ n o
case studyStake, 1995; Yazan, 2015) Ei senhardt’ s approach does n
cases and instead focuses on the selection of cases for theory building with theoretical sampling
(Eisenhardt, 1989) T h u s, Yh provided samone expliaitqguideline in defining what a
case is for a beginner researcher like me.

Second, | leveraged the SEVT framework from the socializer perspective as my
conceptual framework for this study. Essentially, the socializer perspect®E\6h 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 cons
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theories in the study when possifie K. Yin,2018) Bot h Ei senhardt’s and
approaches have a similar call in which prior literature may shape the initial design of the
researcl{Eisenhardt, 1989; Merriam, 28; Yazan, 2015)out these approaches are more
appropriate for theory building purposes, whi
approach, on the other hand, has a more flexible design of a case study research and does not
imply the uses of gnpropositions to guide the resea(&take, 1995; Yazan, 2015imilar 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 otevmémm

the data set to study the phenomena. Yin’ s ap
guantitative and qualitative data to create t
(Eisenhardt, 1989; R. K. Yin, 2018oth also call for triangulation of evidence, though for

di fferent purposes. Yin’s approach focuses mo

Ei senhardt’”s approach iSst ankoer’es oann dt hMeeorrryi abm/isl da
more on qualitative data due to the constructivist leaning of both apprqdbdemm, 1998;

Stake, 1995; Yazan, 2019nd triangulation seems to focus only on data collection, not analysis

(Yazan, 2015)In additonr esear ch on teachers’ Dbeliefs has
sets to understand teacher s’ beliefs, which a
met hodol ogy to understand instructors’ybelief
(Skott, 2015) Her e, I am engaging with this research
collection (qualitative interview and document analysis), lautls o f ol | owed Yi n’' s
on triangulation in data analysis. Overall,k |1
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the case study, focusing on aligning the case study research methodology to answer the research
guestions and with my resehrparadigm.

3.3 Research design

Table 3.1

Summary of the research questions, data collection method, analysis method, and outcome.

Overarching research questionWhat are the beliefs and behaviors associated with classroom {
held by seven fundamenthgineering course (FEC) instructors (seven cases) in two engineerin
departments (mechanical engineering and engineering science) in a Research 1 (R1) public
institution?

Research question Data collection method Data analysis method
1. First cycle: A priori and emergen

_RQl.a. What are the , 1. Qualitative interview 1 coding(Miles, Huberman, &
instructors (early semester) Saldafia, 2014a8econd cycle:
using tests in their 2. Qualitative interview 2 (late iy : ycle:
: . Thematic analysiéBraun &
fundamental engineering semester) . :
: . Clarke, 2012)on interviews
courses? 3. Department public website
L 2. Document analysg8owen,
4. Institution faculty handbool 2009)with Conventional content
RQ2.a: What are other | 5. Institution undergraduate

analysigHsieh & Shannon,

relevant beliefs about policies 2005)on documents
tests? 6. Institution Covid19 related . :
websites 3. Crosscase synthesi®. K. Yin,

2018)

RQ1.b: How do these
beliefs (RQ1.a) align with
their behavior of using 1. Qualitative interview 1

tests in their FECs? (early semester)
2. Course syllabus for a cours 1. Document analyse@owen

RQ1.c: How do these the participant taught ' Y ’

3 . . . 2009) Conventional content
beliefs (RQ1.a) align with| 3. One test used in the coursg . :

, . . analysig(Hsieh & Shannon, 2005
their behaviors of for each participant )

. A : then thematic analys{@raun &
designing and 4. Qualitative interview 2 (late

o900 : : Clarke, 2012pn the documents
administering tests in thei semester) o :
, .| 2. A priori and emergent coding the
FECs? 5. Department public website : : . .
" thematic analysis on interviews
6. Institution faculty handbook 3. Crosscase synthesi®. K. Yin

RQ2.b: How do these 7. Institution undergraduate ' 2018) y T '
relevant beliefs (RQ2.a) policies
align with their behaviors | 8. Institution Covid19 related
of designing and websites
administering tests in thei
FECs?

Table 3.1 provides the overall summary of the design including the overarching research

guestion, and then the five sudsearch questions, with respective data collection strategies,
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analysis strategies, and outcomes from answering the three reseatwnguéhe 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.

| collected and analyzed eight different data sources to answer the regszstbns.
These eight data sources am® qualitative interviews with each participant, one happening
earlier in the semester, and one later in the semgstielic institutional and departmental
documents(department public website, institution facuttgndbook, institution undergraduate
policies, and institution Covid9 related websites); apda r t i c i p at ispedficdourset r uct ¢
syllabi, andspecific sample testslt must be noted that for the institutional and departmental
documents, the inforntian obtained focused on assessments specifically. The interactions
between the different data sources become a form of triangulation to answer the research
qguestions.
3.3.1 Definition of the case

To conduct a case st udy lyrdefised and lmobundeglYm, “ case”
2018) Figure 3.1 illustrates the definition of my cases. There are several elements to this
definition. First, | employed a multiase study design by conceptualizing a case aslarndual
faculty member. Second, the multiple cases are bounded by two contexts: 1) institution and time
and 2) department. | recruited seven faculty members, who participated fully, in my study.

| selected a mulicase design because it allows a deegptoration of the phenomena
across different contexts and characterigitsK. Yin, 2018) Because this is a relatively
unexplored phenomenon in engineering education, a-cagté design, instead of a single case,
can provideamoreexpany e vi ew of instructors’ beliefs ar

different instructors and contexts. Multiple cases allow comparisons across different cases and
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contexts for whichyin (2018)c a |l | sl iac a‘trieopn of experi ments” |
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 explanains to the propositions, and at the same time, credibility to the findings

on the phenomenon.

R1 public institution
Time - Present (data collected between December 2020 and June 2021)
(larger context)
Mechanical engineering (ME) department Engineering sciences (ES) department
(context) (context)
Matt
John
Jenna
Sam
Jake
Gemma
Annie
Figure 3.1

The definition and boundary of the case for this study.

On the conceptualization of cases, there are two reasons why | selected individual
instructas as cases for my study. First, individual instructors can have different and varying
beliefs and behaviors about classroom tests.
behaviors can differ from one teacher to another, and even if they are bietilaen two
instructors, they may have a varying extent of how much their convictiongSiadtt, 2015)
Second, the SEVT model of socialization providesmaividuatlevel 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 canveadifferent 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
opportunitiedor 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). | selected ME because
mechanical engineering is one of the largest and most common engineering progkdms in
public institutionsYoder, 217)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, | selected the program
because the gartment 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 dynénmscs)akes 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 considgtire test beliefs and behaviors.

The cases are situated in the large context of an R1 publiegtantinstitution located
in the midAtlantic region at the present timeselected this institution and the present time (as
opposed to a historical refiton) because 1) the institution was one of the top ten schools that
graduate the most e n (Roy2088)and2pthisovascatcanvenientsde d e g r

as | am located in the regigHatch, 2002; Onwuegbuzie & Collins, 2007)
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Asfortimejtmust be noted that the *“ plBpgasdemid " i

and a heightened awareness of racial injustices in the United States, which have significantly and

substantially transformed higher education sq®dwreppard, 2020)'he need to curb the spread
of the virus had led to social distancing and sheftgrlace regulaons, 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 murderss®veral 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 daurse about systemic racism, power, and the unjust social structure in
this country at higher educatigHolly Jr., 2020; Long Ill, 2020)Data were collected during this
period, and these contexts were important to situate my findings as- Cbwids interwoven in
the findings and the discussions of fairness of tests from the studegtdawt 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), | conducted several forms of non
probability sampling methods. First, purposive sampling allowed me to reach out to instructors
with whom | have established personal connect{tagch, 2002; Krathwohl, 2009urposive
sampling makes sense as there is only a finite number of ME amstE&tors who teach FEC,
and they are the ones who will be able to provide ntle tlve 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 voiceth&armoritized

groups, attempting to avoid 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

t

his without

assumi

ng

one’s demographic

asking my connections whom | should ask to participate in terms of diveosisyderations.

After connecting with several instructors, | conducted snowball sampling through these

instructors(Hatch, 2002; Krathwohl, 2009Regardless of whether they agie¢e participate, |

requested some instructor recommendations from ttasacted This is because some of these

instructors may know their colleagauibetter and they may be able to appropriately gauge which

of their colleaguswould be interested in my stydin addition, it is helpful to have instructors

whom | havecontacted tesecommend or mention certain instructors who may have additional

viewpoints on the topic, such demographic that the instructors identified with that should not

be inferred fromtieir public website where information was collected for purposive sampling

and their interest in participating in a research studlymately, | successfully recruited seven

participants across the two departments, with their contexts and backgrounaietbbelow for

information to interprethefindings of my study. It mudie noted, however, that the sampling

process did not yield the diversity pérticipants | desired in terms of other demographic

backgrounds such as race. This became an impairtattion in interpreting myindings.

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 1Q/ears
Sam Associate Professor (ME) Thermodynamics More than 10 years
Heat Transfer
Gemma Assistant Professor (ME) Thermodynamics Less than 5 years
Matt Assistant Professor (ES) g)allitcljci/lechanics More than 5 years, less than 10
Jenna Instructor (ES) gfllittljci/lechanics Less than 5 years
Statics
Jake Instructor (ES) Solid Mechanics Less than 5 years
Annie Assistant Professor (ES) Dynamics More than 10 years
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3.3.3 Data collection

| collected two major types of data in the form of eight data sources to answer the
researclguestions (Table 3)1They are qualitative interviews (two data sources with Interviews
1 and 2 with the participants), and documents (six data sources wittnaepiapublic website,
institution faculty handbook, institution undergraduate policies, and institution @8widlated
websites, course syllabi, and sample tests). For the qualitative intervievesyiewed the
participants twice (Interview 1 and 2)o 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 thigdtplt, 2002)and
they are useful for the transferability of findingrale, 1994) | interviewed the seven
participants once early in the semester and once late in the semester. Both wstrisamed
interviews as | wamtd them to share whatever experiences they found salient with classroom
tests(Adams, 2015)

The original intent was to haveterview 1focuson the beliefs of classroom tesisd
Interview 2 focus on the implementations of tests. Haxgethe 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 fivergsiearch questions. While
conducting the interviews, heouraged the participants to share their reasoning behind actions
with the tests they shared and described. For Interview 2, to further understand their reasoning, |
discussed with the participants the course syllabi and one test they shared priorteyissy.
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,

| reflected and journalegromptlyto capture mymmediatethoughtson the topiand
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participants to helgituate my thoughts on the participants while | coded the interview data
(Bourke, 2014; Hatch, 2002 he interviewsvere conducted virtually, recorded, and transcribed
for further analysis using universiganctioned Zoom teleconference software. The interview
protocols (attached as Appendix A and B) were designed and guided by the conceptual
framework (Figure 2.3), meing all testrelated questions were asked based on the relevant
constructs of beliefs, behaviors, background characteristics, and perceived student outcomes. |
also included questions to initiate conversations about the documents. The language focused on
creatingopefe nded opportunities for the participant ¢
into answering a certain w@adams, 2015)
In terms of document data, | collectgédcumentsiinobtrusive datain the form of 1)
public insttutional and departmental documerits course syllabi, and 3) sample tests.
Unobtrusive data are those that document a phenomenon through materials, and not lived
experience¢Bowen, 2009; Hatch, 2002Jhe public institutional and departmental documents
were from the websites of the institution and the departments. They included the department
public website, institution faculty handbook, titgtion undergraduate policies, and institution
Covid-19 related websitesor both the course syllabi and sample tests, Wergspecific to the
participating i1nstruct orSintesdme padicipargsnweramnot engi ne
comfortable shang all of their tests, | 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. Firstplite pu
institutional and departmental documents provided important contexts and background in
analyzing and interpreting the interview, course syllabd sample tests. The public documents

were collected and analyzed prior to interviewing the particiganthe 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 | expected to collect more institutional and
departmental documents after Interview In@of the participants recommended any documents
for further collection, which means the public documents are the repertoire | analyzed for my
study.Second, the course syllabi and sample tests provided a data point to understand the
par ti ci p a nations (behamqrd) witmtests. These documents provide evidence of how
these participants created and administered their tests as these tests were past tests used in their
coursegBuehl & Beck, 2015)Findings from these documents provided a data point to
triangulate with the interview data to strengtloéaims and conclusions made in my stRy 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. Diffegetypeat
required different analysis methods, hence the first part of the section details how | analyzed the
data collected to allow a clear articulation of the process involved. Then, the second part of the
section describes how | triangulated the diffédtata 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, | read each interview
transcript several times to create participant summaries for edoh paitticipants (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 mearakimng and interpretation
process may stay true to what the partiaiis saidTaylor-Powell & Renner, 2003; Walther et

al., 2013) After the creation of participant sumnesj | conducted deductive coding while
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allowing previously unknown codes, topics, and themes to emerge throughout the process of the
first cycle codingHatch, 2002; Miles, Huberman, & Saldafia, 2014k 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 codin@liles, Huberman, & Saldana, 2014)his was an iterative process,
and the codebook was constantly revised throug{i@eCui-Gunby et al., 2011)The coding
process employed a codebook devised from the conceptual framework. After completing the
first-cycle coding, | perftmed thematic analys{®raun & Clarke, 2012)vith the coded excerpts
as the secondycle process to consolidate the codes into larger dontwafasilitate subsequent
analysesThese domains also characterized the different components that answer the research
guestionsand provided organizational structures for triangulation with document findings to
create individual case profiles. The casefipFs were then used for cresase analysi(R. K.
Yin, 2018)

For the public institutional and departmental documents, | followed stage analysis
strategy: In the first stage, | conducted conventional content analysis on the docneaemhg

that | had the documents speak” to me, Il etti
my interpretations and readings of the docum@tsseh & Shannon, 2005This process

allowed me to not impose preconceived notions while interpreting the documents|eghich

some meaningful findings from the documents, providing a medejth look at whom the

documents are written for and why they are written as such. To do this, | coded the documents
iteratively, noting points | perceived as important to answehiagdsearch questions. The

outcome of the first stage is the codes that emerged from the documents. In the second stage, |

conducted a thematic analysis with the documents to categorize the codes and provide an
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abstraction to a highdevel view of the cods(Braun & Clarke, 2012)contributing to themes

that will triangulate with the interview themes. These codes may look different acrosantiffe
documents, and | do not plan to compare them unless they are from the same program or same
instructor (case).

| also conducted conventional content analysis for the course syllabi and sample tests
shared by the participantslsien & Shannon, 2005 he process wask the one conducted for
the public documents as | 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. Ehesdes then became part of the data repertoire that |
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:-@iesetibed and 2)
documentedSeltdescribed 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 documentéite syllabi and/or samplests 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. | categdrthe behaviors as such based on the
evidence | 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, | created case suesnm@rieach participant
for preparationforcrossase synthesis. This is-bampdttant a

approach in crossase synthesis to ensure the cases are not being reduced to aggregates so that
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the wholeness and holistic features of indiial cases are not ignored in the synth@RiK.
Yin,2018) Creating case summaries essentially “re
hel ps with “compar i ngasepattes\yacroshibe $ @8, B0d8pg.ny wi t
273) To create the case summaries, | followed a$tap process. First, | triangulated themes
from the analysis of the different sources to create detailed, individual case profiles for each case
onhe participant’ s beR. Kens2018)Specificadiyhthewiofdes s on t e
follow the conceptual framework, illustrating the connections between the various constructs in
the framework. The connections among the beliefsawiebs, background characteristics, and
test student outcomes were based on my interpretations grounded in the data. This means | made
sure to respect what the participants told me during the interviews and made informed inferences
on certain connectionohexplicitly discussed by the participaift¥alther et al., 2013)These
case profiles become the repository of data for future analysis, and in my studyas®ss
synthesis. Second, | created case summaries that capture thdumldiase patterns for each
participant(R. K. Yin, 2018) These case summaries capture the essence and characteristic of the
participant on their test beliefsbaneddbehavio
analysig(R. K. Yin, 2018)within the context of the SEVT framework that guides my study.
These case summaries show the wittase characteristics that are the foundation for arass
synthesis.

The next step of the anal ysiSake08) i nspired
strategies. From Yin, | employed the cr@sse synthesis in which Yin argued the need to have a
“cabsaesed” approach where the individual <cases

comparing them with other cases, as previously explained. In tétmesvd conducted cross

case synthesi s, | foll owed Stake’s idea of al
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of the data. Essentially, | allowed the crasse comparisons to provide me with emergent
patterns. Stake specifically argued the nieedhe researcher to find their own ways of

analyzing the data, which | did by constantly interpreting the comparisons to allow patterns to
surface. The crossase findings provide the overall view of the seven participants test beliefs
and behaviors.

Thr ee different categories that characteri z
level emerged from the data by conducting citesse analysis. These categories are grounded in
the three sulbeliefs of test usage surfacing throughout the analgsasning outcomes, nen
coursecontent factors, and test disadvantages), and the varying level of convictions of these sub
beliefs for these participants. This means thelsellef comparison of these participants relative
to each other help differentiatédue 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 tes
users showed very strong learning outcomelsliefs but also showed varying degree of
convictions in terms of nenoursecontent factors and test disadvantagelselefs. The
skeptical test users, on the other hand, showed less strong beliefsimgleatmcome sub
beliefs, strong in noiwoursecontent factor subeliefs 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 ofrésearch sulquestions, which all will be
detailed in Chapter Four.

3.3.5 Research qgality
To ensure the quality of my research, | took several steps based on existing literature and

guidelines. First, | 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 reseai@Ghbis & Lincoln, 1994; Tracy,

2010) However, it is my responsibility to provide thick descriptions to facilitate the transfer
process. In doing so, | constantly identified the contexts and quotes that represent well the
themes and findings frothe 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 classts{@dertz,

1973) Chaper Four and Five contain these detailed descriptions.

Second, to promote transparency, which helps with the credibility of the findings
(Treharne & Riggs, 2015) documented the decisions made about the research process with an
audit trail(Tracy, 2010) The audit trail is @preadsheet that documented and detailed the
decisions | 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 wermade 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, | documented my personal reflections on the topics (reflexivity and posityonali
through regular personal journalifigracy, 2010; Treharne & Riggs, 2015)ournaled after
each interview, as previously described in the data collection strategies, to make sure |
documented my interpretations, thoughts, and judgments of the participants and the topics | had
after the interview. | also journaled once or twice a week when | thought deeply about the
research and the topic, or when | analyzed the data. As the researcher is part of the process of
collecting and analyzing data in qualitative research, it is impbtb be aware of my personal
stance, assumptions, and positionality on the research to ensure that | can position myself

appropriately while collecting and analyzing the d&talther et al., 2013)
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Fourth, | created participantrsumaries for all my interview participants to ensure that
my interpretations of their responses are in line with their intents (Berahard & Baillie,

2013; TaylorPowell & Renner, 2003)This is consistent witkivalther et al(2013)idea of

grounding rersetaatcihems '’ omn nttlee ppartici pants ac

with the participants responses and under st a
This helps with improving the quality of the overall research and may inspire confidehee
findings among the research communities and the engineering education communities.

Fifth, to ensure the credibility of my research, | conducted member checks by providing
an update to the participar{ieracy, 2010; Treharne & Riggs, 2015provided the participants
with their individual case profiles after | 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 thistopipgrand all of them
approved of my interpretations of their experiences. In addition, | 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 gaaig.
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 tfame ethics in two forms: procedural ethics and ethics
during implementatiogGuillemin & Gillam, 2004) For procedural ethics, | 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 dimensioftsmed consent, justice, and

beneficencéOrb et al., 2001)l 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, | made sure to protect
the participants from harm, and | constantly weighed decisiassd 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, | made sure my prhges were fair and just to the participants and
did not directly or indirectly discriminate or silence certain groups of people, particularly those
who selfidentified with minoritized groups. On ethics during implementation, | was cognizant of
possethchllgi hMport ant moment s” d(@AmericargEducdtienalr e sear ct
Research Association, 2011; Guillemin & Gillam, 20@)iring the research, no incidents that |
perceived as ethically imp@ant moments surfaced.
3.4 Summary

In this chapter, | presented the overall research design, the methodology and methods |
used to answer the research questions. The research design focused on two components of the
research questions: FEC instructor éfsliand behaviors. A pragmatic take on the case study
research methodology became the inherent research process | used for my study, with the use of
Yin s perspective for the guidelines and St ak
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. | analyzed thessodates
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 fairaessthe way the participants used,
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designed, and administered tests in their courses. After the consolidation, | crafted individual
case profiles by triangulating the themes from the different data sources based on the
consolidated topics. The case plegibecame the foundations for the croase analysis where |
allowed the patterns to emerge from the comparisons, leading to answers to all-figeesubh
guestions. Lastly, | detailed the steps | took to ensure research quality and ethical carsderat

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, | present the answers to the five research questions | 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 findingsresthad the research
guestions. | will present brief cresase 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, aregroup comparison.
42What are the instructorso beliefs about usi:i
course® (RQ1.a)How do these beliefs align with their behavior of using tests in their FECs?
(RQ1.b)

Understandi ng t hetegwsage togethepvath their behaviersof e f s o f
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
instructorddifferentiate into three test user groups after considering the fotredigis
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 thamémntal engineering
courses (FECs) based on the level of convictions of theibsliéfs: enthusiastic test user,
default test user, and skeptical test user. The foubslibf categories that ground these
groupings are: 1) Learning outcome from theipgrantperceived student perspectives, 2)
learning outcome from the instructor perspective, 3}ecmursecontent factors, and 4) test

disadvantages.
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The varying level of convictions in each of these-bahefs (Table 4.1) guided the
categorization oftte 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-betiefs while showing weak convictis on test
disadvantages or mentioning no saddief on norcoursecontent factor. This differentiated him
clearly from the other six participants as th
showed varying levels of convictions in termgtod different sukbeliefs. However, both
Gemma and Annie showed clear distinction in terms of their test disadvantalgelistb as
compared to the other four participants, emphasizing the need to use fewer tests, albeit from
different lenses (Gemma withiverse 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 shbliefs as compared to the other four participants,
differentiateo o0t h Gemma and Annie from the remaining

user group. Lastly, the remaining four parti
terms ofthesubb e | i ef s, overall s h o we d ed'tadte Strengly with t e st
learning outcome subeliefs, but also acknowledging that rooursecontent factor and test
disadvantages also influenced their test usage beliefs. However, they did not show very strong
convictions overall with test usage likeJbha, nor show very strong cor
di sadvantage | i ke Gemma and Annie. Hence, the

user group. To s u mibeaief comvetionsiedddo the difffeeemtibtipns ng s u b
among these seven paipiants, creating three test user groups that characterize their test usage

beliefs.
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All seven participants, regardless of their test beliefs, featured tests heavily in their
courses. Table 4.2 presents the overall ecase summary of test usage &@brs. There is a
clear distinction in test usage behaviors between the departments as course contexts were
di fferent for the FECs in these two departmen
This means all four participants teaching in theiregring science department had the same
total test portion percentage as these courses (statics, solid mechanics, dynamics) were fully
centralized with standardized course grade weighting. | will explain this course context in detail
i n Matt ' sulttestsser). Asdor tdeghree 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 theesdrafste 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 dependitigeosection class time. This will be
explained more in Matt’'s case. This chapter p
with an extreme case to provide readers the detailed representations of each group. The readers
will then understand the othtest beliefs and behaviors as framed based on these three test usage

belief groups.
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Table 41

Overall crosscase summary to answer RQ1.a.

perspective) sub)

students to learn
and change study

for finals and test
providesstudent

as students work

and give

students to learn
midterms help

feedback for

Test usage .

beliefs (RQ1.a) John Matt Jake Sam Jenna Gemma Annie

Test user group Enthusiastic Default Skeptical

Learning Very strong Very strong Strong . Very.St_rong Very strong Strong .

outcome S o conviction that | conviction that - Strong conviction that
. conviction that conviction that ; conviction that 2 .

perceived . tests help with | tests compel conviction that | midterms help

tests compel midterms prepare, . tests compel : o
student learning, as long| students to learn tests provide with final prep,

and patrtial

subbeliefs on
test usage

tests, student
responsibility to
not do so and
learn

student
responsibility to
learn

patternmatching
strong to addres
stress

Strong on stress
show
willingness to
use other

assessments

strong on stress,
comfortable not
using tests in
nonFECs

strong convition
on diverse
assessments in
FECs

beliefs on test . . on quizzes, students learning ... learning credits reduce
behaviors learning feedback 3y with final prep
usage homework feedback stress
Very strong
Learning Very_st_rong Very_st_rong conviction that | Strong
conviction that conviction that | Very strong 2 Very strong
outcome - S tests assess conviction that S
. Strong conviction | tests are FEC tests are conviction that | .~7.". conviction that
(instructor . ; . . individual test assesses
. that tests help witl appropriate unlike dialogue to tests assess : i test assesses
perspectivepub : : : L learning for student learnig | . .
. assessing learning project and asses| assess individua students and are . ; individual
beliefs on test A ; . teaching for teaching .
individual leaming and are | FEG-appropriate L L student learning
usage . . decisions, FEE | decisions
learning FEG-appropriate .
appropriate
Strong
Strong conviction féf\zgtion on conviction that
on convenience | Strong : Strong tests are easier | Strong
S convenience for = S e
Non-course for large class, conviction that large classes: conviction that | for grading in conviction that
content factor . strong conviction | tests are 9 ' tests are large classes, tests are easier t
X None mentioned o9 very strong )
subbeliefs on on inertia and necessary and conviction on appropriate for | very strong grade for large
test usage peerpressure as | convenient for inertia and peer large class, conviction on classs
reasons to keep | large classes ressure P unlike projects | inertia and peer
using tests E’a ologetic) pressure
polog (frustration)
- Modgra_lte Moderate Moderate Very_st_rong
Weak conviction conviction on - - conviction on
Moderate conviction on conviction on
on pattern - Moderate pattern pattern
Test . . conviction on - : pattern pattern .
. matching with : conviction on matching, . . matching, stress
disadvantage pattern matching, matching, matching, very

and students not
learning from
tests, not use
tests as much ag
possible
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Table 42

Overall crosscase summarip answeRQ1.b.

Test usage
behaviors John Matt Jake Sam Jenna Gemma Annie
(RQ1.b)
Tes'EFl;(sgeir.g)roup Enthusiastic Default Skeptical
Department Meqhanipal Engi_neering Engi_neering Mec_hani_cal Engi_neering Meqhani_cal Engi_neering
engineering science science engineering science engineering science
Have full Centralized Centralized Have full Centralized Centralized Have full
autonomy on structure of the | structure of the autonomy on structure of the | structure of the autonomy on
Autonomy on | assessments, by course, no course, no assessments, by course, no course, no assessments, bt
test usage bound by autonomy, must | autonomy, must bound by autonomy, must| autonomy, must bourd by
expectations of use tests in use tests in expectations of use tests in use tests in expectations of
multiple sections courses courses multiple sections courses courses multiple sections
Overall test

usage behavior
finding (RQ1.b)

All featured tests heavily in their FECs

Course

discussed Heat transfer Solid mechanics| Solid mechanics| Thermodynamicg Statics Thermodynamicg Dynamics
Percentage of
test portion in
student course 80 85 85 75 85 85 85
grades
(excluding
quizzes)

3 or 4, depending| 3 or 4, depending 3 or 4, depending 3 or 4,depending
Number of . . . .

; 2 on class section | on class section 2 on class section 3 on class section

midterms . . . .

time time time time
Final exam Instructor Centralized, Centralized, Instructor Centralized, Instructor Centralized,
format created common common created common created common
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421Ent husi

astic

t est

user

group:

Johnos

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 nayseamcoursecontent 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 t¢stpures 4.-a n d

test usage beliefs with themceptual framework based on the dbiefs.

Institution and department background characteristics
* Technical knowledge application as a departmental goal
* Broad autonomy on assessment decisions

4.2 il

*Denotes instructor perspective

* Exams were an assumed form of assessmeﬁ\

¥

1

Background
characteristics

Test usage sub-beliefs
on learning outcomes

Behaviors on test
usage

Learning outcome

* Tests helped John
learn

* Industry experience
on documentation

v

» Tests compels
students to learn.

* Tests can change
study behaviors.

+ Tests help with
communication.

* Tests assess student
learning for John.*

Used tests in
heat transfer course

Acquire, and not
memorize, concepts
to solve any types
of problems
Engineering
communication

4

Across time

4

| ——

1 A

Figure 41

ustr at

J o h n &kzliefs af kearning outcome with test usage (both student and instructor perspective)

as perceived by John, relevant background characteristics, learning outcome, and their

relationshipswith test usage.

Figure 41

shows

-badidf on learning aubcome 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 prohlems



“You have to show they know the process of how to solve problems, not just putting down

eguations and putting numbers in tune.

From this quot eputting dolwnmequiations and authbets indune w'a s
memorizing, which was a consistent digation for him in terms of student learning
Focusing on the first sdbelief, 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 nated 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 prdblems

Specifically, students learn while preparing for tests bydrking 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 thattests helpstudent k eep track of tdavwaytofortedher ni ng a s
students to stay up withcoursé Bot h test wusage connections to

that | ead to test usage are influenced by Joh

“I really focused on the homework and | stayed up thgttourse. So when | prepared for a test,
|l would simply do a review of what the basic
do the test, which is all the right ways to learn and do tes sArthe test made you stay up

with the course, and made you | earn the mater
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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 proféssaidition, the rachanical engineering
departmerit public websiteshowed commitment to produng graduate students who are
c apabl e positionshwkereithey utilize fundamental technical knowledge and skills in
mathematics, science, and engineering to analyze amdesolpr ob | Elmis® s eems t o
with John’s intended heat transfer couhisse | ea
connection himself.

Second, John believed that tests changed s

with some of his stdents:

“When it comes to test, ¢é it's important feedb
probably on the first test | will have maybe 20, maybe a quarter of the students who basically

flunked the test. And invariably, a number of thesegar 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 natdrning 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 dhairggudy behavior, and this is
predicated on students’ poor performances on
discussed what needed to be changed for the students, which is to move away from

memorization to learning the basic principlesolve problems while preparing for tests. John
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furthered the argument by numbarpluggpnii aget hat mme m
“high schoollearning” and this was not suitable for engi
previous beliefs)ohn’ s strong belief that tests |l ed to
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 studes¢dfon

understanding the basic principles to solve problems, implying that the eventual learning

outcome influenced his beliefs and behavior on test usage.

“lI made a drastic change from what | did in high school, | really listened to the faculty, and wh
they told me was not the case in high school. So | was really focused on understanding the basic

principles and solving problems, based on knowing those basic printiples.

According to John, some students who took on the feedback and changed thddebidor

did well in subsequent tests.

“A number of those students [underperformed in the first test] will come and | 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 hadeaamatic 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-bahef John disassed 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 enginegnmork.

“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 | have stories that | tell them from when | was working in industry
where that was the case. And | have a have a wharg Istell them about one of the guys |

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
answer he came up with was careBut he got called onto the carpet to explain his answer,

because he did not document t hat answer when

In addition, John associated high school learning habits with focusing only on providing
numerical solutions, arguing that [students]have an equatiofthey] put in numbers as soon
as[they] can for any symbol thdthey] have. And that is a bad habit. And it needs to be
broken * This is consistent with John’s beliefs t
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 experiencefanms the sukbelief 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

problemsolving steps andommunication 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 val ueé A rsbn theve [tést pdoblemis]dov cerregt numaerical 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 he wrong answers and no symbolic solutions, then they get zero. If there is symbolic

solution, then | can give you partial <credit.

These are John's three beliefs about test con
clearly align with using &s 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 il lustrated i n Fboeligfsifromthe . 2 . Ba
student perspective in general, John had a very strong conviction of tHielgfb

It must be noted that, aside from the departmental goal of knowledge application implied
from the mechanical engineering public documents and the broad autonomyssmesde
faculty has in this institution, the documents analyzed also show the prominence of tests as
assessment in the institution, which seems <co
usage. Particularly, the faculty and student handbookhaattspecific sections of language
directed toward final exams and the logistic behind scheddfitige final examswith the
assumption that all courses will have a final exam unless stated otherwise. Although there was
language that speafk policies Dr instructors who opt for not having a final exam, the existence

of sections on tests and the ysi@heduling of locations, dageand times for final exams imply
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the significant nature of final exams or tests as a form of assumed assessment in cthisses in
institution.

Aside from academic documents, the CeYipandemic documents also show the
assumed nature of testsaasassessment, providing substantial resources on how to administer
and design tests during the shift to virtual learning. Howekiergtwas also language on
recommending or encouraging instructors to use fewer tests in virtual nesd&egardless,
these sections show that the institution operated on the assumption that there would be tests in
the courses, with policy language altad 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 convi ct theanlsi gonnmeunsti nogf tJeo
test usage beliefs and behaviors align within the institution he workkdrnst be noted John
did not make such connections himself.

From the instructor’s perspective (John hi
see low much his students have learned. He explained this specifically in the context of test

changing student study behavior.

“And | specifically said, no, that is not what I'm looking for. | want to see at a higher level,
you're thinking not as a novice, bag 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 prabldohn 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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throughout the interviewehlding to the conclusion that John also had a strong conviction of the
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In terms of disadvantages, John acknowledged briefly about tests could encourage

students to pattern match.

1

Background
characteristics

Test usage sub-beliefs
on disadvantage

Behaviors on test
usage

Learning Outcome

No background
characteristics relevant

Test encouraged

Used tests in

Acquire, and not

memorize, concepts

to solve any types

t:;zsz gs::s\;adn:]aogres pattern matching ™| heat transfer course [™%|  of problems
mentioned * Engineering
communication
* A ti !
cross time
Figure 4.2

J o h n ékzliefomtest disadvantages, relevant background characteristics, learning outcome,

and their relationships with test usage (behavior).

As illustrated inFigure 42, John acknowledged that tests could encourage pattern matching, and

he did noknow how to identify whether the students have learned except by looking for specific

types of responses students provided.

“I don't

have a

way

t

o

do that

ot her

t han

wh e

you drew a diagram and you sgi a one or more control volumes and applied the energy

balance one or more times. You show the process of how to solve prbblems.

94



However, ultimately, John implied that it was

in tests.

“Like | 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 periagdhey've memorized.

| interpretedhis quote, based on the larger interview, that John placed the responsibility of
| earning onto the students when it comes to |j
with student pattern matching. Here, John explained that some studerdswemnobrize 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 testidsgsdage, and as seen from the presented
guotes, John did not seem to be overly concerned with this specHiesab Thus, John had a
weak conviction of the test disadvantage-babef.

Answering RQ1.b (test usage behavior), John showed heavy dgst inshis heat
transfer course. As shown in Figure 4.1, John
course grades, which is 80%. Each of the tests constitutes about 22% of the final course grade,
while the final exam itself is 35% itselill of these show that tests are a big part of determining
students’ course grades and | eaOnnhegrgde pr ogr ess
weighting, John explained that it wasdeveloped over the years, trial and errashowing that
he had atnomy in deciding the grades and the number of tests he gave in his caoinseslso

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 instrudtog dfermodynamic
and heat transfer courses designed their own final exams.

The above findings 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’worla thedassignment of a grade is the sole
prerogative of the instructor of the clas§ i n t h efacultyyhardbobkuimplymgittzat
faculty has control over their courses, espec
grades. Tests are part of these as a form of assessments that contribute to the grades. However, it
must be noted that John didtmoake 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
comections made by John himself, though a separate analyhis institution faculty handbook

pointed toward a similar conclusion on John’ s

John's Heat Transfer Course Grade Weighting

m Two test Quizzes and homework Final exam

Figure 4.3
Johnds heat tr ansf er weigbting Theweglttingd aedjustedslighily s e gr

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 specificaltlescribed his quizzes similarly to tests:

“Every Monday morning they have a quiz on previous week's material. Closed book, closed

notes, quiZ.

Week in a Semester Test Quiz

Quiz 1
Quiz 2
Quiz 3
Quiz 4

Test 1

Quiz 5
Quiz 6
Quiz 7
Quiz 8

O(oo ||| |f W |[—

—
=]

ot
[,

Test 2

—
(3%

Quiz 9
Quiz 10
Quiz 11

—_
(V8]

y—
N

—_
wn

—
(=2}

Quiz 12

—_
~1

Final exam

Figure 4.4
Johndéos heat transfer course test schedule. Th
protedion.

The quote on quizzes shows that John also defined his quizzes as a type of test, albeit
with a substantially | ower stake on the stude
tests. All in all, John used tests in his course by giving 18 ve#ht 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 inthe 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-aaynsen

content factor that influence his test usage during the two intervielike afi other six

participants. One possible reason is that the interviews did not ask directly what John thinks

about these topics. However, I am confident a
because John’ s tone awodhterliews expresgng this. Pagtiduladyuy r i n g
when asked whether John thinks tests ultimately help his students learn, he responded

emphat Abaloll wt el yéthere is no "otArdot lwary pgioed e r
evidence is that John impliedtlat udent s from one of his peers’

the different problems (John’s intended | earn

more on homework than tests.

“They [other instructors] count homework very heavily and that is @dngof 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, thagnl&ow to solve a few problems, but they don't

learn how to solve any problein.

Here, John expressed his skepticism of a homeWwedvy approach in FECs, arguing that

students would end up knowing how to solve several problems they had seen, but not the

di fferent types of problems by |l earning about
outcome for his heat transfer course. This qu
Considering all the evi dencandhisbhaehdviors s was a

aligned strongly with this convictiodohn 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 matchingaisn did not seem to be concerned abolt it.

addition, some background characteristics described by JoHeanthgoutcome have shown

to influence John’s test usage beliefs and be
interpretedthrogh t he publ i c documents seem to be cons
conviction on test usage in his courdeslatively to two other groups and other participants,

John showed enthusiasm with test usage, unlike the following default test user grotp, whic

justified test usage, but also extensively discusseecnarsecontent factors that influenced test

usage and test disadvantages.

4.2.2 Default testusergroup:Mat t 6s 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 externaldabtirled 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. | will
present thid fgrmdipngs dedsiamg eMatt’' s story, but
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 focu
Matt had taught for more than five years, but less than ten, in thetiostitior 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 c@assThese 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.

Morede¢ ai | s are in Matt’s test usage behavior se

Institution and department background characteristics
* Technical knowledge application as a departmental goal

* Exams are an assumed form of assessments

*Denotes instructor perspective

TN

l

Background
characteristics

Test usage sub-beliefs
on learning outcomes

Behaviors on test
usage

Learning Outcome

* Matt experienced
and learned with
tests as a student

assessment use

* Limited autonomy on

* Tests provided
feedback to student

* Tests prepared
students for future
professional exams

* Tests were

appropriate for
concept courses*
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Figure 4.5
Ma t t Gbeliefs af test connection with learning outcomes, relevant background
characteristics, learning outcome, and their relationships with test usage (behavior).

Matt espoused two diffen¢ 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, | mean all yaeaig/rteaching them is which

equation to apply to different kind of proble

dimensional they do a certain set of equations, three dimensional they have a slightly different
set. If they're asked to find nornsdtess versus shear stress, you know they need to pick out the

right equation and it's reall¥ just plugging
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This quote shows that Matt intended his students to know how to identify the correct concepts
and solve the problems to obtain numerical answdris. is also consistent, based on my
interpretations, with the overall mission and goals of the engineeligncsadepartment in

which Matt worked, whiclweret opurSue reaiworld applications through research and

innovation that enhance the quality of Jifé  amptasiZe technology transfer, engineering
fundamentals, and hands learning opportunities ”  ddition, att 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 thethiakgrofessional
engineering the exam and the foundations of engineering.éxarass 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, hopefullytfiat”

Matt had four different learning outcome soiliefs in terms of test usage beliefs. The
first two were from the students’ perspective
provided students feedback for their learning. Matt maet this multiple times, describing
tests provide feedback butalofgrthan[stullemts]tolggtmorea s an
immediate feedback on how they're progressing through the colrseHe descr i bed t e:
“another learning experienaghere they are getting feedback 6hi as Matt coul d hi
“silly mistakes t hat the students made in their tests
Moreover, Matt thought that students should use tests as a learning tool to remind #®ofselv

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 Swester. 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 rightsaedsort 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 psege and lower stakes, many students did not do homework by

themselves.

“1 think tess should be a learning tool all of the time, | think that the homework is a better
learning tool. And because it's less pressure and it's lower stakes at least fauttsis.c

But énot everyone wil/ even do the homewor k,
they're not necessarily doing it themselves. So that the test is the one thing that | know they're

doing themselves, or at least | used to when we haériso classes, | don't even kndw.

Ultimately, Matt believed that tests were the only time students worked on the problem solving
themselves until Covid9 hit when many tests became of@ok, opemote due to the shift to
virtual learning, as implied witthe inperson 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, Mat 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 b&ved 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 a¥Kell two things there, sme 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 enginéerthiings we do here in a way, is hopefully kind

of helping setthemupfr t heir experience once they gradua
do well at tet, 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 thertheigditense

then suddenly had to tak@&el 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 evalbassdl 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 ifelg 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-bub | i ef s from the i nstr uc
relation to test usage beliefs. First, Matt believed that tests were appropriate for concept courses
such as solid mechanics. Juxtaposing tests with gigyj®att 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 immediBtemphasized 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 ¢lgqaation. It's not until the

later materials courses that they get into really analyzing aweald situation, where a project

might be more appropriate. In the foundational courses, | mean maybe there is a good way to do
it and | just haven't thoughf it but yeah | 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 asse¢sestdare@ I ndi vi

really goodconvenient way that can test individual stugeéatshow you exactly how much

they've learned and whgto u Beenetalking aboutan they put into practice the skills that
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you've been trying to teach thecan we solve the types of problehia addition, Matt thought

t hat t ersuthsnorevrebust and much more individual thasking 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 el ab oroati ahddepthinesponsésefst s mptrhe studer
ar gued t hactualiyhkand of seelstudents thought process that you can't really get,

unless you're having them write reports or do some kind of proiestome kind of project

report there's noanother convenient way to see tfgttident solving processeés] | n s hor t |
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 thamicbhasst is
depth than havi ngbasadtéswip additiorg Matt also@gsaribtéddests as a

more convenient way to assess individual learning than project reports, for instance. | will

discuss more on the convenience of tests as one obtheonrsecontent factors in the next

section.

Further more, Matt boeechaace that [hd hhsid realyseet s ar e
studentéthought process and see how they work through problemdMat t compared t e
homework this time, particularlytay pe of h o me wo rfukttypehndhe ansveetandd e nt s
it's you know rightorwrong” Mat t ar g uthedonlytimathat [hepawthat sorbaf e  “
real thought process” as he had students focus on showin
problem. Essentially, Matt obtained feedback on his student learning at the individual level, as he
put away farghim]to get more immediate feedback

Matt expressed four stiteliefs on test connection with learning outcomes, and he hinted

that s background as a student influenced these beliefs, though no explicit influence was

10¢



discussed. When asked about how his personal background influences his thoughts on tests, Matt

respohdédedsufe Hef ciotnt i nued:

“It's hard to predict exactlwhat the effect was without having another me that didn't go through
thoseébut | would definitely expect that. My
tests to prove that | understand that | can do certain tasks that's how engineering has alwa

been to me. Yeah, and so | 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 engineetakeilhe professional

engineering exam and it's set up just |like t

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 experidreces to
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 colirsasst 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 strgrconviction in terms of learning outcome dadiefs.
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 asan instructor in terms of appropriateness for conbepiy courses and assessing

student learning. On the other hand, Matt also acknowledged sorm@m@@content factor
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subbeliefs in relation to his test usage (Figure 4.6) and some of the disadsatitaggjcame with

tests (Figure 4.7).

Institution and department background characteristics
* Exams are an assumed form of assessments

Background
characteristics

Sub-beliefs on non-

course-content-factors

Behaviors on test
usage

Learning Outcomes

* Matt experienced
and learned with
tests as a student

assessment use

* Limited autonomy on

Tests convenient,
quick, and could be
done regularly in
large classes
Inertia and peer
pressure influenced
test usage

Tests functioned to
assign students

Used tests in solid
mechanics courses

v

Identify correct
concepts and solve
engineering
problems to obtain
numerical answers
Prepare for
professional exams

grade

Figure 4.6
Ma t t Gbeliefs af morcoursecontent factors, relevant background characteristics, learning
outcome, and their relationships with test usage (behavior).

The first subbelief on norcourse content fast has been mentioned in learning outcome
subbeliefs: 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. Hecani nued after t al ki Mmhg beadiitavithttesisteasypu c onv er
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 dandeegularly and
provide quick feedback. These benefits tie to the large class size arguments of these service
courses. Specifically, Matt discussed the use of multiptece tests as the format for the

common final exam due to the need for a quickduwaond of grades, showing the power of tests

in terms of grading in large class sizes.



“The other reason is entirely practical that iiave 200 students and | have to gréae exams
are made the final was like 12 or 15 questions and, if | have to giattat in 48 hours it's

physically impossible to do so. | need something that | can just put through a scahtron

Here, it shows that Matt had a strong conviction on this specifibsliéf on the convenience of
tests, arguing test functionality frognading, class size, and time constraint perspectives.

The second subelief is the inertia and peer pressure that Matt raised to justify using
tests in the service cour s e s asltoiwkyeve sontihuethb me c h a
usethem|tests, part of it is probably just inertia.
evaluated in undergrad that seemed like a good way for me to keeg’'doifighi s quot e
specifically mentions inertia as a reason why tests are common in engineering claskrooms
addition, Matt raised his personal student experience as part of the inertia, showing background
characteristic influences on Mat-doursecordentl i ef s o
factor. Matt also implied peer pressure as partofthisr t i a t o c o nRightande usi n¢
then that just continues. Even if it wasn't that way for me and undergrad if | get into a
department and eight other people doing it th
probably a good reasonifdthat, so you know inertia is probably partafit 1| n t hi s quot e
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 deparaseising
tests, there must be a good reason to continue the action. This showed that Matt had a strong

conviction on this sulbelief based on these quotes about inertia and peer pressure playing a big

role in him using tests. One thing to note is thattt\lid 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 subbelief focuses on the need to assign grades to students. Matt mentioned that
h eneédE] some way of assessing the students, [he] needs some way to assign them a grade and
tests are a good way of doingthat For t his beli ef, Matt did not
that tests were a good way of assessing his students and assignasgtgrthém. The only other
participant who described this sbklief was SamLastly, both institutioal background
characteristics (limited autonomy and tests as assumed assessment) provided contexts in
under st an d i-cogsechraent beliess ambis test usage in his coursdsatt had to
use tests in his solid mechanics course, and hidsligfs on inertia and peer pressure align with
the contexts.

Overall, Matt showed strong convictions on the threelsliefs on norcoursecontent
factors inrelation 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 andréeatgaeel way to do so.
Aside from learning outcomes and Rooursecontent factors, Matt also discussed some test

disadvantage subeliefs, as illustrated in Figure 4.7.
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Figure 4.7

Ma t t Gbeliefs af test disadvantages, relevant background charstits, learning outcome,
and their relationships with test usage (behavior).

First, Matt believed that tests tehght ed st
stake environment causes students to panic, freak them out, especially for tests tla#ttheir
grade, and they basically either pass or fail, based on one test, that causes a lot of stress students
dontperfoom ” I n this quot e, Matt wastakeanmamre eftestsnd ac k
can cause students to underperfokatt addressed this by having four short tegigrt of
behaviors that will be explained nextto have each test has a slight
cour s e Tpeir grdde mastly based on the tests on the exams and so that kind of dictates
the way hat we talked about how | set the exams up with having a spread out through the
semestef'.

Second, Matt believed that tests only provide students limited time to show their
knowl edge, theyftests] dayp't necesadrily Show you everything thet fetudents]
know, especially if you're only giving them an hour to show me everything that you've learned in
Matt 1in this

this coursé€. I nst atme testsaypitally tad bnel dtgdents t h e
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might now show all their knowledge. &udition, 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, genespliyaking, 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 aboutatt 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

becaise 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, Mattbelieved 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, | tried to
create the test in such a way that they're not going to get a good grade belessderstand
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 tesadisantage, partly supported by his strong
justifications of test usage in terms of learning outcome anecaorsecontent sutbeliefs. Matt
did not express really strong language in describing these disadvantages. Generally, Matt gave

the impression thahe 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 i nto Matt tognsweeRQl.b (Table 4.2, Matieshowed iheavy
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 insructors. 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).

Matt's Solid Mechanics Course Grade Weighting

m Tests Homework/Quizzes Final Exam

Figure 4.8
The student course grade weighting for solid mechanics cthasall 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 enrmothese 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 tow the students will be graded. | don't
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really know the details of that it's been the

doing that same thing

This grade weighting shows that all instructors were expected to have tests determining
8% of their students’ grades. I nstructors had
subsequently weighting for each test, though there were suggestions based on the number of
times the course meets per week (four tests forttiagevs three tés for twoday). In addition,
i nstr uc resporsibleffa making‘the tests for their sections However , for thi
exam, it was common across all sections, meaning all students enrolled in these courses within
one semester take the same finalnexAs 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
explainedabroad 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
guestions. However, the instructors in these service courses still had autonomy in designing the
overall instructional approaches, the tests during the seestdrother assessments. The
instructors also impliedavingautonomy 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 aduliti the heavysageof 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 plcit connection from Matt.
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Week in a Semester Test

Test 1

SlelalElsisizEle|ew]o|vn|a|w|te =

Test 2
Test 3
Test 4
Final exam
Figure 4.9
Mattoés solid mechanics course test schedul e.
protection.
For Matt’'s solid mechanics cour se, Matt ha

Mattalsohad our tests that constitut ecach@é[beirfg] t he st

15% of their [students]grade, as i |l l ustrated in the simplifi:

not use quizzes as an assessment in his solid mechanics, as shownurskisytabus. This

means there were five tests in Matt’s course,
Overall, evidence from Matt that answered RQ1.a and 1.b showed Matt had alignment

between his beliefs and behaviors on test usage.adat 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 dtiefs. Compared to John, who had a very

strong conviction due to ¢hwvery strong language, Matt acknowledged-ocoursecontent

factors and disadvantages while using tests, justifying Matt as the default test user instead of the

enthusiastic user. However, Matt acknowledged theaoamsecontent factor and test

disadvarage sukbeliefs in that they strengthened their beliefs and behaviors on using tests
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(large class size, inertia, peer pressure, need to assign grades), addressed them (student stress),
and brushed them off (pattern matching and limited time for studest®t knowledge).
Bringing all these together, | interpreted
default test user group and the strong alignment between test usage beliefs and behaviors while
acknowledging nortoursecontent factorsandtes di sadvantages. This 1is
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, | think tests are as good as any of evaluatiegtstadeing what
they're learning, and you know getting feedback for myself. If there's anything | need to go back

over, | don't know that therare many other good ways of doing that, instead of a’test.

The comment shows that Matt was a default test nseaning 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 disadiages 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 thedefault 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, neooursecontent factor, and test disadvantage-kalefs, but they ended
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up being in this group because they ultimately acknowledged faitters 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 theilative 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 hagblied that there could be ways to not use tests but
did notcommittotheiela. Thi s i s especi awherghe pidtaposedtesti t h Me
with theproject, and even though he shoveegdight hint that maybe there could be a good way
to useaproject to assess his student learning, he immediately went back to affirmingetiof
tests in his statics arsblid mechanicsourses. 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 anctbnose
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 wtaaglatifor less than five
years, discussed more on from the course overall perspective instead of specific tests like Matt,
Sam, and Jenna. Jake argued ihifistudentsjunderstand those [concept$$tudents]done all
the homework anfstudents]attended the lectureqtheir] exam grade is likely to be Bs and As
alltheway ” showing that Jake | ooked at tests as p
compared to the other three participants. The main differentiator between Jake and Matt is that
Jakeshowed a stronger conviction on tests creating stress among studeetisfjand

explained that he constantly addressed his st
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being an honest dialogue between Jake and his students on learningnakéshhim have a

slightly weaker conviction relative to Matt.

“l don't want to make thigests] something stressful for youwant this to show me what you
[students]know show me the extensive your knowledge like how far have you comprehend it and

howfar youare 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 subeliefswith 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-eizunsecontent
subbeliefs (inertia and peer pressure) influence his test usagdyhdie 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 apologetioabusing 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 easons, and sounded slightly guilty for sticking with tests.



“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 | think when 1 first
started, | tried to make sure | sort of conform to what the usual or the typical ones were and
then, | guess, since then, | haven't put a put a ton of thought into it, | thought, a bunch about the,
you know some of the lab classes and the usefulness$sadrnieswhether 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 trawistieeranodynamic

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 useagiecpthat 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 ofssessment other than tests, homework, and quizzes. This is a behavioral
evidence of Sam’ s strong willingness to consi
view of using tests in his course despite equally strong justifications to use tests.

Theevidence 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, andpMedt 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 show3he 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 subeliefs that influence his test usage beliefs.

Sam's Thermodynamic Course Grade Weighting

A

®m Exams m Final Exam m Project = Homework/Quizzes

Figure 4.10
Samés thermodynami g course grade weightin
Lastly, Jenna had the weakest conviction of test usage beliefs within the strong
conviction group because of her sodliefs on test disadvantage and how she framed it. For
context, Jenna was an engineering science instructor who had taught forridasetiiaars in
the institution. She taught solid mechanics in the department. Jenna showed similarly strong
convictions as Matt, Jake, and Sam on learning outcombelidfs. Jenna also discussed her
strong conviction on test convenience for large ckasSa 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 #fundamental engineering
courses, like engineering eleds; 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 | felt more comfortable just sort of you know, tjieinghomework



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 | can't remember the exact waiting, but it was

weighted moré

She elaborated and explaid  tthe anain distinction is this is a class that's like a building

bl ock to other things. And | feel a |l ot of pr
they have what they need to undersum@mmar ttihreg sloe
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 outcombkeedietis. Jenna then continued by

juxtaposing FECs with election courses.

“Whereas with the ettive courses, those are more sort ofseiftained courses and also
they're a little upper level go the level of the students in those classes is also diféerenst of
them are interested in the topic in doing that class. They have a lot of expsaedcsort of
selflearning 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 studenasd they were interested in the topics covered in the course, she felt
more comfortable giving them projects instead of tests. Jenna also showed sirddaliefisbon
stress, putting a strong emphasis on addressing student stress in tests. She illhemsated
bel i ef by 'velagtimasgvheriam bdking out over the class taking the test and that

look a stress on everybody's face making me think that maybe | went too far yeah, so that has
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changed alittlebjt” s howi ng t h aitlerasohsestuderd strkss whertshe c o n
implemented tests in her statics course. Her behaviors, detailed later, also align with this sub
belief. Considering all of these, | placed Jenna and Sam on the same level as being the
participants with weaker convictieras 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 similartzllefs in terms of not using tests in
courses that are not fuahental engineering courses with Annie (detailed next). However, the
difference between Jenna and Annie is that Jenna had a stronger conviction of learning outcome
subbeliefs than Annie in terms of helping the students learn, while Annie believed sdsne tes
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 totgrawiéyy from tests instead of
skeptical test user, making Jenna the participant that separates between both test user groups.
4.2.3Skeptical testusergroupAnni ed6s 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 ontet@aia extent. | 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
policesastbse for statics and solid mechanics desc

had to use tests and a set grade weighting. More will de detailed after | answer RQ1.a with

Anni e’ s case, st -adidsiomlgarnnwg otittomes (Figureef.1s s u b
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Institution and department background characteristics
* Technical knowledge application as a departmental goal

* Exams are an assumed form of assessments

*Denotes instructor perspective

TN

1

Background
characteristics

Test usage sub-beliefs
on learning outcomes

Behaviors on test

Learning Outcome
usage

* Limited autonomy on

* Tests prepared
students for
common final

* Tests assessed
individual learning*

Acquire and

Used tests in understand, not

assessment use * Tests were — dynamics course == memorize, the
appropriate and concepts
easier for
foundational
courses*
4 , i
Across time

Figure 4.11
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An ni e-bediefsofuelrning 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 llgmamics 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 kinem&bcsmean | could go

t hrough

them al |l él

woul d

say boiling it down

kinetics and planner rigid body motion and kinetics.

It

mu s t

be noted

t h

at

Anni e’ s | ear plicatiantoout com

solve engineering problems, unlike her peers in my participant poellearning outcome,

however, is not entirely consistent with the departmental goal of applying knowledge. However,
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Anni e’ s tests show thattisthe tekpeeteadndept st tua
problems. Therefore, | interpreted Annie assumed conceptual application when she described her
learning outcome.

Anni e’ s | ear roeliefgfrom the studem perspeatibe focused on preparing
her students fathe dynamics common final exams, which | 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 o
f o r mauess I'm being prepared for the format of the test (common final). And that's why |
implemented multiple choice in my test duringthesemesSter | n t hi s case, Anni e
believed tests help students prepare for the final exanmwvtit 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 besawf 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.

Anni e’ s | ear rbieng edwt damen ssthke i nstructor’ s
Annie believed that tests provided her feedback on her student individual learning. Annie
speci fi cal |l ythempanhdftheaastasdo really ook atkvledge acquisition
particular knowledgé, ” showing that Annie agreed with th
whether her students acquire knowledge in her dynamic course. In addition, similarly to Matt,

Jake, and Jenna, Annie also emphasized the impordaassessing learning at the individual

level, arguing that:
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“The reason, especially in that course [dynapito 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 dwatlagpect, | think. Because

you can actually isolate an individual and see if they can do it for dynamics, | understand the

importance of tests”

Annie explained the use of tests using the argument relating to cheating. In this quote, she
specificallyds c us s ed t ibotatingl e esd ufdem t“ f r odifferentidtirejr f act o
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 indiyduahdering
student performances on homework meaningless in terms of assessing individual learning.
Furthermore, Annie continued to emphasize the need for indivithe®d assessment, arguing
that thin the teaméyou [ st usdtandtherg'sameedte,foa f ound
example, check your work or something so you're supposed to be able to bring to the table
certainlevel © strengthening the need for individual
many engineers work in teams.

Second, Anie believed that tests were appropriate for foundational courses. To her,
“dynamics is really foundational, so | understand havingtestre and making sure students
are understandingtheconteht Thi s means that Anni endatermloci at e
courses with tests used as an assessment to make sure students understand the materials. This is

especial ly i mpor t an alsokindrofthe foundation that it ptoyideafori cs 1 s
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other courses, you need some sort of test or youswred sort of assessment, | gueds s howi ng
that service courses set these students up for future success in advanced engineering courses, and
tests can fill the role in asssemesonteont. Howeve
assessment” i mp L sha nnght be thirking some noest 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 testere easier to use due to the nature of the
foundati onal coursetéentnehbt Aamasierthaugkt m$
in engineering, where it is a lot of mathematical equations and going through kind of where
there is a single, déct answer so it's a lot easierto dowithatet Thi s presents a
where these service courses focused on getting students to acquire these concepts and solve
mathematical equations with these concepts that lead to direct single answestaneite
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 satiefub
terms of helping her studentAnnie also showed very strong convictions that the tests help her
as an instructor to see her students’ individ
tests were appropriate for fundamental engineering courses like dynamics because of the
conceptheavy nature. These are the learning outcomébslibfs Annie discussed as part of her
test usage beliefs. Moving forward, Annie also extensively discussed hbelsefis on non
coursecontent factors in relation to her test usage (Figure 4.12)eahdisadvantages (Figure

4.13).
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Institution and department background characteristics

* Exams are an assumed form of assessments

v

Background
characteristics

Sub-beliefs on non-
course-content-factors

Behaviors on test
usage

Learning Outcome

No background
characteristics relevant
to test connection to
non-course-content
factors were discussed
nor mentioned

Tests were easier for
large class size

Used tests in
dynamic course

Acquire and
understand, not
memorize, the
concepts

Figure 4.12

An ni e-bediefsofindrcoursecontent factors, relevant background characteristics, learning

outcome, and their relationships with test usage (behavior).

Annie expressed a stielief that testsvere easier to use as an assessment in a large

classroom. Annie mentioned in multiple instances that the large class size of the service courses

i ke

dynamics

justifies

t for the fausdatiomalf coutsesands .

AcCcC

high volume, ke high enroliment courses | would definitely agree with,tHat whatt hb &i n g

foundational courses as the main reason why tests are used in her dynamics course. Annie

voluntarily raised high enroliment/large class size while justifying the use ofridsts

dynami cs

particularly with our enroliments here @hstitution] like the size of our campus | understand

cour se. I n

a d d iit's a lat easier # donwiithea testlarsd o

why people tend to go to tesbecause it is a lot sger in terms of grading and managing be the

assessment part”

sizes in terms of grading and assessment management, and she argued that it might be a reason
why many instructorgravitate toward tests in the service @as. Although there is no strong

support,| suggest thathe assumed nature of tests in this institution exlainthis sub-belief,

Thi s

means
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considering the institution being a comprehensive university that elagenumber of
students every yedrinterpreted Annie had a strong conviction in general on the large class size
subbelief as she expressed the importance of easier grading in large enroliment courses like

dynamics in his institution with firm language iastribing this sutbelief.

TN\

v

1

Background
characteristics

Sub-beliefs on test
disadvantages

Behaviors on test
usage

Learning Outcome

* Annie prepared last
minute for tests and
did not think she
learned from tests

* Annie pattern
matched when she
tried to pass tests

* Annie experienced
stress as a student
with tests

Tests did not help
students learn
Tests encouraged
pattern matching
Tests were part of a
grading system that
causes pressure to
students

Used tests in
dynamic course

Acquire and
understand, not
memorize, the
concepts

Figure 4.13

An ni e-beliefsofuest disadvantages, relevant background characteristics, learning

outcome, and their relationships with test usage (behavior).

Annie discussed extensively that eventually her test disadvantadgrelsefls that led to
my interpretations of her very strong convictions of thisselef, illustrated in Figure 4.13.
First, Annie“ di dndét] think the t eosste hoeul tpc otnneesme i[ts thuedl e

understand if they achieve those outcafnesl n s hort, Annie did not be
helped her students learn about dynamics concepts. She argued that students tended not to start
preparing for exams until the nighéfore, leading to cramming or massing of materials, which

was not helpful in learning:



“l 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 semestel gaalsee that, but | 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 | can't even tell you | mean, | know | did it definitely guilty of it

Another important takeaway fromhi s quote i s that this belief
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 conflictinglsub| i ef s wi t hi n Anni
usage beliefs. Previously, | described Anni e’
student individual learning. However, Annie then explained gheat believe tests help her
students learn because many of them crammed and forgot with tests, raising the question of
whet her Annie was seeing her students’ l ear ni
in the default test user group (Seafso 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 fiefrgettin
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 | don't have control ovigie 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.sttuggle

There are several impgant 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 mémorithe
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. Thisisoneofthkemmy si gns t hat show
strong convictions on test disadvantage, and subsequently, disapproval of tests in general, which
| will discuss more in the next section. It must be noted that Annie also admitted to pattern
matching when she was a student me nt i o ni n guiltyohittda Shehcentinued shat “
“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 abletotellybu Thi s s hoaws t hat
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 tatudents pattern matching is] always going to be an
issue andHat is just because of how high stakes the tests are, they [students] just kind of crunch
through all the problem$ 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 an



idea that because tests are part of the larger grading and college systemsociety with

money tied to it, there is a large amount of pressure on the students to perform well:

“1 think the issue is just always going to be at least societal issues and | have no suggestions on
how to fix this, but there is such an enormansunt 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 perfor m [pattech mdtchingigeingltodé thelcasefar t h a't
a lot of studerdt so until there is that that high amount of pressure off the student like that

pressure not that that much for the grdde

Annie specifically continued with these issues while responding to the questions on pattern
matching among students in tests. Femnthore, 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 makesmuch more where cause, | 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 | was an undergrad student and just kind of that. |

think that's the part | thinkbout 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 havipgetiens be clearer. |
interpreted this as Annie implying that tests could cause anxiety among students unless tests
were weltdesigned. In terms of test disadvantageIselef, Annie clearly showed a very strong
conviction in terms of her teslisadvanhage sukbeliefs as she repeatedly used firm language to
explain these subeliefs.

Looking at Annie’s test usage behaviors (R
dynamics course mainly because dynamics was a service course managed simildidg ensta
solid mechanics, as discussed in Matt’'s case

the standard across all dynamics course (Figure 4.14).

Annie's Dynamics Course Grade Weighting

m Tests Homework/Quizzes Final Exam

Figure 4.14
The student course grade weightinggithe Anni ed
same as those shown for statics and solid mechanics in Figure 4.8.

As shown, tests, excluding quizzes, consti
which was a significant majority. Like Matt, Annie split the 60% test weighting withtésis
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 mentiorthis. Interestingly, even though Annie hadzzes 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 mechanicsThis also meanthat the instructors of dynamics courses seemingly had limited
autonomy similar to Matt and other statics aotid mechanicsourse instructors (Figureg).
To refresh, the autonomy misalignment with the faculty handbook happened with test usage,
course grade weightingand 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 Anni eencourdgingistudenteat i on
to pattern match because she did not have any control over the design of the test, forming part of
the subbelief on pattern matching.

Overall, Annie showed that she was a skeptical test user represented the group accurately.
A n n ibehawors of test usage also aligned with some of hebslidfs generally, even though
her very strong convictions on test disadvantagesoelibfs may have affected such alignment.
However, she did frame test usage only on fundamental courses likaidgraand 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 mséiction multinstructor in aparticular semester, but

for all my other classes, no, | really dohtwhen Annie responded to why she used tests in her

courses.
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“l don't use testthat often unless | really have to. But | don't know who else in my department

feel the same wagboutthat’ —~wh en Anni e responded to how she

thoughts on tests.

“That s why | gravitated away —-whemmAmietwasst s and

discussing the grading systems that rely heavily on tests.

She also preséed 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 gradeheshow
strong conviction on the netoursecontent factorsub el i ef . The defining
usage beliefs is her very strong conviction on test disadvantageebiefs as she explained
various disadvantages tests brought. Particularly, dtebslief that tests did not encourage her
student to learn (cram and forget) led to a conflict with her learning outcorteeBabon tests
helping her assess individual student learning. This raises the question of whether Annie was
seeing her studengdrning from tests. Annie also agreed that tests werereled in
engineering education, as evidenced in her agreement with my statement that there was an

overreliance on tests in:

“Kai Jun Chewl do think they [tests] have roles to play in the edisrabut at the same time,

my argument is while we kind of over relying on it [test], but you know that that's where | am.

Annie: | would agree with that yedh.
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Another piece of evidence shone through a hypothetical situation in which Annie was
asked abauwhat changes she would make to the fixed grade weighting of the dynamics course.
She r es ponwoaldtake poasibly someweight off the tests and put it towards
homework assignments or quizzés | n addition, Annin¢ wkibteught tFh
good final exams. To giva persof context that final exam average across all the sections
[was] typically 5Q..out of 100 and thatsagoodyeaf Addi ng on Anni e’ s exp
frustration with the lack of control on the final exam in a previause, these show that she
would prefer to have fewer tests or betiesigned tests to help with her understanding of her
student s’ l earning. All these el ements differ
default test user group as Annie egjily expressed her skepticism where she stood on tests in
her courses, along with her weaker conviction on learning outcordesdiefs and strong
language to gravitate away from tests as the default assessments when possible. In addition,

Anni e’ stonedureng the interviews also implied strong disapproval of tests.
4.2.3.1Comparing participants within skeptical test usergroup
Gemma’' s test usage beliefs showed skeptici
different reasonings. Gemma, a mechahengineering assistant professor who had taught for
less than five years, had similarly strong convictions on learning outcorrieeiets as Annie.
Gemma also discussed her saddief 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 disadvantdggisig). Gemma

argued that because every classroom had students with different skills, assestraetitan

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 | have two bachelor's degrees | got a study physics and nuclear engineering
and | have completely different experience in

common to fail, like 30%, 40% of the class, and it was only basdteaxam was pretty tough.

When | went to engineering departmentél had d
projects, so |I was much more motivated in eng
personal motivation when | was evaluated ingdiffent ways. | started doin

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 | didn't have
great grades irphysics, because of this evaluation system. At the moment that changed a little
bit, | was one of the top students in the class, because | was getting the quizzes, | was doing

projects, like presentations, lab. | 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 implieabgher,

mentioned later after she said the following quote.

“The problem is, as | 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 | 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 assa#s 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 barrer 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 repaéisercase,
understanding how the participants’ test wusag
of the participants within the groups, | will detail how the participants implemented their tests in
terms of design and administrations. Thesplementations (behaviors) are discussed in relation
to alignment with the test usage doliefs described in this section: learning outcome; non
coursecontent factors, and test disadvantages.

4.3 How do these beliefs align with their behaviors @ésigning and administering tests in
their FECs?(RQ1.c)

The participants’ -belefshaveswangochave aignmenfwsth and s
their test behaviors. To answer RQL1.c, | tabulated comparable and essential behaviors among the
seven participats 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 (tperson, virtual, opebook, opemote, closeddook, closeehate,
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grading). | also made note of the alignment between these behaviors with the test usage sub
beliefs. It must be noted that | did not include behaviors that only one or two participants
mentioned or discussed, though this did not mean they were natampdnstead, | 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, | have
presented some of these behaviors.

Table43 shows that the participants behavior
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, usedtaahgeestions
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, Jikeliiéblank or
partially completed solution questions, to @msstudents know about the concepts and
applications of the concepts. Jenna used conceptual questions in quizzes instead in the tests, and
Annie include multiplechoice questions in her tests to prepare her students for the common
final. As for the diffialty of the questions, some patrticipants 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 tergstu
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 usagelsib
revolve around grades. Most of the participants discussed the need for partial credits to show

students what they have learned from their test performances. Joimsidoce, used partial

credits to encourage his students to produce symbolic solutions instead of focusing on getting the



final numerical answers, which will be explained in the next section. Sam, on the other hand,
connected partial credits more withttésrness, 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.
Johnpresented 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 clogeubk/note because he didt 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 @ik other six participants.

Following John, Matt, and Annie as the representative cases, | 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 spetdithese cases in particular and were not mentioned by
other participants. To view the behaviors of participants | did not detail in this chapter, please
refer to Appendix A for their case summaries.
4.31J o h n 6 design arsl administration behaviors wWth respect to his test usage sub
beliefs

Table 4.1 presents John’s behaviors in ter
implemented tests) that align with the beliefs on test connections with learning outcomes as
previously detailed.

Interms dthesubb el i ef of tests being able to chang¢
acted on this belief through several behaviors. Fordestribed behaviors, he explained that his

grading scheme rewarded students that show improved test performanes®iiyng the test
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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 exams Than 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 | have a
whole system to forgive, If you do poorly on one test,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 | earned any
learned something owtf course and turn things around for themAnd 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 stldenrit to make

sure they get at least an A or B, in the colrse

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 attaienithedn

learning outcomes.



Table 4.3

Overall crosscase summary to answer RQL1.c.

Test design and
administration

. John Matt Jake Sam Jenna Gemma Annie
behaviors
(RQl.c)
Test user group o .
(RQ1.a) Enthusiastic Default Skeptical
Workout Used to see and| Used to see Used workout Used to see and| Used to seand | Used to see and
uestions help with student] student problem | questions and help with student] help with student| help with student Used both and
g learning solving process | other different | learning learning learning multiple-choice
. . .| types of Used compel . guestions to
Conceptual ;i?jz:t)sr Seeng Eédezolta%r;t]cii:]g' guestions, like | deeper thinking Il(Jaf:(taljjr:S Sifztg(ras ;Js:[e(tfzr eszer?”t]gs prepare students
| questions understandin werepiven fill in the blanks, | and discourage not on tgsts ’ understandin for common final
.% 9 9 based on course{ pattern matching g
8 .
a Should be Did not make . Challenging Created Created
: : Created slightly | questions but guestions related . .
simpler than guestions - guestions that Created different
- e . more difficult made sure to not| to homework )
Difficulty of | homework difficult with . ; ) focus on guestions than
! guestions than | make the tests | questions with a
guestions because of the | change to open . concepts, not homework
o ; ; homework too long (related | bit more , :
limited time for | book/note, tied ; . . mathematical guestions
: questions to the fainess of | difficulty, not . .
tests to cheating Lo " manipulations
completiontime)| “ cur vebad
Partial Used to focus on Used_ to highlight Used_ to highlight Used to make Used_ to highlight Did not Used_ tohighlight
. symbolic learning to learning to ' learning to . . learning to
credits . tests fair mention/discuss
solutions students students students students
T . Split 60% test Split 60% test Split 45% est Split 60% test Made final exam
c est setup in Dropped lowest | . ; ; . )
S . into four into four into four into four optional for the :
.2 | relation to test score to . : . . . Nothing relevant
= midterms to midterms to midterms to midterms to semester with the .
= | the course | reward .| discussed
0 . make them lower make them lower make them lowerl make them lower sudden pandemi
= | grade improvement o
£ stakes stakes stakes stakes transition
% Administered
<
Authorized ﬁlootséet% book/
resources discourage Authorized resources solely aligned with saddiefs on test cheating (Please refer to Section 4.5)
during tests 9
students from
pattern matching
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Table 4.4

Johnds behavi or s al comnectiomsiwithHearhingeutcbneet.i ef s on t e

Sub-belief Behavior

Tests changed study behavior to achieve outco| Self-described

1 Rewarded students with improved test performances
removing tests with the lower score to show one can
recover from one bad teshd adjusting scores to refleg
student’s growth

1 Encouraged students to work on low stake assignme
(homework, quizzes) like how they would work in tes

Documented

Set expectations that symbolic solutions should be part
the tesipreparation for workout questions

Tests compelled students to learn to achieve Self-described

learning outcomes through test prep and trackin § Encouraged students to work on low stake assignme
(homework, quizzes) like how they would work in tesf

Documented

1 Included workout questions in tests

9 Included conceptual questions in tests

1 Spread tests across the semester

1 Did closedbookFnote tests, not using opéok to
discourage students from spending time searching fq
similar problems (learning antbt memaorizing)

Tests helped students learn about engineering | Documented

communication. 9 Used partial credits to focus on the student process
shown with symbolic solutions on workout questions
(not purely based on the final numerical answers)

1 Set expectabins that symbolic solutions should be par
of the test preparation

Test assessed student learning for John Documented

9 Included workout questions in tests (learning)

1 Included conceptual questions in tests (learning)

1 Should be simpler than homework becaofthe 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 t&%that a lot of them do is to look at my notes and
solve a bunch of the homewagnioblems. And that can be useful if they do it the same way it
would beforatest Thi s pertains to changing study behe:e

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 balaran you solve the problem? And can you do it

in 20 minutes because that's what | 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, wheer 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 | have them do homework, but I've \gry rare
collected. What | do instead is every Monday morning they have a quiz on previous week's

material. Got it. Closed book, closed notes, guiz

To address this, John gave quizzes (another form of test, though with relatively lower stakes) to

make sure stients are learning and see whether the students are changing their study behaviors

while ultimately preparing for tests.
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Heat Transfer Problem Solutions

Procedures for Homework, Quiz, and Test Problem Solutions

1) Model the system and draw a diagram of the system, labelling the diagram with the
symbols used in your solution.

2) Draw an appropriate control volume and apply an energy balance with the
corresponding assumptions and/or approximations using the variables as labeled on
your diagram. This will necessarily include all|of the heat transfer vectors identified in the
problem.

3) Apply any additional fundamental laws that you consider necessary to solve the problem
in terms of the variables as labeled on your diagram.

4) Carry through the analysis using algebraic symbols to obtain the appropriate algebraic
answers using mathematical symbols. Your algebraic solutions should usually be of the
form q = ..., i.e., the variable you solved for should be by itself on the left side of the
equation.

5) Then substitute numerical values with units into the right side of the equation and
indicate the final answer with appropriate sign and units. Check that the units properly
cancel.

6) If a computer is used in the solution process, be sure that a copy of the program is
included with your solution in addition to the items above.

7) Add comments and, if appropriate, draw conclusions from your solution.

Figure 4.15
Johnds handout for students to set expectatio
solving questions in his acse.

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. Dilmanigterview, John mentioned
that this handout was important to set expectations for his students in terms of answering the
guestions, and by proxy, how students received credits for their work. John specifically
explained that this is to encourage Higdents to change their study behaviors, again invoking
the “"high school |l earning” that did not invol

4 in Figure 4.15.
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“First day of class, | have a handout [FiguréWspecifically that lactually 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 thiead habits of high school...And high school, if you have an
eguation 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. o

This is part of the larger behavior that John demonstraltde using tests to change his
students’ study behavior, focusing on getting
(understanding the concepts and applying them), and to use homework and quizzes to prepare for
tests.

For the belief that s&#s compel students to learn and attain the learning outcaonarg
and not memorize, concepts to solve any types of probldwmisn also associated the self
described behavior of encouragement of his students to use homework and test to prepare for

teds as an action that aligns with this belief, as described previously.

“And | will go through, okay, this is how you apply an energy balance and conduction and | will
do that on several different levels. And then | will do the same thing with heat tmenaw

do you do this? And so | go through it with them and fill in the slides. They have the slides and so
they can fill it in. And | tell him, you need to go home and then do this yourself so that you learn
the basic principl efwhatyowrnéel to beable te leaannYoleneed tohd e
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 prohlems
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In this case, John showed his students whatrkeged 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 ofitem 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 thre 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. | 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 questi ons derstanding sf the corxcdps.Int o gau
this case, | interpreted conceptual questions as different from the typical engineering workout
guestions.

John’s conceptual questions focused on ass
concepts by having them think@ut 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 remaisargehe
after the concept equations were used to model a specific situation. The example shared asked

the students whether the specific heat and density of aisniie material experienced a
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sudden surface temperature increase. In addition, John hstddesits sketch a graph of the
relationship between the thermal resistance of the material and the time.

John included conceptual ¢ghestsdenisoeallyi n hi s e
understand the basicconcepts | n t hi s ¢ as dethetnmalgesistamcseiof@ concep
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 Founidat (NSF) grant that provided handa workshops, and
John wanted t o s erealywpickeup from the wWorkshops, partiduéamyt s  “
emphasizing concepts. John al so imenmst i[chnesd towent c‘oncept qu
rather than fromthe conceptinventory” s howi ng that John was comfo
including conceptual questions in his tests.

On the other hand, I defined John’s probl e
because all my participants had questions of the seatuee in all their sample tests. In this case,
| 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 andolving. 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 istb#sedoding
of all my participants’ sample tests.

John’' s -sporlovbilnegm questions all fit these char
a context for about forty fins undergoing heat transfer with the surrounding was described.
Dimensions of eachin 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 corgdwudtiiae fin,

and ignoring radiation. In addition, John provided the students the illustration of one fine with

the reference frame (origin and th@xis) given. John had three sqbestions for this problem,

asking the students to obtain the fin effiag, total convective heat transfer, and the temperature

gradient. AlIIl other “work out” problems had t
While discussing probleraolving questions with conceptual questions, it must be noted

that having conceptual questsim 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 andrattehavi o
more on this with Matt’s case. Ultimately, Jo
assess his students’ wunderstanding of heat tr

workout questions because he wanted his students tohearto apply those concepts to solve
problems. It must also be noted that the inclusion of both prokdeimg/workout and
conceptual questions are implied to align with thelselef that tests could assess student
learning for John.
Third, John administered his tests closembk/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 s fromdhigh stheohleamningpr s by
(memorization and plugging in numbers with test questions) to cdkegélearning

(understanding the concepts to be able to use them to solve different problems), which is the
learning outcome John intended for his studengtin. John described his story in that he had

done operbook, opemote tests before, but that ended up counterproductive from his

perspective:



“Originally, | did open book open notes, and to tell you the truth, the students performed not as

well open bok 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 thelp@bms € | want t o s
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 coricepts

Heat Transfer — Test 1 — Closed Book, Closed notes

Name:
Pledge:

Only the front side of the pages will be graded. Add sheets if needed and place behind that
problem.

Figure 416

Top of the first page tmdandwotdinghave leenmpdifiedtad e st .
prevent reidentification.

I n this case, John compar ed 4voolsandctosedoekn t s’ per
tests and described that his students did better in clusadtests 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 sam
the test would be closed book, closed note.

Another sukbeliefr el at es to John’s perspective that
engineering communication, and John exhibited two documented behaviors. The first behavior,
providing a handout that set expectations on student test responses, had shown upvrotie pr
subbelief of test changing student behaviors. As shown in Figure 4.5, John expected his students

to have all the steps included in their test
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engineering communication required detailed stepiead of just the final answer, as described
previously.

The second behavior showed John’s use of p
al | their work. John ha spoistpontherd for coardcinymemcalp | ai n
values, ad 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 solutonsh en t hey get
there [were] symbolic solutions, then [he cou
partial credit si mplnghortf, Johin associbted partial credits withu mb e r s .
symbolic solutions, and this specificeac d ot e i s rel ated to John’' s pe¢
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 w
usng tests through partial credits to have his students learn about engineering communication.
John’s expectation handout in Figure 4.5 supp
tests and engineering communication.

The last sukbelief on testassessing student learning had another behavior, which was
one with the difficulty of geheealByftse testproblemswadlpeci f
be easier than a lot of the homework problems, but[dtagients]do have the time
constraine” i mplying that his test questions were
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 oexpéidit
connections between his sbbliefs 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



experiences of using tests, such as the course grade weigimitegpiet that his test usage
beliefs and behaviors have been shaped substantially by his long teaching experiences.
432Mat testdesign and administration behaviors with respect to his test usage sub
beliefs

Table 4.5 presents the test desagial administration behaviors that Matt exhibited or
described along with the beliefs on test connections with learning outcomes acounea
content factors, and test disadvantages.

For the three learningutcome sulbeliefs (instructor perspective: testere appropriate

for concept courses, test assessed individual learning; stpelespective: tests prepared

students for the future professional exam),

problemsolving process. He also used workout questito take notice of mistake patterns that
his students made so that he could provide feedback for his students, which isdesaéied
behavior aligning with this belief. Matt professed that he preferred the typical engineering

problemsolving/workait questions to conceptual questions:

“l 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 walyat we could do this sort of thing, which is to have like conceptual
guestions or true and false questions or sort of fill in the blank in the sentence that sort of thing,
which does demonstrate understanding, but | think what | want to see that stuzdtedtsis

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 carvprio you that it's not going to fall down the
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Table 4.5
Matt s behavi or s -btlibfsaon leaning a@uicomesi Aodursdcdntent s u b

factors, and test disadvantages.

Sub-belief | Behavior
Learning outcome subbeliefs
1 Tests wera@ppropriate for concept courses Self-described
1 Tests assessed individual student learning 1 Used student test performance to inform student
1 Tests prepared students for future professional|  of their mistakes and give feedback
exams

Documented
1 Used workout questions to see students solving
process and make sure students did not make
simple or silly mistakes in the process,
1 Did not use nor prefer conceptual questions
1 Tests provided feedback to students for their | Self-described
learning. 1 Use partial credits in test grading
1 Spend substantial time grading to give students
quality feedback
Non-coursecontent factor subbeliefs
1 Tests were convenient, quick, and could be doi Documented
regularly in large classes Continued using the common final exam with the
multiple-choice format under the centralized structu
of service courses
{ Inertia and peer pressure influenced test usagg No relevant behaviors were described nor
{ Tests functioned to assign students grade doaumented.
Test disadvantage sukbeliefs
1 Tests could create stress among students, whi¢ Documented
can lead to underperformance. Split tests for the fixed 60% grade weight to make
them relatively lower stakes
1 Tests provided only limited time to shd@arning,| Self-described
and encouraged pattern matching Created questions that students have not seen exa
or previously or were different, so that students coy
identify the concepts (the most important part, not j
solving the equations)
{1 Students tended to maximize scores instead of Self-described
learning Created tests that “tri
maximizing scores

first time, someone steps on it right, and that they can do that accurately and | want to be able to
pick outsmall 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 thatgiigynlittle things that | can see

that they know what they're doingéBut | al so
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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 actuallyrdy 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 righit

In this quote, Matt discussed twoipts. First, Matt explained that problesolving or workout
guestions 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 se whether his students could apply those concepts, solve, and get the final solution in
addition to understanding them. Second, Matt said that because pisdiieny questions

required his students to show t Istekesisuavasr k, Mat

those that were considered silly and smal |
explained that both reasons were important because there was potential that mistakes could lead
to an impact on the society, as implied by &malogy 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 @as useful for engineers in general

It must be noted that Matt’'s workout quest
problemsolving questions, which are 1) the contexts of the problem with variables and numbers
attached to these variables, 2) illusta of the contexts, and 3) expectations of systematic
mat hemati cal equations expected, supporting m

problems in my data set. I n one example of Ma

course, there wasrayid 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 twerabds, 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
guestion characteristics that emerged frondtleec u ment anal ysi s and shows
guestions 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 similavor kout questions, consistent with
these types of questions over conceptual questions due to the learning outcomesswlvioigm
guestions served.
Matt also justified using workout questions based on the professional bisastgdents
mi ght take i n the fthistsartiofeuestibhdormat issvhat they [stnderds] t h a t
will see if they take the professional engineering the exam and the foundations of engineering
exam | guess that one comes first, becauseyf 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-gpoblhgm
guestions, antdaving his students work on these tests can help prepare them for taking these
exams in the future.
On another learning outcome shlief from the student perspective, Matt also believed
that tests provided feedback to students for their learning, atelsieetbed two behaviors that
align with this belief. One, Matt rewarded students with partial credits for their steps and answers
in problemsolving problems, and Matt explained this was a form of learning feedback. He had

“them [students] show their wodhd 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 feedbackonfthi s qgthat e s h o\
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:

“Evenfor each class it can take a couple days, so you know if | have three classes, it might be a
week where | do nothing else, but I still think that's time well spent. You know where | can see
what the students are learning and what they're not learning. tBera 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 undersinding how his students were learning.

On noncourse content factor stiieliefs, 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 dadt have a choice in administering the common final, as
previously explained, he justified temwelyuse of
practical that if [he had] 200 students and | have to grade, the final was like 12 or 15 questions
and, if | [had] to grade all that in 48 hours it's physically impossible to do so. | need[ed]
something that | can just put through ascantton Thi s quote shows that Me
common final based on the convenience and quickness in tunoumgdsfinal grades as grading

of the multiplechoice final could be automated with the scantron.
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On test disadvantage sbiliefs, | mentioned briefly that Matt addressed these
disadvantages with some actions. These actions align with the idea of Maititcw 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 irr@athich 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 f owd% [toersetgrades]@mes ci f i c
from these midtens, so if | 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.fital The wor d
“significant i mpl i es that Matt made amwadspliotot t o mak
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 héisréadtdto

make sure students would not be able to pattern match:

“1 guess that [pattern matching] could potentially happen, | [did] try to pick questions that they
[students] at least haven't seen that exact question before. You know the pictueelitileks

di fferent or something so they”re having toéi

Matt specifically picked questions that looked different than those that the students had seen

prior. He talked about questions with different pictures so that studehte ti@nk about correct

concepts to solve the questions to address st
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Lastly, Matt admitted that students tended to focus on maximizing scores with tests
instead of | earning. To atrikdto @eate thd tésiirssuchdeay t me
that they're [students] not going to get a good grade unless they understand the maderial.
el ab or athegkdnd of maylbe tritk themselves into actually learning, they think they just
trying to learn how to pagke test, but in doing that they're actually learning the concepts
right” Essentially, for Matt, he created tests w
students might not have realized it. Overall, these test design and administration Behavior
explained here align wit ibelidvsaas He mentiomea thgse actionst h e
whil e explaining or implying his test usage b
teaching experience, he seemed to have shown that hisagetheliefs 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 considether assessments in these courses.
4.3.2.1 Comparingthe behaviors among participants withinthe default test usergroup

Among the strong conviction group, the participants show similar behaviors in some of
the design and administration behaviors, bfiecgnt in others. In terms of problem
solving/workout questions, both Sam and Jenna hinted that they used the psolvieign
guestions to help with student learning, since Sam discussed heavily how tests help his students
learn how to apply basic thermpthmic concepts to solve different problems, as explained in

the following quote.

Aéwhat makes a good test to be is one that's

to tell the students | i ke it's angihafgwclasegs t o b
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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 gyegoing out here's the energy balance, | know this

and then he |l ooks I|like, okay, I actually can

concepts |l i ke you can solve anythingé

Jenna also hinted the same, discussing that tests, and by exteodiont questions, are

appropriate because engineering was a proisieing 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 patterehira among his students. Jenna did not use

conceptual questions in her tests. Instead, she used themsiskanguizzes after the lectures to

see whether her students have learned.

“I do very low stakes quizzes based on the lectarekso after everlecture the next lecture
day they'll have a short like conceptual quiz but it's very it's | call it a participation grade and it's

worth like five grcent”

Jake, on the other hand, discussed that he used different types of questions to create new types of
guestions so that his students did not have o

writing a new test with every new administration.

“1 know trat 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



homework problems, their exams, or even go online and search a prstakement and find
something very similar. And so | do go to likes to make sure | make my own problems, | asked
unigue questions and more so for these workout style problem answers that add that I've been
using | like to include different prompts not merestart from zero and solve the problem yeah

but I'll use things where | complete it halfway and | say what did | do wrong.

Comparing these to Matt, Matt had a clearer justification on why he preferred workout questions,
but Matt did not discuss muchhw he did not prefer conceptual questions other than
“[conceptual questionsgre not necessarily bad that's just not how | do exams
Looking at the difficulty of test questions, Sam, Jenna, and Jake explained that test
guestions should be slightly haradermore 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 harderahn y our homewor ké. they shou
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 futther

Sam also sharesimilar 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 difficaity wh
discussing switching to open book/note tests during the €®/pandemic and had more

connections to cheating than test usagetsliefs.
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In terms of partial credits as part of test administration in the form of grading, all four of
them discussed ¢hneed 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 wante#ecsora
students learn about the problaswlving process, and partial credits are the way to highlight her

student learning on that.

“What | want them to do is then when they encounter that topic again they can they know enough
that they can sort of piakp their textbook go back to their notes and sort of relearn it on their
own, so when | test when | grade things | focus much more on the process, and that is mainly

what | base th"e partial credit oné

Sam, on the other hand, discussed more in termsroéés, which | 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 studeltts. 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 henhad 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. Jote,teentioned

both discouraging pattern matching and cheating while discussing his way of administering tests.



43.3A n n itestiasign and administration behaviors with respect to her test usage sub
beliefs

Table 4.6 presents the behaviors that Anrtaleted or described along with the sub
beliefs on test connections with learning outcomes anetonarsecontent factors, and test
disadvantages.

In terms of learning outcome sieliefs, Annie believed that tests were appropriate and

easier for foundadi n a | courses from the instructor’s per
tests could prepare students for the common final exam in her dynamics course as the student
perspective subelief. Annie described and exhibited some behaviors that alignivesie t

beliefs. First, she used conceptual questions in her tests to assess whether her students have
acquired and understood the concepts. Annie had mutfifdeee conceptual questions that

focused on assessing st uden triae conaeptidrs.rAsnteandi ng
explained that she used concejpathakndoffteste st i ons
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 homdwmoblem, as opposed to really understanding that so

that's why | try to incorporate more concept questions intothére Her e, Anni e r ai S ¢

of students memorizing homework as one reason why she included conceptual questions in her

tests. | willdiscuss more on this as part of the test disadvantagectiets.
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Table 4.6

Anni eds

behavi or s-beliets af tearrang outcomesycgonnactionsrwih-nsenu b

coursecontent factors, and test disadvantages.

Sub-belief |

Behavior

Learning outcome

1 Tests were appropriate and easier for foundatiot
courses
i Tests prepared students for common final

Self-described
T Asked students to do mental checks on answers t
make sure they make sense

Documented

1 Used workout questions in tests

1 Used some conceptual questions to see whether
students have acquired the concepts

1 Included multiplechoice questions with problem
solving questions in midterms to prepare students
the common final, especially students who were n
comfortable with workut problems in multiple
choice form

1 Tests assessed individual student learning

No relevant behaviors were described nor document

Non-course-content factor

1 Tests are easier for large class size

| No relevant behaviors were described documented.

Test disadvantage

1 Tests encourage pattern matching

Documented

9 Used conceptual questions to discourage pattern
matching

1 Created test questions that were different than
homework questions

1 Tests are part of a grading system that causes
pressure to students

Documented

1 Incorporated some work out problems to help
students who might get panic with multiaboice
guestions.

1 Tests do not help students learn

No relevant behaviors were described nor document

In one example, Annie had aegtion about a wheel rolling on a horizontal surface

without slipping, with variables and numbers attached to an illustration. There were five

multiple-choice subquestions attached to this big question, ranging from calculating the velocity

of t hecwheelt ' bBO

conceptual guestion

This is different

i dentifying t

from John

he i

to John' s, A n-choiee fomeatd

s testadlringthe c an

semester to prepare her students for the common final, which is in the mehigpte 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 instagckn 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 thatome with it, such as understanding the disk velocity and the point of the

instantaneous center of zero velocity. These
conceptual understanding at deeper | eouhel s. Ho
multiplec hoi ce format to also identify students’ [

When asked whether the choices in the questions were intentional, she responded yes, saying that
s h e theadanstver choices for Problem 1.1] in oppeglirections to see if they [students]
can separate or understand differences between linear velocity and linear acceleration and
angular velocity acceleratoh Thi s shows that Annie wanted to
conceptions her students had witile concepts.

Second, Annie had problesolving questions to help her students with the common
final. S h e tkely [stbdentshwere davirtg tr@uble translating from kind of the more
conceptual multiplehoice questions to essentially eachltiple-choice question on the final
exams work out [problem] you have to do but it's just put into multiple chbiceFor cont e x t ,
Annie introduced multiple hoi ce quest i bawesthem jstuderesfmotee st s t o *
comfortable with ifmultiple-choice question], by the time the final exam comesup Howe v e r ,
“final exam [was done] differently, [Annie] had a lot of multileoice questions, a lot of them
are conceptual, mentally answer very quickly. And [Annie] felt like that was rogeai issue for

the students and transitioning to multiple choice for the firlahnie addressed this by reversing

the percentage of 402ymplEple ohbice §0%ework atib MBsy, dwii thlg “t h i
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Anni e bel i evagve themhsautdds]ibétter teelinglotdendth for a [work out]

problem I n short, Annie included more workout qgu
her multiplechoice questions were conceptual questions, which did not align with the type of
guestions in the comom final exam.

't must be not e dsolting guestiohswere kké thoseof Johm hnel m
Matt’'s as her problem also has the character:i
problemsolving/workout questions in my data set. An exagdlher 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 tewar for subquestions 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 desribed her reminder to her students on doing mental checks when they
wor ked on questions, i ncl uvanphagized ferexample,fégknni e e
homework problems and things like that is feasibility, so if they're getting especially workou
problems i f they give us where something is m
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 alsibglso a mental check to see what they
gotoutofit' I n this case, Annie was explaining tha
reminding them to do mental checks on answers, especially during working on homework
problems, so that they canpnove their testaking skills.

For subbeliefs 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 pattenatching. As previously described, Annie included
conceptual questions because she wanted to se
identify inappropriate conceptions. Annie justified using conceptual questions to assess whether
herstuders pattern mat dhegadlof having rhoesicancepriented guestioris

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 torageatudents to pattern

match, and she incorporated more conceptual questions to respond to that:

“In all honesty | 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 nzenachomework problem, as
opposed to really understanding that so that's why | try to incorporate more concept questions

into there [tests] éo

Annie also discussed that she created test questions that looked different than the

homework questions to disgrage 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 ® 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 ledps®r 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 moreféicult and different test questions made sense. This is tied to the
belief in cheating, which would be discussed later in the section.

On subbelief that tests created pressure among students due to their association with the

grading system, Annie incled 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
measwement and that just cascaded through and got them to the wrong place. And then | 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 thejustatnpacts, the rest of

the test sgd

In this case, Annie implied that because of the nature of the mudtipiee questions, some of
her students might get panic when they did not see the answers as one of the choices,
acknowledging the disadvantagerltest format could have on her students and addressing the
disadvantage by including more problawlving questions.

In addition, Annie mentioned that tests must have a reasonable completion time to not

induce anxiety among students.

“There's always, thtime 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 géteth&irtd 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 asstetl reasonable completion time as a form of test fairness,
which | 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
ofother beliefs for Annie. Overall, Annie’ s test
hertestusagesttbe | i ef s. Considering Annie’s more than
had demonstrated extensive experience in how to implement tésésdgnamics course.
However, she also gave the impression that, with her extensive teaching experiences, she was
comfortable not using tests in other types of courses.
4.3.3.1Comparing the behaviors among participants within theskeptical test usergroup

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 psohiexy and
conceptual quemns 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 #ne 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

16¢€



Here, Gemma explained that understanding and applying the concepts wdiketrgat 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 tiediberately made

tests difficult with unnecessary mathematical manipulations,

“eA | ot of professors in my in my academia pat

because you are really being hard in the math, it is only hard for certailestsi

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 studs, 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

Here, Gemma was ebgining 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
guestions.

In terms of administration, Gemma did not discuss anything about partiakcredit

throughout the interviews. In terms of the test setup, Gemma did mention that she gave her



student agency in deciding whether to take the final exam during the semester where the sudden
shift to virtual learning happened because of Cddd

“ .what | dd was to offer those who has already pass and | 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 | made option ftltabkas

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 wertdhnging event in terms of helping her
students by shifting the context of the finahexin the thermodynamic course.

Moving on from test design and administration behaviors and how they align with test
usage beliefs, | will focus on other relevant test beliefs and behaviors these participants
exhibited. In particular, the relevant befiefre test cheating and fairness and their respective
aligned behaviors.
4.4What are other relevant beliefs about tes{$®Q2.a) and How do these relevant beliefs
align with their behaviors of designing and administering tests in their FEGR®?2.b)

| ama similar approach in answering RQ1.a and 1.b to answer 2.a and 2.b. In this section,
| 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 regaastions: 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 wéeanmatg 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) frostsespecifically. 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 conceptuauestions to discourage cheating. In terms of administration, all prefefred 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 testwestid not
circulate among students as the circulation led to somecaetiected students obtaining

advantages with test preparations or cheating in the tests outright.



Table 4.7

Overall crosscase summary on test cheating to answer RQ2.a and 2.b.

Testcheating
beliefs (RQ2.a)

. John Matt Jake Sam Jenna Gemma Annie
and behaviors
(RQ2.b)
Test user group . .
(RQ1.a) Enthusiastic Default Skeptical
.. | Importance | When cheating, | Studentsieeded | Made sure to Made sure Students needed Students needed Made sure
2 | of students were to learn as they | have proper, students were | to learn as they | to learn as they | students were
& | addressing | memorizing, not | were going to be| goodfaith doing honest were going to be| were going to be| learning at the
cheating learning future engineers | dialogue work with tests | future engineers | future engineers | individual level
S Rephrased Created new Created new Rephrased
4 Question homework question versiong question version§y homework Created tests thg
° writin Addressed guestions for every new test | every new test | questions for were not Addressed
3 9 through test tests to prevent | cycle to prevent | cycle to prevent | tests to prevent | searchable onlm throuah test
': admir?istration online search circulation circulation online search admir?istration
.2 | Other Randomized Had students Had students
S (below) . . : (below)
& | notable variables and sign honor code | Used conceptual| sign honor code
! . . None
2 design guestions for statement before| questions statement before
strategy takehome tests | each test each test
Used inberson Used takehome | Used takenome Usedonline
P Used takehome | Used takehome | Used takehome | during pandemic| during pandemic .
c for hybrid class . . ; . ; . . . proctors during
S . . .| during pandemic| during pandemic| during pandemic| preferred in preferred in :
= | Modality during pandemic . : : pandemic,
© preferred in preferred in preferred in person for future,| person for future, .
= conducted preferred in
@ ! person for future| person for future| person for future| conducted conducted
c proctoring . . person for future
= proctoring proctoring
ks . Allowed one AIIowgd cheat Administered Administered Administered Administered AIIowgd cheat
+~ | Authorized | page of notes, | sheetin person, sheet in person,
7 S open book/note | open book/note | open book/note | open book/note
O | resources | administered open book/note . . ; . open book/note
~ . . for virtual class | for virtual class | for virtual class | for virtual class .
« | during tests | closed book/ for virtual class duri . . . . . . .| for virtual class
5 . : uring pandemic| during pandemic| during pandemic| during pandemic . :
= note during pandemic during pandemic
3 -
5 | Other Requested Did not use o : Did not use Did not allow
@ students to place Notified online students to take
notable lockdown lockdown
. bags and . None None resources about . graded exams
admin browsers during . browsers during
technology away| - upcoming tests . back to prevent
strategy ) virtual classroom virtual classroom| ~. .
during test circulation
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4411 Johnds beli ef stesechedtngppehavi ors on

Figure4.Zi | | ust r a t-cgheating lmelefs ansl behagiard in the framework,

complemented with Table 4.8 showing the alignment between beliefs and behaviors on the topic.

Institution and department background characteristics
* Cheating formed a big part of the honor code policies
Institutions provided COVID-19 resources for exam

administration AN

v v

Beliefs on cheating Behaviors on cheating Learning outcomes

Background
characteristics

* Acquire, and not
memorize, concepts
to solve any types
of problems

* Engineering
communication

Cheating was the test
conversation topic — See Table 4.8 — See Table 4.8
among peers

v

4 4 I

e A0S tIME e

Figure 4.7

Johndos beliefs and behaviors o lngeithdable 4.8 g .

Table 4.8

Johnds beliefs and behaviors on cheating.

Sub-belief Behavior
1 Cheating must be addressed because students | Documented
not learning, and they were memorizing when th| § Had required irperson tests for hybrid courses duri
cheated. the pandemic for more contr@hclude proctoring)
1 Internet had made cheating easier for students.
{1 John implied distrust of students (assuming they Self-described
were going to cheat because it is easier to do sg { Set boundaries with authorized resources (one pal
note, closed book/note)
1 Requested students to leave backpacks and any
technology behind during test administration

To John, cheating must be addressed becausesiain 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 | had put on this test. Adht. Even though | 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. | talked to some of them cause |
caught him on this, | talked tos@ of them and | said, why did you do this? And they said, well,
because | didn't understand the material, so | tried to memorize the method. | did not, | couldn't
understand the material, so | tried to memorize how to do it and that is what we're ugtagain

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
Jom 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. Thisterelsdshows that
John i mplied cheating is an obstacle to his s
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 accessitf o unaut
[cheating with online access] gotten worse. | see more access they have to the internet easier. It
is for them to, they always take the easiest routé out$ $hows 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 eejpthat point that students tended

to take the easy way out and essentially argued that humans do so. He said that cheating

h a p p ebecawuse they're [students] human. And humans look for, if you're smart, you always
look for the easiest way to do somethiing He t hen menti oned that 1 ns
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 wih 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 walon't make them change. Any like they did in high school and then they say, oh, but
this is the way | learn. | 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 desdbed and exhibited behaviors that align with his beliefs on cheating. First, he
required inperson tests during the pandemic to address cheating among his students. Before the
pandemic, John always hadperson tests set important boundaries to makessudents 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 testalgeadministered closed book closed notes.
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“I've gone to the point now that when | give a test, | make them take everything, phones, et
cetera, et cetera, put it in their backpack a

that available tohem. And | 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 lectues virtually. This was stated in this course syllabus (Figui®.4.1

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 & Exam: Two tests will be given on the dates shown on the assignment schedule and will
be in person. The final exam is mandatory and will also be in person. If you cannot come to
these tests you must transfer to a section which is fully on-line.

Figure 4.8

Johnds | anguage on test in his heat transfer

“This term I'm doing the same thing. I'm doing a hybrid course and the tests required they come
i n per s on écdmeuninparsor to dodhe test i'm going to have three rooms running
simultaneously so that they can keep their distance and still do the test. | just don't want to have

to deal with all the other issués

He t al k etiderissieee™ut wlii c heatinganegeneral ashthe was responding to

guestions about cheating. Essentially, John believed Hpegrgon 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 testsperson, showing the length he would do to make sure cheating is
addressed among his students.

Second, having #person tests also provided John the control in terms of proctoring. John
wanted to make sure he and his teaching assistants could moeigtudents while they were

taking tests.

“About six years ago, | gave a test to over 300 students all at the same time. And as | was
teaching the entire senior class in mechanical engineering, and | had a number of TAs with me

even, and we put all theustents in rooms and tried to monitor the studénts

The institution generally also showadtrong emphasis on addressing cheating through
public documents such as handbooks for faculty and students andXQeelhted documents.
There was strong langge in terms of policies in defining cheating dhdsignificance 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 | anguage c e avergstudent hasithe nght tb areacaslamici ng *“
environment free from the injustices caused by any form of intellectual dishonesty; and the
honesty and integrity of all members of the university community contribiseaitademic and

intellectual vitality Language on how cheating cases shou
part of the policies. In addition, duettee shift to virtual learning caused by the pandemic, the
institution also provided documents thatdidtresources to address or discourage cheating

among students, such as proctoring tools like lockdown browsers and quiz securityl f@ature

the online course management platform. This adds another level of nuances in understanding
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John’' s st r oaddressingpheairsyi Howewer, it must be noted that John did not
make sucla 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 addreskewfing, 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 $tidne created to disincentivize tests, such as having
students attendiper son t est s cusup the acceds to nternat dunnt tthe eXam | t
must be noted that John also mentioned cheating was a big conversation among his peers when
they diswssed topics related to tests, and | interpreted this as part of why John saw cheating as
something significant that must be addressed in his courses.
4412Matt 6s beliefs and behaviors on cheating

Figure4.Ps hows Matt’' s f r ameheaingkwsth Table 416 previdingt o p i c
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
necessaryskil s t o be one. Cheating became ama I mpedi
lot of the followon courses will use this [statics asdlid mechanidsmaterial, so if they
[students] don't actually understand it they're going to be in a lot of tronbtiledse courses
anyway’ To Matt, cheating i mpeded students | earn
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 veasabe, many of these students

might struggle to obtain a job as they would not be able to demonstrate their skills.
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Institution and department background characteristics
* Cheating formed a big part of the honor code policies
* Institutions provided COVID-19 resources for exam

administration 1

Backgroyn.d Beliefs on cheating Behaviors on cheating Learning outcomes
characteristics
No background Identify correct
characteristics relevant concepts and solve
to cheating were See Table 4.9 — See Table 4.9 | €NgINeering problems
discussed nor to obtain numerical
mentioned answers

& ¢ 1

. -1 I I ——
Figure 4.9
Mattdos beliefs and behaviors on cheating. Thi
Table 4.9

Ma t belets and behaviors on cheating. This table should be reviewed along with Figire 4.1

Sub-belief Behavior
1 Cheating must be addressed because these Documented
students are learning to become future engineq  Incentivized students to not cheat by making tes
and they must learn the necessary skillsto be ¢  lower stakes
1 In-person tests were ideal to discourage cheati

among students Self-described
1 Did not feel the need to spend time improving | 1 Usedtakehome during the pandemic.
online tests since they are temporary 1 Allowed cheat sheet when test administered in
person.

1 Rephrased homework problems used for tests tc
make sure students would not be able to Google
solutions, acknowledges that Chegg could be ar
unauthorized resource for stude

1 Used randomized variables to have different
versions of tests so that cheating would not be e

1 Did not use lockdown browser because of uneve
internet speed and the university was discouragi
faculty from using it

1 Balanced time limit to make surauigents had
enough time to complete but not enough to work
together




“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, becauseotiiey d
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 becausectreyprove they have the sKill

Ultimately, Matt implied that cheating and the lack of learning that came with it might end up

impacting society.

“The worstcase scenario, | know some of my old team tends to be the old teachers, who we have

at least a couple in the department, and | know | had some as an undergrad and they'd be super
serious about it. Cheating engineers kill people. Because youtkadwtructures fall down and

all that kind of thing, which is, | mean maybe not completely untrue, but I think it's a little
dramaticél don't think if a student cheats on

result”

To Matt, hedid notcompldtey di sagree with the notion that t

engineers mi ght not meet certain expectation
di sagreed with the notion of cheating enginee
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 mentionallinigestructures.
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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 ¢imga He strongly stated that-person tests were

ideal for discouraging or preventing cheating among his students, especially using th@3Covid

pandemic virtual mode of testing as a comparison to how it was done previously.

“It changed the way that wed 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 takdhome tooand this created problems with proctoring. This showed that

Matt preferred ifperson tests for proctoring to discourage cheating among his students, such as
students whispering with each other. Matt also mentioned tyergon 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 | just
don't think that also we have a very effectotber 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 | mean that's what we've always done that prevents all of the issues,



there's no wg 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 workicheating
prevention with virtual or takbome tests, explaining that he would go back t{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 satee, 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 usé them

Matt described and exhibited several behaviors that align with his strong beliefs on
cheating prevention. i&t, 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 woukl have th
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 amuesti
It's almost worth trying to cheat and helping you get away with it, rather than bombing the test
Sothere are there are psychological reasons why students will try and cheat that we can try to

minimize those reasoris
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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 complee tigst (tied to fairness, which | will discuss later)
and, at the same time, insufficient time for students to work together on the test. He explained
t hat t h eistha other thing right they fstudents] only have 50 minutes and so that cuts
downon ébeing able to discuss or you know ask o
whatever However, because of virtwual testing dur |
hours to complete the t8ansto&ih wetcwihimispidghe t i me
mechanics syl l abus. Thi sersontestsargprdiceablsforMat t ° s b
considering cheating.

Third, Matt rephrased homework problems that he used in his tests to make sure students
could not search for unauthorizedoerces 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 duringgarson tests.

“The other thing I try to do or I've been tryit@do, | guess kind of developing'ih 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 theSemester 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, | don't know how well it works, |
mean there's you have to give them certain information right, butiifake the question exactly

from the textbook like if you copy pasted this and put it in Google | bet it would take you to a

Chegg sol uti on ilvereedtryiagteavojddhatAut agdire ot sure that
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that is that effective. And evenhkly can't find a solution, the student could still upload this to

Chegg and hope that someone gives them a solution in 20 niinutes

In short, Matt made sure to rephrase questions in his tests to make sure students would not be
able to search for them fonline 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 | 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.

“1 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, thatnd,wahether 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 rand@®d 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 i f they were trying to work” togethe
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This method was specifically to impede students from cheating as they would not have the same
guestions 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 explomehe 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 youlee 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 | 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 reasongbaeltylet

here is that | 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
guestion. Yeah The idea is that that wadplefully discourage them a little bit from trying to work

toget'her é

Ultimately, even though Matt explained his methods, he constantly cast doubts on the
effectiveness of these methods i n dthesdeamisur agi n
thatthat will hopefully discourage them a little bit from trying to work together. I'm not sure it
had any effectatall” showing that he had I|little confide
cheating.

Matt had shown to put in a lot of efforts to discourageating 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 duringparsion test, randomizing and
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rephrasing test questions to discouragaugeof Chegg or other unauthorized resources, and

“the students have always been allowed a cheat.sheedv er al | |, Matt had shov
of his students when it comes to cheating as evident by his beliefs and behaviors on the topic.
However, one iteresting 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 crappyrimé&¢ and | do as well, and so if you do that
and someone's internet cuts out or someone's they can't stream préyfeatyare you going to

do, punish them for that?

Essentially, because of the unreliable internet some students mightde&deywn 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 theg &ghone right here, and so | can lock
down the laptops but they have five other devices in their house so what's the’point hi s s how
that Matt did not haveonfidence witithelockdown browsers serving the purpose of
discouraging and preventing cheati 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
withary of the institutional policies. However,

seemingly consistent with academic dishonesty policies in which cheating was substantially
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explained and feature@verall, Matt showed strong beliefs in terms of adsirgscheating and
demonstrated some behaviors that align with these beliefs.
4.41.2.1Comparing test cheating beliefs and behaviors among participants within the
default test usergroup

Jake, Jenna, and Sam shared similar behaviors on test cheatirgdreligehaviors. 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 abthe 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 inséal of soliciting unauthorized help to cheat.

“And so I'll highlight those students [who cheated] again, and | will address the class and say |
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 tahe honor court, | will go through all the processes, it will not be fun for either of us.
But please, | just want to make sure that we're having the dialogue, so | again appeal to the

students an#d at that pointé

In terms of question writing, Matt arlénna shared similar behavior on rephrasing
homework questions to prevent unauthorized online help solicitation, while Jake and Sam shared
the behavior of creating new guestions every new test administration to make sure some students
would not obtain advgages due to being watbnnected 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 | was a student agai n-conhectedistuderd, was@tank t o
fraternity, didn't have access to a lot of files. | could remember the professor's passing out tests
and you know | 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 l@bleagh 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 | was struggling throligh so

always said'll never giveoutd st ed r epeat questionsée

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 @sign strategies, both Jake and Jenna would have their students sign the
honor code statement to remind them to adhere to the honor code (Faf)irsgecifically to

not cheat.

Pledge: | have neither given nor received unauthorized aid on this test, signed with my honor.

Signature:

Figure 420
Jennads honor code pl ed g ereqoired herlstedentsdowsigrrit p a g e
before starting the test.
In terms of test administration, Jake, Jenna, and Sam, like Matt, used thetade
modality during the pandemic, but all explicitly stated that they preferrpdrgon tests to make

sure studets were working individually during tests. As for authorized resources, all of them
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used opetbook/note during the pandemic. Lastly, like Matt, Sam mentioned that he did not use

|l ockdown
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Annie strongly believed that cheating must be addressed because it was an impediment to

student learning at the individual level. As | have previously described, one justification Annie

had for using test® 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 indliadrrang. 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

Anni ebds beliefs and behaviors on cheatilng. Th
Sub-belief Behavior
1 Cheating is important to address as it was an Self-described
impediment to student learning at the individual | 1 Did not make test questions public to allow future
level students unauthorized access to the questions p
to testing
Documented

1 Reminded students of honor code in tests to
discourage cheating

1 In-person tests can discourage cheating Self-described

9 Itis difficult to enforce close book close note 1 Used open book open note when shifted virtually|

1 Triedlockdown browsers when the semester
suddenly shifted virtually

1 Had students sit spaced out duringpgrson tests

Documented

1 Set boundaries with authorized resources

1 Had students who were not able to attengderson
tests during the common time find theivn
proctors, before and during the pandemic

1 Used zoom proctoring when the course was taug
online, before and during the pandemic

Annie’s behaviors align with this belief

students to bring back theiompleted and graded tests.

“I dondét |l et my students keep their tests. The
with me. But also, for that reason [cheating] | dblet them take the test and take it home as |

dond want my problems all duhere”

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 thoselitsthprwould 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 | define cheating based on the
data set.
Annie also reminded studentstbe honor code by having them sign the honor pledge
before they started the tests (Figure2t.2 Anni e e x phhdestudemrtsdsigrt am honor s he
code statement at the beginning of every single test. Sodfdluayght in a lot of troublé
Essentilly, 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 Annielegintihe 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.

Honor Pledge: | have neither give nor received unauthorized assistance.

Signature Date

Figure 4.2

Annieds honor pledge on the first page of the
Annie also believed that chi&ay could be much more easily discouraged when she had

tests i n per son.itéGAttteibiemora difficuli taocheatdn perdpi t | ‘'mp | yi ng

that she believed being in person for tests makes it difficult for students toSbeathing

related to Annie’ s styl e ofersan)asshatitawasmuchmaet r at i

difficult to enforce a closetiook, closeehote test online, and this is especially relevant with the

shift to virtual learning during the pandemi



“l actually also taught online courses at my previous institution something that actually | learned
from them is, if you have it online, you @areally unless you make them get a proctor youdcan
really enforce a no textbook no formula sheet pdiegause you actually have to enforce it so

thats why | gravitated that wgppen book open noté]

In short, Annie believed that4person tests made it difficult to enforce a clebedk, closed
note policy for tests, which she implied to be part ofcteating perception. This quote also

shows that Annie’s past experiences of teachi
behaviors toward cheating.

Tests (4 tests at 15% each = 60%)

The four tests will cover all material up to but NOT including the last lecture before the test, but
will stress the material since the last test. The final examination (common to all sections) will be
comprehensive. The tests are closed book, close notes, no personal aid tests. One 8.5" by 11”
piece of paper with formulas and whatever else you with that is your own work written on both
sides is allowed for each test. A calculator is allowed.

Figure 4.3

Anni eds | anguage about test administration in
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 | interpreted as effectively setting some boundeetiesen what is cheating

and what is not during a test. Figure3ishows what Annie accepted as authorized resources for

students to have during tests. She all owed he

that her students could use to incladlanformation they wanted for help during tests. Annie

would check all her student s resource sheets

have a calculator during tests.
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“For testing, they all were in person before Covid hit and soyewets in the same room |

allowed them a handwritten formula sheet front and back so | 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 fdrlaare, but it had to be handwritten. And kudos to
them if they rewrote the entire textbook. | meandieeyiven that freedom and flexibility for

whatever works for therh

These were some of the ways Annie set the boundaries on what constitutezed i

unauthorized resources, which can be seen as proxy to what is cheating and what is not cheating.
Another behavior Annie changed to ogawok, opemnote tests during the pandemic

when the classroom shifted virtually because Annie did not think Weesean effective way to

enforce the policy. As illustrated in Figure 4.22, Annie used to do closek, closeehote tests

before the pandemic.
Even though Annie shifted to opé&ook/note policy, cheating was still a significant

consideration for AnnilAs descri bed so far, Annie’s behavi
tests during the Covid9 pandemic also highlighted her strong beliefs in addressing cheating.
During the semester suddenly shifted to virtual learning, Annie tried several methods to

disoourage cheating among her students. She first tried lockdown browsers but realized that

logistically it was not productive.

“1 did [used lockdown browsers] when we have that very quick transition last spring. Actually,

no | didnd because | tried it, anthen theyjstudents]actually couldiit 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 | was like well | need to they need to do that right at work and

uploadtheexamldah know what el se t'to do so, | did not

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
peopl e used | oc k dbherais thercloeatingeaspsct, espeeialianow thétete
all online and | understand why people that use the lockdown brows s upporting t he
that she is specifically focused on discouraging cheating among her stiilewidition, the
institution providedaconsiderable number of resources on discouraging cheating with virtual
tests, with lockdown browsers being oridle 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
i mportant way to di scour ag edymahiesaytlabus thatwanong st
revised for virtual classroom due to the pandemic, language on searching for own proctors was
included (Figure 44).

There are two takeaways. First, Annie had always had proctor in her tests for students
taking tests omampus, 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 sti¢Hsarn

from a summer workshop on course design.
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Proctor Required for Tests and Exam: Dates and times for tests and exams are prescribed and
available in the course schedule. A classroom and proctor on campus has been reserved
for each test and final exam for students in the campus. If you are in the campus area, you
will be required to find your own proctor. Please see the [a learning website] for more
information on proctor requirements and the proctor nomination form. Proctor nomination
forms must be submitted at least one week before the schedule test or exam.

Figure 4.2

Annieds | anguage on the need for test proctor

pandemic).

“This kind of came through | went through [course design program]. There was some sort o
summer program to make a course or transition a course onlin€gpwuel so this would have
been summer 2018. | 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. Bodithéssue or concern

with taking the service courses online is the ability to cheat and particularly because when you

have them in person thieg not allowed their textbooks, you can make check for that you can
check their cheat sheets or formula sheeis you can have those kinds of roles, but when you
have just one section onlinegsitdifficult to implement those rules [closed book closed notes,
other authorized resources] without some sort of proctor, even when | offered this ordine pre
Covid, Ithik 98 % of the students were on campus
times three or four times | offered an online-@evid | think | had two students who are
actually not physically in [town] éAearh s oO
university where they can use their library proctoring system. And | 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, ldtesal-book/notes and authorized resources, could
be enforced for online courses grandemic, even though most of her students were on campus
anyway. This quote also supported Annie’ s bel
her while testig 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 ®@sfoom while she had a teaching

assistant to proctor during the test.

“1 had an online proctor, so | had tliieaching assistanthave a zoom room they had to have
their camera on them, whether it was on their phone or whatever, and before therted} bt

they had to show the proctor spdce

It must be noted that for the very semester that shifted virtually halfway, Annie did not
enf orce the pr oc everythingwith theupbhnelemic,esc thoseslast two tests'
were actually not proctred because of everything goingoh However, she did e
when the institution went fully virtual for the academic year 20Q01.

Lastly, forinrper son t est s, A spadecoutlsatiat they coutthe udent s
like looking off eaclother,” s howi ng that Annie also acted on
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 instanceSnnie implied that students would cheat if they were not
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proctored oin-person when they did their tests, showing that Annie had a level of distrust of her

studentsl t must be i mportant to note that Annie’ s
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 chesgings of
triangulation with the public documents, Annie did not make any connsdbietween 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.
4.41.3.1 Comparing test cheating beliefs and behaviors among particgnts within the
skeptical test usergroup
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 manyeofstudents 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 tytuare oingtalean eaginger, soey@ur ar g
wanted todo your work by yourself as the bestasyoucadn I n ter ms of test de
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 testsication.
For administration, Gemma used the takene modality during the pandemic, but like
all my participants, she preferredperson as she would be able to proctor the students during
tests, like Annie. She also administered tests open book/nang diue 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 crasse indings 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 fairnesMany 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 materiaégcoverag
some participants believed that test content should have sufficient information provided for
students to prepare. Along this salief, some other participants argued that a fair test should
not deviate too far from the homework questions studentsd®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 goot] eesulting in students performing badly in the tests. In terms of test
design, some patrticipants discussed how they ensure the content was covered fairly in the tests,

such as Matt providing all the necessary information for the students to succeetestsh

Jenna not including curveball or deviations
types of questions in class.

In terms of how student backgrounds connect with tests, the participants provided
varying connections, and some could 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 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 influernce on ho
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 sheesrtsuaccommodate 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.
4421.30ohnds beliefwsfaraesdd behaviors o
Figure 451 | | ust r at e s teslfaimess, alondvath Talelef 4s12 with the

beliefs and behaviors. John overall believed that test fairness is meant to ensure all his students
hadanequal level playing field when they start thetsesohn responded to the question of how

he ensured fairness i n hieserybodygetssamedenttigradee s pec
themallsameway” i mpl ying that his idea of fairness
point (same test) anahding point (grading the same way). This is also consistent with the

institutional policies pertinent to fairness. Language on the institution faculty handbook

speci fi c adohsitenctieadtnhent offalbstudefitsintheclassi n gr adiheng, s how
institution  eall 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 standgrds a miece dfegidence supporting equal treatment

of all students in grading.



Table 4.11

Overall crosscase summary on test fairness to answer RQ2.a and 2.b.

Test fairness
beliefs (RQ2.a)

. John Matt Jake Sam Jenna Gemma Annie
and behaviors
(RQ2.b)
Test usergroup . .
(RQ1.a) Enthusiastic Default Skeptical
. Had reasonable | Had reasonable Had reasonable | Had reasonable | Had reasonable | Had reasonable
Completion letion ti letion ti , . letion ti letion ti letion ti letion ti
time completion time | completion time | Did not mention | completion time | completion time | completion time | completion time
for students for students for students for students for students for students
Covered content| Covered content| Covered content| Covered content| Did not deviate | Covered a wide | Did not deviate
“ Material with prior with adequate with prior with prior too far in terms | range of topics tq too far in terms
S | coverage resources and | time to prepare | resources and | resources and | of what students| reduce of what students
g expectations for expectations expectations had seen prior | randomness hadseen prior
= . Discussed
n . Hinted at . .
Discussed . . . . Discussed . . Shifted the resource gap
. . Did not think socioeconomic | . . Did not think ; e .
Student international : . international : conversation to | amplified during
about it, but oper| status affecting about it, but oper -
background | students and the o students and the the need for pandemic, hinted
. “| to learn student decisiong . “| tolearn . : .
language barrier ; language barrier diversity at race, discusse
in courses Y
disability
Used personal | Used rule of Used rule of Used rule 9f Used rule of
; . Balanced test . thumb of six thumb of three
_ time rule of thumb of twice o X thumb of twice : .
Timing . ; : . difficulty with - times the times the
. thumb to adjust | the personal timg Did not mention the personal timeg . .
design the expected personal time for| personal time for
the number of for students to C for students to
. completion time students to students to
questions complete complete
complete complete
2 Provided enough Did not include | Demonstrated | o o different
= | Coverage . . information to , . . . “ coverage through
X . Did not mention Did notmention | Did not mention curveba : problems to
< | design students before . the test discusse ,
0 questions - , students in class
tests In interviews
. Created ;
Student Adjusted grades None directly . guestions with None directly None directly Actl\{ely
when there were Anonymized provided
background . relevant to , all needed relevant to relevar to .
. confusing grading to reducyq . ; accommodations
design or : : student : information and | student student !
. wordings in bias . . for students with
admin : background explained jargon| background background SR
questions disabilities
when needed
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Institution and department background characteristics

* Institutional policies imply equal and consistent * Institutional policies on fairness specifically mentioned
treatment of students students with disabilities while discussing full
* There is connection between fairness and cheating educational opportunity for all students, especially on
* Policies state avenues for students to appeal grades instructional processes
AN l
Background . . . . .
& Beliefs on fairness Behaviors on fairness Learning outcomes

characteristics

* Acquire, and not
* Learned test timing memorize, concepts
strategies from peers to solve any types
. — Table 4.12 — Table 4.12 —
* Industry experience See Table See Table of problems
on documentation * Engineering
communication

- 4 I

(00 Y R |

Figure 4.3

Johndés beliefs and behaviors on fairness. Thi
John’ s bel i e fplayingfield was reftpated in his other éairnestated

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

teds, implying that John would make sure to include materials covered in his class in the tests.

“My lectures in class | go over how you should think and how you should do problems and | tell
students, okay everything thété done in class, you need tolgmme and do this yourself now.
Because | 6ve done | ig&ksappdseddoado,everg day yoo meeddaosgot h a t

and do it yourself just watching me do it is of no vélue.



Table 4.12

Johnodés beliefs and

b e $hauld beoreviewed alond wath FHigaress2s .

Sub-belief

Behavior

field at the beginning.

1 A fair test provided students an equal level playi| No relevant behaviors were described nor document

discussed in ckses.

1 A fair test covered materials that have been

No relevant behaviors were described nor document

complete the exams.

1 A fair test gave students reasonable time to

Self-described

1 Grade weighting was influenced by the expected
completion time; it was proportional between both
within a test

1 The number of questions was adjusted based on t
personal rule of thumb on completion time

9 Provided sufficient time to upload

9 Test questions were simpler than homework becal
of the limited time

expectation set.

1 Test fairness meant fair test grading based on

Self-described

1 Set expectations on how students were graded wit
tests

9 Did not penalize students for calculation mistakes

TAdjusted grades based
(like confusing wording)

1 Tests could affect students with the language
barrier, such as international students.

Self-described
TAdjusted grades based
(like confusing wording)

1 Made sure to not use confusing language in tests

Second, John thought that a fair test provided the studesésanable 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 thdiwidual tests because it was double the grade of each

i ndi vi du aitgives¢he stuslents alittld bit ‘more time on the final exam sinceihere

Thi

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 |

n

short

John made sure to have

on the grade weighing, which is a form of fairness.

a

John described and exhibited some behaviors on fairness in terms of completion time. He

had a rule of thmb 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 hdw long

give his students to complete the tests.

“l need to be able to write out a complete solution and about one third the time that | give them.
Thats a good general rule of thumb. | used to even time myself on how long it would take for me
to do the comglte solution to a problem, and if | coufildo it in five or five and a half minutes,
ités too |l ongéSome of this, how | teach c¢ame

department head], who was department had when | started

During theshift 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@fibispules to
accommodate the students, expanding on his belief in fairness in terms of sufficient completion

time.

“In the Spring | did try to accommodate the students. Although you know | still gave quizzes
every weekend | gave the tests online. Anthsy had to download them do the test and upload
them and | gave them time limits and so on, so forth. Everything you can do out of canvas. And |
tried to be reasonable, if somebody lost their connection while they were doing tasks and so on,
so forth. llet them still send it then and was late, Ididn r eal | y count of f . I
reasonable about it. | say that most all students dibdave a problem. They can upload things,

take picture on their phone, uploaded make PDF whatever | let thermtwimatever file they

wanted. So | 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 ther@ only one that could not get a cmattion.

Lastl y, Jo hngenerallg thateshpeothlents Wik lhe edsier than a lot of the
homework problems, but they do have the time constraint. And so they really need to know what
theydre doing to be able to do it, and | make them so treat tor@ have to memorize any
equatons I n this quote, he implied that because
guestions easier than the homework problems to make sure the students were learning, not
memorizing equations.

J o hn’ s elieforufairbebs rdvolves around fair grading. John set expectations for his
students on how he was goi ndfyou[studgntshsttosvme he t es
the process that you have done, and you do the right process and doing the pralillegize
you 90% of the credit irregardless of if you get the right answerotnoflTl hi s s hows t hat
focused on fairness in terms of making sure students showed their work. He further elaborated
that if the situation was reversed where the studgottthe right answer but did not show the
whol e process, he would not reward them only
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 yodve done and @ obvious that you just type your calculator wrong, you kihtidv
take off, you know, 1% or something on the problem. If you geigtiteanswer 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 mista, knowing that students had limited time to make sure
the calcul ations wer e ex acwhdnyoderoshedecybodyciéhe s p e
punch something wrong in a calculator you @dmave time to check your answer He f ur t her
sadthahe di d mul tiple checks on his abdlwadt s wher
expect somebody to do that in a pressure situation of a test. So if you punch something wrong
okay hey you know anybody candothat Thi s s hows that John

This definition of fair grading associ ates
A quick reminder of John’s test usage beliefs
students to attain with tests was engineering communication in whic@whene 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.
I n addi t i o nnfar gradimgs’ cansistert with ¢hé institutional language on grading
fairness as previously described. John setting expectations with his students also aligns with the
handbook language on the needtf@instructor to do so with their students on grading and
assessnmgs.

Lastly, John would adjust grades based on his mistakes in writing tests. While discussing
international students, which | will discuss in the Student Background section next, he mentioned
that he would adjust the grades after the test to reflegholear language that influenced

student performances.

“If I do make a mistake, you know | account for that in grading. But hey part of the deal is

students need to write down what your assumptions are. And if | see hey well, they made the

20¢



wrong assumptio here because they di@mnderstand what | was asking for or understand part

of the problem, then | try to accommodate for that

In terms of student backgrounds, when responding to the question on how he considered
student background in testing, Japecifically raised the issue of the language barrier with
i nternati onal sthelbidgestissae. on thatis sorae ofithe interadtiondl
students. That may not understand the terminology that | use when | do the problemeie f oc u s
ist he terminology that John ustgd make thaelproblentsn s ai
very selfexplanatory very clear. And no mistakes in the problem However , i f he di
mistakes, he would adjust the grades to reflect thamreagously described as part of the fairness
topic.

As shown in Figure 42 the institutional policy document (faculty handbook) mentioned
students with disabi | reasonabde asedmmbdatiorsnust be nrade int h e
the instructionaprocess to ensure full educational opportunity I n t hi s speci fic
instructors are asked to consider student backgrounds while designing their instructional
practices, assessments included. John, however, did not bring up this aspect whilegiscuss
student backgrounds in test

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 eratls, faircompletion time, and fair grading. Language
on the faculty and student handbooks al so see
fairness, particularly on the ideas of equal treatment of all students and setting expectations on

gradng. 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 tr ansf emthissAnbtheadbcursental so d
finding that did not surface in John’s interv
In the institution faculty handbook, the language on academic dishonesty and cheating implied
the students’ riciegvinonrsent free fram disheonest acts.cJehd disoussed both
separately but did not make the connection betwieem
In terms of student backgrounds, John showed that he thought about international
students when it came to international students. He alstrided some of the actions he took
that align with these beliefs. In addition, | 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 partofJohs acti ons toward this topic. La
did not raise nor discuss students with disabilities when it came to this topic.
4422Matt 6s beliefs and behaviors on fairness
Figure 4.5 shows the beliefs in fairness and Table 4.13shibe 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

guestion covering a topic for each week.

“When &m writing the exam and like | saidstjust 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 cpeer of the book but weeks a one kind of topic for week and then they

get one question on each topic

20¢



Institution and department background characteristics

* Institutional policies imply equal and consistent
treatment of students

* There is connection between fairness and cheating

+ Policies state avenues for students to appeal grades

£ |

» Institutional policies on fairness specifically mentioned
students with disabilities while discussing full
educational opportunity for all students, especially on
instructional processes

Background
g un Beliefs on fairness Behaviors on fairness Learning outcomes
characteristics
Matt appreciated Acquire and

understand, not

etting practice with
getting p I :
memorize, the

mock tests when he See Table 4.13 — See Table 4.13 —

was a student concepts
& , 4 I
(T 1. o0 L O T
Figure 4.3
Mattods beliefs and behaviors on fairness. Thi

This is consistent with th@formation on his syllabus (Figure 4.10) as he scheduled the tests
typically four weeks apart. Mat t jusdeshem el abor a
[students] on things that | just taughtthett st r engt hening thied bel i ef
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 ditfiail 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 shquiettyeconsistent right,

the level of difficulty will vary based on the exact questions that you pick but whiae theyg
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asked to do with the way they being asked to do it, how long that takes them and even the way
the questions are formatted shoul a | | be pr Andsoyl trydoomale ieverytieingt €
consistent throughout the course and | think that ties into just being fair to the students and
giving them a chance right and make it as straightforward as poskitiiaever trying tarick
thestudents upthrow in things that will confuse thendsitalways intended to be straightforward.
Or if you learn how to do thi¥oudve seen basically this question before, and if you paid

attention you can get right into the solution and get through’this

Table 4.13
Mattodéds beliefs and behaviors on fairneéss. Thi
Sub-belief Behavior
A fair test covers materials that students have Documented
adequate time to prepare for/remember 1 Split tests for evenoverage

1 Provided mock test for practice

Self-described

flncluded one question

fDid not “trick” studer

1 Had students prepare cheat sheets

A fair test has a reasonable completion time for | Self-described

students. 1 Used rule of thumb to determine completion time

1 Made reasonable decision on the type of questid
based on cheating and time fairness

Student performance on tests can gauge test fair Self-described

1 Use student test performance to gategpe fairness
for future test writing and fairness assessment (s

Openbook/note tests do not mean harder test No relevant behaviors were described nor

guestions (students may try to find similar questio| documented.

to copy).

1 Matt did not make anxplicit connection between No relevant behdors were described nor
test and student background documented.

1 Matt believes that tests focus on materials, and
everyone will get the same tests

1 Matt has not thought about international studen
and the language barrier until the issue was rai




In addition to making sure to be consistent in terms of test difficulty, Matt also ensured to not
“trick’ his students by including convoluted ques
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 whatlzorized 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
practiceexercise because it forces them to pick through and find what's important and what's

relevant that they want to put on thére

Matt also provided his students with mock tests for test preparation. He connected this to
his past student experience, whieegprepared tests with mock tests, as described and also listed

in his syllabus.

“That [mock test] | think was something that | always appreciated, when | was a student having
something that looks like the real test that | can see. What sort of quesilidmes asked what

level of difficulty those questions will be? And just some to sit and practice, like me, if | can sit
and do this in an hour and get the questions right, then | feel confident, for the real test, and so

| 6ve just ki nidiguedthakseugents fuhditiusetl. | mbaa tdon't get a lot of
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comments about them, but on occasion you know students I'll put something on the spot survey
that says they were super helpful, so | don't know it's something that | appreciated hdving so

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 strengthenihg 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 epressed 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 enmegtotfinish this
exam. | 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 | think having a time limit is fine, but | don't want to feel
super rushed for time, that's you know, likere's no possible way that they could answer all the
guestions 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, | will judge if that's long enough for’them

Matt provided detailed ganations 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 camplete



test. This aligns with Matt’s beliefs that

complete tests.

“égives the students two and a half times as

probably twice as long. And that tends®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 godb 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, | can do it in
20 minutes good students can do it in half an hour. Rest of the clasdest@ing 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 worlSo it seems to work out that the average student takes about twice as
long as | 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, | try and solaeaibout half an

hour 35 minutes, and then they have two h8urs

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
hadsufficient 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 higpeasinees in teaching the

courses and his student experience and used that to benchmark student test performances.

“And then the other thing | 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 | typically shoot in my classes for arageeof about 80% which is, on

that border of B minus to C plus, which | think is about average again in England it's a little
different system which we can talk about if it's helpful but yeah | think that's about average. GPA
| think about Bis, that kird of means average so if my average is there, then it says, probably a
good indication, and if | give a test and the average comes back at 60%, then | probably did
something wrong if it comes back at 100% | probably did something wrong. | made it too easy,
and so, if | 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 | look to see

there's some students getting hundreds. A lot 90s,cd &fis, 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,tMiefines 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 duringphedemic, 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 administratioand having a textbook allowed during a test did not change the framing

substantially.

“1 don't think i've really changed anything in the difficulty of the amount of time it takes the

students have always been al |l owehhvethattdoretat s he

think having it be open book is really that differént

Il n terms of triangulating Matt’s fairness
documents, Matt did not mention nor make any connections between the idea of faidhess a
equal treatment of students. In addition, Matt did not make any conndotitmserfairness
policies and how those were related to cheating, as stipulated in the faculty and student
handbooks. Lastly, themasno mentionof having avenues for studeritsappeal grades during
in the interviews and no documentation of this policthmsolid mechanicsyllabi.

Shifting to student backgrounds, Matt did not make an explicit connection between tests
and student backgrounds. He implied that because tlseatesbased 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 lkigcound 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. | probably write test the way that | would
want to be tested amaterial, | suppose, and then | 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, | really havén't no

In addition, when asked about international students as one possible group of students
that might be affected by tests, he was clearly eépdearn more about the topic. This shows that
he was opeminded to learimg more about the topic. Furthermore, Maathalso shown that he
considered student backgrounds when it came to testing, as evident with-tneeran
lockdown browsers because of uneven internet connection. In terms of public document findings,
Matt did not raise students with disabilities whescdssing 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 noéxplicitly make connections between tests and student backgrdwends,
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 spkgodic
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 gabgther a test was fair. Lastly, Matt made
sure to not change any test question difficulty even when he switched to virtuahagenote
tests during the pandemic. However, Matt did not raise any of the topics that emerged from the

public document angsis. 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 testfairnessbeliefs and behaiors among participants within the
default test usergroup

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 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.

“é i gchallenging but not challenging because it's long or that the time comes into play, but

chall enging and that you got to think about ébo

Materiatcoverage wise, Jake and Sam had the same beliefs as Matt in that all three of them
discussed the need to makge 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 waee fair,

discussed in the quote below.

“I don't give them [students] problems that they haven't seen in some form. | don't give them

exact copies of the homework or anything either, but they might have some mix of different

C 0 n c elpa veast ittest] to befair.”

214



I n terms of behaviors, Jenna discussed not in
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 issuksandsed 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 studemtsuld 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.

“1 know there's going to be a variety of socioeconomimfaavhich play into. Student's ability
or time to focus on material and really how much they can be devoted to a particular class, so |

understand there's going to be limitations there absoltitely

4423.Anni ebs beliefs and behaviors on fairness
Figue4.Zi | |l ustrates Annie’s beliefs and behavi
First, Annie defined a fair test as one that provided students with reasonable time to

complete, similar to other participants. As previously quoted, Annie mentionteal tiet 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 thikegsa 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 opini@nvoiced it several times,

but I uncerstand the logistics of why we do we do | don't agree with it, but | 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 | gogbneeigh

more problems they can take 10 minutes each so when you put together that's 200 minutes and
thatodos 120...1"m, not to say that they're al/l

but I think it's just such a drastic. | believe those asegood final exam$

Institution and department background characteristics

* Institutional policies imply equal and consistent * |Institutional policies on fairness specifically mentioned
treatment of students students with disabilities while discussing full

« There is connection between fairness and cheating educational opportunity for all students, especially on

* Policies state avenues for students to appeal grades instructional processes

l

Background

. Beliefs on fairness Behaviors on fairness Learning outcomes
characteristics
* Did not mention
olicies
P Acquire and

+ Mentioned

derstand, not
accommodation —— See Table 4.14 — See Table 4.14 > understand, no

memorize, the

policies with "
students with concepts
disabilities
[ Acrosst 4 I
Figure 4.7
Anniebdbs beliefs and behaviors on fairness. Th
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In short, Annie disagreed with how the common final exam was set up as students were given 20
guestions that might take hdinutes 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 complegon tim

Table 4.14
Annieds beliefs and behaviors on fairnéss. Th
Sub-belief Behavior
1 A fair test had a reasonable completion time Self-described
1 Completed the tests personally to gauge complet
time (atmost 1/3 of assigned time)
Documented
1 Worote test questions that could facilitate a quick
solution for the students
1 A fair test did not deviate too far in terms of Self-described
guestions that students had seen in class 9 Discussed with students how a certain keyword ti
1 If the tests were open book, having harder test think about how to solve problems in class
guestions was reasonable for a fair test. 1 Wrote test questions that do not follow preset

homework questions that tend to focus more on

math than conqas

1 Annie did not explicitly connect tests to student | Self-described
backgrounds, though she acknowledged the Annie is actively providing accommodation for
pandemic may have amplified disparities and students with disabilities on tests
inequities in terms of resources, and this could be
racially related

1 Annie mentioned students witlisabilities and the
accommodation that came with it

In terms of behaviors, Annie had a rule of thumb to decide how many questions to give

her students sdat they could complete the tests in time.

“Typically when | go through, and | make a test, | make it and then | go try to go through it and
if | can't get through it and a third of the time, then | know it's too long, so | go back and try to
either makesome 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 | want out .bf it so



For Annie, if she could not complete the tests within a third of her timestieenould 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 etited 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
through that section in less than five minutes if they agtualtlerstood each of those parts of

t hat equation. 0O

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 uestidns
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 -cténdesl]do, not axacgyihe sagne setupmbut sametieing
know that theystudentsjhad seen before” Thi s means that Anni e want
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 mioreltiést was reasonable

if the tests were opelmook/note.
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“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 | understand that
side of it[making test questions more difficyltjecause if you're using a problem that's very

similar and already there, they can very easily find it and go through the solutiori on it

In short, Annie connected the idea that because matryctors 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. | also interpreted this
as a connection witbheating with the idea that these solutions could become unauthorized
resources for students to cheatthe tests. Thus, a fair test could also mean one that might
discourage cheating among students. This is also consistent with the institutionali@academ
di shonesty policies where cheating is clearly
is a manifestation of suaconnection.
In terms of behaviors that align withese two beliefs, Annie had shown to act on these
beliefs to ensure thedts 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.

A lBr example with that rigid body kinematwe talked extensively about how you actually find

the Genter 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 thremlittle bit, and kind of the same

wording of what | am asking for



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 notcliiypk exa
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. Asshe 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, | mean ubmgame terminology, the same notation

and kind of things like that. But | 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 b&o 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 knowsglibcure

geometric relationship that you” would have to

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 mattiematic

manipulations and concepts that many of her students might not becdwareediately. 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 mathematioalkepts.
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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 gppees$ 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, | mean the main thing | thivi consiéred or thought
about, especially since Covikit is like resource access which | guess could be racially really. |
don't know yeah | see it, more as like a resource aspect in that, to be honest, no | haven't really

thought of that ”

Annie hinted at theossibility 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 shestaseaks with

disabilities when she furthered her comment on student backgrounds.

“1 do think a lot in terms of the disability side. It was one of the other main reasons | don't like
test or like | try to avoid test as much as possible is becauseatthéldifferent 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 l@afommodations 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, excéfor 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.

“l don't think | really take that into account when | design it. But administering, | do, for

example, | always give my cell phone number to | have the students take them at the disability
Center this is back when | could actually do that because onedi&raction free environment

for real. | 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 | don't have to
physically sit there or double ting® like an hour and fifteeminute class, two and a half hour,

the final exam it's four hours, orsome whohave i pl ed ti me | just <canodt

to sit there to practice for six hours’

However, Annie did express frustration of sowith 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 asfdartness in terms of
institutional policies. Annie discussiorseemingly aligned with this policy, especially when she
explained that she reached out to the institatioffice for students with disabilities, implying a

connection between her discisssand the institutional policies.
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One thing that | noted in terms of Annie’s
background is that even though Annie did not
beliefs and behaviors did imply thehe had such a connection. For instance, Annie mentioned
and explained multiple times that she consi de
guestions, such as the use of probkmtving/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 | made of Annie’s beliefs and
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 studentroacky Annie discussed
resource disparity being exacerbated due to the €f¥jpslandemic and hinted at race but did not
make further connections. Annie, however, did discuss extensively accommodations for students
with disabilities and stated that she webaloid testing because of the accommodations.
4.4.2.3.1Comparing testfairnessbeliefs and behaviors among participants within the
skeptical test usergroup
Comparing Gemma to Annie, Gemma had similar beliefs and behaviors on completion
time, though Gema 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 catenis sthd 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.

228



“1 think it is useful to kind of getting rid of the randomness, because some sthdgrdan study
that topic and that topic is in the exam ahdyaregoi ng t o do good, but

theydid not know so if you put more topics we can get rid of a little bit of these randorfiness.

In terms of behaviors, Gemma explaineut hared 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 conusation to diversity improvement in engineering and the need to recruit to
achieve such improvement and acknowledged the importance of inclusive classrooms.
4.5 Summary

| have presented the answers to the research questions with detailed evidence.
Specifically, | provided rich and thick descriptions of three cases that represented each of the test
usage belief groups that emerged from the analysis. Here, | present tiheviighkeaways for
each research question.
RQlLaWhat ar e t he iabauttusing testsarrthreidfundaenknitakehgineering
course®

The participants had shown a varying level of convictions of test usage beliefs, with
beliefs being explained by the sbbliefs of learning outcome from both the student and
instructor perspectives, naroursecontent factor, and test disadvantages. Thestaiser 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 conviat®that are less strong than the John ,who is an

enthusiastic test user, as these four participants acknowledgedmsecontent factors and
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test disadvantages relative to their test usage. The skeptical test user group, on the other hand,
has participats that showed clear explicitly disapproval of tests through théelidgfs as both
participants had a weaker conviction with the stugemspective learning outcomes and
stronger convictions on the n@oursecontent factors of inertia and test disautage of
students not learning from tests. These also show that the differenélsefis can be interpreted
as “interacting” with each other to form the
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), heatuke
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 betwisst 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
acknowledgmendf noncoursecontent factors and test disadvantages, showing complexity as
some participants had to weigh the justifications with otheibaliefs. Some in this group
showed a willingness to use other types of assessments in different contexts, cteginisgge
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 cortiitig beliefs as some were trying to make sense
of other factors and disadvantages with tests

heavy test usage were confined only to FECs and certain learning outcomes such as from the
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i nstr uct oermostly, prdike the aherttwo groups. This group also showed clear
disapproval of heavy test usage and explained or implied that theonosecontent factor of
large class size played a large part in featuring tests heavily. The group expressed/olddrl
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 sensthef 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 behaviaigtnatith the
test usage subeliefs. 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 thelgsia, while on test administration, partial
credits, test setup in relation to course grade, and authorized resources surfaced. Abetiefsub
levels (learning outcome, naroursecontent factors, test disadvantage), | do not find
misalignment betweebeliefs 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, | do not find any specific pattern of aligmmment
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 complexityteundt andi ng t he par"
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 th&tindents 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 gshtegies 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 sukbelief level but showed complexity when viewed with respect to thelthvest 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 desigaed 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 extensivehe#teto 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 cheatira, participants seemed to have defined cheating through
their test administration with the modality {@@rson to make sure students work individually on
the tests) and authorized resources (setting boundaries on what resources being solicited would
be onsidered cheating). Looking at test cheating beliefs and behaviors in relation to the test user
groups, | do not find a clear pattern that shows there are cheating belief differences among
participants. | also generally observe that the participantsiagstbcheating 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, |

do not find a clear patterhdt differentiates how the participants in the different test user groups



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 discusseetithe previde

students a reasonable completion time to define test failh@gss 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 ternmdf 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 mentied 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 tesv questions and preferringperson test
administration, especially considering the shift to virtual learning due to the-C&pdndemic.

Many were also using open book/note during the pandemic but was hoping to shift it back to
closed book/note wimein-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 &dd to th
complexity of their test usage beliefs, such
being the only participant who used lockdown browsers toward addressing cheating with tests,
showing her commitment to tests when she used them. In terms f@fitiesss, | 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 wiasdfagheir students. Lastly, only some of them
discussed how they considered student backgrounds when it came to test design and
administration. Overall, al |l participants’ be
fairness, but no clear patterrh@n 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)iastors (seven
cases) in two engineering departments (mechanical engineering and engineering science) in
a Research 1 (R1) public institution?

| found nuanced details of classroom test beliefs in three topics: test usage, cheating, and
fairness. In termsf 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 discussiedldleaced their test
usage beliefs and behavioRegarding cheatingll 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, fegihess 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 reasonabie amou
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 panderaydrall, there is no concrete



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 usadeehaviors, 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 mak
decisions to not use tests. Some acknowledged someaonmsecontent factors and test
disadvantages that influenced their test usage behaviors, supporting the test user groups
characterization. Other test behaviors (design, administration, cheatingsficontributed 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 théieliefs 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 tlezseagk 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 alsowssome 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 aheir 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 isasistent with the reviewed literature on common usage. For instance,
Rompelmar(2000)has argued that testing culture is inherent in engineering education, while
other literature has mentioned or implied that tests have been-tbeageessment in
fundamental egineering course@-elder et al., 2000; Lord & Chen, 2014; Nolte et al., 2021;
Sheppard et al., 2009; Sletten, 202f.jnust 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 eourse 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 ottonsiin 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 usag in terms of learning outcomes regardlessf 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, defaulttioaktesh
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 rteeshift assessment toward a more dbéked
paradigmRompelmar(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 inttthey 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 ot
knowledgeand understanding to pass an exam without the risk that others have helped them
e X ¢ e s Ramsang, $00&g. 111). My findings support this statement as all my participants
explained or implied the need for understanding their student learning at the individual level.
Essentidl, 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
(LachlanHaché & Castro, 2015; Suskie, 2018)timately, 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

232



on the testing effect as some participants argued that pratang tesguestions help
students to apply concepts to solve certain types of prol{Ruatier, 2010) Participantslso
implied that tests helped their students remember the concepts for future courses, hinting at the
idea of tests help with retentigButler & Roediger, 2007; McDarliet al., 2007; Roediger et al.,
2011) Furthermore, many of my participants also mentioned that tests compelled their students
to study or change their study hal{itdorphew 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 arebabe on t he i nstructors’ perspecti Vve
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 exBeilegrino et al., 2001; Suskie, 2018)

Finally, my findings support conclusions Bgarnes et al2015)that present a spectrum
in terms of teachers’ conceptions or beliefs
colleagues, the spectrum specifically focuses on categorizing works that demonstrate
conceptions of the purpose of assessmentsnmstef pedagogical functions (assessments help
students learn), accounting purposes (assessments help with accountability), and the extreme of
assessments being irrelevant to teaching. My
test usage, mning 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 contribotom this front to engineering
education research.

5.4 Default and skeptical test usersacknowledged norcoursecontent factors that
influenced their test usage.

Most of my participants, except for John was enthusiastic about using tests,
acknowledged nowoursecontent 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 cortextedptualized
instructor beliefs that influence practices with sociocultural elements, arguing that beliefs can be
different depending on the contexgangs 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 charac(guustec&

Stains, 2015)Two participants discussed not using tests in different courses, showing that their
beliefs about test usage became different in different course contextscaureecontent 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 designgincludin
assessmen{8rookhart, 1997; Lattuca & Stark, 2011)

Another norcoursecontent factordepartmental contexts in the form of inertia and peer
pressure, also situates my participants’ test
discussed that inertia and peer pressure or culture within their departments led them to use tests
heavily intheir courses, and the engineering science department mandated the use of tests,
potentially influencing how these participant

inertia as a reason for continuing certain practices has beedaeelinentedwith statements
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|l i ke “we have also done it that way”™ or “if i
concepi(Lane, 2007; National Academy of Engineering, 2005; Reeping et al.,.Zl0i8)shows

that my participants are not different from the larger engineering instructors in terms of inertia
influencing test usage. In terms of peergaure 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 insteadgf teachin
for tenure. Both of these findings contribute to research that shows faculty decisions revolve

around coll eagues influence and reward syste
think about adopting different teaching practi@sownell & Tanner, 202; Campbell &

O’ Mear a, 2014 ; L Overdll, ndy stBdy laas costribute?l t thé ljterature on

inertia and peer pressure in terms of why my participants continued to use tests in their FECs.

My patrticipants also discussed the need for &Sts 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 teaahg and assessment decisi¢Bsrrego et al., 2010; Coutinho et al., 2017;

Lund & Stains, 2015)As described bBoylanAshrafandHaughery(2018) fundamental

engineering courses with large enroliment tend to require more demanding commitment from the
instructors in various aspects, such as holdtngent 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 outcomelselief that tests were helpftdr learning,
consistent with the | iterature on instructors
be highly situated based on personal experie(fdgss & Buehl, 2011; Skott, 2019 addition,

some participants mentioned their lack of experience in using other types of assessments that
influenced their test usage besiefnd behaviors, further contributing to the literature on the

topic. Overall, my findings have shown a variety of fwmrsecontent factors that influence the

participants test beliefs and behaviemals, and
components that can affect course decisions.
5.5 All participants acknowledged test disadvantages, but with varying degrsef
importance of this consideration while considering test usage in general.

All the participants discussed test disadvargageugh 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 withewveral 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 leadlithg tliscouragement of deep
learning approachd€ase & Marshall, 2004; Marton & Salj6, 197@e)d massing or cramming

days before the tes{Blasiman et al., 2017; P. C. Brown et al., 2014;dcke 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 associed 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 cao teat t
anxiety(Major et al., 202Q)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 fromtmes t r uct or s perspectives, and ex
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 engineeringoeducat

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 stidaél done on understanding these
disadvantages.

56Par t i ctegpbeliefs andbehaviors show varying levslof conflict, especially those

who are default and skeptical test users.

Il have also found that the peaaninglevelpdnt s’ t
conflict between them. Existing |iterature ha
practice have a complicated relationship. Researchers have found mixed messages in terms of the
belief and practice connections as theee\ariations of the connections based on factors like the
di fferent types and functions of beliefs thes

experience in teaching practices or behaviors. My findings support such claims, consistent with a

studyby Moore et al(2015)that understand faculty beliefs change in using metieiting



activities (MEA) in engineering classrooms as they found the belief to be complex and
individually constructed.

In terms of different functiongivesandBuehl(2011)especially provided an
appropriate and intuitive framework to interpret rmdfngs. The authors argued that the
complexity of beliefbehavior connections can be explained by what they called an
“I'ncongruent” relationship and the degrees of
level of incongruences through the differézdt 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 daddiefs, with a combination of varying convictions of the
learning outcome, neooursecontentfactor, 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 (20)Jargued 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 graaiagge enroliment class.

This is consistent with Fives and Buehl’'s as
the test usage belief enactment was demonstrated by my participants, which is strong
“congruence” in thi s myfndirgsalsdare consistemsvithd-fvesand al | e

Buehl’'s work as | found some participants inv

of culture and actions of colleagues based on the authors) and stress among students that could

23¢



have preventethem from using test less in their courses, essentially making enactment of some
of their test usage stheliefs difficult. This shows the challenges that explained the strong
incongruences between test usage beliefs and behaviors, especially ont¢barsenontent
subbeliefs on inertia and peer pressure, and some of the test disadvantagéefaplike tests
creating stress among students.

There was also discussion on the iIimportanc
their teaching praates in influencing their enactment of beli@uehl & Beck, 2015)and my
findings have hinted at this. | 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 wWese comfortable not using tests in AIBBEC 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 belviors.
5.7 All participants, regardless of usage beliefs, usgmoblem-solving questions with some
addedconceptual questionsAll participants viewedtest question difficulty differently.

My study has found that all participants used probsaiwing/wakout type questions in
their tests, in the design of constructed response or mudtigiee. The findings where everyone
used problensolving, constructedesponse questions are surprisingly scarce in existing
literature, even though the participants géve impression that these types of questions were
typical I n FECs t osolairg precess. Tisetcwrentlitetataré dogsimplip | e m
this type of question is typical in engineering tStsBrown, 1999; Jonassen, 2015; Petr, 2005;
Sheppard et al., 2009n addition, the engineering science instructbssussed the use of a

multiple-choice, problersolving-question test as the design for the common final exam, and this



is consistent with the literature in which the use of mukgtleice exams is widely documented

in the existing literature. | have una@red the use of multiplehoice as the final exam in the
service courses in engineering science, Wwith
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 mutthplece
exams/testéAkeroyd, 1981; C. K. Y. Chan et al., 2011, Fellin & Medicus, 2015; Petr, 2005;
Timmermann & Kautz, 2015)n addition, the common multiplehoice final exams were

designed tget students to show their knowledge through engineering problem solving, and
literature has shown such usage of multigheice exams in engineering educatibellin &
Medicus, 2015)

Research in engireing education on problesolving questions typically discusses
combining problensolving questions with multiplehoice questioné~ellin & Medicus, 2015;
Photopoulos et al., 2021 ellin and Medicus specifically used multigboice questions to
prepare students for the written exam, which | interpreted as problem solving questions because
the authors described them as calculatimblems that are consistent with my research findings.
Another test design finding is the use of conceptual questions among some of my participants.
Timmermann & Kaut£2015)discussed the use of amptual 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 justifations. Overall, my findings have expanded the literature on test design,
specifically on the discussion of problesualving questions in different formats like constructed

response and multiple choice.
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In terms of difficulty of questions, some of my paiiants discussed the difficulty of test
guestions 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 challengeddemonstrate 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 stugéen@han & Kennedy,

2002) Another publication byAhmad et al.(2011)defines exam question difficulty using the

Bl ooms taxonomy as a framework as part of de
exam questions, while another discussed the perception of difficulty and the differences in this
percepion between instructors and studefitimgard et al., 2009 However, there has been little
discussion on how thdifficulty 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 homeguestions.

5.8 Most participants mentioned partial credit as an important part of test grading and

were mindful ofthei st a k e s 0 e Bathtspahnedsthe ditfieeet 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 literaturpdhtal credits are used
as part of the grading scheme of tests, especially in the constructed response type of questions
(DiBattistaet al., 2009; Grunert et al., 2013; Hieb & Bego, 2020; Petr, 200pjindings 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 ultimatelydt reach the desirable

responsegGrunert et al., 2013}hough 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 thnk 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, ¢mmtribu

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 thage that
“decisive I mpact @engtisdine201l§y. d.Myg patticdpantsgravea d e s ”
discussed the need to split test grades into several tests to lower the stakes and provide their
students with wayysnottdowell an adme df thaitests. Theflowerihgeof the
stake also leads to addressing student stress and anxiety among some participants. These findings
expand on how the engineering education commu
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 showedvery strong beliefsabout the nead to curb cheating among
students and demonstrated or described behaviors that align with these beliefs.

| have found that all participants extensively discussed cheating and how they addressed
them. In terms of defining cheating, my findings have shthahthe participants defined them
largely based on their behaviors of addressing cheating, like the modalitpefsion to make
sure students were working individually and authorized resources to set boundaries to resources
students could use during tesvithout being considered cheating, such as pages of notes to be

taken into the tests and npermission to use internet websites and resources. This is consistent
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with findings of my instructors defining cheating in engineering education, where asicimsis

peer collaboration and peeking (not working individually), and outside assistance (authorized
resourcesjAlemayehu et al., 2015; Capter et al., 2006; Chirumamilla et al., 2020pugh

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 wlen they cheated, considering they aspired to become engineers in the future
(Carpenter et al., 2006; Kelley & Dooley, 201Burthermore, my research has also found
cheating must be addressed tousaghe assessment of students is conducted in good faith to
know whether the students have learned, consistent with the litef@angenter 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 thraaghdesign discussed by my participants

were consistent with existing literature, such as rephrasing or creating new test questions that
looked different from the homework questid@ddemayehu et al., 2015)andomizing questions
(Alemayehu et al., 2015; Chirumamilla et al., 2Q20)d 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 learninglue to the Covid19 pandemic,most
participants demonstrated or described behaviors taddress cheatinglue to lack of in-
person testing and expressed a strong preference for-person testing in the future.

My research has also found that test cheating and administration, specifically on

modality, became more salient to the participartiemthe Covidl9 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, 2020y participants had to navigate how to administer

their tests while also considering the cheatiomponent. 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. Consiently, my participants shifted the modality to take home and virtual testing
due to restrictions on iperson learningChadha et al., 2020; GorganiShabani, 2021; Parker

et al., 2021)In addition, most of them discussed the importance of addressing cheating, like
some in the literaturAwad Ahmal 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 walbcumented in thetérature as many measures to curb
cheating involved ifperson testing and proctorifBengtsson, 2019; Srikanth & Asmatulu,

2014; Tabsh et al., 2019; Williams & Wong, 200&0d | hae evidence to support that my

instructors all preferred to conductperson tests when classroom goes bagenson. In

addition, concerns about easier cheating with technology, such as devices with internet to access
websites like Chegg and conductitegts electronically, emerged from my data and support

existing researc[Bhute et al., 2020; Broemer & Recktenwald220Chirumamilla et al., 2020;

Kelley & Dooley, 2014; Srikanth & Asmatulu, 2014y findings have also shown that all but

one participant also moved to have ofpemk/note exams during the virtual shift because of the
pandemiqChadha et al., 2020but doubts remained as many explained that compounding open

book/note with takdnome modality seemed to provide opportunities for their students to cheat.
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Overall, Covid19 emerge@s 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 associatetlosely with the Covid19 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 litefature.
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 cheatimig tthe instructor perspective
(Carpenter et al., 2006; Chirumamilla et al., 202@J) reasons for the @& 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(testieg &

Dooley, 2014; Peculea & Peculea, 2020; Srikanth & Asmatulu, 26i4thermore, my findings
have contributed further to behaviors that engineeringucistrs showed while addressing
cheating with their tesf@®lemayehu et al., 2015; Chirumamilla et al., 2020; Srikanth &
Asmatulu, 2014; Von Grunigen et &2018) Even more salient is the connection my findings
have shown between cheating and the Gd@gandemic 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 reed 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 tishikypo 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 Covid19 pandemic.

5.12. Most participants defined test fairness with two components: sufficiertompletion

time and adequate content coveragdll participants had different beliefs on fairness and
student backgrounds.

My research has contributed to the test fairness literatugngineering education by
uncovering my participants’ definition of fai
time and adequate content coverage. As previously reviewed, fairness in engineering
assessments has been relatively understudiddngirwork on examining test fairness from the

instructors perspective has contributed to r
fairness and equitfDouglas et al., 20160n what fairness means, my findings have found that

the participants have specific notiosfswhat 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 mqrarasf

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 contéiierney, 2013)As interpreted in the results, all the participants in

my study mentioned or implied the needreat students equally, which is generally assumed as
part of the test fairness definitigfierney, 2013; Zieky, 2016)nterestingly, fairness research

also finds the close association between fairness and validity of the asse¢€imek{2009;

Tierney, 2013; Zieky, 2016and | do not find eXit 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 arrent literature.

On the separate stieliefs of reasonable time and adequate coverage, existing research
has shown that these are considerations in test d@saky, 2016) On reasonable time, my
findings are consistent with literature that focuseshe 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 pwiding more time for students to upload the test responses due to the
nature of the administration caused by the Cd#dandemi¢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(20@), 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 i 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 languaggibr, which have been welocumented in the
literature(Camilli, 2013; Douglas et al., 2018 ome speculated the idea that socioeconomic
status and resource disparity could influence how students make choices about thesy aourse
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 irepterg tests from the fairness



perspectivéDouglas et al., 2016; Pellegrino, 200@hough there have been arguments for this
consideration in fairness literatui€amilli, 2013) Those who call for more consideration of
fairness consideration alomgth equity invoked the idea that higitake 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 etal., 2016; Nagy, 2000; Pellegrino, 2008}y findings, though brief, have

begun to get to the topic as they show a range of thoughts among the seven participants, and |
interpret this as a lack of knowledge or consideration of stumekigrounds 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 iretltourse syllabi. Existing literature has shown that faculty
beliefs on accommodations have been generally supportive of providing accommodations in
learning environments, though implementations have been la@dagg et al., 2010)n terms
of test accommodations, research on community college faculty has shown that most faculty are
supportive of providing accommodations with tests to students with digeg(i8. M. Norton,

1997) There have been other studies that research test accommodations for students who
identify with learning disabilitie§Lovett et al., 2019; Weis & Beauchemin, 2020)

demonstrating the extent of the work. This raises the call for future work in engineering
educaton 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 belief€beamstent with

existing literature.
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5.13 Contributions to the identified researchgaps

| identified four research gaps from the engineering education literature that my study
sought to address: The prioritized Research Gap 1 on why tests are comngineerary
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
|l iterature and schol ar shi p bamiorseon gssessmentin ng i ns
general.

For the prioritized Research Gap 1, | 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 tHelitCs and justified heavy usage with learning
outcomes. In addition, some participants argued for someonsecontent factors like inertia
and large class size to justify test usage. The overall findings (test user groups) show that the
common usage désts in engineering education may be explained by the complexity of the
beliefs behind the usage, considering-4tonrsecontent factor and test disadvantages
influenced my participants test usage beliefs and behaviors at varying level of convictiams. Al
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, | have presented findings that detailed Hrésgants 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 findindgve provided details on how FEC instructors in
engineering education administered tests in engineering education and considerations behind

these strategies, such as preference fpenson testing to address cheating, particularly during



the Covid19 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 contptetjagtc.),
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, |
have detailed the test beliefs and behawwbiseven 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 futire 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 oppressiarh
endeavors.
5.14.1 Future research of tests through situating in assessment philosophies

My research findings can potentially jursfart 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,thedornative and
summative paradigms, assessment triangle, and evithaiseel assessment stratedigsllegrino
et al., 2001, 2014, Suskie, 2018)Jthough there has been research that indirectly sittedes
within these larger assessment philosophies, my work particularly can serve as a foundation to
understand FEC instructors’ assessment phil os

use tests and how they implement these tests while cangjig@portant constructs such as test
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cheating and fairness. Essentially, the focus of such research is to promote intentionality of
assessment desigRussell & Airasian, 2012; Suski20Q18) 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 doaoented 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 cauld be
good start in thinking about the intentionality of test design and administration. Specifically, in
terms of the summative and formative parad{@wllegrino et al., 2001, 2014; Suskie, 2018y
findingshave 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 discussadtérm 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 theasts 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 understating 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.
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5.14.2 Findings to push for diversification of agessments 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
i mpl ementation in FECs. Existing |iterature
promoting belief, and subsequently behavioral changes, in teg@kot, 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 | foresee four potential strategies. One, the
belief and behavioral knowledgef 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 rayursecontent sukbelief. Such changes include rethinking how
FECs with nultiple 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 shoald gar
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 engineeringtestumrward in terms of
assessment design and implementation.

Two, the engineering education community can leverage test usage anedeiemtt
beliefs to adapt and design alternative assessments that can work in FECs. My findings have
presented variousimensions of the subeliefs (learning outcome and test disadvantage) that
can be leveraged to design alternative assessments that align with thbetessibFor instance,

for instructors who believed that tests can be tremendously helpful to asteskial 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 lowsBakes with takénome options, and assessments like individual-mini
projects that might take a similar timegmade 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 beliehetction 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
defadt and skeptical test user groups show a willingness and thoughts about ustegtnon
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 magihalae 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 implementati@orrego & Henderson, 2014the groupings can be
leveraged witlthese 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 Isglagddhe 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 loaglly 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 performdrased Suskie, 2018)My findings have
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shown that some FEC instructors involved were willing to use diffecemtsf 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 diversseasments, 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 formsof 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’ woeakisg, and c
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 studédackground 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,
understandingpow 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 practiasseasment as an
educational practice overall, from the critical perspediiaeisonBillings, 1998) | view the
higher education system as inherently situated and poliBecaher, 1996)and the engineering
education community should embrace such a notion so that woddogesaing systemic
inequity in engineering and through engineering can hafipiéey 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 assessmentcpicas from the systemic perspectives and how they play a part
in contributing to the perpetuation of inequity and injustices in engineering. In short, | hope my
findings showing limited consideration of student backgrounds in the context of tests dde prov
the necessary small step toward studying assessment from the social justice perspective,
considering emotion, qualitative method, and reflection instead of just testing in engineering
assessmerfRiley 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
engineeringdCech et al., 2017; Espinoza, 2013; Good&§)1; Holly Jr., 2020; Long Ill, 2020;
Riley et al., 2015) In addition, | 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 understamdgj 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 FiS@uctors 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 connecta t he i ndi vidual | evels, and expandin
from the assessment perspectives. In addition, my research has also uncovered briefly the notion
of instructor autonomy in course design, especially in courses with multgilerseand

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 t o und e rfsandabahdviois,iwhkile also showangthdat t e ac
more research on the connections between these beliefs and behaviors should be done to extend
SEVT. In terms of implications, | am hopeful my research can encourage the engineering
education research community tady 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 asessment 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 instructoandlambel i ef s
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 lieegeriences of those who identify
with oppressed groups in assessment design and implementation should also be considered.
5.16 Concluding remarks

| have found three use groups (enthusiastic, default, and skeptical) that characterize the
participants testisage 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 det
behaviors have shown complexity of beliefs and behaviors in fundamental engineering courses,

providing nuanced foundation to understand why tests are conmneoigineering 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 instrsictsing 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 enginAsgegsments
can be a gatekeeping mechanisnemgineering to prevent some students from continuing in
engineeringNagy, 2000) Tests being featured heavily, along with the disadvantages they bring,
can perpetuate this gatekeeping mechanism. This can k& gagtexplanations 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 preparatoonecessary 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
edwcation, especially in the context of how common assessment practices socialize students into
engineering from the gatekeeping perspective. | suggest exploring student perspective of testing
as the next step building on my dissertation findings.

Secoml, 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 onfooirsecontent factors, such as inertia, pperssure, 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 enginiegy programs across the country, especially in large

universities, the need for easier management in terms of assessments may be the main reason



why tests are commonly used in these courses, even if tests may not be the best assessment for
certain learningputcomes. The idea of inertia may also explain why tests are common,
considering many engineering facutty not have pedagogical training and based their practices

on their personal student experiences, which historically is test heavy in engineeaithgjtiobn,

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 teste@memon 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 theidofy hese questions touch on Re@arning 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 edudimn 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 theonsent 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 ané® letheesthink
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 experieaegreatly appreciated during this
conversation.
Verify consent is in place and it is ok to audio record the interview
Before we begin, | would like to verify consent with you with several questions and statements.
First, is it ok to audio record this cwersation? (assuming yes, turn on recorder)
Second, with the recorder on, | am verifying that you are ok with recording the conversation.
Third, 1 would like to verify that read the consent foRfease note that this will be a semester
long study that imolves 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/experiencedout tests/exams
First, let us talk about your personal backgrounds as an engineering instructor and former

engineering studentr(igeneral).

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)why do you think
that is the case?
b. What doother 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. Whatcourses 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].

294



I. Are there any specific institutional, departmentalcaurse 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 experiendafluence 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 disss 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
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 tets/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
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 impactyourstudent conf i dence i n | earnin
not, why not?
COVID-19
100.Let’ s now shift the conversat-4+terCOVYIDI9wWwWhat w
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?
122That ' s all the questions wxpectehust askthatwve 1 s t
didn’t?
13.1f we have followup questions, is it okay if we contact you?
Thank you again for taking your time to speak with us. | will contact you soon on email to
collect course syllabi and some of your sample tests/examshaveext few days. Toward the
end of semester, | 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.

29¢



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 engatessiogms,
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 instructtinose 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 bem, | 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, | am verifying that you are ok with recording the comersat
Third, let us review consent.dyou 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 youparse 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 (thenber of tests/exams, the types)



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 numbef 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/egathgou talked about
[brief listing of the views interpreted by Kibm 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 contexts) and how thosgay have
influenced your thinking about test/exams.

a. While designinghis sample tests/exams, how gicbgramcontexts(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 tisitest/exam in your course prior to the COVID
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 yoaréhesme of
your views on the topics as | 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 orthis sample test/exarhow did your students den the important engineering
concepts from taking the test/exam?
8 While implementing this test/ exam, how did
test?
9. What kind of feedback do you expect your students to take from this exam?
Closing
10.That ' s eatirilswda have, buf is there anything that you expected us to ask that we
didn’t?
11.1f we have followup questions, is it okay if we contact you?
12.As | work on reporting these results, would you like to choose your own pseudonym?
13.1 would also need teeport demographic information. Please-sadfntify your gender,
race/ethnicity so that | can accurately represent the data set.

Thank you again for taking your time to speak with us.



Appendix C
Brief Case Summaries for Sam, Gemma, Jake, and Jenna
C.1S a midrisf casesummaries
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 edtthat Sam did use a project, unlike the other

participants as mentioned and explained in Chapter Four.

Sam's Thermodynamic Course Grade Weighting

A

m Exams = Final Exam = Project » Homework/Quizzes

Figure C.1
Samdés thermodynamic course grade weighting

I n terms of Sam’ seliéfeaa relatednogestasagecSamizelieged b
strondy tests help students in attaining the intended learning outcomes. Figure C.2 shows his

subbeliefs contextualized with SEVT model of socialization.
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Institution and department background characteristics

* Technical knowledge application as a departmental goal *Denotes instructor perspective
* Exams are an assumed form of assessments
AN 1
Background Test usage sub-beliefs Behaviors on test .
‘o . Learning outcome
characteristics on learning outcomes usage

* Tests compels
students to learn
« Tests can encourage

Sam had some lessons problem solving in Used tests in Apply concepts to
on tests when he | different context heat transfer and solve engineering
experienced them as a through feedback > thermodynamic = problems in different
student » Tests fit engineering courses contexts

numerical nature*
* Tests can assess
student learning*

- 4 I

Across time

| SRy fo AL A E S ——

Figure C.2
S a mo& sbelisfaidbtest connection with learning outcomes, relevant background
characteristics, student outcome and their relationships with test usage (behavior).

To summarize, Sam had four elements of histseliefs, which are that tests compel
students to learn, tests fit the numerical nature of engineering, tests can encourage proble
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 gedisgexamples.
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Institution and department background characteristics
* Exams are an assumed form of assessmen

'

Learning Outcome

Background Sub-beliefs on non- Behaviors on test
characteristics course-content-factors usage

* |nertia, peer
pressure and lack of

No background creativity influenced

. test usage Use tests in Apply concepts to
characteristics relevant . ; ;
I non-course content * Tests assigned heat transfer and solve engineering
. grades to students, — thermodynamic **| problems in different
factors were discussed .
more grading for courses contexts

nor mentioned
other assessments

* Tests were suitable
for large classroom

Figure C.3
S a mo sbelisfaidbtest connection with neoursecontent factors, relevant background
characteristics, student outcome and their relationships with test usage (behavior).

Sam discussed extensively amublogetically 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 hisIseiiefs.
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AN y l

Background Beliefs (Connection to Behaviors on Student Outcome
characteristics learning outcomes) Tests/Exams
* Test encouraged
pattern matching
Sam tried to maximize * Tests could not
his scores in tests predict students’ Use tests in Apply concepts to
when he was a future success heat transfer and solve engineering
student, but he also « Students tended to [P thermodynamic =P problems in different
tried to learn at the maximize grades courses contexts
same time. * Tests could create
pressure among
students
Figure C.4

S a m o sbelisfaiodbtest connection with test disadvantages, relevant background
characteristics, student outcome and their relationships with test usage (behavior).

Sam discussed four elements of disadvantagdslufs. FirstSam 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 atsl teuld create pressure among students.
Though Sam discussed the suddiefs (noncoursecontent 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

S a muelsaviors that align with the stlieliefs on test connections with learning outcomes.

Sub-belief

Behavior

Tests without a straightforward type of questions cal
help students achieve the applying concepts to diffe
contents learning outcomes.

Self-desciibed

1 Created tests that do not encourage pattern matg

1 Set expectations on test (test taking skills, giving
old tests, asking students not to expect similar
problems like in the past)

Documented

1 Included conceptual questions that discourage
pattern matching and compels students to think
deeper

1 Used questions that focus on concepts, not math
manipulations

1 Encouraged students to work on homework as w
to prepare for tests by weighing them heavier for
course grade, personally have seen homework
helped with students test performances in his co

If given reasonable time, Sam agrees that tests sho
be where students are challenged to push their thin

on their knowledge.

No relevant behaviors described nor documented.

Generally, Sam showd alignment between his learning outcome Iselefs and

behaviors. He explained some of his test behaviors with the learning outcoinelists of

needing straightforward type of questions to help students learn how to apply concepts, such as

using coneptual questions to ensure students could not pattern match and they would learn the

concepts instead of memorizing them. Sam, however, expressed tbeligfithat tests should

challenge students, but were constrained by the lack of time for testirailoiagd him to write

more challenging tests for his students.
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Table C.2

Sambés behaviors

factors.

tdiiefston tast cormectiomsiwithhromirde@ntentu b

Sub-belief

Behavior

1 Sam did not think he (and many instructors) is
creative enough to use alternative assessments.
Everyone knows tests pretty much. It is also harg
write a good test in general.

1 Inertia played a big part in influencing test usage
Sam and in engineering.

1 Peer pressure also played a part (not rocktieg
boat)

i Tests were also a way to address academic
dishonesty in a more assuring way.

1 Alternative assessments might lead to more grad
and more work for the students.

1 Tests could provide the grades that are necessal
higher education (what do basetgrades on?)

1 Large classroom played a role in influencing test

usage in terms of grading management.

Documented
9 Sam used tests in his courses
1 Sam used project in thermodynamic

Sam also showed some willingness with his use of projects ithérimodynamics

course, and this slightly aligned with Sam apologetic discussion of hisedielfs in that inertia,

peer pressure, and lack of creativity led to him believing and continue using tests in his courses.

Table C.3

Sambds behavi dthesulbdiiefston tast dormectiomsiwith test disadvantages.
Sub-belief Behavior

Tests might not predi ct| Documented

juxtaposing engineers with trauma surgeon in that
engineers did not have to make quick life and death
decision during emegency surgery as engineers had
time to figure out models before executing them.

9 Sam justified using tests based on learning
outcomes and some naoursecontent factors
I Sam used a small project in one of his courses

Students tended toaximize grades instead of
learning; however, one still had to learn to be able t
maximize scores (responsibility on the students on {

No relevant behaviors described nor documented.

Tests could lead to studemgattern matching, but a
good tests could be designed to discourage student
from doing so.

Self-described

Created new questions and did not use old questior]
that students would be able to apply the concepts o
new contexts

Sam implied that tests calitause stress and pressut
among students

Documented
Sam splits tests into multiple ones to make sure the
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 norcoursecontent factors discussed in Table C.2. Sam acknowletigédtudents 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 | ower the “ stlaskessandplesstre tests causeéd oh studgnts.wi t

Institution and department background characteristics
* Cheating formed a big part of the honor code policies
* Institutions provided COVID-19 resources for exam

administration /F 1

Background

characterlstics Beliefs on cheating Behaviors on cheating Learning outcomes
When he was a

tudent

student, Sam Apply concepts to

witnessed students

with connections — See Table C.4 — See Table C.4 SN
obtained old test

solve engineering
problems in different

questions prior to the contexts
tests.
i
Figure C.5
Samés beliefs and behaviors on cheating. This
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Table C.4

Sambés beliefs and behaviors on cherFgure by .
Sub-belief Behavior
1 Cheating must be addressed to make sure that | Self-described

1 Some students would cheat when they got the
opportunities to do so (distrust of students)

1 Implied cheating was easier witchnology
(Chegg). This argument also tied to the Ceifd
pandemic for virtual classrooms.

students were doing honest work with the tests.

9 Preferred in person tests
1 Wrote new version of tests for every new

Documented
9 Authorized certain resources during tests to set

1 Included conceptual questions to discourage

administration to make sure old test circulation
among students would not helptivstudents trying
to cheat. Made old test questions public
Changed how tests administered during the
pandemic (notGoogleable tests, have students
explained their thought process more, not copiab
from resources like homework)

Balanced exam timing (suéfient for completion,
insufficient to seek help)

Did not use lockdown browser or other way to
design tests that are difficult to cheat

boundaries

cheaing (copying from resources)

Thi

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 sostedents would cheat when given the chance. In addition, Sam

also implied technology helped make cheating easier among students, and that tHE9Covid

pandemic has made addressing cheating more difficult. Sam behaviors largely aligned with his

beliefs on beating, 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 seekhorized help,

and used conceptual questions to make sure students could not copy solutions from unauthorized

sources.



Institution and department background characteristics
* Institutional policies imply equal and consistent

treatment of students

* There is connection between fairness and cheating
* Policies state avenues for students to appeal grades

Institutional policies on fairness specifically mentioned
students with disabilities while discussing full
educational opportunity for all students, especially on

instructional processes

TN

v

1

Background
characteristics

Beliefs on fairness

Behaviors on fairness

Learning outcomes

When he was a
student, Sam
witnessed students
with connections
obtained old test
questions prior to the

See Table C.5

— See Table C.5

Acquire, and not
memorize, concepts
to solve any types
of problems
Engineering

tests. communication
* A ti !
Figure C.6

Sambébs bel

ef s

and
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Table C.5

Samébs beliefs and behaviors on cheating.
Sub-belief Behavior
Test fairness meant equal footing for all students at| Self-described

beginning of the tests.

Made their old tests public and write né&sts to be
fair for all students (weltonnected students would n
have test questions prior to testing)

1 A fair test had reasonable completion time, balan
timing for completion and cheating discourageme
not reusing old test questions, and balanatensal
coverage with timing (enough questions for stude
to show their knowledge, but not too long that leal
to longer completion time)

1 Covid had made gauging fair time difficult.

Self-described

1 Balanced number of questions (materials) and
expected comletion time

1 Informed students that certain questions will not
covered because they took too long to solve in a

1 Gauged test fairness with student performances

1 Provided test taking skills to make sure students
not leave questions unanswered ytiget partial
credits)

Documented

1 Final exam was twice as long because it covered
whole semester worth of knowledge

Partial credits were a form of fairness.

Self-described

1 Used partial credits to reward students for what t
showed. Askedtudents to write all their thought
process for partial credits

1 Provided test taking skills to make sure students
not leave questions unanswered (they got partial
credits)

Documented

TSet expectations wi
get credits

t h

Fairnes meant defensible test and grading

Self-described
fTRead tests
i Graded test defensively

defensively

Acknowledged that luck could play a role in student:
working on tests and exams

No relevant behaviors described nor documented.

A fair test covered materials that are discussed in th
course.

No relevant behaviors described nor documented.

1 Tests could affect students with language barrier,
such as international students.
1 A test question should be straightforward and not

complicated (unlike homework)

Self-described
1 Created test questions that have all the informatig
in the question

1 Explaind jargons in tests if needed

Sam showed large elements of saddiefs in terms of fairness. Sam defined fairness with

the need to make sure students started with equal footing, wibesebs on giving time for

students to complete the exam. Sam edéged several subeliefs such as the use of partial

Thi



credits for fairness and defensible grading. Sam explained and documented some of aligned
behaviors with these stiieliefs.

Overall, Sam showed strong conviction of test usage, with strong beliefeating 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 heawierall.
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C.2 Gemmads brief case summari es
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 gradeveighting in her syllabus.

Gemma's Thermodynamic Course Grade Weighting

m Tests Homework/Quizzes Final Exam

Figure C.7

Gemmadés 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 duri@guitel9

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 bpdhdemic.
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Institution and department background characteristics

* Technical knowledge application as a departmental goal *Denotes instructor perspective
* Broad autonomy on assessment decisions
* Exams were an assumed form of assessments
Background Test usage sub-beliefs Behaviors on test .
. Y Learning Outcome
characteristics on learning outcomes usage
* Tests provided
Understand and appl
No background feedback to ers nd apply
" . concepts to translate
characteristics relevant students on their . .
. ; Used tests in context into
to connection to learning thermodynamics ».| engineering problems
learning outcomes * Tests provided — | ene e p .
) course Understanding and
were discussed nor Gemma feedback applving are two
mentioned on her student pplying
- different processes
learning
Figure C.8

G e mma 0-lseliefs af kest connection with learning outcomes, relevant background
characteristics, student outcome and their relationships with test usage (behavior).

Gemma had two elements in her learning outceutebeliefs, 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 pointedt 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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Institution and department background characteristics
* Exams are an assumed form of assessmen

h 4
Background Sub-beliefs on non- Behaviors on test Learning Outcome
characteristics course-content-factors usage g
Understand and appl
No background * Tests were PRl
- . concepts to translate
characteristics relevant appropriate for . .
, Used tests in context into
to connection to non- large classroom thermadynamic engineering problems
course-content factors * Culture and peer — P eN8 8P ’
. - courses Understanding and
were discussed nor pressure influenced .
) applying are two
mentioned test usage .
different processes
Figure C.9

G e mma 6-Beliefsaf tbst connection with necoursecontent 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 expssed 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 teachiray gearch. She
explained these necoursecontent 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, congzeher to continue featuring tests heavily as she did

not feel comfortable to make any changes as a junior faculty.
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1

Background Sub-beliefs on Behaviors on test Learning Outcome
characteristics disadvantage usage
Tests could
encourage students Understand and apply
Gemma experienced to pattern match concepts to translate
There should be Used tests in context into

diverse assessments as
a student, and those
motivated her to learn

diverse assessments
in classrooms
Students tended to
focus on maximizing

thermodynamic
courses

#

engineering problems.

Understanding and
applying are two
different processes

grades

Figure C.10
G e mma 6-lseliefs af kest connection with test disadvantages, relevant background
characteristics, student outcome aheir relationships with test usage (behavior).

Connecting with Gemma’'s frustration with t

assessments in her courses, Gemma professed the need for more diverse types of assessments in
her courses to ensure statewith 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,istiedso

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 sbklief that studesttended to focus more on maximizing grades
present.i another disad

i nstead of |l ear ni

ng, ng
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Table C.6

Gemmaods

behavi or s -beliefadn test conngationswiith learninchoetcomes b

Sub-belief

Behavior

1 Tests gave students feedback for their learning
toward the outcomes.

T Tests gave Gemma feedb
learning of concepts. These feedbacks helped wi
teaching adjustment.

Self-described

1 Used student performance of test to help stigden
with common mistakes

1 Used homework as ways for students to prepare|
tests.

T Tests gave Gemma feedb
learning of concepts. These feedbacks helped wi
teaching adjustment.

1 For Gemma, she knew whether students pattern
matchedbased on test design (similar homework
problems but different wording) and saw whether,
students identify the right concepts.

Self-described

1 Used student performance of test to help student
with common mistakes

9 The current format of tests in the course was
designed to evaluate students on differentiating t
student performances based on grades.

Documented
1 Included conceptual questions in tests

Diverse assessments were important to help studer
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 outconrbelsefls and test

usage behaviors. For instance, she discussed student test performances a$ faéadivack 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 aldaded 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

Gemmads behavi or s -beliefadn test tonngatismith nbAtoursdtantend u b

factors.
Sub-belief Behavior
{1 Culture (inertia) and peer pressure played a big § Documented
in test usage. 1 Used tests in her courses heavily

1 Wanted to change how to assess students but to| { Used the standard course weighting
not to by senior faculty members (focus on resea
instead for tenure) Self-described

9 Structure of the course (multiple sections and 1 Justified test usage based on learning outcomes
multiple instructors) made it difficult to change
assessment (for Gemma who was the only junior
faculty in the group)

1 Many professors did not know how to assess oth
than tests.

1 Tests were easier to managelfrge class size
(compare with applicatichased homework which
Gemma implied more work)

Ge mma ' -sourgecontent factor sulbeliefs 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 othernsgtarioarison
to Sam and John’ s)

Table C.8

Gemmads behavi or s -beliefadn test tonngationswiith tast disédeantage. b

Sub-belief Behavior
Large range of students in terms of goals in test pre| Self-described
with some focusing on just tligades, and student Reminded students to focus on the learning in addit
backgrounds played a part in observing some patte| to focusing on maximizing grades
in terms of student performances.
Gemma implied that tests could encouragespatt Self-described
matching but can be addressed with test design thal § Created questions that are different that studentg
not use same questions as those students have se¢  have seen prior
prior. 1 Paid close attention to the student thought proce
to see whether they get the concepts, instead of
pattern matching
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These behaviors have been mentioned br

disadvantage subeliefs, and overall showed alignment between hetbgliefs and her

behaviors on test disadvantagE®wever, 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, paticularly on her sulbelief for the need for diverse assessments in her courses.

Institution and department background characteristics
* Cheating formed a big part of the honor code policies
* Institutions provided COVID-19 resources for exam

administration 1

Background

characteristics

Beliefs on cheating

Behaviors on cheating

Learning outcomes

No background
characteristics relevant

Understand and apply
concepts to translate
context into

to cheating were See Table C.9 — See Table C.9 | €NGiIN€Ering problems.
discussed nor Understanding and
mentioned applying are two
different processes
4 . 4 1
I Across time L J
Figure C.11
Gemmads beliefs and behaviors on cheating.

C.9.

Th



Table C.9
Gemmads bel i ef sheaimgdThibtable ahouldde reviewed along with Figure

C.11.

Sub-belief Behavior
1 Cheating is important to address because these| Self-described
students needed to learn these concepts as they | Created tests that are not googleable
were going to become engineers in the future. | § Paid attention when grading to identify possible

1 Implied that internet madgheating difficult to copying from each other
address. 1 Reminded students on the honor code
Documented

1 Used authorized sources to set boundaries
1 Pandemidad made it difficult to create tests thal Self-described

discouraged cheating (related to internet) 1 Physically distant students duringperson tests
1 Implied that in person tests were effective in 1 No lockdown browser tsimulate inperson, implied
discouraging cheating. it was not possible to simulate as such in virtual
learning
1
Documented

1 All tests were opeibook, open note during virtual
learning due to Covid

Gemma ultimately argued she had to treat students| No relevant behaviors described nor documented.

adults and could not be tegorried with cheating,

students had responsibility to not cheat.

Gemma showed some behaviors that align with her beliefs on cheating, which was
important to address because students needed to learcdhesets to become engineers in the
future. Gemma overall implied that-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 decidedrt@ake all tests opebook, opemote and did not use lockdown
browsers as she implied it was not possible to simulate {pergon test administration. Other
behaviors that aligned with her general cheating beliefs include created tests that were non
googkable, 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
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focus on making sure all students did not cheat as she saw hetstsladults, and they had
the responsibility for their own learning.

Institution and department background characteristics

* Institutional policies imply equal and consistent * Institutional policies on fairness specifically mentioned
treatment of students students with disabilities while discussing full
* There is connection between fairness and cheating educational opportunity for all students, especially on
* Policies state avenues for students to appeal grades instructional processes
v
Background . . . . .
g Beliefs on fairness Behaviors on fairness Learning outcomes

characteristics

Understand and apply

No background concepts to translate
characteristics relevant context into

to fairness were See Table C.10 — See Table C.10 | €NgiNeering problems.
discussed nor Understanding and
mentioned applying are two

different processes

4 4 I

. (-, O I ——

Figure C.12

Gemmadés beliefs and behaviors on fairness.
C.10.

Table C.10

Gemmads beliefs and b e Bhaudbereviewed along veth Figare s s .
C.12.

Sub-belief Behavior

A fair test was one that covered materials with a wig Documented
range of topics included to reduce randomness in | § Gemma explained using the shared tests the
courses. coverage of the tests

A fair test had different formats (considering studen{ Documented

with different skills). I Gemma tests had different types of questions

A fair test was one with reasonable completion time| Selfdescribed

1 Provided six times more of persoraimpletion time
for students (self)

1 Provided more time for students in test during the
pandemic (self)

Th
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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 widge raf 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 rulemafmb 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 usagestrong 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 wealenviction as compared to those in very strong and strong
conviction groups in terms of justifying test usage with learning outcombeidis, making her

in skeptical test user group.
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C.3 Jakeds brief case summari es

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 mandéateddmntext 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 weiglaginghown For Matt and Annie in Chapter Four.

Jake's Statics Course Grade Weighting

m Tests Homework/Quizzes Final Exam

Figure C.13
Jakebdbs statics course grade weighting.

As expected for instructors in these courses, tests constitute 85% total of the course
grade. I n terms of -belidisgigwe Cl14 @avides thegoveoaliiew 0 me s

contextualized with the conceptual framework.
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1

Background Test usage sub-beliefs Behaviors on test .
. - Learning Outcome
characteristics on learning outcomes usage
* Students learn with
. tests if they prepare i
Jake perceived ¥ p P Acquire and absort!
* Tests were dialogue concepts to recognize
undergraduate courses
as more on acquirin between Jake and patterns to solve
knowledge ur::ike g his students on Used tests in engineering problems,
g individual learning* — statics course and build future
graduate courses that )
) * Tests were understanding of

focus on stretching the A ° .

appropriate for advanced engineering
knowledge N

principle-based knowledge

concept courses*

4 , 4 [
Across time

| S A vl R —————

Figure C.14
J a k e Gbeliefs af test connection with learning outcomes, relevant background
characteristics, student outcome and their relationships withuszgie (behavior).

Jake learning outcome sibielief 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 perspectivietselhe 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 bade
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Institution and department background characteristics
* Exams are an assumed form of assessmen

h 4

Background
characteristics

Sub-beliefs on non-
course-content-factors

Behaviors on test
usage

Learning Outcome

No background
characteristics relevant
to non-course-content
factors were discussed
nor mentioned

* Tests were

convenient for
grading in large
classes

+ Tests were needed

because of how
service courses are
structured

Used tests in
statics course

Acquire and absorb
concepts to recognize
patterns to solve
engineering problems,
and build future
understanding of
advanced engineering
knowledge

Figure C.15

J a k e 6beliefs af test connection with neoursecontent factors, relevant background

characteristics, student outcome and their relationships with test usage (behavior).

As for norcoursecontent factors, Jake had two elemeafthis subbelief. First, he

argued that tests were convenient for grading in large enroliment 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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1

tests, he was aware
what tests could do to
his students in terms of
stress

#

among students

statics courses

Background Sub-beliefs on Behaviors on test Learning Outcome
characteristics disadvantage usage &
Even though Jake did Acquire and absorb.
R concepts to recognize
not experience much
stress as s student with patterns to solve
Test created stress Used tests in engineering problems,

and build future
understanding of
advanced engineering
knowledge

Figure C.16

J a k e Gbeliefs af 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 expaienehth

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 lgponittome and neooursecontent sub

beliefs.
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Table C.11

Jakeds behavi or s -beliégfsaon tesh domngctionswithtldarnimglowcorses. b

Sub-belief Behavior

{ Tests were a form of dialogue between Jake and | Self-described

Jake’ s students t o ass| 9 Tomaintaindialogue as less stressful for students
| Tests were appropriate for concept courses, whic| ~ will keep open book open note duringgarson testg

are principlebased. 1 Used partial credits to show students how much t
1 Tests could help Jake see whether students had have learned (self)

acquired the concepts by seeing whethey the 9 No punishment to students wiimple/small

recognize the equation or types of questions. Jak{ mistakes (self)

attributed this to lack of understanding. 1 Created different questions based on courses (stg
1 Tests could also help see whether student had tey  was looking at fundamental, while solid mechanic

taking skill issues, though it was difficult to discer ~ was looking more closely into understanding; thes

whether students had learned, or they were good| lead to different question types)

taking tests. 1 Created the first exam that did nottise students
in terms of formats to introduce their students to tg
formats

Documented

9 Emphasized that students must work individually
exams

Test should be little harder and not similar than Documented

homework exams as students need to be pushed tg { Created test questions students had not seen or \

think a bit more on the concepts to prevent pattern different perspectives

matching.

1 Jake had set up the course in a way that that if th{ Self-described
students were consistently doing what they were | § Used partial credits to show students how much t
asked to learn (homework, lectures), they would §  have learned
able to work on the tests and get decent grades. | { Encourage students to use homework to prepare
1 Problem solving questions provided partial credity  tests
for students, who appreciate the credits. Jake sav
partial credits as way to reduce student stress. Documented
1 List down expectations of what to do to get partial
credits
Equal weighting on problems on test convey the No relevant behaviors described nor documented.
message that every topic is equally important.

Jake exhibited some behaviors that align with hislsllefs. 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 typestafrigiby 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 wogken though they did not get the correct
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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

Jakebdbs behavi or s -belets on testicongentions with hooutsécentest u b

factors.

Sub-belief Behavior

1 Tests were appropriate for large class size (timin¢ Documented

and necessity that call for convenience in terms d § Used tests in course

grading assessments in lardassrooms, also serve

as sample size of the population of how well Self-described

students are doing (learning outcomes)). Howeve { Created tests with a range of questions to balang

Jake did acknowledge workout problems take lorj difficulty and personal grading time

to grade.
9 Jake did not have autonomy as tests must be usg

the courses he taught (s course contexts)

In terms of norcoursecontent factor subeliefs, 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 necds&ityalso 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

Jakebds behavi or s -beliégfsaon tesh domngctionswiithttditadivaimtage.s u b

Sub-belief Behavior
Tests could create stress among students, and this| Documented
lead to dialogue not being effective and useful for J§ § Used tests in courses
1 Listed down expectations of what to do to get
partial credits

Self-described

1 No punishment to students with simple/small
mistakes

1 No tricky questions to make sure students are ng
stressed about exams

1 Used partial credits to show students how much
they have learned and to let students know that J
is trying to help themwith tests, not to stress them
Students appreciate partial credits

1 Would move some final exam scores to homewo
scores knowing students are stressed about fina
exams.

Students tended to focus on maximizing scores, an({ No relevant behaviors described nor documented.

Jake would try to remind studeriteat he would give

them patrtial credits as long as the students are sho

him what they know in the tests.

Jake did not explicitly explain that tests lead to pattg No relevant behaviors described nor documented.

matching among students. Instead, Jdikeussed how

he could identify students who may have issues wit

conceptual understanding of the materials, like stud

failing to recognize type of questions and necessary,

concepts and equations.

Jakealso 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 tts $ty@etions 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, showiagtake would move away the stakes of

the tests to other types of assessments.



Institution and department background characteristics
* Cheating formed a big part of the honor code policies
* Institutions provided COVID-19 resources for exam

administration

1

Background

characteristics Beliefs on cheating

Behaviors on cheating Learning outcomes

No background
characteristics relevant
to cheating were

Acquire and absorb
concepts to recognize
patterns to solve
engineering problems,

: See Table C.14 — See Table C.14 == -nd build future
discussed nor .
. understanding of
mentioned > .
advanced engineering
knowledge
4 , I
Figure C.17
Jakeds beliefs and behaviors on cheating.
Table C.14
Jakebds beliefs and tabelstouldbe revsewead along Witk Biguie €.47.
Sub-belief Behavior

9 Cheating should be addressed because tests we
way for Jake to have proper, good faith dialogue
student learning, which meant cheating impedes
Jake from knowing how much his studetearn.

1 Preferred in person tests when classes came bag
session as logistically it is the easiest to discoura
cheating.

Self-described

1 Created own tests to discourage cheating (no old
guestions to circulate among students)

1 Provided students whole day to complete tests to
alleviate stress, but students may take advantage
cheat

9 Jake had ways to identify students who cheat
(patterns among students)

Documented

1 Had students sign honor code statement before t
to remind tlem

i Stated the students must work individually

1 Included hints in test questions to see whether
students cheat

1 Used different types of question format to
discourage cheating (direct copying)

Jake showed alignment between his cheating beliefs and beh#®aotkake, it was

important to address cheating because tests were meant to be a dialogue between him and his
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students, as previously described as one of the elements of his learning outcome test usage sub

belief. Because of that, Jake ensured that bis t@ere 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

guestion formats tdiscourage cheating. However, Jake also provided students more time for

students to complete tests, considering that it was during the-C®\pdndemic, to alleviate the

stress students had, but was concerned about cheating overall. He ultimately thetided

could prefer an kperson tests when classes went back-jgerson.

Institution and department background characteristics

* Institutional policies imply equal and consistent
treatment of students

* There is connection between fairness and cheating

* Policies state avenues for students to appeal grades

Institutional policies on fairness specifically mentioned
students with disabilities while discussing full
educational opportunity for all students, especially on
instructional processes

TN\

v +

Background

. Beliefs on fairness
characteristics

Behaviors on fairness Learning outcomes

When he was a
student, Jake felt
grading on test was
unfair as he was not
given any partial See Table C.15
credits for a test
question due to not
referring to sources of
the equations.

— See Table C.15 == and build future

Acquire and absorb
concepts to recognize
patterns to solve
engineering problems,

understanding of
advanced engineering
knowledge

4 _ I
e ACrOSS M e
Figure C.18
Jakebdbs beliefs and behaviors on fairness. Thi



Table C.15

Jakeds beliefs and tidble shawdibereviewed alond vath RignreG.8. T hi

Sub-belief Behavior

1 A fair test covered content students had resourcel Documented
and with expectations set on what a specific test | 1 Provided more time for students to complete the
would cover. tests

9 Jake viewed his exams as fair even they were
slightly more difficultthan homework because of t
administration policies (open book/note, longer tir
expected to challenge on thinking of concepts), b
difficulty should not focus on mathematical
manipulations.

1 Partial credits and expectations were a form of a
gradingscheme.

Jake hinted at socioeconomic status and how that | Self-described

influences students’ de|f Anonymized grading to address possible bias on
students

1 Providedstudents whole day to alleviate stress, i
students may take advantage to cheat

1 Created the first exam that does not surprise
students in terms of formats to introduce their
students to test formats

1 No punishment to students with simple/small
mistakes

Documented
1 Used surface level hints to help with students wh
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 thé#éstslso 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 studentg@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 subbeliefs and student backgrounds, though he did not fully flesh out the idea. He also
immediately raised anonymized grading as a behavior that connected to thaistib

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 dtretespreted 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 naoursecontent factor of large class sizes. Jake acknowledged the
stress tests created for students, but he made sure to address them tasjastigyng 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 showlawors 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 J dmehcasé 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 enswreresésatured
heavily. However, Jenna justified the use of tests strongly with learning outcome and non
coursecontent sukbeliefs. Figure C.19 shows the standard course grade weighting in her solid

mechanics course.

Jenna's Solid Mechanics Course Grade Weighting

A\

m Exams Final Exam

m Participation Homework/Quizzes

Figure C.19
Jennads s olourse gmade gvdightmg. c s ¢

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 fronealjineering science faculty in that the test

weighting cannot be changed and negotiated by the instructors of these service courses.

33z



Institution and department background characteristics
* Technical knowledge application as a departmental goal

* Broad autonomy on assessment decisions *Denotes instructor perspective
* Exams were an assumed form of assessments
TN\
I ¥ 4
Background Test usage sub-beliefs Behaviors on test .
- : Learning Outcome
characteristics on learning outcomes usage

* Jenna's whole

student career * Tests compelled

students to learn Understand the

revolved around concepts to solve
* Tests could assess . .
tests individual learning® engineering problems,
+ Jenna had not »l e Tests were 6 Used tests in solid _ | discuss them
changed her mind o ™= mechanics courses " intelligently, and build

appropriate for
engineering and
foundational
courses*

4 4 1 4

o Acrosstime =

that tests were the
best way to assess
throughout her
careers

future understanding
of advanced
engineering knowledge

Figure C.20
J e n n a-bdiefsofudst connection with learning outcomes, relevant background
characteristics, stueht outcome and their relationships with test usage (behavior).

Jenna had several elements to her learning outcombesdiefs. Jenna argued that tests
compelled her students to learn about the solid mechanics concepts so that her students would be
able b 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. Jennsuglgorted her subeliefs 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 mentidrteat 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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Jema’ s

courses.

strong

Institution and department background characteristics
* Exams are an assumed form of assessmen

| ebeliefa in tesy usage may confiae oslytdthe service

v

1

Background
characteristics

Sub-beliefs on non-
course-content-factors

Behaviors on test
usage

Learning Outcome

Jenna stated that she
had not changed her
mind that tests are the
best way to assess
throughout her careers

* Tests were

appropriate for
large class size

* Tests were needed

because of how
service courses
were structured

Used tests in
solid mechanics course

Understand the
concepts to solve
engineering problems,
discuss them
intelligently, and build
future understanding
of advanced
engineering knowledge

Figure C.21

J e n n a-bdiefsofinbrcoursecontent factors, relevant background characteristics, student

outcome and their relationships with test usagehé@vior).

J e n n a-casirsenoatent sukbeliefs 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 questidmdly she used tests with a

short

this structure due to the large class sizes and these are required courses for students to take and

learn before they became am@eer and subsequently justified the need for tests in these

courses.

because

need
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!

Background Sub-beliefs on Behaviors on test Learning Outcome
characteristics disadvantage usage g
Understand the
ts t |
No background * Tests created stress con_cep S. 0 solve
" engineering problems,
characteristics relevant among students 5 . .
to test disadvantages * Studentstended 10 |y Used tests in solid e discuss them
. € . mechanics course intelligently, and build
were discussed nor maximize scores .
) . . future understanding
mentioned instead of learning
of advanced
engineering knowledge
4 reross 6 4 I
I e oA LR I ——
Figure C.22

J e n n a-bdiefsofudst disadvantage, relevant background characteristics, student outcome
and their relationships with test usage (behavior).

Jenna also mentied 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 disadvantagdsliefs were similar to other participant
subbeliefs. 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 AamdeGemma in that she did not

express very strong | anguage on why tests sho
using tests in other types of courses”, unlik
justification of test usage intermsoéle ni ng out comes, and strong | &

away from tests when possi bl e.
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Table C.16

Jennaods

behavi or s-beliefs anttestaconnegtions with tedrning duteomesu b

Sub-belief

Behavior

Tests compelled students to learntasy are being
tested (tracker).

Self-described
Gave lecture quizzes to compel students to review
notes after lectures.

Tests could reward students with learning improven
with extra credits.

Self-described
Extra credit quiz to reward students fioproving on
concepts they did not do well in past tests

Mid-term tests helped students prepare for the com
final.

Self-described
1 Include potential final exam questions in midterm
1 Discuss student mistakes so they would not repe
in the final
1 Encourage practice tests with extra credit to redy
student anxiety in final exams

Tests could improve stu

knowledge through a pressured environment.

No relevant behaviors described nor documented.

I Tests assessed individualdént learning for
teaching adjustment. Project did not do so.

I Tests were appropriate for engineering as it was &
problemsolving field. Jenna focused a lot on the
solving process.

I Test helped with knowing students had learned w|
they could show their @rall process.

1 Foundational courses that helped with building
concepts were suitable with tests as assessments
However, Jenna was comfortable not using tests
other courses, like electives.

1 Would prefer making the common final exams wo,
a little less(due to lack of partial credits that helpe
with focusing on the process, and reduce therall
nothing nature of final exams)

Documented

1 Used partial credits to show student learning
progress, and to compel students to focus on
showing all thesolving process

1 Multiple formats of tests that emphasize workout
problems

Self-described

9 Focus on big picture when grading to determine
whether the students have learned

9 Train students to look at problems and identify
keywords to see similarity in questi®to avoid
from memorizing in general, does not mind stude
memorizing the type of questions and the
subsequent steps

1 Not penalized students with simple mistakes
(process focus)

1 Encourage students to work on homework as
practice for tests and also se¢ tione to focus on
the process (answers already given with homewq

Jenna showed overall alignment between her learning outcorieelets and some

behaviors related to design and administration, such as using partial credits to show progress for

stucknt 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

Jennads behavi or s-beliefs antnorelirsegpmentwWactorfs t he sub

Sub-belief Behavior
1 Tests areppropriate for large class size. 9 Used tests in courses (self, syllabi, tests)
1 Jenna did not have autonomy as tests must be u§ { Justified test usage (student: reward student for

in the courses he taught (service course contexts learning, compel studerd tearn, tests help with
final, teacher: appropriate for engineering and

foundational courses, assess individuality, knowi
students have learned with process)

Jenna featured tests heavily in her courses and justified it based on-t@unss
contentfactors substantially, especially on the factor that these service courses have large

enrollment. This factor associated with the structure of these service courses.



Table C.18

Jennads behavi or s-beliefs antestbshdvagtageswi t h t he sub

Sub-belief Behavior
1 Tests did encourage students to pattern match | Documented
1 Used tests in courses, justified with learning
outcomes

Self-described

i Test questions did not follow the topic sequence
make sure students know howsilve different
problems instead of just memorizing

1 Created tests questions that were not that similat
the homework questions, but not entirely differen
as highstake tests are not the place for that

1 Tests could create stress among students. Jenng Documented
on her student expressions during tests and woul f Used tests in courses, justified with learning
adjust (grading, future tests) if she realized the te outcomes

were too difficult. 1 Split tests to make them low stakes
1 Preferred to split the tests into even smaller tests
make them lower stake. Self-described

1 Would prefer making the common final exams 1 Encourage practice tests with extra credit to redy
worth a little less (due to lack of partial credits thg  student anxiety
help with focusing on the process, and reduce th{ § Provided partial credits teeduce student stress

all-or-nothing nature of final exams)* a | | o]
not hing” and discussio
is connected with student stress.
1 Large range of students with many focus on No relevant behaviors described nor documented.

maximizing tests and trying to get by the courses
Jenna observed certain students showed certain
performances (those who are anxigtlden tend to

get As, and those who want C or Distjwant to get

by).

Jenna also showed an alignment between her disadvantagel®itand 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 stsestsidents 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 bealisaged 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 stronganguage like Annie or Gemma in terms of representing her test usage beliefs

overall. Her behaviors exhibited these.

Institution and department background characteristics
* Cheating formed a big part of the honor code policies
* Institutions provided COVID-19 resources for exam

administration ‘ 1

Background
characteristics

Beliefs on cheating Behaviors on cheating Learning outcomes

Understand the
concepts to solve
engineering problems,
discuss them

No background
characteristics relevant

Zc;sit::::i\::ere See Table C.18 — See Table C.18 — intelligently, and build
mentioned future understanding
of advanced
engineering knowledge
4 . 4 i
] Across time L J
Figure C.23
Jennaods beliefs and behaviors on cheating.
c.18.



Table C.18
J e nsbaliéfs and behaviors on cheating. This table should be reviewed along with Figure

C.23.

Subbelief Behavior
1 Cheating must be addressed because students W Self-described
not learning to be an engineer if they were cheati| 1 Rephrased questions from textbook teyent online
and she would not know whether the students hal  search
learned. 1 Balanced time for reasonable completion time bu
Implied internet made cheating difficult to addres not enough to seek out unauthorized resources
Jenna was only willing to spend a certainoammt of | § Got students to sign honor code before exams
time to chase students who cheat, and resigned { § Went to online resources to search for her questi
the idea that these students ultimately need to leq § Notified online resource to prevent stutlancessing
to do well in future courses and career. resources for cheating
I Preferred in person tests to discourage cheating.| 1 Made tests more complex to discourage students
from direct copying, framed around cheating.
1 Created tests that are more nuanced than typical
homework problems to discourage direct copying
(cheating)

=A =

Documented
1 Used tomake 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 onlefesites 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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Institution and department background characteristics

* Institutional policies imply equal and consistent * Institutional policies on fairness specifically mentioned
treatment of students students with disabilities while discussing full

* There is connection between fairness and cheating educational opportunity for all students, especially on

* Policies state avenues for students to appeal grades instructional processes

1

Beliefs on fairness Behaviors on fairness Learning outcomes

Background
characteristics

Understand the
concepts to solve
engineering problems,
discuss them
intelligently, and build
future understanding

No background

characteristics relevant
to fairness were See Table C.19 — See Table C.19 —
discussed nor

mentioned of advanced
engineering knowledge
4 , 4 I
I Across time L J
Figure C.24
Jennaods beliefs and behayvi meviewedalong Wwith Table@19.s .
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Table C.19

Jennads beliefs and

behaviors on fairness.

Sub-belief

Behavior

1 A fair test was one where students had seen simi
test problems like imomework, and they were not
extra hard. Fair tests should not include certain
mathematical manipulations.

Self-described
1 Made sure to not include curveball questions in tg
1 Provided hints on mathematical methods when te

are high stake

1 A fair test had reasonable completion time.

1 A fair test had enough problems to balance both
completion time and grade weightings (not overly
weighting on one specific questions)

Self-described

1 Gave students twice the amount of time Jenna
finished the tests

1 Constantly reflected on test timing for in person te
due to Covid

1 Created tests that balance grades and topics

Documented

1 Removed multiple choice questions because stug
complain the tests are too long

1 Provided bonus questions in testsgtrdents who
think they are too easy

A fair test might need adjustments after tests due to
issues with test designs.

Self-described
9 Curved test grades to account for certain situatior
9 Provided extra credit for students to earn back thg

grades lost frontests

fJenna thought about st
grading the tests (big picture).

1 Jenna when asked about how tests (and the cont
of tests) connect with student background, espec
those who identify as part of minoritized groups,
Jenna did nathink of any connections.

1 Jenna is opened to learn about how tests can

influence international students in terms of langus

Self-described

1 Made the test opebook open note due to the
pandemic.

9 Graded considering big picture whether students
have learnd.

Jenna also showed her fairness beliefs in terms of the need to reasonable completion time

and alsadequate 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, addiveitest 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 ofwiémtizose 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 willingnes®taise 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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Table D1

Public document codebook

Appendix D

Codebooks

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 departmefticusing 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) th
is relevant (in my opinion) to assessment in
undergraduate clapboms

Final exam significance/exam significance

Policy language (institutional, program, or course) th
hints or implies the institutional significance of final
exams or exams in general. Information provided to
instructors.

Exam cheatingrevention

Resources that provide instructors information on h
to prevent cheating on exam

Fairness

Language that talks about the need to be fair in tern
of assessing students

*Exampleexcerptsare removed to ensure confidentiality of the insitin and departn@s
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Table D.2

Course document codebook

Code

Definition

Subcode

Definition

Example excerpt

COVID-19related policies

Language on syllabus or teg
that are related to COVHD9

This class is a combination
of in-person and ofine
instruction. The course will
start as odine and will
switch to inperson
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 ang
will cover the entire course.
Pleag note that common
time exams take priority ove
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 th
semester as possible.

Test Procedure

Explanations, descriptions o
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 w|
be in person in Goodwin
Hall. The final exam is
mandatory and will also be i
person in Goodwin Hall. If
you cannot come to Goodwi
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 thg
instructor an anail. Makeup
tests will only be given in
extenuating circumstances.
The final exam will be
comprehensive, i.e., it covel
all the course material.

TestConnection 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'
knowledg 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

Any work submitted for
grade credit must be the
effort of the individual
student aloa. This forbids
copying of homework
solutions from any source
e.g. other students, Chegg,
online.

sign.
Problembased Test questions that show th¢ Illustration of context The problem includes *Any illustration included as
guestions/Workout problemgt y pi c al (KJ ' s diagrams to assist students| part of the question.

typical based on his
positionality and existing
literature) engineering
workout style problems that

involve expecting students t

visualizing the problem
descriptions
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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 prigm
with engineering concepts

A vinyl [ E =
0.40] block with width b =
40 mm, depth d = 80 mm,
and height h = 210 mm rest
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.) Thg
change in the height
dimension h of the block ((+
if expansion, ) if
compression) b.) The load H
applied c.) The change in th
width dimension b of the
block. ((+) if expansion,-) if
compression)

Systematic equation
sequene expected

The document shows what
the instructor expects from
the students (solutions show
stepby-step systematic
equation sequence)

Note: Some instructors did
not share documents with
solutions BUT they implied
or talked about the need for
such systenta& sequence in
either or both interviews.

Well annotated free body
diagram(s) (when
applicable), Relevant
equations and their inputs

Symbolicsolution required

The test solution shows that
the students are expected tq
show their symbolic
solutions (in addition to final
numerical answer).

*Solutions that show
symbolic form of solutions

Conceptuabased questions

Questions that focus on
testing students concepts;

Question 1 (1 pt.) Indicate
whether the following




they typically are multiple
choice that focus on
understanding. They are
different from workout
problems in that these
guestions do not need
students to show their
thought process through
systematic equation sequen
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 student
should respond to the test
and present their answers tg
get credit in the tests.

Note: Someinstructors 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 fre|
response questions, clearly
box in or circle your answer,
To maximize partial credit
on free response, be as neq
and orderly as possible.
Write out your plan and
follow it. Fully write out any
equations you use. 6) Failur
to follow the above protocol
may result in grade
deductions.
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Table D.3

Interview codebook

based on the codes listed
above that imply participant'
behaviors directly related to
tests/exams. This code is fo
organization purposes to
separate belief and
behaviors. Personal
experience of the participan|
does not count as
paricipant's behavior in this
analysis

Code Definition Subcode Definition Example excerpt
Beliefs Any of the coded excerpts Yes, yes, yes. It's only if

based on the codes listed you're dumb that you do it

above that imply participant' the hard way. So the studen

beliefs that may directly are smart. There's no

relate or relevant to tests. problem with that. They're

This code is for organization smart. They, we just are not

purposes to separate belief we're, we're reinforcing the

and behaviors. wrong learning patterns with
them. Cause we dd make
them change. Any like they
did in high school and then
they say, oh, but this is the
way | learn. | don't learn the
way you're teaching me. No
The problem is you haven't
been taught the next level u
of, of how to learn
something.

Behaviors Any of the coded excerpts And so that's more about th

it's more about you know if
they if they look like they've
done everything correctly
and they've done all the stej
that | said that they had to d
you know that were, like yol
know, likefree body diagrarm
or something that are very
necessary, then they get ful
credit, but then just to give g
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




TA. when it ®mes to the
exams | grade those myself
and in those cases i'm it's a
little bit more abstract | don't
have a real set rubric for
those as | go through tests
and | he certain common
mistakes i'll kind of mentally
assign a certain amount of
points to a partiular kind of
mistake but, overall, my
process in looking at test
guestions is one heavy hea
emphasis on the process, s
if they followed all the steps
correctly and showed that
they knew what to do, and
maybe just made a couple g
very minor errors likehey
wrote down the number
wrong or you know,
whatever you know i'll take g
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 | kind of
go from therethen like |
said, you know i'd say go
through, and | see what the
common mistakes are. | try
try to assign a certain numb
of points particular mistakes
but it's not it's more about
you know | tried to do more
on the overall picture of how|
correct wagheir 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 [
an explicit connection, whicl
means | am looking at
behavior evident from the
course documents
(something the participants
have acted on/implemented|
and how their beliefs explair
why they did what they did
on the course documents
(syllabi, tests).

Excerpts that are coded

“ B e {Behavfor
Connection” ¢
strictly on what the
participantsare talking basec
on their tests and syllabi
shared with me. This code
will only show up in
Interview 2. For the Dedoos
co-occurrence between the
Beliefs and Behavior codes,
those are beliefs and
behaviors that are not evide
from the tests, and are neor
of the form of what the
participants say they did, an
explained why they did then

So this kind of came through
| went through learning
excellence design led there
was some sort of summer
program to make a course g
transition a course online pr
Covdso this would have
been summer 2018 | went
through and did this, and thi
kind of came up within
within a course redesign
because you know the time,
not a lot of people did onling
But the main issue or
concern with taking the
service courses online iseth
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 chec
their chichi or another cheat|
sheets or formula sheets an
you can have those kinds of
roles, but whenqu have just
one section online it's it's
difficult to implement those
rules without some sort of
proctor, even when | offered
this online pre Covid, | think
98% of the students were of
campus anyway, they were
just taking my section,
because it was if thyge
scheduled better or wasn't,
there, there was various
reasons | think | only had
over the course of how man
times three or four times |
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offered an online pre Covid
think | had two students whg
are actually not physically in
[town], like so somewhena
ISE is doing rotation like
internship rotations. And so
there they were actually at g
university or near a
university where they can
use their library proctoring
system. And | was going to
talk to the proctor.

Test common usage reason

Mentions orexplanations
that imply about common
usage of test

| mean the real answer is ju
because that's that's one of
the worst answers for almos
anything is because that's th
way everybody's always
known it pretty much. So
yeah | think when | first
started)] tried to make sure |
sort of conform to what the
usual or the typical ones
were and then you know, |
guess, since then, | haven't
put a put a ton of thought
into it, | thought, a bunch
about the, you know some ¢
the lab classes and the
usefulness of tés 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 twsubcodes.

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 whttey
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 GT
help for that, and some of ug
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 theontext of
different topics, such as
fairness, timing, grading,
connection to learning
outcomes and others.

So my exams the | | give the
exams outside the class tim
so because the class is 50
minutes, and there are not
much they can do in 50
minutes, thogh | give them
two hours after the class, lik
an evening and they only
have, so | think six question
five questions because |
might if | think it might all
make sense, our total of 11
points.

"wantedto have some way t
assess" / test as assessmer|
of individual knowledge

Emerged code that implies ¢
discusses how tests seem t(
be the way to assess studer
while comparing other
alternatives

so you know | could have
done some other projects of
youknow gi ven
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. | wanted
to have some way to assess
that so but we basally a de
emphasize the test, and the
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| 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 @
individual exam, etc.)

And | tried to have either
three or four kind of midterm
exams so spread through th
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 studen
experiences on tests/exams

Explanations on how
personal experiences
influence the participants'
beliefs about exams (or eve
teaching in general)

KJ:l agree with you yeah. |
think a little bit. yeah | agree
| want to know why | want tg
be a tenure traclatulty
Member in the future, and |
was always | 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. | said the same
things aboutvhat | disliked
back in the day and try to
continue to do those do thos
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.

| think just that that's the wa
it's been done and, and |
know we're probably not all
that creative | think some of
it is there's other issues too,
think, with, you know work
that's done maybe one way
it's inertia, other ways is
maybe juskasier for faculty.
i'll make it up, make it up
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good testis a is a real
difficulty.

Exam dishonesty/cheating

Explanations or mentions or
how to address
dishonesty/cheating among
students while taking tests

And | think the other issue 0
courses, the yo 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
| guess, or greater odds, tha
the work is done honestly
and if you do takéomes or
papers, a little less control
over it well, | think, if you do
some of those if you do son
of those carefully, you put
more work into him like now
doing the making tests that
are so | don't do any of the
lockdown browsers or the
cameras.

Changs because of COVID
19

Explanations or descriptions
of the participants ways of
addressing COVIEL9
pandemic while
implementing tests/teaching
approaches in general

And you know | if | do see
students whispering to each
other, or whatever you know
|’ Ikd it totthee Honor
Court, but with COVID and
everything on
very difficult to do that, and
so, in the en
hope, hoping or trusting that
students will right and the

ones that ar €
we' | | get caly
| suppose.

Feedback from tests
(instructor or students'
perspectives)

Explanations, descriptiors
implications that feedback is
obtained from the tests for
instructors teaching

Feedback for instructor

Excerpts that discuss
feedback instructors obtaing
from tests/exams for teachir
improvement, for instance

but how Itypically 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 yq
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 knowt'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 i
there to catch them. So
unless they actually
understand conceptually
where the point,
instantaneous Q@wer 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

| believe that i'd like to keep
most things similar, | think
exams are valuable becauss
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 ope 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 car
be coded for future analysis

You know,| 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 knoy
hopefully they get a little
lucky there in a couple labs
or they're in a projediased
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, | suspect, a lot 0
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 knoy
hopefully they get a little
lucky there in a couple labs
or they're in a projedbased
course or something.

Test/Exam Fairnes

Implementation

Mentions or explanations or
how fairness are being
perceived and thought abou
by the participants in terms
of tests; this is connected
more to the fairness in termg
of exam implementation in
the learning environments.
NOTE: While coding for
this, | may interpret some
actions as the instructor's
way to be fair to their
students in tests, even thou
they did not specifically
mention fair, because some
actions align with their
explanations/descriptions of]

fairness.

over the years ommn you
know testing and grading ar
| guess the, the one that stu
with me a lot was you talked
about like fair indefensible
grading, and so that's that's
what | always tell the
students like I try to make
the test, fair and then you
know | sort of pradgte
defensible it was like
defensive driving and stuff
right always being aware of
what everybody else may d
and this guy might run that
stop sign, so | | do think
about that a lot about you
know, and | make like some




multiple choice questions ar
some @the concept type
guestions 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 | do the tests.
You know about the some o
the you know, makg 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
answerorBand AddDE S
some of that go into some o
those workshops has helpe
a little hit.

Student background

Explanations, discussion on
test/exam fairness that
grounds in students'
background differences (for
instance, anything social
justice related).

| can't say that i've really
been able and even now i'm
sure i'm sure that people wh
think about this a lot can
make some connections, by
| would struggle to try and
figure out where there woulg
be an intersection between
the actual things that | gave
on a test. And the you know
sort of racial diversity kind
of thing you know | mean ag
aas a woman in engineering
and also you know also |
mean | was born here, but
obviously not, also from a
Indian background. You
know | have felt, you know,
so | feel like | hope that my
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presence is a little bit more,
you know makes people fee
more include or you know,
but as far as the actual test
guestions | don't | can't see
where that comes into it.
Tests typical
people or they're typically
about very mundane you
know things like beams or
you know something very
benign.

Outcomesassociated with
test usage

Umbrella code that captures
all excerpts that discuss
outcomes test usage intend
for the students

Conceptual
understanding/Conceptual
change

Descriptions or explanationg
or implications on the
outcome the instructors wan
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 make
sense since it relates to the
idea of learning (deep or
surface learning approacheg
based on literature.

| 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 balanc
andhow 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 explanationg
that talk about student
outcome thatihks to
applying knowledge learned
to solve problems. One thin
to note is that this may mea
more on the textbook
problem side of things,
instead of handsn projects
(applying equation to model

problems on paper).

Then, you know, | was trying
to the big@r picture kind of
things about you know
structured Problem Solving
like how to think about a
problem, how to attack a ne
problem. And that you know|
almost everything all the
problems that we get are
inherently messy. But there'
there's the book type




problems which are easy to
solve, but then there's, then
there's the real problems an
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 gaveus the
value so, can you estimate i
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 t
be 1% or 10% or 50% like s
like those things like
estimating errors like bigger
picture kind of things that
would apply to anything and
engineering beyond just tha
particular class

Producing quality engineers

Descriptions, mentions or
explanations on how
engineering education is
meant to produce quality
engineers. This in some way
is tied to cheating

You know the worst case
scenario, and you know |
have, | know some of my ol
team tends to be the old
teachers who we have at leg
a couple in the department,
and | know | had somas an
undergrad and they'd be yol
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, |
mean maybe not completely

36C



untrue, but | think it's a little
dramdic.

"incentive" for student to
learn/Other norengineering
related outcome

Descriptions, mentions or
explanations of outcomes
that relate to college learnin
(not explicitly related with
the engineering course
conten}. In addition, for this
code,mentions of students
learning approaches to
prepare exams are coded
here since they are part of th
non-engineering related
outcomes of test (students
preparing test may be the
learning process).

Test taking skills are part of
the preparation for test, drit
is coded under here.

Emerged code that talks
about tests as incentive (fro
the instructors' perspectives
for students to learn the
knowledge/materials in clas
Any mention of how the test
are designed to help or
compel students to study
should becoded here. In
addition, any mentions that
discuss functions of test
helping students learn non
engineeringcontent related
materials are part of this
code.

and then we also tried to
teach some other things thal
didn't quite fit into the labs
you know, inthe lectures ang
stuff and | 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
any | guess | 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

| think back to like a 50
minute test, you know | try tg
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 t
final the find 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, | can te
if they know a concept, so
those tend to be a lot more,
think, on the cocepts related
to the course and it's a little
more challenging to get the
to, one of the other ones i've
thought about thought aboul
it, especially to get around
the the cheating or other
things is to you know
describe as scenario or you
know here's sontking
explain what's happened.

Student achievement goals
while preparing for tests

Descriptions of students'
goals while preparing for
tests

| think, mostly is just to
maximize the score,
maximize on the, test the |
mean there's there's some
students tht will you know
the really good ones that
want to learn.

Confidence (seléfficacy)

Descriptions or explanationg
of how tests influence
students' confidence to leart
or take tests.

Soif you and other faculty
wanted to give me a test on
heat transfer tests that they
gave me some hearts
conduction or convection
guestions. | wouldn't do as
well, so sometimes it's, it is
the luck of it, I think that
does affect students
confidence, a lot think
some students get down an

36z



think i'm not a good test
taker and you know,
sometimes | 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, mentiws or
explanations on how tests a
easier, and more convenien
for instructors to assess
students.

| think just that that's the wa|
it's been done and, and |
know we're probably not all
that creative | think some of
it is there's other issues too,
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 Connectior
with Homework

Descriptions or explanations
on how the instructors
leverage homework in terms
of test design and leany
with their students (use to
organize and see whether
they coeoccur with other
codes so far from Interview
and 2)

Absolutely, and so | don't sg
| wouldn't blank it and say
you will get 100% on the
exam, but if you do the
selected homework
assignmets that you know, |
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 strateg 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 ong
of the big things | wanted to
focus on for my exams, and
of course the drawback is th
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time it takes but because of
the partial credit that | gave
for my 60% of the exams if
you know the process and
you've made a small mistak
or your assumption was
wrong in one spot the
process is correct, and so, f
you know, altogether, if you
know the process on exy
single question you're going
to wind up with at least a at
least an 85 or more becausg
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 tes
is for theinstructors (use to
organize and see whether
they coeoccur with other
codes so far from Interview
and 2)

Hope So yes, i'm. yeah it's.
mean | told you before that'y
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 sor
questions that if they do not
know they are gonna fail, th
other questions that covers
the core and there's there's
least one question that is
hard, | consider hard our
level and so that's more o
less how | how | get a grade
distribution.

Interview 2: Test taking
skills

Descriptions of anything
related to student test taking
skills

The the idea with these test
is that the whethat's the
book or just a cheat sheet it
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 | don't
memorize them, sahy
should the students have to
you know. What it's just
supposed to be there was a
reference it's not supposed
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
soluton if they if they had
time to sit and read the entir
chapter, but they don't right
and so. That's why | haven't
made it any more difficult
because if they need that yg
know if they actually use
everything that the textbook
can do it's going to take time
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 genetasuch as
advice, inclusion of projects
in addition to tests, etc.

yeah really | mean really the
the credit for the project all
goes to [faculty member].
She had the idea for a proje
that we did that, as part of a
nsf project, and | did like it, |
mean it was it was definitely
more work, although she diq
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
think they enjoy doing, and i
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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,
same of the stuff that we
never think about of the you
know economics or societal
impact and things like that
yeah.
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