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Because engineering faculty seldom use research-based instructional strategies, the engineering education community has

become increasingly concerned with how to help faculty sustainably integrate education research into their teaching

practices. We developed the Intrinsic-Motivation (IM) Course Design Method to make motivation theory accessible to

faculty and to help faculty think more concretely about the costs that demotivate them and make their course designs

untenable. Our course designmethod complements existing course designmethods by providing an approach to designing

for motivational outcomes. In this paper, we describe the IMCourse DesignMethod and then illustrate how this method

was used to refine the design of a sophomore-level engineering course that enrolled over 200 students. We then present

evaluation evidence from this course to suggest that applicationof themethod can increase students’ intrinsicmotivation in

engineering courses.
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1. Introduction and Background

Translating research to practice has been described

as the ‘‘valley of death,’’ as research rarelymakes the

leap to affecting practice [1–3]. This gap is particu-

larly prevalent in the strategies and methods that

faculty use to motivate their students. In science,

technology, engineering, and mathematics (STEM)

education, the research-to-practice gap for improv-

ing how faculty motivate their students is exacer-
bated by at least three challenges [4–6]. First, faculty

distrust the research that supports research-based

instructional strategies (RBIS) as it often conflicts

with their identities as technical content experts [6].

Second, faculty are not willing to pay the perceived

time and financial costs necessary to implement

RBIS [7–10]. Third, motivation research is particu-

larly difficult for outsiders (e.g., engineering faculty)
to interpret and apply without assistance, often

running counter to their intuitions [11]. Born out

of these challenges, we created the Intrinsic-Motiva-

tion (IM) Course Design Method to provide one

avenue for bridging this valley of death. The goal of

this method is to enhance the intrinsic motivation

(i.e., their inherent interest in learning or teaching a

subject) of both faculty and students simulta-
neously.

Course design methods provide faculty with a

disciplined approach to shift their focus from simply
sequencing content to designing their course to

achieve desired outcomes [12]. These methods

have historically focused on improving students’

cognitive outcomes, while either ignoring motiva-

tion completely or treating it as a secondary or

tertiary outcome [12–17]. However, educational

research has been increasingly revealing that stu-

dents’ affect or motivation moderates their cogni-
tive outcomes [18–20]. Affective constructs such as

self-efficacy beliefs can accelerate how students

learn challenging course material and help them

persist in learning activities when they fail [4, 5,

18, 19, 21]. Motivational orientations toward learn-

ing have similarly been shown to improve learning

and persistence, as intrinsically motivated students

are more likely to invest in higher-order cognitive
behaviors such as self-regulation [22–25]. As con-

cerns about attrition and student disengagement

abound in engineering education, we need to more

deeply consider the motivational outcomes of our

courses.

The challenges of getting faculty to use RBIS can

also be thought of as a motivational problem. For

example, the commonly cited challenges of time and
financial costs can be understood as motivational
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barriers [10]. Moreover, many instructors who

attempt to adopt RBIS are often discouraged by

student resistance or perceived failures and stop

using RBIS shortly after beginning to using them

[5, 26]. The ability to persist through failure and

invest in the reflective and higher-order cognitive
practices needed to improve can be gained by

building faculty’s intrinsic motivation to learn

how to improve their courses [8, 26–33]. Our

course design method aims to lower the costs that

can prevent faculty from changing their courses.We

also applymotivation theory,where possible, simul-

taneously to both faculty and students in the hopes

of sustaining faculty engagement in research to
practice.

The paper begins with a brief background on

motivational theory and course design methods,

followed by a description of our proposed course

design method. Our method can be used as a stand-

alone course design method or it can be used as an

add-on to the presented course designmethods. The

paper concludes by describing the application of the
method to a sophomore-level computer engineering

course (COMPE I) and evaluating the effectiveness

of the course design method in that course. We

present evidence from both cognitive (the Digital

Logic Concept Inventory [34]) and motivational

instruments (the Learning Climate Questionnaire

[35, 36]) as part of an ongoing evaluation of the

course design method. This paper synthesizes and
expands on prior conference papers [37, 38]. For the

remainder of this paper, we refer to the user of this

course design method as ‘‘designers’’ with the

understanding that all designers may not be faculty.

2. Background

To provide background for the course design

method, we discuss the rationale for the method

and then provide brief literature reviews on student

motivation and course design methods.

2.1 Interactive engagement pedagogies and the

Goldberg-Laffer curve

Most RBIS in engineering education can be

described as interactive engagement (IE) pedago-

gies (i.e., active learning) that promote ‘‘deep learn-

ing’’ rather than shallow memorization or rote

learning [39–44]. Faculty are often reluctant to

adopt these RBIS because the time, financial, and

training costs are perceived as prohibitive [6–10].

We posit that these perceptions stem from the
rhetoric surrounding RBIS: Faculty are promised

better learning outcomes if they change their teach-

ing styles from ‘‘sage-on-the-stage’’ lectures to

‘‘guide-on-the-side’’ IE pedagogies. When students

resist these changes or faculty experience initial

failures, they stop using these IE pedagogies, con-

sidering them to be not worth the cost [8, 26].

Conceptually adapted fromArthur Laffer’s taxa-
tion-revenuemodel from economics [45], TheGold-

berg-Laffer curve (Fig. 1) is a rhetorical device that

aims to invite faculty to join intrinsically motivated

students in improving learning [46].While the move

from ‘‘sage-on-the-stage’’ to ‘‘guide-on-the-side’’

has historically been viewed as a cost by faculty,

the Goldberg-Laffer curve proposes that if students

experience intrinsically motivating courses, then
they would in turn demand to have more courses

that intrinsically motivate them and would provide

the energy, ideas, and manpower to create them.

Instead of solely faculty-driven change, these ‘‘lear-

ners with fervor’’ drive the change in the classroom,

reducing the costs to pedagogical and educational

improvement. The curve ultimately hypothesizes

that there is an ‘‘IM space jump’’ through which
students become so intrinsically motivated and

engaged in their learning that faculty will perceive
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no costs to their teaching above and beyond that of

their traditional lectures. The creation of this course

design method was conceived in part to explore this

idea.

2.2 Student motivation

Helping faculty integrate motivation theories into

their curriculum and instruction is challenging as

there are a variety of motivational theories that

ascribe different names to similar constructs

(e.g., expectancy versus self-efficacy) or rely on

different primary mechanisms for explaining moti-

vation (e.g., the cognitive-motivational approach of
Expectancy-Value Theory [47] versus the psycholo-

gical needs-based approach of Self-Determination

Theory [48]) [11]. This complexity, in addition to

common counter-productive beliefs about motiva-

tion (e.g., overreliance on controlling or reward-

based forms of motivation), provide significant

challenges for faculty to effectively translate moti-

vation research into their practice [29]. The goal of
this paper is to package one motivation theory—

Self-Determination Theory (SDT)—into a frame-

work that makes it straightforward for faculty to

apply.

We chose SDT because it emphasizes psycholo-

gical needs. The needs-based structure of SDT

aligns well with the goals of design—devising a

solution for an identified need [49]. SDT describes
how the satisfaction of certain psychological needs

can shape the orientation and amount of an indivi-

dual’s motivation in a situation or context [35, 48,

50]. This sole focus on needs provides a condensed

set of constructs that can serve as the quality criteria

for a course design method. The orientation of

motivation affects the amount and quality of learn-

ing and ranges on a continuum from amotivation
through extrinsic motivation (receiving rewards

such as grades, complying with rules) to intrinsic

motivation (deriving motivation from the inherent

value of an activity) [48]. Table 1 presents four

motivational orientations from the broader range

of orientations in SDT to give readers a sense of how

motivation can vary [51]: amotivation, external

regulation, identified regulation, and intrinsic moti-
vation.

Students tend to learn more when they are

intrinsically motivated to learn [18]. SDT posits

that when instructors rely on using rewards or

other extrinsic motivators (e.g., grades), students’

motivation shifts toward external regulation and

amotivation [52]. Instructors can support students’
motivation generally and shift them towards an

intrinsic orientation by meeting certain psychologi-

cal needs, supporting their senses of autonomy (I feel

in control of my learning, I feel that I can make

meaningful choices), relatedness (I feel that what I

do matters, I feel like I belong), and competence (I

am confident that I can succeed, I’m getting positive

feedback) [48, 50, 53]. Faculty can readily relate to
these needs through the way that they pursue their

research interests. Faculty generally engage in

research because of intrinsic motivations, having

the academic freedom (autonomy) to choose what

they research, having communities of like-minded

researchers that they meet at conferences or over

coffee (relatedness), and having the relevant exper-

tise to achieve their research aims (competence).
In the context of the IM Course Design Method,

we have found that faculty resonate with the addi-

tion of the psychological need of purpose (a sense of

utility or interest) to the design of their courses [11,

47, 53, 54]. Purpose provides the primary avenue for

addressing the course content in our design method

and creates an avenue for connecting our course

design method to cognitively-focused course design
methods. We refer to these four needs as PARC

(purpose, autonomy, relatedness, and competence)

needs for the remainder of this paper. A defense of

the addition of purpose to the method is available

for interested readers in section 2.4.

SDT further reveals that the design of IM-sup-

portive pedagogies depends on both instructors’

attitudes and class structures [35, 48]. Instructors
with IM-supportive attitudes spend more time lis-

tening, articulate fewer directives, ask more ques-

tions about what the student wants, verbalize fewer

solutions to problems, makemore empathetic state-

ments, and offer greater support for students’ inter-

nalization of learning goals (e.g. providing more

rationale for why an assignment should be accom-

plished or for the value of the learning goals) [30].
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Table 1. Four Motivational Orientations from Self-Determination Theory

Motivational
Orientation Simplified Description

Amotivation Disengagement from an activity or context. (e.g., ‘‘I’m not good at math.’’)

External Regulation Engagement is regulated by the threat of punishment or promise of reward. (e.g., ‘‘I need an A.’’)

Identified Regulation Engagement is regulated by a desire to achieve internalized values or goals. (e.g., ‘‘Proofs are boring, but they help
me understand the concepts.’’)

Intrinsic Motivation Engagement satisfies intrinsic psychological needs. (e.g., ‘‘I love solving proofs because I enjoy figuring out why
things work.’’)



However, different learning environments are more

or less conducive to an instructor’s development of

IM-supportive attitudes and actions. For example,

when K-12 teachers are led to focus on meeting

national standards, they use fewer IM-supportive

actions [29]. Critically, although a different course
design can improve students’ motivation, instruc-

tors can reinforce the course design by changing

their teaching practices.

2.3 Brief history of course design

Faculty frequently adopt ad hoc course design

methods that emphasize sequencing a series of
isolated topics that conform to departmental

norms and mandates [55]. These types of course

designs frequently lead to an emphasis on lower

order learning skills such as understanding and

remembering [17, 55]. Formal methods of course

design focus on elevating higher order (i.e., more

significant) learning outcomes over individual

topics [12–17]. These outcomes-based course
design methods lead designers to first identify

these significant learning outcomes and then work

to identify the teaching methods, assessment proce-

dures, learning activities, and so on that will yield

those outcomes.

Because of its compatibility with outcomes-based

instruction, BackwardsCourseDesign and its direct

successors Learning by Design and Idea-based
Learning serve as popular methods of course

design that are cognitively focused [12, 14, 56]. A

designer’s first objective is to identify a small

number of ‘‘big ideas’’ or central concepts that

connect the course content (e.g., force and energy

in mechanics or equilibrium in fluid mechanics) [12,

14]. These central concepts are broken down into

enduring understandings: canonical examples that
critically inform how students will think about the

concepts [12, 14]. Students’ enduring understand-

ings are then supported by situational learning

activities. The course designer’s goal is to create a

series of learning activities that spiral around these

central concepts by stepping through the enduring

understandings and helping students develop an

integrated conceptual framework of the material
that leads to deeper learning [12, 14].

Course design methods such as Felder and

Brent’s Effective Course Model [15], Fink’s Inte-

grated Course Design [17], and the Content Assess-

ment Pedagogy Model by Streveler, Smith, and

Pilotte [16] emphasize a cyclic design process in

contrast to the linearmodel described byBackwards

Course Design [14]. In these methods, the designer
follows many of the procedures prescribed by back-

wards course design, but the methods provide

rubrics and worksheets to iteratively evaluate and

refine the alignment between the desired outcomes

and the implemented content, assessments, and

pedagogy. Each of these models explicitly elevates

affective goals such as life-long learning or develop-

ing new interests and values as potential outcomes,

but content and cognitive outcomes are still central,

while motivation outcomes are absent or implied
[14, 57].

2.4 Justification for adding purpose to the course

design method

The psychological need for purpose was added to

the course design method as a way to reduce faculty

resistance to themethod and to increase the synergy
of our method with existing course design methods.

As described in the previous section, many course

design methods begin by requiring the designer to

identify the ‘‘big ideas’’ that govern the course. The

goal of identifying the purpose of a course for

students is analogous to the big ideas.

Identifying the purpose of a course first can lower

the psychological tolls assessed when engaging
instructors who are normally resistant to pedagogi-

cal change or reform. For many instructors, their

sense of competence may be based on their sense of

expertise and knowledge of the course material [6].

If a coach or mentor begins the conversation about

change with an instructor by addressing pedagogy

first rather than content, the mentor is situated as

the expert rather than the instructor. This power
structure can be demotivating for the instructor [6].

By beginning the course design process with pur-

pose,we have found that facultymore readily accept

the rest of the implications of SDT. Starting with

purpose situates the instructor as the indispensable

expert on their technical content, engaging their

psychological needs of autonomy, relatedness, and

competence.
From a theoretical perspective, purpose is encap-

sulated within the other needs of SDT: autonomy

needs are met when the person feels that they are

making meaningful choices and relatedness needs

are met when the person feels that what they do

matters [50]. Similarly, in his MUSIC model of

academic motivation, Jones posits that motivation

can be described using five constructs, three of
which align with the needs described in SDT:

eMpowerment (autonomy), Usefulness, Success

(competence), Interest, and Caring (relatedness)

[11]. The two constructs usefulness and interest

can both be considered as components of purpose.

Indeed, in our administrations of the MUSIC

Model for Academic Motivation Inventory, our

factor analyses revealed that items meant to mea-
sure usefulness and interest loaded onto a single

factor separate from empowerment, success, and

caring. We suspect that this factor loading reflects

that engineers are interested in a topic precisely
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because it is useful. Other motivation researchers

such as Pintrich similarly join usefulness and inter-

est into a single construct (task value) in their

frameworks [58]. Because adding purpose to our

design method does not undermine SDT and is

useful for engaging faculty, we added the construct
to the course design method.

3. The IM course design method

We provide a central image for courses designers,

we describe the IM Course Design Method as

creating structured spaciousness. This image is com-

posed of two complementary palettes, held in ten-

sion. First, the structure of instruction provides

objectives that communicate the purpose of instruc-
tion and instill the confidence in learners to succeed.

Spaciousness conveys a sense of freedom or self-

determination, but also the time and place for the

cultivation of community and relatedness. This

imagery combats two common mistakes: overem-

phasizing structure to create controlling environ-

ments [29] or overemphasizing autonomy and

paralyzing students with too many choices [59]. In
contrast to a cattle chute or an open field, a

structured yet spacious course design is like a

track and field event in which all members of a

team are expected to be running and jumping, but

they have some freedom to choose whether and how

to specialize in long distance or sprinting or high

jump. With this central image, we present a frame-

work for creating structured spaciousness.
In accordance with this philosophy, the course

design method provides structures that guide and

embolden the course designer, yet provides spa-

ciousness so that the course design method is not

prescriptive.Weprovide examples as illustrations of

the principles rather than as masters to be copied.

This method will be most effective when the instruc-

tors possess the senses of autonomy, relatedness,

and competence about their courses that undergird
their motivation to teach.

The design method is iterative and has three

primary steps (Fig. 2): (1) evaluate the current

course design’s support of students’ intrinsic moti-

vation, (2) create structured spaciousness by gen-

erating potential modifications to improve the

course design’s support of intrinsic motivation,

and (3) manage the cost of the proposed modifica-
tions to informdecisions aboutwhichmodifications

to adopt. After managing the costs, the designer

should evaluate the course to determine if the design

objectives were met. If not, then additional itera-

tions may be needed.

3.1 Evaluate the current course design

An evaluation of a course’s existing design provides

a baseline for reimagining the course and assessing

the costs of any revisions. The course designer must
consider how students in the course would experi-

ence the course and how itmeets their psychological

PARC needs. Because a designer’s perception of

what might be motivating will likely be slightly

different from the students, the use of surveys can

inform the designer’s decision making, but is not

required. We provide an evaluation rubric (see

Table 2) to offer a tool for faculty as they reflect
on how their course designs affect students’ motiva-

tion. The presented evaluation grid is based on

SDT, reflecting language from surveys such as the
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Learning Climate Questionnaire [35, 36] and the

Basic Need Satisfaction at Work Scale [60].

Designers are welcome to modify the grid.

The designer must also evaluate the costs that are

incurred by teaching the course in its original form.

A more detailed description of cost analysis is

provided in section 3.3. The goal of an IM course
design, though, is to either maintain or lower the

costs required to teach the course. This goal cannot

be achieved without careful accounting of the costs

of teaching the current course. Identifying high cost

components of a course can similarly reveal oppor-

tunities for improvement in the course design.

3.2 Create structured spaciousness

Based on the initial evaluation, the designer should

generate a list of potentialmodifications for the base

course design. These modifications could be major

or minor, but at this point in the design process the

goal should be focused on imagining idealistic

designs regardless of their feasibility. While the

designer’s ideals may not be realizable, identifying

these ideals can help the designer think more crea-
tively and identify possibilities that would not be

readily apparent by considering constraints too

soon. For example, in the COMPE I course rede-

sign, the designer wanted to focus on developing

students’ collaborative problem solving skills, but

was required to administer a final examination.

While the ideal summative feedback was identified

to be a final project completed in teams, this option
became untenable. However, the identification of

this ideal informed the structure of the final exam-

ination, which became more design focused and

required students to create smaller components of

a bigger system as if they were working in teams. To

facilitate ideation, we use our image of structured

spaciousness to guide the ideation process.

3.2.1 Identify a strategic core (creating structure)

The designer needs to determine a strategic core of

goals, outcomes, and/or objectives of the course,

primarily to enhance students’ sense of purpose in
taking the course. In other words, the focus is on

why certain concepts and skills are important.

Identifying a strategic core secondarily provides a

decision-making framework for determining which

activities or content are negotiable or non-negoti-

able for the students. Without a strategic core, the

course can easily become bloated, overwhelming

students with excess content, diluting the purpose
of the course and limiting possible avenues for

autonomy.

A strategic core can improve students’ sense of

competence by creating a manageable list of course

objectives. If the designer can identify two or three

strategic course objectives, students will perceive

that the course objectives are attainable. Further,

a strategic core can reveal what assessment activities
to include in the course and provide stronger

rationales for them, thereby helping students feel

that they are receiving the feedback that they need to

succeed. Finally, the strategic core can bolster

students’ senses of autonomy, helping students

perceive that the choices they do get to make are

meaningful, and it can bolster students’ senses of

relatedness, helping students perceive how what
they are learning can help them impact the world.

As mentioned earlier, we encourage designers to

identify their ideal forms of feedback and assess-

ment, before considering cost. A discussion of feed-

back methods is beyond the scope of this paper, but
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Table 2. Course Evaluation Grid: Based on Support of Psychological (PARC) Needs for Motivation

Students’ psychological PARC needs for motivation Rate the course’s support of each need

Purpose Low Moderate High

I feel a sense of accomplishment because of this course.

I am able to learn interesting things in this course.

The course material captures my interest.

Autonomy Low Moderate High

I have control over my learning goals.

I feel like I have input into how I learn.

I have meaningful choices over course structures.

Relatedness Low Moderate High

I get to work with peers who care about me.

My instructors take my feelings into consideration.

My work has positive impacts on people outside the classroom.

Competence Low Moderate High

I believe I can be successful and achieve the learning goals.

I can engage in challenging and meaningful goals.

I get positive formative feedback on my learning process, not just my performance.



there is an abundance of literature on effective

feedback techniques (e.g., [61]). For example, the

use of rubrics can support purpose and competence

by helping students know what is expected of them

and what they will learn [62].

As an example, COMPE I was originally defined
by a page-long list of topics that was incomprehen-

sible to the incoming student and lacked a week-to-

week cohesion between the topics. Many students

delayed taking the course for as long as possible

because they did not understandwhy the course was

useful. To refine this course, we identified the

conceptual core ‘‘big ideas’’ as prescribed by Idea-

Based Learning [63]. Identifying the core big ideas
empowered the instructors to cut the number of

topics covered by the course in half. The course

objectives were pared down to three core big ideas

and a list of choices for students to explore how

those big ideas are used in practice.

3.2.2 Designing autonomy support (creating

spaciousness)

From the perspective of SDT, an instructor’s level

of autonomy supportiveness is the most critical

aspect of promoting students’ intrinsic motivation

to learn [30, 35, 48, 64]. Autonomy supportiveness

can be derived situationally from the instructor’s

attitudes and actions during instruction or contex-

tually from the course design and the cumulative
effect of the instructor’s attitudes and actions [64].

Different course designs can facilitate or discourage

an instructor’s use of autonomy-supportive beha-

viors [29, 30, 64], so the designer must carefully

construct spaciousness in the course to facilitate the

instructor’s use of autonomy-supportive behaviors.

Designers can create structured spaciousness by

enabling students to shape course policies, or sup-
porting students’ inquiry-driven learning path.

Similarly, the designer can use their initial evalua-

tion of the course to reveal opportunities to promote

students’ sense of relatedness. For example,

designers can create collaborative activities in

which students build a sense of relatedness with

their peers [65]. While a review of effective team-

based learning techniques is beyond the scope of this
paper, instructors can use the principles of SDT to

provide some guidance on how to promote positive

team environments. For example, instructors can

help students internalize the importance of learning

in teams, help structure teams around a common

interest or purpose, or help students identify com-

plementary roles in their teams. Since relatedness

can take time to form, the designer must provide the
space for this relatedness to grow.

3.3 Mange the costs of potential course designs

To make a course design sustainable, the designer

must account for the costs incurred by, and the

resources available to, the course and the instructor.

3.3.1 Costs of change and course design

We define cost as any expenditure (e.g., time,
money, political capital, emotional energy) that

might cause an instructor to discontinue using a

chosen course design or teaching method. These

costs are considered important for instructor moti-

vation [6, 10], but cost is one of the least understood

and researched motivational constructs, both in

general and in educational contexts [66]. Given,

the lack of formal definitions of cost from amotiva-
tional perspective, we draw from research on orga-

nizational change in university settings that identify

barriers to successful change. In this literature,

barriers to change arise from social, economic,

and political factors [67]. Additionally, faculty fre-

quently cite time as the primary barrier to changing

their teaching practices [6, 10]. Synthesizing this

literature, we identify four major costs that act as
barriers to change for instructors: time sinks, finan-

cial costs, political taxes, and psychological tolls.

While the barriers of time, money, and politics

(tenure and promotion) are often discussed [4–6],

the psychological tolls are rarely formally described

in the literature [6].

Time sinks (e.g., grading, lecture preparation,

course management, etc.) reduce the likelihood
that a future instructor will continue using a teach-

ingmethod. Financial costs can constrain the design

and analysis tools available to students or restrict

hiring additional teaching assistants. Political taxes

can restrict what types of innovations will be

acceptable to a department. These taxes can come

from departmental norms, policy, or culture. For

example, the departmental requirement of a final
examination restricted the choices of the COMPE I

redesign. Alternatively, prerequisite structures can

make it impossible to cut some content that does not

fit the strategic core. Finally, psychological tolls can

reduce an instructor’s willingness to try new techni-

ques.

Costs can be short-term or long-term. For exam-

ple, generation of video lectures might be a high
short-term cost of video production and have low

long-term costs of hosting the videos. In contrast,

assigning written homework assignments from a

textbook might have a low short-term cost of

selecting problems and incur a high long-term cost

of grading. High short-term costs can block initial

adoption of a pedagogy, while high long-term costs

can block the sustainability of a pedagogy after
initial champions stop paying for those costs.

Psychological tolls are critical to address because

they relate directly to instructor motivation and are

likely to inhibit engagement with changes in a
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course design. We briefly describe some psycholo-

gical tolls that faculty may experience through the

lens of the SDT.

Autonomy-barriers: Many instructors are threa-

tened by giving students autonomy because they

then feel a loss of control and a loss of their own
autonomy [29]. The imagery of structure spacious-

ness may be valuable in helping instructors redefine

their sense of control and autonomy. Instructors

can feel a greater sense of autonomy when they

better understand where and when they are choos-

ing to delegate control to their students.

Competence-barriers: When attempting to use a

new teaching method, an instructor’s sense of
competence can easily be lowered by the unfamiliar.

Early failures in attempts with new teaching meth-

ods can further lower their sense of competency [8,

26–28]. An instructor who has tried and failed may

not need to be convinced of the efficacy of amethod,

but rather may need better support structures,

mentoring, or simply a positive experience with a

pedagogy [26, 32, 33]. As faculty develop their
intrinsic motivation for creating change, they will

increase their ability to persist through failures and

develop the critical reflection skills needed to learn

and improve, much like their students [4, 5, 18, 19,

21–25].

Relatedness-barriers: Students often resist peda-

gogies that differ too much from their expectations

and create an adversarial environment [10]. Instruc-
tors can easily be deterred by negative student

feedback as it can erode their sense of relatedness

with their students. Instructors can also feel a

depleted sense of relatedness if they are isolated in

their attempts to adopt new pedagogies. This bar-

rier can be addressed by fostering supportive

instructor communities [32, 33].

3.3.2 Resource identification and generation

The course designer needs to identifywhat resources

are available to the course and how those resources

are being used in order to develop a strategy for how

to offset the long-term and short-term costs of an

innovation. The IM Course Design Method creates

change to the course through a mechanism of
deliberate cost-swapping.

It is best to invest in short-term costs when those

short-term costs can lower the long-term costs of

teaching a course. For example, investing in the

creation of video lectures, online grading systems,

and problem solving activities for a flipped class-

room has a high short term cost, but it can poten-

tially lower long-term costs as the entire course
becomes scripted, the instructors no longer need

to prepare lectures, and fewer assignments need to

be manually graded.

Cost swapping can also take the form of exchan-

ging costs of the same type. Changing course con-

tent or using drastically different pedagogies from a

departmental norm can incur high political taxes

and resistance. In our efforts, we have offset this

political tax by teaching the large-enrollment,

required courses that few, if any, instructors want
to teach. While some political systems might dislike

the motivation-supportive pedagogy other political

systems gratefully accept assistance with these

understaffed and poorly-rated courses.

Finally, course designers should also consider

how any high costs can be distributed among the

students. Students can contribute to an IM course

design by deciding content (e.g., finding interesting
real-world examples), creating course materials

(e.g., homework assignments, video lectures, etc.),

content delivery (e.g., collaborative creation of

wikis), and formative and summative assessment

(e.g., peer review) [68]. By carefully distributing

some of the cost of change among the students,

the course design can further support students’

purpose, autonomy, relatedness, and competence,
fostering their intrinsic motivation to learn [68].

As the designer manages the costs of different

course modifications, the modifications will change

and present new costs or new resources. Conse-

quently, the evaluation and decision process must

necessarily be iterative. After the design costs and

resources of the modifications stabilize, the

designers should evaluate and compare the costs
and IM support of the different proposed modifica-

tions. The final course design should reflect a

balance between strong support of students’ IM to

learn, yet with low costs to the instructors and

institution.

4. An example IM course redesign process

In this section, we provide an example of how this

course design method was used to redesign a large

enrollment course that focused on technical com-

puter engineering skills during the sophomore year.
The course redesign was piloted in two discussion

sections during Fall 2011 and was delivered at full

scale to the whole course during Fall 2012 and Fall

2013 with different instructors each semester.

4.1 Evaluating the current course design

COMPE I had developed a bad reputation among

both students and faculty as a purposeless required

course.Worse, faculty viewed teaching the course as

burdensome because of the high enrollment and
dated course material.

In Table 3, we present our initial evaluation of

COMPE I’s support for students’ psychological

PARC needs before we implemented the IM

course conversion. The COMPE I course design
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was standard for the department. 200–250 students

attended two lectures per week, completed a weekly

battery of homework assignments, took two to

three midterm examinations during the semester,
and took a comprehensive final examination. The

course also employed eight discussion sections (�30
students per section) to better engage students, and it

had laboratory assignments in an attempt to moti-

vate students with more hands-on design activities.

4.1.1 Evaluating support of PARC needs

Frank discussions with course instructors revealed

that the faculty perceived that many course topics,

while once useful, were now dated. The instructors

labeled these topics as simply ‘‘nice-to-know’’ (low-

purpose). Similarly, the course syllabus objectives
were organized as a list of topics that students

needed to learn (low purpose). The instructors

would occasionally use real-life examples, but the

conceptual simplicity of context-less problems was

the norm (moderate purpose). Due to low atten-

dance at lectures, most instructors decided to make

attendance mandatory (low autonomy).

All students completed the same course assign-
ments on the same schedule (low autonomy). The

course had adopted a policy of giving students full

credit on homework assignments if the students

achieved a 90% or higher, to give students a little

bit of freedom to make mistakes without the exter-

nal pressure of getting a perfect grade (low auton-

omy, moderate competence). The course provided

students with an online homework system that
facilitated rapid feedback with opportunities to

seek additional practice for certain problems (mod-

erately-low autonomy, moderate competence).

Exams were completed individually and frequently

had low means (e.g., 60%) (low autonomy, low

relatedness, low competence).

Written homework problem sets typically con-

tained four to eight problems assigned after a week
of instruction on the topics. Students were given a

week to complete the assignment, and then students

would receive their graded problem sets at least a

week after turning it in. The problem sets often used

rote, context-less problems (low purpose). Students

were required to submit their assignments indepen-

dently (low relatedness). Because it would take an

average of three weeks to receive feedback, student
rarely read the TA’s comments and the feedback did

not provide suggestions on how to adjust their

learning strategies (low competence). Finally, the

large enrollment and impersonal nature of the

problem sets led to rampant cheating (low related-

ness and competence).

4.1.2 Evaluating course costs

The course employed a cohort of four teaching

assistants (TAs) to help with the course for a total

of 80 hours per week of which an estimated 64 of

those hours were spent grading. The remaining TA

hours were divided between instructing discussion

sections, office hours, and staffmeetings.Due to this
high grading load, the course also needed to hire

undergraduate graders to lighten the grading load

on the TAs so that they could engage in their other

course duties. New problem sets were written each

semester in an attempt to combat cheating.

4.2 Creating structured spaciousness

The initial evaluation of the course revealed several

avenues for improvement such as giving students

some degree of autonomy over their learning, creat-
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Table 3. Course Evaluation Grid for COMPE I Before Revision

Students’ psychological PARC needs for motivation Rate the course’s support of each need

Purpose Low Moderate High

I feel a sense of accomplishment because of this course. x

I am able to learn interesting things in this course. x

The course material captures my interest. x

Autonomy Low Moderate High

I have control over my learning goals. x

I feel like I have input into how I learn. x

I have meaningful choices over course structures. x

Relatedness Low Moderate High

I get to work with peers who care about me. x

My instructors take my feelings into consideration x

My work has positive impacts on people outside the classroom. x

Competence Low Moderate High

I believe I can be successful and achieve the learning goals. x

I can engage in challenging and meaningful goals. x

I get positive formative feedback on my learning process, not just my performance. x



ing more engaging and interesting homework

assignments, and improving the perceived value of

the course to both students and faculty.

We began by creating a new strategic core of

content for the course to increase students’ sense

of purpose. Working with prior course instructors,
we identified core conceptual ideas for the course

that the instructors found compelling and essential

for all students (this process is described in detail in

other publications [63, 31]). We identified three

primary concepts (state, information encoding,

and abstraction) that organized all of the course

content and would be clearly applicable to both

electrical and computer engineering students (high
purpose). Using these core concepts, we ranked the

relative importance of all topics on the existing

syllabus to determine a minimal set of topics that

students needed to learn. All topics not in this set

were removed from the syllabus or became optional

applications of the course content that students

could explore (moderate autonomy). For example,

to learn more about information encoding, compu-
ter engineering students could choose to learn about

IEEE floating point notation while communica-

tions and signal processing students could choose

to learn about error detection and correction in

transmitted binary codes.

Because grading consumed so many resources

and students were not receiving effective feedback,

we focused on changing the mechanism for feed-
back on the homework assignments. We created a

construct called the weekly consultation meeting.

The weekly consultation meeting took place the

week after students were introduced to the course

material, shortening the feedback cycle (high com-

petence). During the weekly consultation meeting,

the TAs met with teams of five students for an hour

to discuss the homework assignment (high related-
ness) and address students’ personal difficulties

(high competence). Students received 50% of the

homework grade for bringing a completed home-

work assignment and could earn the remaining 50%

by contributing meaningfully to the group discus-

sion about the assignment (high relatedness).

Further, we added a menu of challenge problems

to the homework assignments that were context-
rich, based on a diversity of real-world design

problems, and highlighted how the course material

was relevant to different disciplines (moderate pur-

pose). Students picked one or two challenge pro-

blems from the menu to solve based on their

interests (moderate autonomy).

As a byproduct, the emphasis on oral discussion

of the problem sets virtually eliminated the cheating
problem in the course as writing down the correct

answer was no longer sufficient for full credit.

Rather than coming to the consultation meetings

with copied answers, students would come with

targeted questions.

4.3 Managing the costs of potential course designs

We managed the cost of the course redesign by
piloting the IM course with a subset of students

during the Fall 2011 semester before scaling to all

students during the Fall 2012 semester. The pilot

enabled swift changes to course structure when

problems were identified.

Wemade this course design low cost by swapping

the time intensive process of grading for a similarly

time intensive process of weekly consultation meet-
ings. With 250 students in the course and teams of

five students each, the cohort of TAs collectively

needed to spend 50 hours per week providing feed-

back to students on their homework assignments.

With this reduction from 64 hours of grading, we

also no longer needed to hire an undergraduate

grader to support the course, and thus reduced the

financial cost of the course as well. Changing the
TAs’ duties incurred low, if any, political taxes and

psychological tolls. Since most TAs had never

taught with different pedagogies, they did not

resist the new grading paradigm, but accepted it as

the norm.

We also maintained a lower time cost to the

modification by not requiring the primary course

instructors to change their preferred lecture delivery
methods. Allowing the instructors to continue

teachingwith familiarmethods reduced the political

tax and psychological toll of the innovation as new

instructors willingly accepted the new course design

in Fall 2013.

4.4 Iterations on the design method

To further increase students’ senses of purpose,
autonomy, and relatedness, we replaced the mid-

term examinations with student-defined, student-

led projects. The adoption of these projects was

made possible by the prior commitment to the

weekly consultation meetings. During these meet-

ings, students could now choose whether to discuss

the homework or their projects in greater depthwith

their team leader (high autonomy and competence).
At the beginning of the semester, students were

given a choice of projects to complete and were

organized into teams based on their expressed

interest in different projects (high purpose, high

autonomy, and high relatedness).

Students completed three projects over the course

of the semester. For each project, students wrote a

learning agreement that specified their learning
goals and project objectives. These learning agree-

ments were used to help students understand what

was expected from these projects since most stu-

dents had never engaged in project-based learning
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before (moderate competence). To scaffold stu-

dents’ autonomyduring these projects, we increased

students’ level of autonomy for each project, as

shown in Fig. 3. The first learning agreements

supplied amenuof projectswith associated required

objectives (e.g., use specific combinational logic
design practices) for students to choose from. The

second learning agreement had required objectives

(e.g., use ofmultiple, interacting statemachines) but

students were allowed to propose any project that

met the objectives. The third learning agreement

had only an open-ended learning objective—

demonstrate a deep understanding of a computer

architecture. This learning objective gave students
the freedom tomore deeply explore how knowledge

about computer architectures might be useful in

their future studies. For example, electrical engi-

neering students who wanted to study power were

encouraged to explore low-power processors and

understand their trade-offs. This final learning

agreement gave the students autonomy that was

comparable autonomy to a senior design course (see
Fig. 3).

Increased levels of choice and autonomy are

highlighted in bold. The hypothetical level of auton-

omy in a Senior Design course is included for

reference.

To further support students’ autonomy, we also

developed a formal petition process through which

students could petition to change any component of
the course. Several learning teams took advantage

of this process. For example, one learning team

petitioned to have only two learning agreements

so that they could undertake larger projects for each

learning agreement. Some students similarly peti-

tioned to not take the final examination so that they

could try to complete ambitious projects that would

not have been possible if they had to complete them

during the standard time frame.

This switch to projects created a new short-term
cost of creating rubrics and project ideas, and this

cost was swapped with the long-term cost of writing

and grading examinations.

The use of projects unintentionally created new

avenues for students to support their senses of

relatedness and purpose and lower the cost of

change. Two student teams elected to pursue

larger projects that they planned to use in their
student organizations. In particular, one team’s

project (a programmable LED cube) was designed

to be used in the student chapter of IEEE to help

other students get excited about what they could do

as electrical or computer engineering majors. Simi-

larly, five teams elected to execute educational

projects (creation of video lectures and new con-

text-rich homework problems) that they hoped
would help their peers learn the material better.

One team with members experienced in program-

ming decided to create web-based simulation tools

to help their peers interact with and explore the

course content. These students invested back into

the education of their peers and provided primary

evidence that intrinsically-motivated students could

lower the cost of education change (see the Gold-
berg-Laffer curve in Fig. 1).

To further reduce the cost of the course design, we

tested our hypothesis that intrinsically-motivated

students could lower the cost of education reform.
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Fig. 3. Comparison of learning activities for the Traditional and IM converted offerings of COMPE I.



To try out the idea, we recruited four students from

the first version of the IM course to serve as peer

mentors. Receiving one hour of independent study

credit for their time, these peer mentors acted as

team leaders for three learning teams during their

weekly consultationmeetings to reduce the teaching
load of the TAs. The students had had a positive

experience in the course and recognized an oppor-

tunity to learn project management skills. The

increased use of peer mentors could lower the

financial cost of the IM course by reducing the

number of TAs required.

Table 4 provides our evaluation of the final

version of the course’s expected support for stu-
dents’ intrinsic motivation needs.

5. Evaluation procedures

We evaluated the quality of our IM course design

with two validated and reliable instruments: the

Digital Logic Concept Inventory [34] (DLCI; Sec-

tion 6.2) tomeasure students’ learning gains and the

Learning Climate Questionnaire [35, 36] (LCQ;

Section 6.3) to assess how much the learning envir-

onment supported students’ intrinsic motivation to

learn. The results of these evaluations are reported
below. As discussed in prior publications, pre-

course administrations of theDLCI andmotivation

surveys indicated no significant differences between

students in traditional lecture-based or Interactive

Engagement (IE) offerings of COMPE I and the IM

converted offerings [31]. In depth qualitative eva-

luations of students’ motivational change are

described in other publications [69].
The IE offering of the course was offered at the

same time as the IM converted offering as a control

and to not withhold a potentially positive pedago-

gical change from students. These students attended

the same lectures as the IM-offering students and

had access to all of the same homework assign-

ments. However, students were required to com-

plete specific assignments and did not participate in

the creation of learning agreements. IE pedagogies
were integrated into thenon-IMdiscussion sections:

students worked in small groups of 4 students to

engage in context-rich collaborative problem sol-

ving.

5.1 Sampling

All students from COMPE I were recruited during

every semester of the study. However, only data

from students who gave their consent through the

IRB-approved processes are reported. Given the

similarity in populations, but the widely varying

sample sizes, we decided to consider only p-values

less than 0.01 to be statistically significant for all
statistical tests.

5.2 Digital logic concept inventory

The DLCI has been used in COMPE I as a pre-/

post-assessment since 2008 (except in Fall 2013

because the instructor forgot to allocate sufficient
time for the instrument) tomeasure the effectiveness

of different pedagogies in promoting students’ con-

ceptual learning of digital logic concepts. The

normalized gain g compares concept inventory

scores from different student populations to evalu-

ate the effectiveness of different pedagogies [27]. The

normalized gain is calculated by using the average

pre-test and post-test scores of each course offering
with the following equation:

g ¼ posttest � pretest

100%� pretest
:
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Table 4. Course Evaluation Grid for COMPE I After Revision

Students’ psychological PARC needs for motivation Rate the course’s support of each need

Purpose Low Moderate High

I believe that this course is a valuable part of my education. x

I find the course’s learning objectives to be relevant to my life. x

The course material captures my interest. x

Autonomy Low Moderate High

I have control over my learning goals. x

I get to develop and use my own learning strategies. x

I have meaningful choices over course structures. x

Relatedness Low Moderate High

I get to work collaboratively with my peers. x

I feel connected to my instructors. x

My work has positive impacts on people outside the classroom. x

Competence Low Moderate High

I believe I can be successful and achieve the learning goals. x

I can engage in challenging and meaningful goals. x



5.3 Learning climate questionnaire

The LCQ is based on SDT and measures the IM-

supportiveness of a learning environment and its

instructors. The LCQ uses 15, seven-point Likert

scale items to provide a single numerical rating of

the learning climate [35, 36]. A numerically higher

climate score reflects a more IM-supportive class-

room climate. During every administration of the
LCQ, students were instructed to rate the IM-

supportiveness of their teaching assistant or

weekly consultation team leader. The TAs were

chosen as the focal point of the LCQ because in

every course offering, students have regular inter-

actions with the TAs in more personable settings

than the large lecture hall setting.

While most items are asked with a positive phras-
ing (i.e., the instructor supports my sense of auton-

omy), Item 13 uses a negative phrasing to ensure

that the survey respondents are carefully reading the

items. If the student rating on Item 13 did not differ

from that students’ survey mean by more than 2

points on the Likert scale, we concluded that the

student did not read all of the survey carefully and

their data was removed from the dataset. Only nine
surveys were removed from the dataset by this

criterion (all from the Fall 2012 term), and for all

but one of those surveys the students had rated the

course as having a perfect seven point score for the

climate. We suspect that the higher rate of impro-

perly completed surveys was a result of survey

fatigue caused by the final examination.

5.4 Limitations of the evaluation method

This evaluation method is specific to a single course

at a specific institution. The evaluation results are

not intended to demonstrate the superiority of an

IM course design over IE course designs generally.

The evaluation is presented only toprovide evidence
that the course design can achieve the intended goal

of increased motivation and learning. The evalua-

tion also does not provide sufficient resolution to

determine which elements of the course design were

most effectual at promoting learning gains or stu-

dents’ intrinsic motivation to learn.

6. Evaluation

6.1 Results from the Digital Logic Concept

Inventory (DLCI)

Table 5 presents data from theDLCI.The aggregate
lecture-based data was collected from previous

offerings of COMPE I when the course was taught

with three lectures per week with little or no IE

pedagogies. The table also shows the gains of the IE-

based offerings of COMPE I, the pilot IM course,

and the scaled IMcourses. The literature shows that

0.1 to 0.3 normalized gains (low gain) on concept

inventories are typical for lecture-based courses and
0.4 to 0.6 normalized gains (medium gain) are

typical for IE-based courses [70]. Administrations

of theDLCIwere reliable with aCronbach � of 0.75
and an average response rate of 88%.

As expected from the literature, the normalized

gains of the IE pedagogy, pilot IM pedagogy, and

scaled IM pedagogy are all statistically significantly

higher than the normalized gains of the lecture-
based pedagogy of the course when using Welch’s

t-test (p < 0.01). Surprisingly, the scaled intrinsic

motivation pedagogy achieved statistically signifi-

cantly higher gain than thepilot intrinsicmotivation

pedagogy and the interactive engagement peda-

gogy.

6.2 Results from the learning climate questionnaire

(LCQ)

Table 6 displays the students’ learning-climate rat-

ings from the LCQ.

The LCQwas highly reliable with a Cronbach’s �
of 0.93 and a 65% response rate. Cronbach’s � was

comparable across all administrations. The LCQ
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Table 5. Pre-test and post-test scores (out of a range of 0-24) for different offerings of COMPE I along with calculated normal gains. Both
the interactive engagement and intrinsic motivation pedagogies improved learning.

Term(s) N Pre-test Post-test Normalized Gain

Aggregate Lecture Based 2008–2010 688 9.65 13.26 0.25
Interactive Engagement Fall 2011 128 9.67 17.11 0.52
Pilot Intrinsic Motivation Fall 2011 37 9.56 16.94 0.51
Scaled Intrinsic Motivation Fall 2012 220 8.74 18.64 0.65

Table 6. Climate scores for COMPE I when taught with interactive engagement pedagogies, pilot intrinsic motivation pedagogies, and
scaled intrinsic motivation pedagogies

N Climate Score

Interactive Engagement (Fall 2011) 122 (of 158) 5.3
Pilot Intrinsic Motivation (Fall 2011) 24 (of 37) 6.0
Scaled Intrinsic Motivation (Fall 2012) 148 (of 220) 5.9
Scaled Intrinsic Motivation (Fall 2013) 82 (of 163) 5.9



results revealed that the IM converted offerings

provided significantly more support for students’

intrinsic motivation to learn with a moderate effect

size (Cohen’s d = 0.5). These results were consistent

across six different primary faculty instructors (two

per semester) and fourteen different graduate teach-
ing assistants.

7. Discussion of the evaluation

As demonstrated by the DLCI, students had higher

conceptual learning gains in the IM course design

than in the traditional lecture course and compar-
able learning gains with an IE course design. How-

ever, the IM course design provided better support

for students’ intrinsic motivation to learn when

compared to the IE course design. This evaluation

is not intended to show that an IM course design is

better than IE course designs, but it does provide a

proof of concept that courses designed primarily to

promote students’ motivation have the potential to
improve students’ motivation and learning out-

comes.

These results accord with hypotheses drawn from

the literature. The goal of IE pedagogies is to help

students to engage in ‘‘deep’’ conceptual processing

of the course material [7]. Complementarily, stu-

dents who possess an IM orientation toward learn-

ing are more likely to naturally engage in ‘‘deep’’
conceptual processing [71]. Consequently, course

design, whether cognitively—or motivationally—

focused, must carefully consider how to engage

students in this deeper processing. Since both

design methods promote the use of deep informa-

tion processing, it is reasonable to expect that either

approach can yield better learning outcomes than

traditional didactic lecture instruction.
However, there is emerging evidence that IE

pedagogies are not universally better than lecturing,

particularly when those pedagogies are delivered by

faculty who were required to adopt them [6]. Com-

plementarily, research has also demonstrated that

faculty who use more autonomy-supportive beha-

viors tend to be more effective than their peers who

use the same pedagogies [29, 64]. It is possible, then,
that the effectiveness of IE pedagogies is just as

dependent on students’ motivational orientation as

they are on the specific learning activities. We

believe that our results provide ample reason to

continue exploring the effectiveness of the IM

Course Design Method or other motivation-centric

course design methods.

The evaluation also revealed that these gains in
student learning and motivation can be achieved at

low cost to the faculty and institution. The primary

costs of the course came from the development and

refinement of project grading rubrics for the open-

ended projects and the training of teaching assis-

tants on team leadership and grading methods.

These costs were offset by the reduced time spent

writing and grading midterm examinations, and

once suitable rubrics are designed their time costs

becomes negligible. As we demonstrate in other
papers, these course changes were sustainable,

even after transferring the course to new instructors

[72].

In contrast, changing the roles of the TAs in the

course from discussion leaders and graders to

project leaders and consultants lowered the

amount of time needed from TAs to support the

course. The reduction in hours removed the historic
need for an undergraduate grader to keep up with

the grading demands of the course. Similarly, and

perhaps most importantly, the role of consultant

and project leader is a role that can be filled by

undergraduate students. Our initial efforts have

revealed that intrinsically-motivated students can

become part of the engine that drives education

reform and the adoption of RBIS.

8. Conclusions

The intrinsic motivation course design method

provides a proof of concept that courses designed

to promote students’ intrinsic motivation to learn
engineering can indeed improve students’ motiva-

tion and their learning outcomes. Aligning with

Self-Determination Theory, our method provides

designers with a simple process that can boost their

sense of competence to make changes to their

courses, yet is flexible enough to provide designers

with autonomy and control over the exact design of

their courses, providing avenues to support the
intrinsic motivation of faculty to apply motivation

research to their practice. The application of the

course design method reduced or exchanged costs,

providing proof of concept for the method. Future

work will study the application of this course design

method in other course contexts to study the robust-

ness of the method. Future work will also continue

to explore how best to improve the course design
tools and rubrics and connect facultymore deeply to

the motivation research literature.

Acknowledgements—Thank you to the instructors, TAs, and
students who helped us develop and refine the IM Course
Design Method. This work was supported by the National
Science Foundation under the DUE-1140554 grant. The opi-
nions, findings, and conclusions do not necessarily reflect the
views of the National Science Foundation or the authors’
institutions.

References

1. T. Moldonado, Engineering Education & Centers: An inte-
grative mission, ed. NSF ENG Advisory Committee Meet-
ing, 2011.

The Intrinsic-Motivation Course Design Method 571



2. D. Butler, Translational research: Crossing the valley of
death, Nature, 453, 2008, pp. 840–842.

3. D. Stokes, Pasteur’s Quadrant—Basic Science and Techno-
logical Innovation: Brookings Institution Press, 1997.

4. R. Spalter-Roth, N. Fortenberry and B. Lovitts, The Accep-
tance and Diffusion of Innovation: A Cross-Disciplinary
Approach to Instructional and Curricular Change in Engineer-
ing. Washington DC: American Sociological Association,
2011.

5. R. M. Felder, R. Brent and M. J. Prince, Engineering
instructional development: Programs, best practices, and
recommendations, Journal Of Engineering Education, 100,
2011, pp. 89–122.

6. S. Brownell and K. Tanner, Barriers to faculty pedagogical
change: Lack of training, time, incentives, and tensions with
professional identity, CBE-Life Sciences Education, 11, pp.
339–346, 2012.

7. T. Litzinger, L. R. Lattuca, R. Hadgraft andW. Newstetter,
Engineering education and the development of expertise,
Journal Of Engineering Education, 100, 2011, pp. 123–150.

8. C. Henderson andM.Dancy, Barriers to the use of research-
based instructional strategies: The influence of both indivi-
dual and situational characteristics, Physical Review Special
Topics: Physics Education Research, 3, 2007.

9. C. Henderson, A. Beach and N. Finkelstein, Facilitating
change in undergraduate STEM instructional practices: An
analytic review of the literature, Journal of Research in
Science Teaching, 48, 2011, pp. 952–984.

10. C. J. Finelli, K. M. Richardson, and S. Daly, Factors that
influence faculty motivation of effective teaching practices in
engineering, presented at the Proc. of the 120th American
Society for Engineering Education Annual Conference &
Exposition, Atlanta, GA, 2013.

11. B. D. Jones, Motivating students to engage in learning: The
MUSIC model of academic motivation, International Jour-
nal of Teaching and Learning in Higher Education, 21, 2009,
pp. 272–285.

12. E. J. Hansen, Idea-Based Learning: A Course Design Process
to Promote Conceptual Understanding: Stylus Publishing,
2011.

13. B. S. Bloom,M.D. Engelhart, E. J. Furst, W. H. Hill and D.
R. Krathwohl, Taxonomy of Educational Objectives: The
Classification of Educational Goals, New York: Longmans,
1956.

14. G. Wiggins and J. McTighe, Understanding by Design:
Expanded Second Edition. Alexandria, VA: ACSD, 2005.

15. R. M. Felder and R. Brent, Designing and teaching courses
to satisfy the ABET engineering criteria, Journal Of Engi-
neering Education, 92, 2003, pp. 7–25.

16. R. A. Streveler, K. A. Smith and M. Pilotte, Aligning
Course Content, Assessment, and Delivery: Creating a
Context for Outcome-Based Education, in Outcome-
Based Science, Technology, Engineering, and Mathematics
Education: Innovative Practices, ed: IGI Global, 2012, pp.
1–26.

17. L. D. Fink, Creating Significant Learning Experiences: An
Integrated Approach to Designing College Courses, San
Francisco: Jossey-Bass, 2003.

18. P. R. Pintrich, Amotivational science perspective on the role
of student motivation in learning and teaching contexts,
Journal of Educational Psychology, 95, 2003, pp. 667–686.

19. P. R. Pintrich, R. W. Marx and R. A. Boyle, Beyond cold
conceptual change—The role of motivational beliefs and
classroom contextual factors in the process of conceptual
change, Review of Educational Research, 63, 1993, pp. 167–
199.

20. G. M. Sinatra, The ‘warming trend’ in conceptual change:
The legacy of Paul R. Pintrich, Educational Psychologist, 40,
2005, pp. 107–115.

21. C. S. Dweck,Mindset: The New Psychology of Success, New
York: Ballantine Books, 2007.

22. J. Stolk, Student motivations as predictors of high-level
cognitions in project-based classrooms, Active Learning in
Higher Education, 15, 2014, pp. 231–247.

23. J. Brophy, Motivating Students to Learn, Connecticut:
McGraw-Hill, 1997.

24. M. J. Prince, Does active learning work? A review of the
research, Journal Of Engineering Education, 93, 2004, pp.
223–331.

25. K. A. Smith, S. D. Sheppard, D. W. Johnson and R. T.
Johnson, Pedagogies of engagement: Classroom-based prac-
tices, JournalOfEngineeringEducation, 94, 2005, pp. 87–101.

26. C.Henderson,M.Dancy andM.Niewiadomska-Bugaj, The
use of research-based instructional strategies in introductory
physics: Where do faculty leave the innovation-decision
process?,Physical ReviewSpecial Topics—Physics Education
Research, 8, 2012, p. 020104.

27. T. M. Amabile and S. J. Kramer, The power of small wins,
Harvard Business Review, 89, 2011, pp. 70–80.

28. A. Beach, C. Henderson and N. Finkelstein, Facilitating
change in undergraduate STEM education: Implications
from an analytic review of literature, Change: TheMagazine
of Higher Learning, 44, 2012, pp. 52–59.

29. J. Reeve, Why teachers adopt a controlling motivating style
toward students and how they can become more autonomy
supportive, Educational Psychologist, 44, 2009, pp. 159–175.

30. J.M.Reeve andM.Halusic,HowK-12 teachers can put self-
determination theory principles into practice, Theory and
Instruction in Education, 7, 2009, pp. 145–154.

31. G. L.Herman,D. E.Goldberg,K.Green andM. Somerville,
Creating low-cost intrinsic motivation course conversions in
a large required engineering course, presented at the Proc. of
the 2012 American Society for Engineering Education Annual
Conference and Exposition, San Antonio, TX, 2012.

32. C. J. Finelli and J. M. Millunchick, The teaching circle for
large engineering courses: Clearing the activation barrier,
presented at the Proc. of the 120th American Society for
Engineering Education Annual Conference and Exposition,
Atlanta, GA, 2013.

33. G. L. Herman, L. Hahn andM.West, Coordinating college-
wide instructional change through faculty communities, in
Proc. of the 2015 International Mechanical Engineering Con-
gress & Exposition, Houston, TX, 2015, pp. IMECE2015-
51549.

34. G.L.HermanandM.C.Loui,AdministeringaDigitalLogic
Concept Inventory at multiple institutions, presented at the
2011 American Society for Engineering Education Annual
Conference and Exposition, Vancouver, BC, 2011.

35. A. E. Black and E. L. Deci, The effects of instructors’
autonomy support and students’ autonomous motivation
on learning organic chemistry: A self-determination theory
perspective, Science Education, 84, 2000, pp. 740–756.

36. G. C. Williams, R. Saizow, L. Ross, and E. L. Deci,
Motivation underlying career choice for internal medicine
and surgery,Social Science andMedicine, 45, 1997, pp. 1705–
1713.

37. G. L.Herman,K.F. Trenshaw,M.C. Loui,K.A.Green and
D. E. Goldberg, Creating scalable reform in engineering
education through low-cost intrinsic motivation course con-
versions of engineering courses, presented at the 2013 Amer-
ican Society for Engineering Education Annual Conference
and Exposition, Atlanta, GA, 2013.

38. G.L.Herman,K.Trenshaw,D.E.Goldberg, J. Stolk andM.
Somerville, Creating an intrinsic-motivation-driven course
design method, presented at the Proc. of the Forty-Third
ASEE/IEEE Frontiers in Education Conference, Oklahoma,
OK, 2013.

39. G. L.Herman, Teaching signal processing according towhat
your students know,’’ presented at the Proc. of the Sixth
Signal Processing Education Workshop, Sedona, AZ, 2011.

40. C. A. Ogilvie, Changes in students’ problem-solving strate-
gies in a course that includes context-rich, multifaceted
problems, Physical Review Special Topics—Physics Educa-
tion Research, 5, 2009, pp. 1–14.

41. H. Diefes-Dux, M. Verleger, J. Zawojewski and M. Hjal-
marson, Multi-dimensional tool for assessing student-team
solutions to model-eliciting activities, presented at the Proc.
of the American Society for Engineering Education Annual
Conference and Exposition, Louisville, KY, 2009.

42. M. V. Verleger and H. A. Diefes-Dux, Impact of feedback
and revision on student team solutions to model-eliciting
activities, presented at the Proc. of the American Society for

Geoffrey L Herman et al.572



Engineering Education Annual Conference and Exposition,
Pittsburgh, PA, 2008.

43. A. Walker and H. Leary, A problem based learning meta
analysis: Differences across problem types, implementation
types, disciplines, and assessment levels, Interdisciplinary
Journal of Problem-based Learning, 3, 2009, pp. 12–43.

44. E. D. Graff and A. Kolmos, Characteristics of problem-
based learning, International Journal of Engineering Educa-
tion, 19, 2003, pp. 657–662.

45. J. Wanniski, Taxes, revenues, and the ‘Laffer Curve’, The
Public Interest, 1978.

46. D. E. Goldberg, G. L. Herman, J. D. Stolk and M. Somer-
ville, Toward routine, low-cost intrinsic motivation course
conversion, presented at the 2011 Symposium on Engineering
and Liberal Education, Union College, 2011.

47. J. A. Eccles, Motivational perspective on school achieve-
ment: Taking responsibility for learning and teaching, in
Optimizing student success in schools with the new three Rs,
R. J. Sternberg and R. F. Subotnik, Eds., ed Charlotte, NC:
Information Age, 2007, pp. 199–202.

48. R. M. Ryan and E. L. Deci, Self-determination theory and
the facilitation of intrinsic motivation, social development,
and well-being, American Psychologist, 55, 2000, pp. 68–78.

49. N. F.M. Roozenburg andN.G. Cross,Models of the design
process: Integrating across thedisciplines,DesignStudies, 12,
1991, pp. 215–220.

50. R. M. Ryan and E. L. Deci, Overview of self-determination
theory: An organismic dialectical perspective, in Handbook
of self-determination research, ed Rochester, NY: University
of Rochester Press, 2002, pp. 3–33.

51. F. Guay, R. J. Vallerand and C. Blanchard, On the assess-
ment of situational intrinsic and extrinsic motivation: the
situational motivation scale (SIMS), Motivation and Emo-
tion, 24, 2000, pp. 175–213.

52. R. J. Vallerand, Deci and Ryan’s Self-Determination
Theory: A view from the Hierarchical model of intrinsic
and extrinsicmotivation,Psychological Inquiry, 11, 2000, pp.
312–318.

53. D. H. Pink, Drive: The Surprising Truth about What Moti-
vates Us. New York: Riverhead Trade, 2011.

54. J. S. Eccles, A. Wigfield and U. Schiefele, ‘‘Motivation,’’ in
Handbook of Child Psychology. vol. 3, N. Eisenberg, Ed., 5th
ed New York: Wiley, 1998.

55. D. H. Ziegenfuss, A phenomenographic analysis of course
design in the academy, Journal of Ethnographic and Qualita-
tive Research, 2, 2007, pp. 70–79.

56. K. Taylor, C. Marienau and M. Fiddler, Developing Adult
Learners: Strategies for Teachers and Trainers, San Fran-
cisco: Jossey-Bass, 2000.

57. P. C. Blumenfeld, E. Soloway, R.W.Marx, J. S. Krajcik,M.
Guzdial and A. Palinscar, Motivating project-based learn-
ing: Sustaining the doing, supporting the learning, Educa-
tional Psychologist, 26, 1991, pp. 369–398.

58. P. R. Pintrich, D. A. Smith, T. Garcia andW. J.McKeachie,

Reliability andpredictive validityof theMotivatedStrategies
for Learning Questionnaire (MSLQ), Education and Psycho-
logical Measurement, 53, 1993, pp. 801–814.

59. B. Schwartz,TheParadox ofChoice: Harper Perennial, 2005.
60. T. Kasser, J. Davey and R. M. Ryan, Motivation, depend-

ability, and employee-supervisor discrepancies in psychiatric
vocational rehabilitation settings,RehabilitationPsychology,
37, 1992, pp. 175–187.

61. B. E.Walvoord andV. J. Anderson,Effective grading: A tool
for learning and assessment, San Francisco, CA: Jossy-Bass,
1998.

62. D. D. Stevens and A. J. Levi, Introduction to Rubrics: An
Assessment Tool to Save Grading Time, Convey Effective
Feedback, and Promote Student Learning, Sterling, VA:
Stylus, 2005.

63. G. L. Herman and M. C. Loui, Identifying the core con-
ceptual framework of digital logic, presented at the Proc. of
the 2012 American Society for Engineering Education Annual
Conference and Exposition, San Antonio, TX, 2012.

64. H. Jang, J. M. Reeve and E. L. Deci, Engaging students in
learning: It is not autonomy support or structure but auton-
omy support and structure, Journal of Educational Psychol-
ogy, 102, 2010, pp. 588–600.

65. B. D. Jones, C. M. Epler, P. Mokri, L. H. Bryant and M. C.
Paretti, The effects of a collaborative problem-based learning
experience on students’ motivation in engineering capstone
courses, The Interdisciplinary Journal of Problem-Based
Learning, 7, 2013, pp. 34–71.

66. J. K. Flake, K. E. Barron, C. Hulleman, B. D.McCoach and
M. E. Welsh, Measuring cost: The forgotten component of
expectancy-value theory, Contemporary Educational Psy-
chology, 41, 2015, pp. 232–244.

67. A. Kezar, How Colleges Change: Understanding, Leading,
and Enacting Change. New York: Routledge, Taylor &
Francis Group, 2014.

68. G. L.Herman,Designing contributing student pedagogies to
promote students’ intrinsic motivation to learn, Computer
Science Education, 22, 2012, pp. 369–388.

69. K. F. Trenshaw, K. A. Green, D. E. Goldberg and G. L.
Herman, Fostering motivation as a class objective in a large
engineering class for second-year students: A narrative
approach, International Journal of Engineering Education,
30, 2014, pp. 837–847.

70. R. Hake, Interactive-engagement vs. traditional methods: A
six-thousand-student survey of mechanics test data for
introductory physics courses, American Journal of Physics,
66, 1998, pp. 64–74.

71. M. Bruinsma,Motivation, cognitive processing, and achieve-
ment in higher education, presented at the AERA 2002, 2002.

72. G. L. Herman, K. Earl and D. S. Choi, Studying the fidelity
of implementation of an intrinsic motivation course conver-
sion, presented at the 2015 American Society for Enginereing
Education Annual Conference & Exposition, Seattle, WA,
2015.

Geoffrey LHerman is a teaching assistant professor with theDepartment of Computer Science at theUniversity of Illinois

at Urbana-Champaign and a research assistant professor with the Illinois Foundry for Innovation in Engineering

Educationand theDepartment ofCurriculum&Instruction.His research interests include creating systems for sustainable

improvement in engineering education, measuring conceptual change and development in engineering students, and

change in faculty beliefs about teaching and learning. He earned his Ph.D. in Electrical and Computer Engineering from

the University of Illinois at Urbana-Champaign as a Mavis Future Faculty Fellow.

DavidE.Goldberg resignedhis tenure anddistinguishedprofessorship at theUniversity of Illinois in 2010 tohelp transform

higher education in alignment with the creativity imperative of the 21st century. Author or co-author of over 400

publications, including a pioneering artificial intelligence text with over 68,000 citations, Dave traveled to Asia, South

America, Europe, and back to North America to unlock the keys to authentic transformation and thereby unleash a new

generation of faculty and students. Using his background as the co-founder of a Silicon Valley start-up, his experience in

starting an educational incubator for newprograms aswell as amovement for transforming engineering education, andhis

training as a leadership coach, Dave travels around the world, speaking to professional and academic audiences about

major transformations underway in the culture and emotional content of school and work. Dave’s most recent book, A

Whole New Engineer: The Coming Revolution in Engineering Education, is available in hardcover and e-book formats

The Intrinsic-Motivation Course Design Method 573



(here). An engaging and thought-provoking speaker and interviewer, Dave engages with world-class thought leaders,

movers, shakers, and transformers live every week from 1–2pm Eastern on Big Beacon Radio, Transforming Higher

Education on the VoiceAmerica.com business channel.

Kyle F. Trenshaw is currently a STEMEducation Postdoctoral Research Associate at BrownUniversity’s Science Center.

He received his B.S. in Chemical Engineering from the University of Missouri in 2009, his M.S. in Chemical Engineering

from theUniversity of Illinois at Urbana-Champaign in 2011, and his PhD in Chemical Engineering, also from Illinois, in

2014. His research interests include science, technology, engineering, and mathematics (STEM) education; supporting

diversity in STEMfields with an emphasis on lesbian, gay, bisexual, transgender, and queer (LGBTQ) students; and using

the Myers-Briggs Type Indicator (MBTI) to improve students’ communication skills during group work.

Mark Somerville is a professor of electrical engineering and physics and special adviser to the Provost at Olin College.

Somerville joined the faculty at newly-foundedOlin College in 2001. At Olin, he served on the committee that designed the

inaugural curriculum for the institution, and has played leadership roles in strategic planning, as Chair of the Engineering

program, as Associate Dean for Academic Programs and Curricular Innovation, and as associate dean for faculty

development. Somerville’s interest in engineering education focuses largely on facilitating change processes and on the

application of collaborative design techniques to curriculum revision; in this capacity, he has worked closely with a variety

of institutions, both nationally and internationally.His educational background includes a Ph.D. andmaster’s in electrical

engineering fromMIT, amaster’s in physics fromOxfordUniversity, and bachelor’s degrees in both electrical engineering

and liberal arts from the University of Texas, Austin.

Jonathan Stolk strives to design and facilitate extraordinary learning experiences. As a Professor ofMaterials Science and

Engineering Education at Olin College of Engineering, Stolk creates project-based and interdisciplinary courses and

programs that invite students to take control of their learning, grapple with complex systems, engage with each other and

the world in new ways, and emerge as confident, agile, self-directed learners. Stolk’s research aims to understand how

students experience different classroom settings, particularly with regard to how individuals express situational

motivations and develop their own beliefs about learning. Stolk works to translate education research to classroom

practice, equip instructorswith curricular design tools and conceptual frameworks, andassist faculty in testing educational

prototypes and driving educational change. Stolk consults with a wide range of academic institutions on the design of

unconventional curricula, and he offers hands-on workshops to faculty around the world.

Geoffrey L Herman et al.574


