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With the expectation that engineering students ought to be prepared to adapt to a continuously evolving workplace

environment to solve the complex problems of the future, engineering educators ought to also adapt and provide

innovative learning environments that support not only technical agility, but also psychological agility to support the

development of our students. Senior design and capstone courses serve as ideal contexts to support engineering students

with this preparation.This paper describes howa senior design coursewas transformednot in content, but in the classroom

values/culture, reward structures, and the learning environment to encourage mastery learning though effort contingen-

cies, grit and perseverance, collaboration, and empowerment.Designed as a pre-test post-test control group design, a set of

psychological constructs (grit, sense of belonging, achievement goal orientation, self-efficacy, impulsivity) were adminis-

tered to a treatment group and a control group to investigate effects of the educational innovations. Effect sizes reveal

moderate to high practical significance comparing the treatment and control groups. Psychologically-grounded strategies

and important implications for all engineering educators are detailed in this paper.
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1. Introduction

What if we as faculty could train our students (like
coaches train athletes) to not give up, to persevere, to
perform at the highest levels, to not lose sight of the
end goal, to stay engaged, to belong, and to excel?
What if we could shift educational priorities to
promote psychological preparation alongside aca-
demic preparation?

With the rapid pace of technological change, the

future engineer is not only expected to offer techni-
cal ingenuity but also to adapt to a continuously

evolving environment to solve the complex problems

of the future. The success of the U.S. in global

competitiveness is tied directly to the complex

problem solving ability of its technical workforce.

How can we prepare students to face the complex

problems that society requires of engineers to solve?

Senior design and capstone courses are an ideal
context to help prepare students for the workforce.

Being an engineering student can be tough and

usually means facing greater academic challenges.

The classes are often harder, the programs are often

longer, the grades are often lower, and the commit-

ment and self-discipline required are often greater.

To give students the best chance of succeeding in the

real world, pedagogical innovations like problem
based learning, project based learning, inquiry

based learning, and other active learning pedago-

gies have been implemented for preparing engineer-

ing students to face complex problem solving.While

often successful, most of these educational strate-
gies have focused on academic and content prepa-

redness, while few have sought to prepare students

mentally or psychologically. An inability to cope

with the psychological demands of engineering

contributes significantly to demotivation and attri-

tion (both in the classroom and potentially in the

workplace). Compelling evidence from psychologi-

cal and educational research suggests that a pro-

active approach, rather than the more common

reactive approach of targeting ‘‘at risk’’ students

(who may feel further alienated for receiving extra

attention), could significantly increase students’

intrinsic motivation and engagement, leading not

only to more grit and persistence, but to better

academic performance as well [1].

To be successful, students must be both academi-
cally and psychologically prepared for the rigors of

not only undergraduate engineering but also real-

world engineering practice and embracing the ever

changing landscape of complex decision making.

Although the vast majority of existing interventions

and strategies to improve engineering education are

focused on enhancing students’ academic prepara-

tion by improving structures, content, and curri-
cula, more must be done to support students’
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psychological well-being to maintain the motiva-

tion necessary to persist to graduation and to persist

in navigating the complex landscape of engineering

practice and real-world decision making.

In this study, a variety of psychology-grounded

strategies were used in a senior-level design/cap-
stone course to gauge the impacts of psychological

preparation and building better academic mindsets

in contrast to a control group/course. The studywas

setup as a pre-test post-test control group design to

allow for variations among the control and treat-

ment groups to be explored. Pedagogical and psy-

chological strategies were grounded in relevant

psychological theories: achievement goal theory,
self-regulation theory, self-determination theory,

expectancy value theory, and social identity

theory. More specifically, some of the pedagogical

strategies used in the treatment course (which

shared the same syllabus, course outcomes, content

coverage with the control course) included: effort-

contingent learning (EFL), mastery-based learning

(MBL), problem-based learning (PBL), and a
flipped classroom approach. Some of the psycholo-

gical strategies used in the treatment course

included: (1) altering temporal attention and pro-

viding performance feedback to facilitate goal-set-

ting, (2) implementing activities to allow for

autonomy, (3) establishing a class culture at the

onset with shared and student-derived values and

behaviors, (4) allowing the exploration of topics
enabling personal interest in alignment with

course objectives, (5) using interteaching prepara-

tion guides, (6) continuously and consistently dis-

cussing the relevance of tasks and framing of the

tasks to show the value to current and future efforts,

(7) continuously and consistently discussing per-

ceived costs of course activities and effort, and (8)

using proactive, team-based motivational strategies
to support team-activities.

The implications of such findings have broad

impacts to other senior design courses, but really to

all engineering courses. It is important that we learn

from our social science colleagues and the theories

that guide how students learn, how students are

motivated, howstudents stay engaged, howstudents

can take ownership of their learning, how students
canhaveautonomy,howstudents connectwith each

other and the larger engineering community, how

students identify as engineers in social settings, etc.

Such work and efforts might be new to engineering

educators, but not new to our social science scholars

and educators. By understanding psychological the-

ories, engineering educators andall educatorswill be

better positioned to design learning environments
that transform our students to be better prepared

with dealing with the complexity of engineering

practice and life. Educators should start thinking

of themselves ascoaches rather than individualswho

deliver content knowledge.

Acknowledging both academic and psychologi-

cal demands of complex problem solving, this paper

focuses on measuring some of the impacts of

reframing a senior level capstone design course
sequence (fall and spring) to have a focus on

effort, mastery learning, perseverance, engagement,

self-efficacy, sense of belonging, forethought in

problem solving, etc. The guiding research question

being: ‘‘howdo engineering students’ perceptions of

learning in a treatment course (designed to support

students’ academic and psychological preparation)

compare to students in a control course (designed as
a traditional lecture-based environment focused on

primarily content)?’’

2. Relevant literature on psychological
factors, theories, and frameworks

There are several important psychological con-
structs that have been found to be impactful to

students in learning environments—grit, growth

mindset, mastery orientation, intrinsic motivation,

sense of belonging, self-efficacy, delayed gratifica-

tion, etc. A burgeoning educational movement has

been exploring the impact of non-cognitive and

psychological factors (as opposed to cognitive and

academic factors) on student success at all levels.
These educators and scholars call for increased

research and practice focusing on non-cognitive

and psychological components of the student

experience [2]. The importance of psychological

preparation prior to a challenging task or journey,

as well as staying attuned to one’s own psychologi-

cal state during such a task, has been demonstrated

in many contexts, perhaps most notably in compe-
titive athletics [3, 4] and the military [5, 6]. Effective

psychological preparedness activities often lead to

greater resilience and the ability to maintain moti-

vation in the face of uncertainty or self-doubt. In

theory, equipping engineering students with such

capabilities leads to increased motivation, persis-

tence, performance, and retention.

One of the most prominent of studies showcasing
the impacts of non-cognitive and psychological

factors has been the Carnegie Foundation’s Path-

ways to Improvement, a nationwide initiative of over

28 community colleges exploring a new model of

developmental mathematics instruction [7]. The

model is unique in that it does not only address

the structural and curricular content of math

courses, but also engages the socio-emotional and
psychological struggles that many college students

face. Embedding psychological strategies that lead

to ‘‘productive persistence,’’ interventions are pri-

marily focused on (1) shifting mindsets to help
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students redefine success, (2) embedding rigor and

relevance to help students make connections

between math and real-world contexts, and (3)

promoting a sense of belonging, the strongest pre-

dictor of persistence according to the Carnegie

report. Carnegie’s educational strategies are produ-
cing dramatic results. Before Pathways to Improve-

ment, only 6% of developmental mathematics

students earned college math credit within their

first year of continuous enrollment, and afterwards

over 50% were able to do so.

The past decade, the psychological construct of

grit, a non-cognitive trait encompassing persever-

ance and passion to pursue goals with sustained
effort over time [8]. Grit has been investigated as an

explanation for why individuals of similar intelli-

gence succeed in different numbers of objective

accomplishments throughout their lives. Grit,

which is related to conscientiousness, perseverance,

tenacity, and the need for achievement, emphasizes

long-term stamina for consistent goals even in the

absence of immediate feedback or explicit rewards.
Grit was investigated in studies involving grade

point average (GPA) of undergraduates, retention

in classes atWest Point, and ranking in theNational

Spelling Bee [9]. Grit was a stronger predictor in

these contexts than SAT score, GPA, or high school

rank. An important take away is that grit changes

over time and grit can be taught [10]. Psychological

interventions designed to promote grit within engi-
neering student populations are rare. What does it

mean to be a gritty engineering student? Prototypi-

cally, this is a student who is self-disciplined, who

believes in their ability to succeed in engineering

(self-efficacy), who can manage their own anxiety,

who exhibits prosocial behavior andmanages social

conflict, who is not afraid of failure, who possesses

the self-control required to inhibit impulses and
delay gratification when necessary, who is flexible

and adapts well to new learning environments, who

feels a sense of connectedness and belonging within

their program, and whose professional identity

strengthens over time. In a sense, grit is the embodi-

ment of numerous other psychological skills and

qualities.

Similar to grit, the psychological construct of

growth mindset has also received attention over the

past decade. Proposed by Carol Dweck, there are

two general beliefs students may hold about their

abilities [11]. Students with a fixed mindset believe

that intelligence and ability are fixed (so challenges
are often avoided because innate limitations are

revealed), while students with a growth mindset

believe that intelligence and ability can be developed

(so challenges are embraced because effort is seen as

a path to mastery). Prior studies have shown that

student confidence canbebuilt by discussing growth

mindset in the learning environment and increasing

awareness of educational and professional oppor-
tunities, choices, and challenges as the focus is

shifted from ability to effort [12–14].

Even prior to grit and growth mindset, students’

orientations towards learning were another set of

psychological constructs that received attention

from both researchers and educators. A motiva-

tional theory, achievement goal theory (AGT)

posits that achievement goals may be pursued for
reasons that are either intrinsic (mastery-oriented)

or extrinsic (performance-oriented). Mastery-

oriented goals tend to promote long-term, high-

quality learning, and college studentswith amastery

orientation are typically more engaged in class and

receive higher grades compared to students with

performance goals [15]. Whereas approach goals

tend to contribute positively to intrinsicmotivation,
avoidance goals do not [16].

As might be evident from the psychological

constructs described above, there are some

common features that become important in well-

designed and healthy learning environments (per

our knowledge and understanding of important

psychological factors and theories). Table 1 shows

some of the most relevant psychological theories
guiding us in designing environments to promote

psychological preparedness and strong academic

mindsets. The theories include achievement goal

theory, self-determination theory, self-regulation

theory, expectancy value theory, and social identity

theory. Relevant constructs for each theory are

briefly described in Table 1.
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Table 1. Relevant psychological theories

Achievement Goal Theory (AGT)

A motivational theory, AGT posits that achievement goals may be pursued for reasons that are either intrinsic (mastery-oriented) or
extrinsic (performance-oriented).

Relevant Constructs

Mastery vs. Performance Goal Orientation—Mastery oriented goals tend to promote long-term, high-quality learning, and college
students with a mastery orientation are typically more engaged in class and receive higher grades compared to students with
performance goals [15].

Approach vs. Avoidance Goal Orientation—Approach goals tend to contribute positively to intrinsic motivation whereas avoidance
goals do not [16].



Further, there are many strategies that can be
used to intentionally redesign a learning environ-

ment to elicit psychological preparedness and

strong academic mindsets. Table 2 showcases

some exemplar strategies. This list is by no means
all inclusive, but rather serves to highlight some

strategies that have been found effective in the

literature.
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Self-Regulation Theory (SRT)

Individuals can influence their own thoughts and actions. Self-regulation refers to individual processes that are self-directive or self-
corrective, such as purposeful behavioral adjustments while pursuing goals [17].

Relevant Constructs

Delay of Gratification—The ability to delay immediate gratification in favor of long-term goals and successfully deploy skills such as
impulse control, patience, and willpower has been linked to numerous positive educational outcomes [18].

EmotionRegulation—Referring to a person’s ability to understandand influence her emotional experience, a personwith good emotion
regulation skills can often control impulsive urges [19].

DecisionMaking—Decisions are usually made under conditions of uncertainty and dealing with this uncertainty is a primary factor in
the way students approach decision-making.

Self-Determination Theory (SDT)

SDT is a theory of motivation concerned with supporting individuals’ natural tendencies to behave in effective and healthy ways [20–21].
Fulfillment of the three fundamental elements of SDT has been empirically linked to personal and academic success [22–23].

Rel. Con.

Competence is the belief that one can influence important outcomes.

Relatedness is the experience of having satisfying and supportive social relationships.

Autonomy is the experience of acting with a sense of choice, volition, and self-determination.

Expectancy Value Theory (EVT)

EVThas three basic components. First, individuals respond to new informationbydevelopinga belief about it. Second, they assign a value
to each attribute that the belief is based on. Third, expectations are created based on calculations of beliefs and values [24].

Relevant Constructs

Expectancy—Speaks to an individual’s expectation that theyhave the ability or potential needed to execute a courseof actionor attain a
performance outcome [25–26].

Psychological Value—Attainment value refers to the link between a task and a student’s own identities and preferences. Greater value
leads to greater motivation and effort [26].

Psychological Cost—The costs associated with a goal or task represent perceived obstacles or drawbacks threatening its successful
completion. In contemporary versions of EVT, the dimension of psychological cost is inversely related to motivation [27].

Social Identity Theory (SIT)

Groups give individuals a sense of social identity: a sense of belonging to the social world. [28–29] Level of commitment determines how
group characteristics, norms, and outcomes will influence the perceptual, affective, and behavioral responses of individuals belonging to
that group [30].

Relevant Constructs

In-Group Cooperation and Relatedness—In-group cooperation speaks to collective action and goal pursuit. Willingness to work and
bond with others for a common purpose is important to identifying with, and benefitting from, a social group [31–32].

GroupDistinctiveness—Perceived positive group distinctiveness facilitates individual pride, commitment, self-esteemby fulfilling inner
strivings to feel respected by others [31].

Sense of Belonging—Belonging refers to a need to feel closeness to, and acceptance by, other people, both in dyadic and group contexts
[33]. When choosing to leave a group, people often report feelings of improper ‘‘fit’’ or a lack of belonging [33–34].

Table 2. Exemplar strategies to build psychological preparedness and strong academic mindsets

Examples of Relevant Strategies to Strengthen Students’ Psychological Preparedness

Achievement Goal Theory

(AGT1) Effort Contingent Rewards—Evaluation practices focused on effort rather than ability trigger mastery learning strategies and
better knowledge retention [35–37]. In the classroom, extrinsic rewards are often given with good intentions, but they can have
detrimental effects when the rewards are perceived as bribes or controlling [38]. When rewards are made contingent on student effort
[39], rewards can enhance achievement-directed behavior and even lead to an increase of task persistence [40].

(AGT2)Competency-Based learning (CBL)—CBL is an educational approach that defines learning as themastering of specific tasks or
skills (competencies) required for well-defined competencies. The emphasis on assessment provides useful information not only for the
students but for the course effectiveness. A benefit to CBL is bridging academic education and industry needs [41–42]. Within
engineering education, several studies suggest that CBL results in positive outcomes, such as increased number of internships and first-
job hirings [43] as well as better preparation for professional practice [42]. This research is still limited though.
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(AGT3) Problem-Based Learning (PBL)—Having historical foundations in medical education [44–45], PBL is a powerful student-
centeredpedagogy.A large bodyof literature highlights the successes of PBL inmanydomains and in support ofmanydifferent student
learningoutcomes (e.g., problemsolving, critical thinking,motivation, knowledge retention) [46–49].AlthoughPBLproblems can take
on a variety of forms [46–48]. PBL problems are typically open-ended with a moderate degree of structuredness, authentic, complex
enough to be challenging and engaging to students, adapted to students’ cognitive development and prior knowledge, and amenable to
problemexamination frommultiple perspectives [50]. The impacts of a PBLexperience or course on constructs of grit, goal orientation,
and identity are not well known.

(AGT4) Flipped Classroom—The flipped-classroom approach (or inverted classroom) is an instructional strategy that consists of
providing the lecture materials outside the classroom and in an alternative format (e.g. online videos) and utilizing the classroom for
applying the knowledge throughproblem solving, discussion, and active learning strategies.Given that studentswork at their ownpace
beforeattending the class, the teaching format is thought to increase engagement. The role of professors is tomentorandguide students.
Although studies in engineering courses present positive outcomes [53–55], there is little empirical research on the impacts of a flipped-
classroom.

Self-Regulation Theory

(SRT1) Altering Temporal Attention—Temporal attention alters behavior and showing how the consequences improve alters the
‘‘impulsive’’ behaviors [56]. Orlikowski and Yates [57] determined that temporal structures shape ongoing practices. Related to
temporal attention, counseling or instruction in time management strategies leads to improved performance [58–59].

(SRT2) Managing Emotions and Anxiety—Anxiety reduction and emotion management are effective means for reducing academic
stress in college students [60].Disclosing emotions led to significantlybetter academicperformance among college students [61]. Formal
instruction and reflection in managing emotions and anxiety (e.g. prior to examinations, project deadlines, etc.) significantly improved
student performance [62].

(SRT3) Provide Performance Feedback to Facilitate Goal-setting Activities—Performance feedback improves performance in most
cases [63]. Self-set goals and feedback integrated into a system that monitors performance increases performance in goal achievement
[64].

(SRT4) Goal Implementation Strategies—With instruction and developmental planning, students map out their own education by
creating a personal blueprint for success that is periodically revisited and revised [65]. Formal strategies for detecting conflicts and
divergences from goals/requirements is also critical and effective [66].

(SRT5) Helping Students with Decision Making—The way alternatives are presented matter. Placing more weight on long-term goals,
rather than immediate gratification [67–69].

Self-Determination Theory

(SDT1) Autonomy and Inductive Teaching Methods—Strategies that allow students to set their own pace with short-term goals or
assignment leads to intrinsic motivation [70]. Inductive teaching methods like PBL (mentioned above), inquiry-based learning, case-
based teaching, discovery learning, and just-in-time teaching enable students to more effectively solve problems and self-manage goals
and their learning [71].

(SDT2) Autonomy-supported Coaching Strategies—Self-monitored and autonomy-supported intentional change produces positive
change in behaviors, performance, satisfaction, and persistence [72–73].

(SDT3)Career Exploration—Increased autonomy in diverse opportunities for career exploration results in personally satisfying career
decisions for college students [74–75].

(SDT4) Interteaching—The interteaching approach is a non-traditional teaching model that emphasizes independent learning.
Students complete a preparation guide before class that includes reading material and questions. At the beginning of class, the
professor clarifies difficult concepts emerging from the previous class.Most class time is focused on students working/teaching in pairs.
Professors and teaching assistants are available for questions and discussion. At the end of class, students complete a record sheet
identifying challenges. Professors use this feedback in preparing for the next lecture. Initial studies report that students prefer, andoften
learn more, from interteaching compared to traditional lecture classes [76–78]. Interteaching is a relatively new approach, so its
adoption in engineering education is limited. Parthasarathy and Jollands [79] found that implementing interteaching in a chemical
engineering project-based course improved students’ learning and satisfaction. There is still little research on the effectiveness of
interteaching in STEM education.

Expectancy Value Theory

(EVT1) Growth Mindset—Student confidence can be built by discussing the growth mindset and increasing awareness of educational
and professional opportunities, choices, and challenges as the focus is shifted from ability to effort [12–13, 80]. Increased self-efficacy
predicts academic success among students [81]. Self-efficacy is increased based of academic and social feedback [25].

(EVT2) Relevance of Tasks and Reframing the Value—Students are more likely to be engaged in learning if the assigned tasks are
perceived to be meaningful and of value to them [82].

(EVT3) Reducing and Reframing Perceived Costs—Creating environments in which perceived academic costs (e.g., effort and time
commitments required) are seen as ‘‘badges of honor’’ rather than something to be dreaded or avoided is likely to significantly increase
student motivation. This effect is often demonstrated in other contexts such as competitive athletics and the military.

Social-Identity Theory

(SIT1) Proactive, Team-based Motivational Strategies—Highly valued in competitive athletics, the military, and other fields where
qualities such as resilience and persistence are essential to success, team-based strategies are effective in building in-group cooperation
[83]. Shared task knowledge and shared team knowledge were valid predictors for engineering team performance and success [84].

(SIT2) Team Management and Trust Building—Team cohesion, agreeableness, conscientiousness, collectivism, and preference for
teamwork are strong predictors of team performance [85]. ‘‘Collective efficacy’’ reflects trust in the effectiveness of organized
community action [86]. Establishing a sense of common experience and purpose in collaborative projects increases the chances of
success among team members [87].

(SIT3) Learning Communities—Engineering learning communities and student teams help develop interdisciplinary and social links
within a community, as well as lead to increased retention [88].



3. The context: James Madison University
senior-level capstone design courses

The context for this study was a senior design

course sequence (treatment group), which com-

prises of a classroom component as well as a

capstone project experience [91]. Prior publica-

tions have detailed the vision and content cover-

age of these courses [92–95]. Previous publications

detail the content coverage of the courses that

align with the capstone design experience at JMU

[95–99].

In alignment with the relevant psychological
theories described previously, Table 3 describes

the strategies and attributes that detail how the

classroom environment was transformed to elicit

psychological preparedness and a strong academic

mindset.
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(SIT4)MentoringModels—Students with a faculty mentor displayed increased satisfaction and participation in the organization [89].
Similarly, peer support among college students was positively correlated to improved career choices, retention, and fit [90].

(SIT5) Community Service Learning Experiences—Pedagogically related to PBL (described previously), service learning experiences
have been shown to expose students to an authentic problem solving and professional environment. Benefits of service learning
experiences include social responsibility, professional skill gains, strengthened professional identity, cognitive gains, etc.

Table 3. Strategies used in the treatment senior-level design course at James Madison University

Strategies Used in the Treatment Course to Strengthen Students’ Psychological Preparedness

Achievement Goal Theory

(AGT1)EffortContingentLearningandRewards—Inthe classroom, extrinsic rewards are oftengivenwith good intentions, but they can
have detrimental effects when the rewards are perceived as bribes or controlling [38]. When the focus, though, is on effort and the
evaluation practices focus on effort rather than ability, such an environment triggers mastery learning strategies and better knowledge
retention [40]. Thus, effort contingent learning (ECL), where rewards aremade contingent on student effort, can enhance achievement-
directed behavior and even lead to an increase of task persistence. The treatment group/coursewas transformed into a classroomwhere
effortwas the emphasis to producequalityworkandperformathigh standards.The grading rubric thatwasdevelopedandusedaligned
with this focus on effort and facilitated the evaluationof studentwork from thepointof viewof qualityof effort.More specifically, effort
was the key emphasis of both in-class activities aswell as assignments given to students.Nearly every graded assignmentwas based on a
simple 5-point effort scale that demonstrated to students where the instructor perceived her/his effort to be. Along with an effort rating
that was provided with each assignment, in-depth comments were also provided to justify the rating and to describe where there are
opportunities for improvement. Students were also encouraged to meet with the instructor for more guidance and clarity on the
evaluation of their submitted work. In contrast to the treatment course, most of the graded assignments in the control course were
quizzes whichwere based on a 0–100 grading scale where a student would clearly knowwhich questions she/he got wrong or correct (so
the nature of the assignments was more closed-ended with problems that have single correct solutions).

(AGT2)Mastery-Based learning (MBL)—MBL is an educational approach that defines learning as themastering of specific knowledge
and skills. In the treatment course, the course was organized around specific course objectives aligned around four major course
modules to elicit mastery learning around the newknowledge to be gained and new skills to be applied.With the focus onmastering the
new knowledge and new skills, students were encouraged to put quality effort and evidence mastery learning through their submitted
work. Thus, studentswere allowed to resubmit gradedwork for a second time in an attempt for them to showdeeper understanding and
quality effort. Following the grading scheme used in the evaluation of student work per the description in AGT1 above, students in the
treatment course were allowedwithin a specified timeframe (typically within onemonth) to resubmit their graded work for a chance to
demonstrate deeper effort and understanding of the assignment while taking into account the effort rating and qualitative feedback
providedby the instructor.This strategygave control andautonomy to the student to decide if theywanted to investmore effort in order
to demonstrate competency and deeper mastery of the content. Although not all students took advantage of this opportunity given to
them, most of the students did resubmit revised assignments with demonstrating substantial increased effort. To not disadvantage the
instructorwill immense amounts of grading, studentswere informed and expected to submit adequate effort during the first submission
of an assignment and only then would they be allowed to resubmit a second time. In other words, if the first submission was poor, the
studentwould not be allowed to submit a second time.Adequate effortwas required for the first submission. In contrast, students in the
control group were not given a chance for resubmissions for assignments.

(AGT3)Problem-BasedLearning (PBL)—PBLproblems are typically open-endedwith amoderate degree of structuredness, authentic,
complex enough to be challenging and engaging to students, adapted to students’ cognitive development and prior knowledge, and
amenable to problem examination frommultiple perspectives [50]. In the treatment course, students were presented four major design
challenges that can be described as open-ended because there was not a single, correct answer for each design challenge. Students could
follow different paths to get to a solution using the knowledge gained in the course, but also using knowledge they had gained in prior
courses in the curriculum.The fourmajor design challenges in the treatment coursewere designed so that students coulddemonstrate in
an open-endedway the extent towhich they understoodboth the design theory theywere being taught, but also the extent towhich they
could apply such knowledge in amore applied way. These four design challenges focused on embodiment design, psychology of design
and human factors engineering,mathematicalmodeling inmaking design decisions, aswell as parametric design. The paths to getting a
solution for these design challenges were many and the approaches that students used also varied. Clarity and justification in the steps
and approach that each student took was a must though and this helped in the evaluation. In contrast, students’ understanding of
content within the fourmodules in the control groupwas based primarily frommultiple choice quizzes that asked questions which had
typically only one correct solution (thus evaluating primarily factual knowledge and understanding)

(AGT4) Flipped Classroom—The flipped-classroom approach (or inverted classroom) was also used in the treatment course. Rather
than the traditional model of flipped classrooms in engineering where online videos are made available to students before class, the
treatment course utilized preparation guides that studentswere encouraged to complete prior to coming to class. The preparation guides
were designed and included a series of developmental questions to allow students to demonstrate their understanding of factual
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knowledge, procedural knowledge, aswell as synthesis of newknowledgewithprevious acquiredknowledge (i.e., frompriormodules or
prior courses). Effort and thinkingwas needed to complete these guides well, but certainly a requirement of students reading the course
book and supplemental content was a must. During class (treatment), the focus was on using active learning to allow students to apply
the knowledge they had gained prior to class and to allow application of that knowledge through discussions, case studies, individual
and small-group activities, etc. The role of the instructor was thus as a facilitator and mentor to guide students. On some days,
particularly with content topics that were more challenging for the students, they were allowed for a portion of class time to compare
answers in the preparation guides with their peers in small groups. This approach led to collaborative learning and the instructor
facilitating important discussions andmisconceptions in small group settingsbut alsowith the larger classwhen it became evident that a
particular topic would be relevant to the entire class. In contrast, although some active learning took place in the control class, a
predominance of traditional PowerPoint lectures was certainly part of the control class.

Self-Regulation Theory

(SRT1) Altering Temporal Attention and Providing Performance Feedback to Facilitate Goal-setting Activities—Per the use of ECL,
MBL, and PBL described above, students in the treatment group received timely performance feedback to improve their performance
on assignments and to allow them to make a decision on whether or not they would want to invest time to meet a higher level of
performance (via theopportunity to resubmit theirwork to showdeepermasteryby the endof the semester).This opportunity to self-set
goals and decide if a student wanted to resubmit work served as a vehicle for students to self-regulate their learning, to monitor their
performance, and ultimately increase performance in goal achievement. Some flexibility with timing was also given to the students in
order to allow them to self-pace, self-assess, and self-monitor their performance in order to help themmake a decision aboutwhat goals
to set and actions to take. This level of self-pacing and self-monitoring gave students the autonomy to decidewhen and in what order to
work on resubmitting their assignments. Each student could decide onwhich assignment to investmore effort in as well as the timing in
which they would turn in the resubmission. Given this autonomy and flexibility that students were given, the instructor also made it
clear to students that there would be flexibility on the instructor’s end in regard to the grading of the second submission. This wasmade
explicit so that students could understand that grading of the second submission would take more time.

Self-Determination Theory

(SDT1) Autonomy and Inductive Teaching Methods—The strategies described above allowed students in the treatment course to set
their own pace with some of the goals of the course. This sense of autonomy leads to intrinsic motivation [98]. Inductive teaching
methods like PBL and the flipped classroommodel (both mentioned above), enabled students to more effectively solve problems and
self-manage goals and their learning.

(SDT2) Establishing the Class Culture via Shared and Student-Derived Values and Behaviors—Autonomy for students was also
established during the first day of class, which beganwith an activity designed to elicit students’ beliefs of workplace expectations (peer
to peer expectation, supervisor expectations for employees, employee expectations of supervisor, workplace environment, etc.). What
derived from this activity became the expectations for the class. The classroom was envisioned as a workplace environment with a
derived set of values and expected behaviors. This activity set the culture and tone for the course and from an SDT point-of-view
enabled autonomy, relatedness, and competence. Reminders throughout the semester also took place to coach students and to remind
themof the goals, culture, and valueswe had agreed upon for the course. The following questionswere the ones asked on that first week
of class (treatment) to develop the shared student-driven culture in the class: (1) what knowledge and skills do employers want and
expect? (students’ responses to this question became what the instructor expected from them—professionalism, adaptability,
leadership, initiative, time management, high standards, attention to detail, teamwork, safety, enthusiasm, etc.), (2) what values and
behaviors do employers want and expect? (students’ responses to this question also became what the instructor expected from them—
honesty, integrity, grit, ethics, loyalty, open-mindedness, positive attitude, etc.), (3) what do you expect/want from a workplace
environment? (aspects of students’ responses guided the design of the classroom environment—positive dynamic environment,
opportunities for growth, respect, freedomtodiversity, comfortable furniture, flexibleworkhours, ability to fail and take risk), (4)what
do you expect/want from colleagues in the workplace? (students’ responses to this question became what the instructor expected from
peer students in the class and in team assignments—punctuality, self-awareness, communication, organization, respect, open minded,
transparency, positive attitude), (5) what do you expect/want from a supervisor in the workplace? (students’ responses to this question
laid the foundation for what the instructor strived to achieve as the educator/mentor/facilitator of learning—no micromanagement,
guidance, support, mutual respect, clear expectation, leadership, integrity, transparency, honesty), and (6) how should performance in
theworkplace be evaluated and promotion determined? (students’ responses to this question laid the foundation for how the instructor
evaluation performance in the classroom—results focused, proactiveness, innovation, effort, quality, collaboration, time
management). In contrast, a shared vision and shared culture was not explicitly developed between the instructor and students in the
control course.

(SDT3) Exploration of Topics of Interest Related to Course Objectives—Increased autonomy in the treatment course was also
establishedbyallowing students to customize someof thedesign challenges (describedpreviously) to alignwith their individual interests
and career trajectories. This personal touch, yet still aligning with the course objectives, enabled students to personally decide a
direction that would yield more intrinsic motivation. One example of such an activity was the psychology of design module, where
students were given specific instructions to apply knowledge gained in the course (but also to seek out new knowledge) in order to
understand an engineered systems from the lens of psychology andhumanneeds (cognitions, emotions, andbehaviors), and to ultimate
redesign such an engineered systems having a deeper understanding of human intentions, needs, and behaviors.

(SDT4) Interteaching—As described in the previous tables, the interteaching approach is a non-traditional teaching model that
emphasizes independent learning and has received little attention in engineering education contexts. In the treatment course, students
completed a preparation guide before class that included reading material and questions to not only gain insight to the quality of the
reading comprehension, but also to enable application of key concepts of the reading to students’ capstone project (which runs
concurrently with the lecture as part of the same course). During the class, students were given time to work through the preparation
guides in pairs or small-groups and the instructorworked to clarify difficult concepts that emerged from the previous preparation guides
as well as the one being worked on during class. At the end of class, students completed a record sheet identifying challenges and the
instructorused this feedback inpreparing for thenext lecture. In contrast, the control class used assigned readings as thepreparation for
the in-class sessions.

Expectancy Value Theory

(EVT1) Relevance of Tasks and Reframing the Value—Throughout the semester, the relevance of tasks and assignments was explicitly
framed and presented to students. Connections were made explicit around topics within the course, but also with other courses in the



4. Methodology

This study was designed as a pre-test post-test

control group design, which is common in educa-

tional research settings to investigate effects in

educational innovations. The pre-test and post-
test were exactly the same and were respectively

administered a few of days prior to the start of the

semester and during the last week of the semester.

The surveys included the following measures:

1. Short Grit Scale (Grit-S):A short version of the

Grit Scale,Grit-S [99, 100], was used tomeasure

consistency of interest and perseverance of effort.

Grit-S is supported with adequate internal

consistency [104]. Only perseverance of effort

was administered in this study.
2. Achievement Goal Questionnaire (AGQ):

Grounded in achievement goal theory (see

above), the subscales of AGQ are mastery-

approach (students work hard to master the

material), performance-approach (students

work hard for to do well in the eyes of others),

mastery-avoidance (students work hard to

avoid not mastering the material), and perfor-

mance-avoidance (students work hard in order

to avoid looking foolish in front of others).

AGQ items are supported with adequate inter-

nal consistency [101].

3. Dickman Dysfunctional Impulsivity Scale:

Defined as ‘‘the tendency to act with less fore-

thought than most people of equal ability when

this tendency is a source of difficulty, [102, 103]’’
dysfunctional impulsivity was assessed in the

context of engineering problem solving.

4. Sense of Belonging: This subscale was adapted

from the perceived cohesion scale [104] and

theory to measure sense of ‘‘fit’’ and ‘‘belong-

ing.’’

5. Self-Efficacy: Derived from self-efficacy litera-

ture [105], the subscale included was self-effi-

cacy for academic achievement.

Participants in this study included senior engineer-

ing students in two sections of the same course that

shared the same syllabus and content coverage. One
section served as the control group and the other as

the treatment group. There were 30 students in the

control group/section and 31 in the treatment

group/section. Section placement was based on

keeping capstone teams in the same section. The

demographics were similar in both groups with

about 20% female students. Both sections, control

and treatment groups, completed the same pre and
post survey. In the control group, 27 students

completed the pre-survey (corresponding to a 90%

response rate) and 20 students completed the post-

survey (corresponding to a 67% response rate). In

the treatment group, 28 students completed the pre-

survey (corresponding to a 90% response rate) and

23 students completed the post-survey (correspond-

ing to a 74% response rate).
Data analysis involved both descriptive statistics

and analysis of effect sizes, which are quantitative

measures of the strength of a phenomenon and a

simple way of quantifying the difference between

two groups, which has many advantages over the

use of tests of statistical significance alone. Effect

size places an emphasis on the size of the difference

rather than confounding this with sample size. In
pre-test post-test control group designs, it has been

suggested that effect size should be based on the

mean pre-post change in the treatment groupminus

the mean pre-post change in the control group,
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curriculum, aswell as the relevance ofwork to future employment opportunities. Such connections enabled students to remain engaged
in the learning and to also see value and meaning to the work we were doing in the course not only for earning their degree but also in
seeing the value beyond their undergraduate tenure. This strategy was something that required conversation and discussion in class to
keep students focused on the shared vision that students and instructor set for the course and then following throughwith execution of
effort and quality work.

(EVT2) Reducing and Reframing Perceived Costs—The treatment course was also framed as an environment in which perceived
academic costs (e.g. effort and time commitments required) were seen as ‘‘badges of honor’’ rather than something to be dreaded or
avoided.Discussions and activities enabled a reframing of the perceived costs of time and effort. Explicit links to the importance of such
knowledge and skills to future employmentweremade in order to sustain studentmotivation.Autonomy (described above) also helped
with this reframing and allowed students to self-pace their learning, but also own their learning in the course. When students were in
midst of challenging and busy times of the semester (i.e., multiple tests in one week, a big report or deliverable being due for capstone,
etc.), the instructor was constantly reminding them of self-pacing, self-monitoring, and the autonomy they were given to resubmit their
work, to focus on effort, and pacing their commitments.

Social-Identity Theory

(SIT1) Using Proactive, Team based Motivational Strategies to Support Team Activities/Projects—Highly valued in competitive
athletics, themilitary, andotherfieldswherequalities suchas resilienceandpersistenceare essential to success, team-based strategies are
effective in building in-group cooperation. Team cohesion, authentic collaboration, and collective efficacywere frequently discussed in
the course to motivate not only completion of team-based course assignments, but also capstone projects. Discussions and activities
targeting team performance and ‘‘collective efficacy’’ helped to establish a sense of common experience and purpose in collaborative
capstone projects. Professional articles around effective strategies and knowledge of top performing teams were also shared and
discussedwith students. Such discussions enabled for establishing a sense of purpose in collaborative projects as ameans to enhance the
common experience and chances of individual and team success.



divided by the pooled pretest standard deviation

[106].

Effect Size ¼ ðMpost;T �Mpre;TÞ � ðMpost;C �Mpre;CÞ
SDpre;pooled

ð1Þ

5. Results and discussion

Figure 1 and Table 4 highlight the data and findings

from this pre-test post-test control group design

study. Fig. 1 shows pre-survey and post-survey

mean scores for the control and treatment groups
across the seven psychological constructs adminis-

tered: (a) grit (perseverance of effort), (b) dysfunc-

tional impulsivity, (c) self-efficacy, (d) sense of

belonging, (e) mastery approach orientation, (f)

performance approach orientation, (g) work avoid-

ance orientation. Overall, pre-survey mean scores

across the control and treatment groups show

consistency among the students. Students entering
this course, who are seniors, perceive themselves to

be somewhat gritty, somewhat impulsive (i.e., ten-

dency to act with less forethought than their peers

with equal ability when the tendency is a source of

difficulty), with good self-efficacy of their academic

achievement, with a fairly strong sense of belonging,

with a somewhat high mastery orientation towards

learning, with a somewhat lower (compared to
mastery orientation) performance orientation

towards learning which is healthy (e.g. research

shows that higher mastery orientation is more

adaptive than a higher performance orientation),

and somewhat low on work avoidance. These char-

acteristics paint a picture of seniors at this institu-

tion at the beginning of their senior academic year

and tend tomake sense forwhatwewould expect for
these students who have survived three to five years

in their tenure as an undergraduate. In contrast to

post-survey results, we do see larger discrepancies

among the control and treatment groups, but the

significance of these differences is to be discussed in

the following paragraphs via effect size analysis.

Overall, post-survey mean scores across the control

and treatment groups show the following: (a) treat-
ment group students rating themselves more gritty

(perseverance of effort) compared to the control

group students, but overall less gritty than their

pre-survey ratings, (b) treatment group students

rating themselves less impulsive than both the con-

trol group students and their pre-survey ratings, (c)

treatment group students rating themselves with

higher sense of self-efficacy compared to the control
group students, but slightly lower than their pre-

survey mean ratings, (d) treatment group students

revealing a higher sense of belonging compared to

the control group students, but slightly lower than

their pre-survey mean ratings, (e) treatment group

students revealing a higher mastery orientation

towards learning compared to the control group

students, but slightly lower than their pre-survey

mean ratings, (f) treatment group students revealing

a slightly higher performance orientation towards
learning compared to the control group students,

and (g) treatment group students revealing a lower

work avoidance orientation towards learning com-

pared to the control group students, and also less

work avoidant compared to their pre-survey mean

ratings. Several of the pre-survey mean ratings are

higher than the post-survey mean ratings and this

could be due to students overestimating their abil-
ities/perceptions prior to the course. Comparing

post-survey results only, though, it is consistent

that mean scores for the treatment group are at

higher/better levels in contrast to the control group.

Table 4 summarizes the findings in comparing

pre-test post-test responses of the treatment and

control groups. Although not shown, comparing

effect sizes (Cohen’s d) across treatment and control
groups on pre-survey responses, the results revealed

that there are either small or very small effects

evident across the measures. This suggests that the

two groups were very similar in their responses

during the pre-survey and there was no practical

significance among them. Upon analyzing both

post-test and pre-test responses for the treatment

and control groups though (based on Equation 1),
practical significant findings are evident. Nearly

across all the measures, the difference between

control and treatment groups suggested moderate

to high practical significance. The only metric that

did not reveal a moderate or high practical signifi-

cance was sense of belonging. For all other mea-

sures, the treatment group revealed higher ratings

than the control group and at least moderate
practical significance. These differences are detailed

in Table 3. Such findings suggest that the innova-

tions implemented and the culture established in the

treatment classroom revealed practical significance

in contrast to the control group.

Although not a necessary component of this

study, there are several responses in the end-of-

semester course evaluation from students in the
treatment course that further showcased the posi-

tive outcomes of how the class was setup and

showcased the positive outcomes of the strategies

used in the class. Some of these quotes are evident

here:

‘‘Completing the interteaching guides and reading the
textbook was an important part of learning the mate-
rial.’’

‘‘Interteaching guides and redoing assignment was very
beneficial. It allowedme to keep reviewing thematerial.’’

‘‘The workplace-like culture and expectations of this
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Fig. 1. Pre-survey and post-survey mean scores for the control and treatment groups across the seven psychological constructs
administered: (a) grit (perseverance of effort), (b) dysfunctional impulsivity, (c) self-efficacy, (d) sense of belonging, (e) mastery approach
orientation, (f) performance approach orientation, (g) work avoidance orientation.



course were always looked forward to. It actually made
class enjoyable to go to. It treated us more like adults
rather than students.’’

‘‘I really enjoyed the workplace-like culture and expecta-
tions of this course because it has helped us prepare for
the real world once we graduate.’’

‘‘It was a very refreshing way to approach class. It was
the best class environment I have participated in.’’

‘‘Could not have gotten through this entire program
without grit. I’ll think of grit a lot as I begin the next
chapters of my life.’’

6. Conclusions

In this study, a variety of psychology-grounded

strategies were used in a senior-level design/cap-
stone course to gauge the impacts of psychological

preparation and building better academic mindsets

in contrast to a control group/course. The studywas

setup as a pre-test post-test control group design to

allow for variations among the control and treat-

ment groups to be explored. Overall practical sig-

nificant findings revealed strong and positive

outcomes for the treatment group which showcased
students with (a) more grit and perseverance of

effort, (b) more forethought in problem solving

even when dealing with difficult problems, (c) a

higher sense of belonging with peers and engineer-

ing, (d) a higher sense of self-efficacy and confidence

in their abilities, (e) a higher mastery and perfor-

mance orientation towards learning, and (f) less

work avoidant when dealing with time-consuming
engineering tasks. Such outcomes were achieved by

incorporating pedagogical and psychological stra-

tegies grounded in relevant psychological theories:

achievement goal theory, self-regulation theory,

self-determination theory, expectancy-value

theory, and social identity theory.More specifically,

some of the pedagogical strategies used in the

treatment course (which shared the same syllabus,
course outcomes, content coverage with the control

course) included: effort contingent learning (EFL)

and rewards, mastery-based learning (MBL), pro-

blem-based learning (PBL), and a flipped classroom

approach. Some of the psychological strategies used

in the treatment course included: (1) altering tem-

poral attention and providing performance feed-

back to facilitate goal-setting, (2) implementing
activities to allow for autonomy, (3) establishing a

class culture at the onset with shared and student-

derived values and behaviors, (4) allowing the

exploration of topics enabling personal interest in

alignment with course objectives, (5) using inter-

teaching preparation guides, (6) continuously and

consistently discussing the relevance of tasks and
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Table 4. Treatment vs control group effect size results

Construct Effect Size Summary of Results

Grit
(4 items) (5pt scale)

0.30
Moderate Effect

The treatment group revealed grittier students than the control
group and thus revealing a higher desire for sustained effort and
perseverance of effort on engineering tasks related to the course
but also engineering tasks in general.

Impulsivity
(3 items) (7pt scale)

0.62
Moderate to High Effect

The treatment group less impulsive than the control group,
revealing higher forethought during problem solving. The
implications here are the students in the treatment group reveal a
higher tendency for planning and forethought in problem solving
even when dealing with difficult problems.

Sense of Belonging
(3 items) (6pt scale)

0.20
Small Effect

The treatment group showed stronger sense of belonging than the
control group, thus revealing a stronger sense of belonging with
the larger class and belonging to the engineering, which has been
shown to have implications towards persistence.

Self-Efficacy
(2 items) (7pt scale)

0.30
Moderate Effect

The treatment group revealed higher degree of self-efficacy than
the control group, thus highlighting a higher degree of a student
having confidence in her/his abilities.

Mastery Approach
(2 items) (7pt scale)

0.51
Moderate to High Effect

The treatment group revealed a higher degree of mastery
orientation than the control group and thus revealing a deeper
desire to learn and master the course content better. Higher
mastery orientation is a healthier and more adaptive orientation
towards learning.

Performance Approach
(3 items) (7pt scale)

0.30
Moderate Effect

The treatment group revealed a slightly higher degree of
performance orientation than the control group, thus revealing a
desire to perform better than one’s peers. Although a higher
performance orientation is not always adaptive, the combination
of higher mastery approach with a higher performance approach
is adaptive.

Work Avoidance
(3 items) (7pt scale)

0.30
Moderate Effect

The treatment group less work avoidant than the control group,
thus revealing a reduced desire to doing the minimum amount of
work possible. Being less work avoidant is a healthier and more
adaptive mode of learning as evidenced in the treatment group.



framing of the tasks to show the value to current and

future efforts, (7) continuously and consistently

discussing perceived costs of course activities and

effort, and (8) using proactive, team-based motiva-

tional strategies to support team-activities.

7. Implications and limitations

What if we as faculty could train our students (like
coaches train athletes) to not give up, to persevere, to
perform at the highest levels, to not lose sight of the
end goal, to stay engaged, to belong, and to excel?
What if we could shift educational priorities to
promote psychological preparation alongside aca-
demic preparation?

Being an engineering student can be tough and

usually means facing greater academic challenges.

The classes are often harder, the programs are often

longer, the grades are often lower, and the commit-

ment and self-discipline required are often greater.
To give students the best chance of succeeding in the

real world, we must prepare them not only in

learning technical content better through pedago-

gical innovations, but also support them to cope

with the psychological demands of engineering that

contribute significantly to demotivation and attri-

tion (both in the classroom and potentially in the

workplace). To be successful, students must be both
academically and psychologically prepared for the

rigors of not only undergraduate engineering but

also real-world engineering practice and embracing

the ever changing landscape of complex decision

making.

The implications of this studyhave broad impacts

to other senior design courses, but really to all

engineering courses. Design and capstone courses
being culminating courses that support theory and

practice connections in typical curriculamay be best

positioned for integrating novel models such as the

one described in this paper in support of students’

psychological preparation and positive academic

mindset. The implications though are to all engi-

neering educators. It is important thatwe learn from

our social science colleagues and the theories that
guide how students learn, how students are moti-

vated, how students stay engaged, how students can

take ownership of their learning, how students can

have autonomy, how students connect with each

other and the larger engineering community, how

students identify as engineers in social settings, etc.

Such work and efforts might be new to engineering

educators, but not new to our social science scholars
and educators. By understanding psychological

theories, engineering educators and all educators

will be better positioned to design learning environ-

ments that transform our students to be better

prepared with dealing with the complexity of engi-

neering practice and life. Educators should start

thinking of themselves as coaches rather than indi-

viduals who deliver content knowledge. We must

embrace a more holistic view of our role as educa-

tors and understand that our job goes beyond
delivery of content knowledge.We need to facilitate

learning in a way that supports not only our

students’ content knowledge understanding, but

also supports their development as individuals.

Like coaches of an athletic team, we need to teach

both the technical skills but also the psychological

preparation of our students. This paper is a small

example of what could be achieved when educators
reframe their role in the classroom and focus not

only on content delivery, but psychological and

academic preparation to instill adaptive andhealthy

mindsets for our students.

There are several limitations with this study.

Although the control and treatment courses

shared the same syllabus, same course objectives,

same content coverage, there were also differences
that may cofound the findings. One limitation is the

fact that two different instructors taught this course.

Whereas one instructor (control group) focused on

content delivery outlined in the syllabus, the other

instructor (treatment group) focused onmuchmore

than the content coverage and demonstrated use of

active learning pedagogies and psychological stra-

tegies. Because the instructor was not the same for
this study, some of the findings may be cofounded.

Although the pre-test post-test control group design

is appropriate and amore rigorous approach to just

post-test comparisons, the study does represent a

small sample size and one semester of data. Further,

another limitation is the response rate from pre-test

to post-test, which did drop because the end of the

semester is commonly known to be a busier time of
the year for students.
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