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Abstract
	 What motivates and demotivates students in their en-
gagement in at-home work for high-stakes assignments, 
such as test preparation and writing and revising papers? 
This paper outlines a student-centered method to identify 
learning strategies students actually use and obstacles 
students actually face compared to what is reported in the 
literature. This method provides awareness and agency 
of strategies and obstacles to attempt to change student 
behavior and perceptions. The three research goals were 
1) identifying learning strategies and obstacles with a 
user-centered design method, 2) mapping the strategies 
and obstacles to the Expectancy-Value-Cost Model (EVC 
Model) of motivation theory, and 3) noting the effective-
ness of those strategies and obstacles and reporting the 
results to students in between major class assessments. 
Our results show that that across Science, Technology, En-
gineering, and Mathematics (STEM) disciplines and stu-
dent levels, students use and encounter similar strategies 
and obstacles.

A Student-Centered Approach to Identify-
ing Strategies and Obstacles to Learning 
for Undergraduate STEM Courses
	 College students often lack the motivation and ability 
to self-manage their learning as well as the study skills 
needed to succeed, especially when approaching entry-
level courses that are seen as gatekeepers to their studies. 
Even when a course is designed to maximize learning op-
portunities, students may be reluctant to engage in those 
opportunities. Further, students may not know how to, 
or often do not, prioritize work outside of class, such as 
preparing for tests (exams and quizzes) or revising papers. 
For these reasons, we were interested in studying student 
motivation with regard to learning strategies and the 
obstacles students face in attempting to employ learning 
strategies.
	 Motivation has been widely studied. Barron and 
Hulleman (2015) developed the Expectancy-Value-Cost 
Model (EVC Model) of motivation that has been applied 
to educational settings. The model theorizes three com-
ponents of motivation when students are presented with 

a learning task. Expectancy is how a student perceives 
their ability to complete the task. For example, in a math 
class, this would be the extent to which a student thought 
they could solve a new math problem. Value is the extent 
to which a student wants to do the task. For example, in 
a physics class, this could be the value the student sees 
from completing a degree requirement. Cost is a student’s 
“perceived costs associated with performing the task” (p. 
504). In this case, this could be time needed to complete 
the task that may take time away from another activity.  
Costs are often seen as barriers or obstacles to completing 
the learning task.  In essence, the motivation model is 

Motivation = Expectancy + Value - Cost

Both instructors -- and the students themselves -- can in-
fluence student motivation through changes in perception 
and methods of expectancy, value, and cost. 
	 Other researchers have used related lenses to study 
student motivation. Donche et al. (2013) looked at the 
interplay of motivation, personality, and teaching strate-
gies used. They found that teaching strategies do play a 
role in motivation, but personality is just as large of a fac-
tor. Berger et al. (2011) found that there was no evidence 
to suggest that motivation influences learning strategies 
used by students. Rather, it was value and cost of the 
assignment that best influenced motivation. Using self-
determination theory, Liu et al. (2014) found that student 
motivation and use of learning strategies was most closely 
tied to needs satisfaction. These different approaches 
show that motivation is a complicated interplay of inher-
ent and external factors.
	 Student engagement is also widely studied. Design-
ing engaging material and tasks may be one way to in-
crease students’ motivation by providing students a sense 
of value of the learning tasks and developing students’ ex-
pectancy at completing those learning tasks. Gasiewski et 
al. (2012) used a mixed-methods approach with 73 intro-
ductory science, technology, engineering, and mathemat-
ics (STEM) courses across 15 colleges to investigate the 
learning strategies and pedagogical practices related to 
student engagement. They found that students who were 
“excited about learning new concepts” (p. 241), had op-
portunities for “collaboration among peers” (p. 245), and 
“conceived of themselves as more resourceful” (p. 249) 

were more likely to have higher levels of engagement. 
Both Muis et al. (2013) and Pelton (2014) incorporated 
explicit instruction in metacognitive learning processes 
(critical thinking, multiple approaches to problem solving, 
etc.) and found that students reported statistically signifi-
cant increases in motivation and a wider use of learning 
strategies. Students’ excitement about learning falls with-
in Baron and Hulleman’s (2015) definition of value, and 
students seeing themselves as resourceful is an example 
of their expectancy framework. Conversely, students who 
“lack excitement for course material or go unchallenged 
by the rigor” or do not know who or how to ask for help 
were less successful.  The value and expectancy aspects of 
motivation or “excitement” are clearly related to student 
success. 
	 Not surprisingly, instructors can influence student en-
gagement and motivation. Gasiewski et al. (2012) found 
“that students had significantly lower levels of academic 
engagement in classrooms where faculty reported a lack 
of time to provide them with individualized attention or 
where faculty agreed that it is primarily up to students to 
be successful in their introductory courses” (p. 248). They 
concluded that both faculty and student actions affect 
engagement in introductory courses and recommend 
that all “need to simultaneously take proactive steps to 
train students how to be more like the ‘engaged student’’’ 
(p. 254). Nelson Laird, et al. (2011) also emphasized the 
impact of the instructor. “We know of the positive im-
pact of pedagogies of engagement not only on general 
student learning, but also on STEM learning, from years 
of research” (n.p.). They also found that “STEM seniors lag 
well behind non-STEM seniors in integrative and reflective 
learning at nearly all institutions,” (n.p.) and propose that 
in addition to the active learning pedagogies currently be-
ing used, that integrative and reflective activities be added 
to the STEM classroom to increase student engagement. 
	 Educators have created multiple activities and inter-
ventions to increase students’ motivation and engage-
ment.  Value interventions have been widely studied by 
Hulleman and colleagues (e.g., Hulleman, 2007; Hul-
leman, Godes, Hendricks, & Harackiewicz, 2010; Hulle-
man, Kosovich, Barron, & Daniel, 2017, Rosenzweig, E. Q., 
Hulleman, C. S., Barron, K. E., Kosovich, J. J., & Wigfield, 
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A. 2018).  Their research shows that explicit use of these 
interventions in the classroom can improve students’ value 
of and engagement with the subject matter that in turn 
leads to a successful learning experience.  Expectancy can 
also be directly influenced in a classroom setting. Using 
learning mindsets interventions (such as growth mind-
set, social belonging, and persistence) may be a way to 
increase students’ expectancy. Emerging research on the 
effects of using learning mindset interventions is reveal-
ing the impact on student learning and engagement; in 
particular, a multi-year study from the Carnegie Founda-
tion for the Advancement of Teaching and Learning (Ya-
mada 2017) shows that students in the Quantway math 
pathway are more successful than matched comparison 
groups -- they passed the course at higher rates and 
are more likely to pass subsequent quantitative courses. 
They attribute much of this success to the “emphasis on 
strengthening growth mindset of students as mathemati-
cal learners and doers, enhancing their sense of belong-
ing in a mathematical environment, and helping them 
develop the confidence and tenacity to grapple with the 
complex language of mathematics” (p. 8). In essence, stu-
dents’ expectations of their abilities to pass the class can 
be increased through purposeful introduction of mindset 
interventions. 
	 However, Yeager and Walton (2011) warn that not all 
pedagogical changes and interventions will make signifi-
cant impacts on student motivation and learning. For ex-
ample, Cudney and Ezell (2017) saw no significant change 
in motivation for students after a significant change in 
course design in an engineering class. Yeager and Walton 
note that effective interventions should target “students 
experience in school from the student’s perspective” and 
use “brief” and “stealthy persuasive tactics” that don’t 
stigmatize students (p. 285). A similar result was found 
in a four-year longitudinal study of pharmacy school stu-
dents where Persky (2018) reported that primary study 
strategies did not change significantly over time, though 
secondary strategies may be more flexible. Furthermore, 
the literature to date does not discuss interventions that 
focus on the cost component of motivation. With increas-
ing demands on students’ lives outside the classroom this 
component needs to be studied more fully. 
	 In our work, we examined the integration of the 
Barron and Hulleman’s Expectancy-Value-Cost Model 
of Motivation (2012), the engagement and motivation 
research, and value and learning mindset interventions 
with the recommendations of Yeager and Walton (2011). 
We used those components to design an activity to en-
gage students in their own learning and give them an 
opportunity to collaboratively participate in knowledge 
generation about the components of the model from 
their perspective which included expectancy, value, and 
cost. We wanted to examine if students’ participation in 
the generation of the learning strategies would increase 
their motivation through better understanding their own 

and others’ strategies and obstacles. In particular, would 
students be more likely to try different strategies, reduce 
costs, and increase motivation to successfully complete 
key tasks in the course? Specifically, we asked students to 
examine their own motivation by reflecting on strategies 
for success and obstacles that interfered with that success. 
We reported to the students what these successful strate-
gies were, with the intent to examine if reporting student 
success strategies influenced other students to follow 
those same strategies. 
	 This paper describes the student-centered design 
method we employed in a range of STEM courses to de-
termine what learning strategies and costs students en-
countered when preparing for a test or when writing and 
revising a paper.

Background: Identifying Student 
Study Process Model

	 The study took place at a four-year public university 
with over 5,200 students, 360 faculty, and offering over 
45 undergraduate and graduate degrees. Within the uni-
versity: 48% of the incoming first year students are first-
generation, 35% of undergraduate students are eligible 
for Federal Pell grants, the student body ratio for female-
to-male is nearly one-to-one, and the student body is one 
of the most ethnically diverse in the nation.
	 The courses we taught represented a variety of STEM 
fields (chemistry, computer science, physics, and statis-
tics) and skills (theory, applied usage, technical writing, 
science writing) as seen in Table 1.
	 We came together because, across all of our classes, 
our primary intent was to examine what motivated stu-
dents to succeed on significant class assessments and 
what strategies they employed. We initially considered 

asking students to do a formal process modeling and 
concept mapping to help identify how they prepare or 
carry out work. However, this strategy had two primary 
disadvantages. The amount of class time needed to teach 
students visual notation required for process modeling 
(e.g., activity diagrams, model abstractions, non-linear 
flowcharts, etc.) would be significant and distract from 
course content. Additionally, studying and learning are in-
herently variable and highly iterative processes, which can 
be both difficult to illustrate on process models and can 
be difficult to compare. As a starting point in our research, 
we reflected on what our own personal education experi-
ences are and how we individually learn. In this discus-
sion, it became clear that our own study processes were 
highly variable and iterative in nature.
	 This exercise gave us insight that the most likely mod-
el that would arise in the students’ study process models 
would be a random, highly-iterative study loop with an 
open choice of study methods and a variety of feedback 
mechanisms. We imagined their processes to be similar 
to an open-ended, iterative, feedback-oriented study pro-
cess model as a reference point for students as described 
in Figure 1.
	 The Student Study Process Model is notated using an 
Unified Modeling Language (UML) activity diagram. The 
model begins with the student’s evaluation of the class 
task based on the instructions provided by the instructor. 
The student chooses one or more methods to study, as-
sess, or otherwise prepare to respond to a class task direc-
tive whether an exam, quiz, or writing assignment. This 
preparation step may involve many simultaneous work 
activities. The student periodically would assess whether 
or not they are finished with this step. If the student deter-

Table 1.  Courses Involved in the Study



J o u r n a l  o f  S T E M  E d u c a t i o n      V o l u m e  2 0  •  I s s u e  1     A p r i l - S e p t e m b e r  2 0 1 927

mines that they are not prepared, they would iterate and 
choose additional activities to prepare. These activities 
may be the same as previously performed (repetition) or 
new activities. This step may also end because of dead-
lines associated with the classwork -- they needed to sit 
the test or submit a writing assignment -- or because 
of other commitments: work, other class work, family, 
etc. The choice of methods used and their assessment of 
readiness are subjective and internal in nature. 
	 Identifying this as a primary learning model helped 
us focus on what we wanted to research: helping students 
identify successful study strategies, and obstacles that 
may reduce success. This led us to develop the data collec-
tion methods described below that helped students iden-
tify and name common study strategies and obstacles, 
and monitor student behaviors after each significant class 
assessment, i.e., tests and papers.

Methods
Student Consent with Confidentiality
	 Each instructor arranged for a different research fac-
ulty member to come to their class to discuss the research 
and data collection, explain the consent form, and collect 

the signed consent forms. During this time, the course in-
structor was not present. By having someone else discuss 
consent, students were not influenced to participate in the 
study by their instructor nor did the instructor know what 
questions were asked or who might be indicating consent. 
The research faculty also acted as a contact for students 
with any questions or concerns about the research. All 
signed consent forms were kept by the research faculty 
member until after grades were posted at the end of the 
quarter to maintain confidentiality of student consent. 

Part 1: Identifying Strategies and Obstacles
	 Early in the quarter, each course in the study required 
students to participate in an in-class activity to create a 
set of lists: what strategies they used to study for a test or 
revise/write a paper, and what obstacles they faced during 
these activities. 
	 The brainstorming prompt, and therefore the corre-
sponding lists, were slightly different depending on the 
course. For all courses, students were asked one of two 
questions: “What strategies do you use to study for quiz-
zes and exams? OR “What strategies do you use to write 
a paper?”. Writing courses included a second strategies 
question: “What strategies do you use when revising a 
written piece?” In both types of courses, the prompt for 
the study obstacles was “What obstacles prevent you from 
studying (or writing/revising)?” 
	 Students first considered the prompt individually, 
writing their personal strategies or obstacles on individ-
ual sticky notes. They were encouraged to write as many 
strategies or obstacles as possible, even if the strategies or 
obstacles were very similar. Next, students formed small 
groups of three to six to compare strategies and obstacles. 
The students developed a classification system to group 
similar strategies or obstacles together. This activity orga-
nized dozens of individual items into a manageable num-
ber of categories. Finally, the small groups came together 
as a class to discuss the strategies and obstacles. At the 
end of the activity, instructors collected the sticky notes. 
This method allowed students multiple opportunities to 
give input both verbally (small group or class discussion) 
and non-verbally (on the sticky notes for more apprehen-
sive students.
	 Three of us used the class discussion time to allow 
students to further refine the categories before creating 
a “master list” of strategies and obstacles for use on the 
student surveys. Two of us created the “master list” using 
the categories developed during the small-group sessions 
with no additional categorization from the class discus-
sion time. This difference in approach led to some surveys 
including more detailed options, but these were later 
mapped to broader categories during data analysis and 
comparison across the different courses. In recognition of 
these slight differences, as well as the fact that students 
may encounter strategies or obstacles not listed during 

the exercise, all surveys included an “other” option that 
students could select and elaborate on.
	 An important aspect of the method described is that 
students had the ability to identify their own strategies and 
obstacles. This process gave students agency to identify 
and reflect on their own work without the encumbrance 
of a preconceived list of strategies or obstacles. During the 
group and class discussions, students had opportunities to 
hear and learn about new or different study strategies or 
identify shared obstacles. This opportunity to discuss and 
learn about strategies or obstacles also aligns with the 
research goals. The discussions also provided awareness 
of and agency for students to change their behavior or 
perceptions.

Part 2: Strategies and Obstacles Survey 
Administration. 
	 Survey class participation. Despite the consent 
given or refused, completing the survey was considered 
class participation credit to maximize participation in re-
sponding to the surveys, and so that those refusing con-
sent could not be identified by the instructor. 
	 The number of surveys offered was based on the 
number of relevant exams or assignments. While the 
number of surveys differs between courses, the questions 
and options themselves remained the same for each sur-
vey during the quarter in the same course. This was done 
to eliminate the potential for wording changes to affect 
student responses when taking multiple surveys for the 
same course. In the rare situation where a student only 
participated in one survey (or only a subset of the total 
surveys), their results are not used for any behavior-over-
time analysis.  “Such analysis has only been undertaken in 
a preliminary manner so far.” 
	 The survey was conducted after each quiz/exam 
and writing assignment. Students were asked to identify 
which strategies they used for studying for that particular 
quiz/exam or writing/revising that particular paper, and 
which obstacles hindered those activities. As stated, for 
cases where students used a strategy or encountered an 
obstacle that fell outside of the categories from the initial 
exercise, the surveys provided an “Other” option. An addi-
tional question asked students to rate how prepared they 
felt for the completed exam or how well they felt their 
paper met the requirements. 
	 Survey differences. There were some minor survey 
differences between courses. 1) Only BPHYS 121 collected 
baseline data before the first exam. All other courses only 
collected data after the first quiz/exam or after the first 
paper was written. 2) The number of surveys varied. For 
example, BCHEM 143 completed three surveys while the 
writing courses varied from two to four. 3) Some courses 
used paper surveys and others used online surveys. While 
these differences exist, the overall processes used for each 
class and each assessment were consistent to collect stu-

Figure 1.   Student Study Process Model.
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Table 2.  Major categories and example topics of each category for 	
                  exam and writing strategies and obstacles

ranged from 67% to 98%. Across the 
courses in total, 51% of the consent-
ing students were first year, 21% were 
seniors, 15% juniors, 12% sopho-
mores, and 1% post-baccalaureate/
non-matriculated. Just over 40% of 
the students identified as female.

Categorization
	 A compiled list of strategies and 
obstacles from all courses resulted in 
a range of 24 to 43 topics. However, 
we determined that the topics could 
be further condensed into categories 
due to similarities throughout. A col-
laborative norming session resulted 
in 7 to 9 major strategy and obstacle 
categories for both tests and writing 
assignments. The categories and cor-
responding example topics are pro-
vided in Table 2. Additional topics can 
be found in Appendix A.

Themes Across Classes
	 When students brainstormed 
strategies and obstacles, the resulting 
categories were very similar across all 
courses in the study with a particu-
larly strong overlap in obstacles. For 
example, each course had a category 
of obstacles involving technology, 
television, internet, music, social me-
dia, and video games that we placed 
under the larger category of “Time 
Management” (see Appendix A, Table 
5). Other common obstacles were 
hunger, work, family life, and other 
classes. All the courses with exams 
had categories that included strate-
gies for reviewing notes, reviewing 
the textbook, and practicing prob-
lems. All of the writing courses had 
strategies about reviewing instructor 
comments. Of the nine categories 
for test strategies, seven overlapped 
for at least three courses. Of the nine 
categories for writing strategies, all 
but one category crossed both writ-
ing courses, where it seems that first 
year students focused on approaches 
to writing the content of their papers, 
such as focusing on the beginning 
and ending of the paper, writing it 
all at once, and writing in sections. A 
summary of overlap is provided in the 

dent thinking in a participative manner for each unique 
class situation.
	 Paper surveys. Paper surveys were administered 
at the next class period following the test or paper be-
ing submitted, but before students received a grade. This 
delay was used so that students did not have to use their 
test time to take a survey, thus reducing any time-related 
stress.
	 Paper survey results were submitted using the stu-
dent’s ID number, which is unique to each student but not 
easily memorable by the instructor. This allowed results to 
not be associated with the student. The results were en-
tered into an Excel database by a grader using the student 
number. The aggregate results could be examined by the 
instructor without association to any particular student. 
	 Online surveys. Online surveys were offered af-
ter each test or writing task was completed, but before 
students were given their grade. After taking the survey, 
students could see their own responses, but could not see 
any other student responses nor could they see average or 
aggregate responses. 
	 Omitting data. Student’s survey results were omit-
ted for two reasons: 1) for any students that did not con-
sent to their data being used after the quarter grades were 
submitted and consent forms were returned to instructors, 
and 2) for any student that did not complete the test or 
writing assignment, but did fill in the survey, because it 
was not possible to link the student’s performance with 
their study strategies and obstacles.
	 Initial survey reporting. After each survey was 
completed, the instructors provided preliminary results for 
students. In particular, instructors provided feedback to let 
students know which strategies appeared to be the most 
successful. This information was provided to students so 
that they could see some of the results of the work they 
were participating in and to provide feedback to help 
them modify their own strategies or change their percep-
tions based on which were successful. Only one course 
(CSS 301) reported preliminary information about study 
obstacles to students as the instructor found more obvious 
correlations between obstacles and student performance. 
For both online and paper surveys, results presented to 
students by the instructor during the quarter were based 
on aggregate responses only.

Results
Sample
	 A total of 285 students were registered across the six 
courses and were treated as unique without accounting 
for overlap amongst the courses. Those students who did 
not consent to the use of their data were omitted from the 
data set, leaving 233 for analysis, an overall 81.8% con-
sent rate. For those students who gave consent, participa-
tion in each survey administered by their faculty member 
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Table 3.

Mapping to Motivational Theory
For each obstacle category, we determined (Table 4) 
within which component of the EVC Model that category 
fell based on the definitions provided by Barron and Hul-
leman (2015). 

Discussion
	 Despite the varied classes taught by us, and the as-
sessment we wanted to examine (tests vs. writing assign-
ments), our intention was similar: determine what learn-
ing strategies students use and obstacles they face in order 

to help motivate students to succeed. The goals that arose 
from this aim included: 1) identifying learning strategies 
and obstacles through a user-centered design method, 2) 
mapping the strategies and obstacles to the EVC Model of 
motivation theory, and 3) analyzing the effectiveness of 
those strategies and obstacles and reporting the results to 
students in between major class assessments. 
	 We captured student’s perspectives about learning 
and the process of learning -- a challenging metacogni-
tive process -- as well as having students share their ideas 
and strategies with each other and the instructor. The 
survey-generating activity allowed students to discover 
new ways to learn, and empowered us, as instructors, 
to highlight successful strategies that were shared with, 
rather than dictated to, the students. In addition, we 
gained insight into the complex lives and demands for our 
students’ time, which provided valuable feedback into the 
feasibility of our course workloads. This student-generat-
ed approach of brainstorming, collating strategies and ob-
stacles, collecting strategies used and obstacles faced with 
each assessment, reporting results to students, and iterat-
ing for each assessment was effective across disciplines, 
school levels, classroom settings, and assessment types 
as evidenced by the strong overlap in the strategies and 
obstacles reported and classified.  Any college instructor 
could replicate this activity in order to help their students 
reflect on their learning strategies and obstacles and gain 
insights into their students’ perspectives. 
	 As seen in Table 4, in addition to the significant over-
lap in the strategies and obstacles, the obstacles mapped 
consistently between the types of assessments to propor-
tions of Expectancy, Value, and Cost. That Cost proved to 
have the largest number of mapped obstacle categories 
provides further evidence that Cost is warranted as a dis-
tinct component in motivation theory (Barron and Hul-
leman, 2015). While the categories listed under Cost are 
commonly under the purview of students, knowledge of 
the complex lives of our students reminds us to reexam-
ine the reasonableness of the workload of our individual 
courses. Meanwhile, where faculty can have the most 
impact is in the Expectancy category: assignments can be 
revised for clarity and brevity, and external tools and sup-

Table 3.  Overlap of Strategies and Obstacles Across Classes

Table 4.  Obstacle categories mapped to EVC Motivation Model
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port can be supplied by the instructor or better communi-
cated if already in place. Value can be influenced by both 
the student and faculty member. One way faculty can add 
perceived value is to relate assignments to students’ daily 
lives or future classes. Additionally, time management re-
sources can be made available to students in several forms: 
online tools, courses, and sharing tips and techniques.

Limitations
	 Our study encountered some limitations. Sometimes 
we were not able to give timely feedback to students in 
between major assessments on the correlations between 
grades, strategies, and/or obstacles. We also were not able 
to do extensive analysis of how students were employing 
successful strategies or avoiding obstacles. Both of these 
limitations were constrained primarily by time, as our 
university operates on a quarter system and each of us 
administered an average of three major assessments dur-
ing the term in addition to other required coursework. This 
often resulted in an approximately two-week timeframe 
between assessments: very little time to grade, analyze 
data, report results, and provide time for students to make 
changes to their behavior or perceptions. Additional limi-
tations included small class sizes in some of the courses, 
and a lack of a control group for each course. 

Conclusions and Future Study
	 The current paper outlines our method approach, 
in future papers, we would like to include a quantitative 
analysis of the relationships between student grades on 
tests and papers with the learning strategies and ob-
stacles to determine which types of strategies may cor-
relate with higher or lower grades, and which obstacles 
undermine success, as well as the impact of quantity of 
strategies or obstacles employed. Each student will be 
tracked to determine if changes to behavior were made, 
and whether or not those changes were related to the 
instructor-reported strategies or obstacles. We will also 
examine student awareness of preparedness level versus 
actual performance. Our research would benefit from 
future studies examining how students enact strategies 
and avoid obstacles, what is the quality of those activities, 
what is the amount of time dedicated, and how was the 
time allocated each day/week.
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