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The current work aims to better understand student course experiences for those who reported negative
perceptions in introductory physics. We conducted semistructured interviews with 24 students who
reported negative perceptions of their class on a screening survey. Participants were asked to share general
reflections on challenges and successes they experienced, as well as their reflections on specific aspects
of the course (e.g., experiences with instructors and peers). Interview transcripts were then coded to identify
the types of experiences students reported, whether they were experienced as positive or negative, as well
as the themes and features associated with those experiences. Experiences with the classroom, course
structure, instructors, and exams were most frequently reported as negative. Experiences with peers,
help-seeking, course curriculum, and specific learning activities were the most positive, although only
experiences with peers had more positive than negative reports. We then used a resources vs demands
framework [M. D. Seery, The biopsychosocial model of challenge and threat: Using the heart to measure
the mind, Soc. Pers. Psychol. Compass. 7, 637 (2013)] to interpret the common instructional, cognitive,
and motivational themes and features reported across multiple contexts. We discuss the implications of

the results for theory and practice.

DOI: 10.1103/4281-3w5x

I. INTRODUCTION

There has been a growing research focus on motivation
and engagement in undergraduate introductory physics
courses. Researchers have used self-report surveys to show
that many physics students report low self-efficacy [1-3],
physics identity [4,5], and belonging [6], which is asso-
ciated with negative emotions [7], disengagement [2], and
attrition [6]. Moreover, several studies have shown that
self-efficacy, interest, and sense of belonging shift nega-
tively after physics instruction in introductory course
sequences, suggesting a negative impact of course expe-
riences on these motivational beliefs [6,8,9]. Further, these
outcomes may disproportionally impact students with
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historically excluded identities in physics (e.g., students
of color and women) who often face additional barriers
such as stereotypes [10,11] and bias [12,13]. To understand
the experiences of students who view physics negatively,
we conducted semistructured interviews with participants
who self-reported below-average motivation and negative
feelings and attitudes toward their physics course. We
developed a coding rubric to describe the types of expe-
riences and how common they were, whether they were
negative or positive, and identified common themes and
features across them. We also report which aspects of the
experiences tend to co-occur together to better describe the
multifaceted nature of student experiences in the course.
We then apply a theoretical framework of resources and
demands [14] to interpret the themes and features in terms
of classroom ecologies involving instruction, cognition,
and motivation.

The large-enrollment introductory courses that have
been linked to negative student experience [15,16] are also
those most commonly encountered by students due to
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requirements for physics and nonphysics majors alike,
making them a high-priority research context. However,
much of the work that has been done in these courses
has focused primarily on quantitative measures of either
cognitive [17-19] or motivational [1,2,12,20,21] engage-
ment, but not both, and therefore risks overlooking
important nuances and connections. Studies leveraging
qualitative methods have been better able to weave
disparate aspects of student experience into a holistic
understanding [22,23], but they rarely focus on large-
enrollment courses. Qualitative study of large-enrollment
introductory courses can reveal the nature of relationships
among cognition, motivation, and instruction and can
help identify aspects of these particular courses that can
be especially difficult for students.

A primary contribution of the current work is a focus on
students with more negative beliefs, feelings, and attitudes
toward their physics course (relative to their peers).
Students were given an opportunity to self-describe both
their positive and negative experiences in introductory
physics, helping identify instructional and other course
features that affect (positively and negatively) students who
need the most support [24]. Further, focusing on student
beliefs, feelings, and attitudes about physics rather than
particular identities (e.g., women and students of color)
avoids conflating demographic variables with psychologi-
cal ones. While studies focused on social identities have
revealed important insights about systemic inequities and
associated effects [1,2,4,7,13,25], work that centers on
psychological experience can help identify the mechanisms
associated with observed social group disparities.

As a second contribution, we apply a conceptual
framework for interpreting those student experiences.
The conceptual framework is rooted in the biopsychosocial
model of challenge and threat [14], which describes
experiences in motivated performance contexts in terms
of an interaction between situational demands (e.g., task
difficulty) and the resources an individual has to meet those
demands (e.g., prior knowledge, motivation, and social
support). Using information about aspects of the course that
students experienced both positively and negatively, we
identify the demands and resources that students perceived.
We discuss times when instructional intent clashed with
student perceptions and hidden demands that may be
underappreciated or inadequately supported by instructors
and course structures. We also discuss aspects of instruction
and the environment that may support the development of
student resources in the class.

A. Classifying learning situations in terms
of resources and demands

We draw on the biopsychosocial model of challenge and
threat [14,26,27] because it can help explain behaviors
in stressful or competitive environments [28], has previ-
ously been applied to understand learning and academic

performance [29,30], and provides a simple classification
structure that can be applied to nearly any situation
encountered by students. The biopsychosocial model is
often used to study unique patterns of physiological,
behavioral, and affective responses [26,31-36]. However,
we will not focus on these measures in the current
study; instead, we will use the model as a conceptual
framework for thinking about student experiences and
how they arise and will henceforth refer to it as the
resources vs demands framework.

The resources vs demands framework is built around the
idea that our experiences and actions in the context of
motivated performance situations (e.g., challenging home-
work assignments) are informed by our cognitive appraisals
of the demands of the situation (e.g., perceptions of
difficulty, time and effort required), as well as the resour-
ces' (e.g., prior knowledge and skills, motivation) we have
available to meet those demands. A student can be engaged
and motivated to perform because they have self-relevant
goals (e.g., to gain expertise and demonstrate competence).
If the student’s resources are sufficient to meet or exceed
the situational demands, they experience a state of chal-
lenge, which is associated with positive emotions and a
tendency to actively engage in the situation. However, if
perceived demands exceed resources, they experience the
situation as a threat, which is associated with negative
emotions and a tendency toward avoidance. Challenge and
threat are polar ends of a continuum on which experiences
can fall at any point. The model is also iterative: challenge
and threat appraisals in the present can be influenced by
past appraisals and can influence future appraisals. A
conceptual model of the resources vs demands framework
is depicted in Fig. 1.

This model is useful for understanding course-related
experiences because it can be flexibly adapted to fit a broad
array of situations students experience across a wide range
of time intervals, from a single exchange with a peer or
instructor to their experience with a course as a whole. We
use the term “situation” to describe the set of circumstances
and conditions existing at a particular time interval and/or
place, and “experience” to describe the subjective percep-
tion and interpretation of those circumstances, as someone
actively lives through them. Figure 1 models students’
experiences of perceived challenge and threat as arising
from an appraisal of a situation.

Our theoretical assumption is that students’ appraisals
of resources and demands are created, at least in part,
through their interactions with their learning environment.
Therefore, by adding, removing, or modifying aspects of
the environment, we can shift the balance of resources

'Note that our use of resources is rooted in the biopsychosocial
model and is distinct from the cognitive and epistemological
resources [37] commonly referenced in PER.
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FIG. 1.

and demands® and create the conditions under which
students are more likely to have positive learning experi-
ences [38]. Taking inventory of demands and resources
allows us to critically evaluate their connection to physics
teaching and learning. For example, demands can be
assessed based on their relation to course learning objectives
and practical necessity. Resources can be evaluated based on
how well they align with specific demands. Then, instruc-
tional features can be evaluated based on whether they create
demands that are essential for learning and whether they help
increase resources (e.g., interventions to promote particular
motivational beliefs or additional practice materials).

B. Current work

We recruited college students who reported negative
feelings and perceptions related to their introductory
physics course to participate in semistructured interviews.
In the interviews, we asked participants to describe which
aspects of their course they found most challenging,
which were helpful, and how those experiences related to
their experiences, goals, and beliefs. Student interviews
were transcribed and coded to identify the types of
experiences students reported and whether the affective
valence of those experiences was positive or negative.
The data were analyzed both quantitatively and qualita-
tively to understand both the frequency and proportion of

’An important distinction to make here is that the term
“demand” should not be equated to “negative,” and “resource”
should not be equated to “positive.” Rather, it is the alignment and
balance of resources and demands that determine whether a
situation is viewed as a threat and experienced more negatively or
viewed as a challenge and experienced more positively.

Conceptual model of the resources vs demands framework.

negative and positive experiences by experience type, as well
as the themes and features that characterized these experi-
ences. We then applied the resources vs demands framework
and identified instructional, cognitive, and motivational
resources and demands that were common across the
different experiences.

II. METHOD

The data were collected at a large, public mid-Atlantic
university. Analysis was conducted on text transcripts

TABLE I. Gender and racial identities of the study sample.
*Frequencies for racial and ethnic identification sum to greater
than 24 (100%) of the sample because participants were able to
select multiple race and ethnicity categories.

% of
N  sample
Racial and ethnic identification
(participants could select more than one)":
African American/Black 3 12.5%
Asian Indian 1 4.2%
Asian/Pacific Islander 3 125%
Hispanic 1 4.2%
Non-Hispanic White 16  66.7%
Not specified 1 4.2%
Students who selected multiple identities
African American/Black/Non-Hispanic White 4.2%
Gender identification
Nonbinary 1 4.2%
Women 18 75%
Men 5 20%
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TABLE II. Screening survey items. “Reverse scored.

Measure Item

Response options

Interest [40]
Utility value [40,43]

Studying for physics is" ...
Studying for physics is” ...

Fixed mindset [42] To really excel in physics, a person needs

to have a natural ability in physics.
I feel I can do well in physics class.”
Studying for physics excites me.”

Self-efficacy [41,43]
Excitement

Social belonging [40] I feel that I belong in my physics class.”

Irritation Studying for physics makes me feel irritated.
Stress Studying for physics makes me feel ...
Dread I dread studying for physics.

1 (very boring) to 4 (very interesting)*

1 (not at all useful for accomplishing my long-term goals) to
4 (very useful for accomplishing my long-term goals)”

1 (strongly disagree) to 6 (strongly agree)

1 (strongly disagree) to 6 (strongly agree)
1 (strongly disagree) to 6 (strongly agree)
1 (strongly disagree) to 6 (strongly agree)
1 (strongly disagree) to 6 (strongly agree)
1 (not at all stressed out) to 4 (very stressed out)
1 (strongly disagree) to 6 (strongly agree)

derived from a series of semistructured focus group
sessions meant to understand students’ experiences in
introductory physics. Part of the goal of these sessions
was to inform the development of a mindfulness training
intervention for physics students. The training incorporated
stressors and challenges reported by focus group partic-
ipants as examples in order to tailor the intervention to the
context of introductory physics. An overview of that project
can be found on the Open Science Framework [39], and
we will not go into detail about it here; our focus is on
understanding students’ experiences.

A. Participants

Participants were 24 undergraduate students enrolled in at
least one course of a two-term sequence of algebra-based
introductory physics (n = 13) or calculus-based physics
(n=11). The mean age of the sample was 19 years
(SD = 1.25 years). The majority of the sample (91.7%)
reported that they intended to complete a science, tech-
nology, engineering, and mathematics major, and 50% of
the sample were on an engineering track. The breakdown
of gender and racial identities of the sample is provided
in Table 1.’

B. Materials and procedure
1. Participant screening and recruitment

Recruitment took place across two semesters. Research
team members visited students in their classrooms to
distribute recruitment flyers containing a brief description
of the study and a link to the screening survey. An
additional recruitment effort was made in which several

*We collected the demographic data to give background and
context to our sample, but our numbers in terms of individual
participants were too small to make any meaningful generaliza-
tions about demographic groups.

instructors shared the recruitment flyer with students over
email and/or blackboard.*

A total of 135 students completed the screening
survey online using the Qualtrics survey delivery platform
(Nsemester1 = 105, Ngemesierz = 30). Demographic charac-
teristics collected on the screening survey were age, gender,
race, and ethnicity. Respondents also reported information
about their physics course, intended major, and English
fluency. Four items were added in the second semester of
the study, so data for these items were not captured for all
participants. The four items measured were year in school,
prior physics experience, whether or not students were
repeating their course from a previous semester, and, if so,
their grade from that semester.

In addition to the personal and course-related informa-
tion, the screening survey collected responses to nine items
measuring students’ beliefs, feelings, and attitudes regard-
ing their physics course (see Table II below). Five of the
items were adapted from existing measures of beliefs and
attitudes related to learning and motivation, such as social
belonging [40], self-efficacy [41], fixed mindset [42],
interest [40], and value [43]. The remaining four items
captured students’ feelings of stress, irritation, dread, and
excitement regarding physics. Responses for each item
were converted to a standardized z-score for responses to
that item. Figure 2 shows the mean item responses for focus
group participants and nonparticipants.

A composite variable’ indicating overall negative per-
ceptions in physics was created by reversing the coding
of all items except fixed mindset, irritation, stress, and

‘A learning management system similar to Canvas or Bright-
space.

5During the planning phase of the study, this composite variable
was referred to as risk of disengagement. However, due to
negative stigma associated with labeling students as at-risk, we
decided to describe this variable as negative perceptions and
experiences in physics to be more specific about what we were
measuring.
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FIG. 2. Standardized scores for screening survey items and mean scores are shown for focus group participants compared to
nonparticipants. The gray vertical line in the center of the plot represents the mean values on the screening survey items for all students who
completed the survey (participants and nonparticipants). The point ranges on the horizontal lines show the means and bootstrapped
95% confidence intervals for the study participants (orange) and the remaining students (gray) for each measure [note “a”: Reverse scored].

dread (so that for all questions, a higher score indicated a
more negative response) and averaging all nine items. Only
students with composite scores greater than O could be
eligible for focus group participation. The composite
measure had a Cronbach’s alpha of 0.86 in the full
screening sample (N = 135).

A total of 69 students who were above 18 years of age,
fluent in English, and had negative perceptions and
experiences with composite scores greater than zero or
reported’ that they were repeating their introductory course
from a previous semester were eligible to participate
(Nsemester1 = 92, Ngemesterz = 17). Eligible students were
then recruited by phone to participate in a one-hour focus
group session on campus. Participants were compensated
$15 for attending the one-hour session.

2. Focus group session protocol

A total of 24 students participated in one of 13 focus
group sessions during the second semester of the study. The
number of participants interviewed per focus group session
ranged from one to three: seven of the sessions were
conducted in groups of two, four sessions were conducted
with a single student, and two sessions were conducted
with groups of three. Out of the final 24 participants,
19 completed the screening survey during the first semes-
ter, and five were screened for eligibility and participated in
the same semester (semester 2). Each session lasted one
hour, and two research team members were present for
all sessions. Audio was recorded for the entire length of
the session.

Before the sessions began, participants were presented
with an overview of the study and verbally provided their

6Repeating the course was only used as an eligibility criterion in
the second semester of the study.

consent to participate. After providing their consent,
researchers began the recording and led the group in a
framing activity (see Appendix A).

For the remainder of the session, researchers took turns
prompting the discussion using the questions outlined in
Table I1I. The questions were categorized into two sections.
The first section was open-ended and consisted of four
questions that asked students to generally describe their
successes as well as aspects of the course they found
challenging or stressful. The second, and more specific,
section of the interview consisted of six questions that
asked directly about experiences with instructors and peers,
as well as students’ goals and perceptions of their ability to
do physics.

In sessions with more than one participant, each
participant was given an opportunity to respond to each
question, and students could refer to each other’s
responses. Researchers asked short follow-up questions
when needed for clarification or to prompt elaboration.
After one hour, researchers thanked participants for
their efforts, stopped the recorder, and concluded the
session.

C. Analytic process
1. Audio transcription and text segmentation

Recorded audio from the interview and discussion
portion of the focus group sessions was manually tran-
scribed by research assistants. The transcripts were
further reviewed for errors by a second team member
and imported into NVivo qualitative data analysis soft-
ware. Each transcript was then divided into segments by
the first author for coding and analysis. The length of
each text segment ranged from a single sentence (mini-
mum word count = 68) to a short paragraph (maximum
word count = 1760). The average word count per segment
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TABLE III.  Semistructured interview questions.

Item

Open-ended

. What were the biggest challenges and successes during the semester?

. What was the most stressful aspect of physics for you? Why?
. What did you struggle with the most? What caused those struggles?
. What were some of the successes that stand out? What caused those successes?

. Were there times you felt low confidence in your ability to do physics?
. Were there times you felt confident in your ability to do physics?
. Did you ever find yourself comparing yourself to your classmates?
. What is your personal definition of “success” in physics learning? How does this relate to your short- and
long-term goals? How did these goals change from the start and end of the semester?
10. Based on your experiences, what could have been done to improve your experience in your physics course?

1
2
3
4
Specific 5. How did you feel about the instructor and/or TAs in your introductory physics course?
6
7
8
9

TABLE IV. Experience codes and definitions.

Code

Definition

Classroom and course
structures (classroom)

Curriculum and specific learning
activities (learning activity)

Experiences that occur in a classroom or recitation setting can include broader experiences with
course structure (e.g., flipped format).

Experiences relating to working through physics problems for practice, quizzes, completing
assignments and/or homework, studying, clicker questions, or reading the book. Also includes

talking about the conceptual understanding of the material (course curriculum).

Exams
reflections.

Help-seeking

Experiences relating to exams, finals, and midterms, including preparation, test taking, and

Experiences where the student has taken the initiative to seek help from another person(s) outside of

class (e.g., attends office hours or tutoring, joins a study group, resource room, etc.).

Instructor

Peers

Experiences relating to or involving the professor or TA(s).
Experiences relating to or involving other students.

was 563.39 (median = 519, mode = 483, SD = 297.6).
The intention was for each segment to cover one expe-
rience. Therefore, sentences were kept together so long as
the follow-up sentences were elaborations on the same
point or descriptions of the same specific experience;
responses were broken into multiple segments when a
change of topic was noted, or the student began describing
another distinct experience. This was done to prevent the
themes and views of less verbose participants from being
underrepresented in the data [44]. Researcher dialogue was
largely removed from analysis, apart from a few special
cases, which included instances where the context of the
preceding question was required for comprehension of the
response, or if the researcher asked a brief follow-up
question for clarification. Segmentation for 2 of the 13
transcripts (15%) was reviewed by an additional team
member to ensure consistency.

2. Experience codes

The experience codes were developed inductively,
iteratively, and collaboratively with the research

team [42,43]. The final six’ codes were as follows:
classroom and course structures (classroom), curriculum
and specific learning activities (learning activity),
instructor, exams, help-seeking, and peers (see Table IV
for definitions). The goal was to identify the different
types of experiences or situations students talked about,
as well as the contexts in which they occurred, regardless
of what those experiences were like (e.g., they could be
positive or negative experiences).

Codes were applied to segments in full, regardless
of whether the entire segment referenced the code.
Additionally, codes were not mutually exclusive, meaning

"There were three additional codes at this level which are not
described or defined here. Two of the codes, success and
suggestion, encompassed abstract discourse that could not be
evaluated as a course experience (i.e., definitions of success,
suggestions for course improvement). The last The code, social
comparison, was a subcategory of peers, and therefore did not
provide unique informational value. See Appendix B for a
detailed account of the coding procedure and Appendix D for
an analysis of text segments coded as success, suggestion, or
social comparison.
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lonly|went to visit the TAs|once because |l was struggling with the

homework and | wanted to see if they could explain it, they just kinda
wentoffand, you know, kinda like did itforme, and | didn't think that was

really helping me. So, the TAs, the professor, tryingto read the book and

showing me from a student’s perspective

LEARNING ACTIVITY
— —- INSTRUCTOR

[1 HELP-SEEKING
......... PEERS

FIG. 3. Complex example of experience category coding.

that multiple codes could be applied to a single segment.
This was done because many segments were complex—
comparing and contrasting activities across multiple
contexts (e.g., working with peers in class compared
with a study group)—but were phrased in a way that
reducing or dividing them would result in fragments that
were difficult to interpret. Applying multiple codes
allowed us to use flexible filters and look at code co-
occurrence (e.g., help-seeking with peers vs help-seeking
with instructors). To obtain the final coding data, all of
the discourse was coded in full by two coders, and all
coding discrepancies were resolved through review and
discussion until 100% agreement was reached. See
Appendix B for a more detailed account of the coding
procedure and reliability tests.

Figure 3 depicts an example of how the experience
coding was applied to a single text segment. The student
describes seeking help from their TAs after struggling with
a homework assignment and contrasts the result of this
experience with the help they received from their peers.
Therefore, the experience was coded as help-seeking,
learning activity, peers, and instructor.

3. Positive and negative experience coding
(affective valence)

After the experience codes were established, we wanted
to be able to characterize the affective valence of these
experiences; in other words, whether these experiences
were perceived by students as positive or negative. A
codebook was generated to define the characteristics of
positive and negative experiences with respect to each
experience code. Each experiential code was then coded as
being either positive, negative, both (positive and negative),
or neutral. Text segments labeled with multiple experience
codes were coded as positive and/or negative for each
associated experience.

Experiences were classified as negative if the student
explicitly mentioned it, resulting in or involving emotions
and/or feelings such as doubt, disappointment, frustration,
hopelessness, or feeling bad. These included experiences

described as unhelpful, even if the student’s feelings
were not explicitly stated, as well as barriers to accessing
something that could have been helpful. For example, if a
student described wanting to go to office hours, but not
being able to go because of scheduling conflicts, that would
be classified as negative.

Experiences were classified as positive if the student
explicitly mentioned it, resulting in or involving emotions
and/or feelings such as happiness, excitement, interest,
confidence, satisfaction, or feeling good. These included
experiences described as helpful or beneficial, even if the
students’ feelings were not explicitly stated.

The neutral code was applied to experience codes that
did not have a positive or negative valence (e.g., mention-
ing an exam as a marker of time), and both were applied
when the experience had equal positive and negative
qualities.

Referring again to the complex example in Fig. 3, the
text segment was coded as negative for instructor and
learning activity because they struggled with the home-
work, reading the book was not fruitful, and they did not
find their instructors helpful. The same text segment was
coded as positive for peers and both positive and negative
for help-seeking because they found the help they received
from their friends to be beneficial, but their help-seeking
experiences overall were both positive (peers) and negative
(instructor).

4. Common themes and feature identification

After the positive and negative experience coding was
complete, we identified common themes in the student
experiences. As with the positive and negative coding,
segments from each experience code were evaluated
separately, such that segments tagged with multiple expe-
rience codes were evaluated for each associated experience
type. Three members of the research team were assigned
two experience codes each. On the first pass through the
data, the researchers read through all segments coded as
positive, negative, and both® and generated a summary of
each segment in their own words to get an idea of the
common themes. On the second pass, they assigned each
segment to a theme and documented their themes in a
separate text file, including specific examples as evidence
for the theme as well as any features of the experience that
were described in association with the theme. For example,
feeling uncomfortable was a common theme among neg-
ative classroom experiences. Students attributed this dis-
comfort to different features of the classroom, such as
instructor behavior, class size, the reputation of the course,

$When identifying themes and features, we focused first on
experiences coded as positive or negative because they were the
most straightforward and then reviewed those coded as both to
make sure there were no positive or negative themes that were
qualitatively different than those already identified.
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TABLE V. Summary statistics for experience and valence coding. The combined 1107 total segments listed in the table are the product

of 546 segments and 2.03 experience codes per segment.

Total Percent Percent Percent Percent Negative-to-positive
Code segments positive (%) negative (%) both (%) neutral (%) ratio
Classroom and course structures 156 10.9 69.2 11.5 8.3 6.35
Instructor 193 13.5 61.7 7.3 17.6 4.58
Exam 234 15.4 54.3 13.7 16.7 3.53
Curriculum and specific learning activities 271 26.6 49.4 10.0 14.0 1.86
Help seeking 89 30.3 47.2 10.1 12.4 1.56
Peers 164 34.1 32.9 11.6 21.3 0.96

and the prior knowledge of their peers. Once each dataset
had been reviewed by one researcher, they were exchanged,
and a new researcher reviewed each segment and indicated
whether they thought the assigned theme was an appro-
priate characterization of participants’ experiences. All
discrepancies were resolved as a team.

III. RESULTS

A. Descriptive overview

In total, 546 unique segments from the 24 participants
were assigned to at least one of the experience codes and
coded for affective valence (summary statistics are pre-
sented in Table V). The mean number of segments
contributed by each participant was 22.75 (SD = 9.94).
Each of these segments was coded with an average of 2.03
experience codes (SD = 1.00).

The most frequently occurring codes were learning
activity and exam, and the least frequent was help-seeking.
Frequency did not appear to be related to affective valence.

For example, despite the fact that learning activity and
exam were the most common codes, they were in the
middle of the distribution with respect to the negative-
to-positive ratio. The percent of segments within each
experience affectively coded as both or neutral was
relatively stable across experience codes (SDgory = 2.1%,
SDnguTRAL = 4.5%) compared to the percent coded
as either positive or negative (SDpositive = 9.8%,
SDNeGaTivE = 12.6%). Therefore, the order of experience
codes by percent negative is identical to the order of
experience codes by negative-to-positive ratio.

Figure 4 plots the relative proportions of positive,
negative, and both codes for each experience code (exclud-
ing 42 segments affectively coded as neutral) broken out
by whether students were responding to the open-ended
(earlier) questions, specific (later) questions in the inter-
view, or combining both question types (all). We analyzed
answers to these question types separately to see if
responses to the more specific questions were cuing a
focus on certain kinds of experiences relative to the more

Open Ended
(Earlier Questions)

Classroom
=
= Instructor
o0
2
S Exam
(<)
(%]
& Learning Activity
&
:— .
25 Help-Seeking

Peers

0 02 05 015 1 0

025 05

Specific
(Later Questions) (all)

Valence

055 1 0 025 05 015 1

Proportion

FIG. 4. Proportion of positive and negative segments by experience code, broken out by whether students were responding to the
open-ended (earlier) questions, specific (later) questions in the interview, or considering both question types together (all). This figure
includes the 504 unique segments coded as positive, negative, or both (Nype, = 218 and Ngecific = 286).
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open-ended questions. The affective valence proportions
did not vary dramatically based on whether students were
responding to the more open-ended (earlier) questions or
the more specific (later) questions. When considering
which experience codes had greater proportions of reported
negative and positive experiences, there were two
differences between the open-ended and specific question
types. The first is whether the proportion of negative
instructor experiences was greater than or less than the
proportion of negative classroom experiences, depending
on the question type. The same is true when comparing
learning activity and help-seeking experiences. Despite
these two differences, the proportional pattern of nega-
tive-both-positive in each interview section does not
dramatically differ qualitatively from the overall pattern
(“all” in Fig. 4).

Table V shows that the codes with the three highest
negative-to-positive ratios and the three highest percentages
of negative comments were classroom, instructor, and
exam. The three lowest negative-to-positive ratios and
the three lowest percentages of negative comments were
peers, help-seeking, and learning activity.

TABLE VI

B. Summary of themes, features, and relation
to resources and demands

To summarize the themes and features identified across
the positive and negative experiences, we aggregated
common elements and present them in Table VI (see
Appendix C for a comprehensive list of themes and features
identified across positive and negative experiences for
each experience code). To organize themes and features
and facilitate interpretation, they are presented along two
dimensions. First, we organized them based on their
relation to instruction, cognition, or motivation. Themes
and features categorized as instruction include properties
of lectures (e.g., level of abstraction, amount of review),
classroom activities (e.g., demonstrations), and course
structure and/or environment (e.g., grading criteria and
opportunities for interaction). Cognition includes themes
relating to the students’ perception of their own knowledge,
understanding, and learning strategies. Finally, themes
and features categorized as motivation include students’
reported beliefs, perceptions of themselves and others, and
behaviors that they associated with their level of willing-
ness or desire to engage in the course. The second

. 2 b .
Summary of themes and features across experlence codes. *Classroom and course structure; 'Instructor; ‘Exam;
Curriculum and specific learning activities; “Help-seeking; 'Peers.

Demands Resources
Instruction Teaching style/course type (flipped vs traditional) Clear explanations (aligned with current level of
incompatible with learning style™ understanding)™>“%¢!
Not enough summarizing, reviewing, or explanation; Logic and/or rationale for problem-solving steps made
rushing™” explicit”
Too abstract™™ Real-world examples™™?
Lack of alignment between class, text, homework, and Engaging demonstrations™”
exams™ ! Connections across concepts and domains™*
Lack of opportunities to ask questions” Accessible office hours™™*
Opportunities for one-on-one interaction™
Disorganized, lacking, or incorrect materials™™ Low-stakes practice/practice materials™“**
Lack of feedback™™?
Lack of clarity on grading criteria®™*
Cognition Assumed prior knowledge™” Prior knowledge/familiarity®“*
Confusinga’d Effective study strategie:sd’f
Motivation Intimidation and discomfort™>*" Belonging/solidarity/normalized struggle™'

Anxiety, frustration, and stress®

Condescension and dismissiveness (from others)

Fixed mindset; lack of physics identityd’e
Lack of utility value™*

Negative social comparison, feeling judged or

overevaluated”*"
Time/resource constraints
Diffusion of res&)onsibilitya’f
Falling behind™

c,d,e,f

a,b,e,f

Acknowledgment (from others) of fear and anxieties;
empathy™”

Humor, enthusiasm, or encouragement (from others)

a,c,d,f

ab.e

Evidence of improvement, learning, and mastery
Good grade’

Adjusting goals/expectations®

Relevance to personal interests and goals’

Friendly competition; positive comparison™*

Accountability™®?
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TABLE VIIL

Frequency and percentage of segments coded as positive or negative for one or multiple (co-occurring) experience codes.

Classroom  Instructor

Exam

Learning activity Help seeking Peers All codes

Negative experiences
No. of segments with one
negative code
No. of segments with
multiple co-occurring
negative codes

Total segments 108 119 127

Positive experiences
No. of segments with one
positive code

No. of segments with
multiple co-occurring
positive codes

Total segments 17 26

2 (11.8%)

23 21.3%) 21 (17.6%) 65 (51.2%)

85 (78.7%) 98 (82.4%) 62 (48.8%)

10 (38.5%) 21 (58.3%)

15 (88.2%) 16 (61.5%) 15 (41.7%)

44 (32.8%) 6 (143%) 19 (35.2%) 178 (50.9%)
90 (67.2%) 36 (85.7%) 35 (64.8%) 172 (49.1%)
134 42 54 350
37 (51.4%) 7(259%) 27 (48.2%) 104 (65.4%)
35 (48.6%) 20 (74.1%) 29 (51.8%) 55 (34.6%)
72 27 56 159

categorical dimension is demands vs resources. The
resources vs demands framework suggests that when
demands outweigh resources, a situation is more likely
to be experienced as negative and vice versa. Consistent
with this framework, students often described extra or
intense demands in their negative experiences and high-
lighted resources to cope with (often unstated) demands in
the positive experiences. Therefore, we used the demands
and resources distinction to help organize themes and
features described in students’ experiences. We note that
demands and resources categorization is relative to specific
situations and contexts.

C. Theme co-occurrence among positive
and negative experiences

Next, we consider the distributions of negative and
positive course experience codes across the text segments.
Table VII shows the distribution of the 546 segments coded
for affective valence. There were 350 total segments coded
as negative for at least one experience code. For these
negative experiences, the most commonly associated expe-
rience categories were classroom (108 segments), instructor
(119 segments), exam (127 segments), and learning activity
(134 segments). Help-seeking (42 segments) and peers
(54 segments) were less common. These more common
experience codes appeared between 2 and 3.2 times more
frequently than the less common codes, depending on
which two codes are being compared. There were 159 total
segments coded as positive for at least one experience code.
For these positive experiences, the learning activity
(72 segments) and peers (56 segments) experience codes
were more common than the others, appearing between
1.6 and 4.2 times more frequently than other codes.

Second, when a negative or positive experience code
appears in a segment, that code is more likely, on average,

to appear in a multiply coded negative or positive segment
rather than on its own, indicating the intersecting nature
of students’ course experiences. Table VII provides the
frequencies (and percentages) of how often each negative
or positive experience code appears in segments (i) con-
taining only that one negative and positive experience code
or (ii) containing additional negative and positive code(s)
(i.e., had multiple co-occurring negative and positive
codes). On average, 71.2% of each negative experience
code’s occurrences were in segments containing multiple
co-occurring negative codes, ranging from 48.8% of seg-
ments coded as exam to 85.7% of segments coded as help-
seeking. On average, 60.9% of each positive experience
code’s occurrences were in segments containing multiple
co-occurring positive codes, ranging from 41.7% of seg-
ments coded as exam to 88.2% of segments coded as
classroom. Notably, the exam code has the smallest
percentage of occurrences in multiply-coded segments
for both positive and negative experiences, indicating that
it is the least overlapping, most separable course experi-
ence. For negative experiences, this means that although
exam is one of the most common experience codes,
classroom, instructor, and learning activity have a larger
number of co-occurrences with other experience codes
within the same segment. Note also that the high percentage
of experience code occurrences within multiple-coded
segments does not mean that most segments have multiple
co-occurring codes. Only 49.1% of segments have multiple
co-occurring negative codes, and only 34.6% of segments
have multiple co-occurring positive codes. Mathematically,
this reflects the fact that each individual multiply coded
segment is associated with two or more code occurrences.

Next, we consider which pairwise co-occurrences of
valence codes are most common, to understand which types
of intersecting negative or positive experiences are most
common. Figure 5 plots the frequency of pairwise code
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@ Negative Experiences
Classroom Instrluctor Ex?m LearningI Activity HeIp-Sleeking Pelers
Classroom -
Instructor
Exam - 17 2]
Learning Activity{
Help-Seeking - 5 22 6 8
Peers - 12 1 10 11 12
(®) Positive Experiences
Classroom Instructor Exam Learning Activity Help-Seeking Peers
Classroom - : : : : :
Instructor - 6
Exam - 1 0
Learning Activity+ 9 9 9
Help-Seeking - 2 1
Peers - 6 2 8 b

FIG. 5.

Co-occurrence of negative (a) and positive (b) experiences by parent code. The numbers in the gray cells on the diagonals

represent the number of segments within an experience category that did not overlap with any other code. The numbers in the lower-left
triangle of the tables (cells shaded blue or red) represent the number of instances in which two experience categories overlapped in a
single segment. As a reminder, each segment could be categorized with more than two categories, so some segments may be counted in

more than one cell.

co-occurrences for negative and positive experiences.
For both negative and positive experiences, the most
common pairwise code co-occurrences are between the
codes that appear most often within multiply coded seg-
ments. For negative experiences [Fig. 5(a)], there are 306
total pairwise co-occurrences.” In considering which co-
occurrences are notably large or small, we compare each
cell in Fig. 5(a) to a criterion level of 20.4 co-occurrences:
the value if the 306 pairwise co-occurrences were spread
evenly across the 15 cells associated with unique code
pairings. Only 6 of the 15 cells have greater than 20.4
co-occurrences. The three most common pairwise co-
occurrences are the ones between classroom, instructor,
and learning activity. These three pairwise co-occurrences
account for 42.8% of all pairwise co-occurrences (131 out
of 306 pairwise co-occurrences), showing how the inter-
section of classroom or course structure, the nature of the
learning activity, and the instructors’ actions is a major area
of negative experiences for physics students. The high
frequency of these pairwise co-occurrences is unsurprising
given that these three negative experience codes generally
occur most frequently in multiply coded negative segments
(Table VII): 98 multiply-coded negative segments with

9, L.
The number of pairwise code co-occurrences for each segment
with N codes is C,.

instructor, 90 multiply-coded negative segments with
learning activity, 85 multiply-coded negative segments
with classroom. The three other notably large cells indicate
co-occurrences involving instructor and/or exam, the code
with the fourth most multiply negative-coded segments: 32
exam—Iearning activity co-occurrences, 27 instructor—
exam co-occurrences, and 22 instructor—help-seeking
co-occurrences. Largely, these results reiterate that negative
classroom, instructor, learning activity, and, to a lesser
degree, exam codes most commonly occur in multiply-
coded segments, as illustrated in Table VII.

For positive experiences, a similar qualitative analysis
of Fig. 5(b) indicates that the most frequent intersections
occur between learning activity, help-seeking, and peers.
Given 98 pairwise co-occurrences, the average number of
co-occurrences is 6.5, and 8 cells have a value greater than
this. The three most common pairwise co-occurrences are
the ones between learning activity, help-seeking, and peers.
Pairwise co-occurrences between these three codes
account for 36.7% of all pairwise co-occurrences (36
out of 98 pairwise co-occurrences). Table VII shows that
learning activity and peers were the most frequent
positive experience codes in general and within multiply
positive-coded segments. Here, we find that the most
common co-occurrences between these two codes are
with each other and help-seeking. Of the remaining 5
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notably frequent pairwise co-occurrences, 3 include
learning activity (9 co-occurrences each with classroom,
instructor, and exam)—another consequence of learning
activity being the most frequent positive code overall and
within multiply positive-coded segments. Finally, eight
exam-peers co-occurrences and seven instructor-help-
seeking co-occurrences round out the notably frequent
positive code co-occurrences.

1. Examples of frequently co-occurring negative
and positive experiences

To help characterize the experiences students had that
involved multiple experience codes, we present illustrative
quoteslo from the six most frequently co-occurring expe-
rience categories in Fig. 5. We chose to highlight these
excerpts from students because they show the intercon-
nected nature of student experience, and the examples were
carefully curated to collectively cover as wide a range of
themes as possible. The examples are presented with their
associated experience codes and themes to provide concrete
instances of abstract categories.

Negative experiences. The three most frequently co-
occurring combinations of experiences coded as negative
were instructor and classroom, classroom and learning
activity, and instructor and learning activity. The following
student quotes contain one or more of these most frequent
combinations. The experience codes and associated themes
(see Table VI) are provided below each quote.

Yeah, and then with the professor I never asked a
question like I would just like write it down and
wait for another time ... I remember I was ...
sitting on the end of a row once and ... [the
instructor] put up a question and I was like, I'm
not doing it ... I don’t know where to start ...
I just kind of stared at it and [the instructor] came
up to me and sat next to me and was ... asking me
how to do it and I ... felt so uncomfortable just
them being near me ... I am ... sweating right
now thinking about it ... I felt like I was gonna
cry. I was like, I don’t know ... I was afraid to tell
[them] I don’t know how to do it and then [they]
ended up ... [they] looked at me and then stood
up and walked away.

Codes: classroom-negative, instructor-negative
Themes: intimidation and discomfort

1Student quotes have been edited to remove filler words such
as, “like” and “um,” and for clarity. Gendered pronouns have also
been replaced with gender-neutral ones to protect the identities of
students and instructors. Omitted words are indicated with
ellipses (“...”). Insertions are indicated with brackets (e.g.,
“she” is replaced by “[the instructor]”).
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It very much was like very detailed and very
tricky to get into, and just like discerning what
[the instructor] was actually saying because
[they] would just assume that like... it was almost
like [the instructor] was talking to us like we were
like physics professors and not like actual stu-
dents. And so, it was very hard to, like, get all
of the terminology they were using and trying
to understand everything all at once because [the
instructor] wasn’t breaking it down into a level
like I would be able to understand.

Codes: classroom-negative, instructor-negative
Themes: confusing, assumed prior knowledge;
teaching style

But [the instructor] doesn’t explain to the lowest
member of the class, [they] explain it to the highest,
so ... if 'm in that 20% group that picked A and
80% picked C, [the instructor will] explain why C is
right but [they] will not explain why A is wrong,
and that was always really hard cause I’'m just like,
I’'m wrong; I don’t know why, so I have to go back
and like relearn the material and at that point you’re
just like layering the same thing over and over so it
just gets indistinguishable, what is correct and what
isn’t. That’s always really difficult.

Codes: classroom-negative, instructor-negative,
learning activity-negative

Themes: confusing; assumed prior knowledge;
teaching style

I feel like one of the hardest parts was feeling like
our professor didn’t really understand, like, at
least my group of friends, when we would try to
get help from [them], “cause, like, so we expected
from what [the instructor] told us, the first exam
to be a lot different from how it ended up. Like, it
was a lot harder, and [the instructor] said, like,
“oh, time won’t be a problem,” and none of us
finished, and all these things that were, like, you
said one thing, but we experienced it very differ-
ent, and we’d ask [them], like, I'm used to
studying for bio and chem classes and this was
way different. I felt like I never really figured out
a good way to study for it, and we would go to
[the instructor] and ask and [they] would be like,
“oh, just look at the equations and figure out how
they work,” and for me that wasn’t helpful. I don’t
know. It just like didn’t click like it did for [the
instructor]. And so, I couldn’t figure out from
anyone who was good at physics how to study for
me in way that worked.

Codes: exam-negative, help-seeking-negative,
learning activity-negative, peers-neutral, instructor-
negative
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Themes: lack of alignment between class, text,
homework, and exams; teaching style/course type
incompatible with learning style

following student quotes contain one or more of these most
frequent combinations. The experience codes and associ-
ated themes (see Table VI) are provided below each quote.

I went to [the instructor’s] office hours like the
first week, because I wanted to get ahead and
stuff, and I remember one kid asked a question,
and [the instructor] answered it, and the kid still
didn’t really understand, and [they were] like, “oh
well, I don’t really still get it,” and [the kid] asked
a follow up question, kind of like ... [they were]
like, questioning the professor, like [their] logic,
kind of like, why that works. And [the instructor]
answered [them] and was like, “do I have a Ph.D.
or do you?” And the kid was like, “I’m not trying
to question your... knowledge, I just don’t under-
stand why that works.” And like, after that, I never
went back to see [the instructor] ... why would I?
No one was comfortable asking a question.
Codes: instructor-negative, help-seeking-negative,
peers-neutral

Themes: intimidation and discomfort; condescen-
sion and dismissiveness

I think the most stressful aspect was probably the
lack of organization ... because ... I'm a person
that in the beginning of the semester makes a
spreadsheet for all my classes, like the grade book
doesn’t always take like weightings into account,
so I always like to double check that I know what
my grade is and, um, like we wouldn’t get our
exams back for a very long time, and we would
ask, like, “hey, everyone has taken the exam it’s
been like a week so like anyone who had to make
up probably took it. Can you upload a key, so we
can have like an idea of how to study for the next
exam or for our next quiz?,” and [the instructor]
was like, “oh, I didn’t even make a key,” and I was
like, I would hope that you would make a key
before you would make an exam to make sure that
everything is correct. Like, even during an exam,
[the instructor] would say something is wrong,
and we would have to fix our booklets every
single exam. So, just like the lack of organization
was really stressful for me.
Codes:  classroom-negative,
instructor-negative

Themes: disorganized, lacking, or incorrect ma-
terials; lack of feedback; teaching style

exam-negative,

I think that when we had, like, homeworks and
I would have a group of friends and we would like
meet to do them, I kind of felt more confident
because I was with people who I didn’t think
would really judge me, and I was just like, “hey,
I think this is the answer,” and they would be like,
“oh yeah, I actually think it is,” I’d be like, “oh
really, okay, let’s keep going.” I think those were
the times that I was confident because I wasn’t
right in class, because in class, I kind of felt a
little more pressure because there were so many
people... where there will be people that are
smarter than you, like a lot of people. Um I think,
so when we had our take-home assignments, I felt
confident.

Codes: classroom-negative, learning activity-
positive, peers-both, social comparison, success
Themes: belonging; evidence of improvement,
learning, and mastery; discomfort; negative social
comparison, feeling judged

Yeah, um, before our second test I felt like I really
understood our concepts, so I was helping other
people out with them. Um, like I had a whole
group of students I was working with and there
were a few problems where no one was really
sure, but I did something, and I had figured it out
and then I had to explain it to everyone else and |
felt good. Because if I can teach it then I can do
the problem myself. And that’s how I study now,
like I get in a group, and we teach each other and
like through teaching each other we get better at
doing the problem...

Codes: help-seeking-positive, learning activity-
positive, peers-positive, exam-negative

Themes: prior knowledge/familiarity; evidence
of improvement, learning, and mastery; effective
study strategies

I did like the fact that, um, we did problems, it
was a flipped class so we did ... more practice
problems in class. I like the idea of clicker
questions and that was helpful because it was
an anonymous way of saying this is the answer |
got and then [the instructor] would go over the
problem. So that was, that was pretty good.

Codes:

classroom-positive,
positive, peers-positive
Themes: low-stakes practice/practice material;
clear explanations

Positive experiences. The three most frequently co- learning  activity-
occurring combinations of experience categories coded
as positive were peers and learning activity, help-seeking

and learning activity, and help-seeking and peers. The
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A lot of times I would see the TA that’s in my
recitation just like in the resource room because
I just happened to go when [they] were in there,
and [they] were a lot better one-on-one I think
cause, like, learning physics one-on-one with
someone helps so much more than in like a
classroom setting just cause, like, its more com-
fortable and stuff. And um, so yeah, I would go to
the resource room a lot to do like homework
problems cause they would like walk you through
it and then you get it.

Codes: classroom-negative, help-seeking-positive,
learning activity-positive, instructor-positive
Themes: discomfort; opportunities for one-on-
one interaction; clear explanations

I think it was like, yeah, like the second exam that
I was talking about, where I scored higher than
the rest of them ... I tend to, on tests, skip
questions that I don’t know and come back to it
and I think on that particular test, I had, when I
revisited a particular question, I was able to figure
it out. And it was probably because I was relaxing
like, okay, need to like chill and just think about it
and clear my mind and really really just grab from
deep down where there’s that information ...
I think it was because I had finished, like the open
ended part and it was just like the multiple choice,
there were just a few questions I was confused
about. So, I was like, this is like the last thing
I have to do and so it was fine for me to be like,
okay just chill, and then approach the question.
Codes: exam-positive, learning activity-positive,
success

Themes: good grade; time/resource constraints

IV. DISCUSSION

The resources and demands framework provides a
theoretical structure for modeling physics students’ expe-
riences of challenge or threat. Considering these two
independent dimensions of students’ appraisals provides
multiple possible pathways for promoting challenge and
mitigating threat: increasing perceived resources, decreas-
ing perceived demands, or doing both. Pragmatically, this
work provides a language for addressing a common physics
instructor question: “Isn’t making a course less threatening/
more inclusive just lowering our rigorous learning stan-
dards?” While high learning demands are a necessary part
of learning physics, researchers can seek to characterize
whether proposed interventions increase resources and/or
lower extraneous demands while holding the learning
demanded of students at the same level of rigor. While
we expect that many experienced instructors and research-
ers are intuitively attuned to the separate dimensions of
resources and demands, articulation and investigation of

this framework formalize these ideas and can make them
the explicit topic of instructional decision making and
further research.

Below, we discuss the answers and implications to the
following question: How can we use information about
the landscape of student experience—information about
breadth, frequency, and positive/negative associations
of different types of experiences—along with the
resources vs demands framework to further our under-
standing of the class ecology and opportunities for change?
We also propose a distinction between extraneous and
necessary demands and suggest strategies for identifying
and addressing them. Finally, we describe the limitations
and next steps of this work and some concluding thoughts.

A. Setting priorities and targets for improvement

We analyzed student discourse to understand the types of
experiences they had in introductory physics and further
classified these experiences as positive or negative to
contextualize them within the resources vs demands frame-
work. According to the theory, students are more likely
to have positive experiences in a state of challenge
(resources > demands) and negative experiences when
they are in a state of threat (demands > resources).
Therefore, the negative-to-positive ratios for experience
codes can serve as an indicator for which experiences
are more likely viewed as challenging or threatening
for students, and—along with information about code
frequency—help instructors set priorities for areas of
intervention. The themes and features associated with those
experiences bear insight into what resources and demands
are relevant for different types of experiences, and there-
fore, provide clues as to what instructors can intervene
upon to effectively shift the balance of resources and
demands in specific contexts.

The three codes that had the largest negative-to-positive
ratio scores were classroom, instructor, and exams. This
observation suggests that these are areas in the classroom
ecology where students are reporting greater threat and
may require the most change. Much work in disciplinary-
based physics education and cognitive science has
focused on creating interventions that impact the student
learning, motivation, and performance outcomes through
changes in learning activities [see Refs. [45-48] for
reviews]. There appears to be less work investigating
instructor interactions and exams as targets of intervention
[48] relative to learning activities, though these categories
have higher negative-to-positive experience ratios."
Exam and instructor were also the two most frequently
occurring codes, which suggests that interventions target-
ing these experiences could have a greater impact. Taking

llHowever, see efforts by Refs. [49,50] for work on instructor
interventions and Refs. [51,52] for work on assessment inter-
ventions.
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the exam as an example, instructors could try to minimize
grading ambiguities and help students navigate test
anxiety (reduce demands) or provide opportunities for
students to improve and demonstrate mastery (increase
resources), such as quiz corrections [53].

Another way to prioritize areas of intervention is to select
low-frequency experiences that students tend to experience
as more positive and less threatening, and increase them.
In our analysis, the two most positive (or least negative)
experiences were help-seeking and peer engagement. They
were also the first and third lowest frequency experiences,
respectively. Prior work has shown that help-seeking
behaviors are often associated with positive learning and
motivational outcomes [see Refs. [54-56] for reviews], and
the current results are consistent with this work in that this
category is associated with features of encouragement,
accessibility to one-on-one instruction, and clear explan-
ations. Our results are also consistent with much prior work
that has found that peer collaboration can be productive
for classroom motivation and learning outcomes [see
Refs. [57-59] for reviews]. The current work shows that
this category was associated with features of belonging,
clear explanations, effective learning strategies, mastery,
and positive comparison. Though there are times that peer
work can lead to unproductive and unhelpful interactions
as well, such as when they are associated with fear of
judgment, negative social comparison, and diffusion of
responsibility. An instructor attempting to incorporate more
group activities can use this information and maximize the
positive impact of their efforts by being mindful of these
potential demands.

Finally, our analysis of co-occurring codes shows the
multifaceted nature of student experiences and suggests
that interventions targeting a specific student experience
may impact perception of multiple features of the class.
For example, interventions that focus on learning activities
may have potential for decreasing multiple dimensions of
negative experience related to the instructor and classroom,
as well as the potential to increase positive aspects of peers
and help-seeking.

B. Extraneous vs necessary demands

When devising strategies to address student demands, it
may be helpful to think about their nature. For example,
some of the demands we identified can be considered
extraneous, meaning that they are not directly related to
learning or logistic constraints (e.g., clarity on grading
criteria). Necessary demands are either wunavoidable,
such as individual differences (i.e., students’ level of prior
knowledge) or practical limitations (i.e., time constraints
and class size), or fundamental to learning: having to do
with the substance of physics knowledge and related skills
and the inherent difficulty of their acquisition [60,61].
These demands are directly related to course objectives and
the learning goals set for students.

Our interpretation is consistent with—but not identical
to—two of the main components12 of cognitive load theory:
intrinsic and extraneous cognitive load [62—64]. Cognitive
load can be thought of as the amount of mental effort
required by working memory to process information during
learning, where intrinsic load is the product of information
complexity and the learner’s (lack of) expertise, and
extraneous load is any additional load imposed by instruc-
tional choices or environmental distractions. Our concep-
tualization of necessary demands completely encapsulates
the intrinsic cognitive load imposed on students to learn
physics, and there is much overlap between extraneous
demands and extraneous cognitive load. Additionally, the
idea of balancing cognitive load and working memory
capacity is analogous to the idea of balancing demands and
resources. However, the key distinction between our
framework and cognitive load theory is that our concep-
tualization of demands and resources is more holistic and
expansive, encapsulating motivational (social, emotional)
components of student experience in addition to cognitive
and instructional.

According to the resources vs demands framework, a
challenging situation is not absent of demands; rather, it is
one in which students have adequate resources that are also
in alignment with those demands. Our premise is that a
challenging physics course need not be threatening and
should be challenging for the purpose of learning, and not
due to an excess of extraneous demands. This means
reducing extraneous demands and supporting students’
resources to meet necessary demands.

Features associated with students’ positive experiences
with instructors, classrooms, and structures provide a basis
for identifying which resources could be most effective for
addressing necessary demands. For example, students had
positive experiences when explanations provided to them
were aligned with their level of understanding, when the
logic and rationale for problem-solving steps were made
explicit, when instructors made efforts to connect to
real-world examples and across domains, and when
opportunities for one-on-one interactions were available,
accessible, and actively encouraged. These observations
are consistent with the learning sciences literature showing
benefits of instructional explanations [65-67], self-
explanations [68,69], use of real-world examples [70,71],
and tutoring [72-75] on learning and performance. These
resources may be especially helpful for those students who
felt that instructors and/or lecturers assumed prior knowl-
edge they did not possess. Benefits for these students could
be compounded by using pretesting and low-stakes forma-
tive assessments to identify and monitor knowledge gaps

12Cognitive load theory also identifies germane cognitive load
as effort required for schema construction. See Ref. [62] for more
detailed definitions and distinctions.
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and then use this information to tailor scaffolding and
support to student needs [76].

We understand that the nature of a specific demand may
vary based on context, especially the difference between
those considered extraneous and unavoidable. For example,
a time constraint may be unavoidable in one situation but
extraneous in others. Class size may be determined by an
institution’s available facilities and enrollment numbers,
which are outside of the control of an instructor. Therefore,
we propose these distinctions as a useful guideline for
thinking intentionally about student demands and provide
examples of demand types, but leave it up to researchers
and practitioners to determine whether demands are extra-
neous, unavoidable, or fundamental to learning within their
learning context.

C. Limitations and future directions

We see two main limitations of the current work. The
first is with respect to aspects of internal validity, and the
second relates to the generalizability of the findings. Our
primary research goal was to describe the experiences and
course ecologies of students with negative perceptions
toward physics and their physics courses. One factor that
likely influenced our participants’ perception of their
experiences is that they were reflecting on their previous
semester’s experiences. This delay in time may have had an
impact on what features of the class were recalled and could
have been influenced by students’ ultimate performance in
the class. We expect that the reflections after the semester
would likely share both similarities and differences with
how those experiences would be perceived during the
semester. Consistent with theories of remembering, we
view memory recall as a constructive process that is
influenced by many factors, including time since the
experience [77], context of recall [ 78], prompting questions
[79], other responses [80], etc. Thus, there may be
experiences that are more likely to be reported during
the semester than after that our methods do not capture.

Yet, there are also some potential advantages to con-
ducting the interviews after the semester. The passage of
time allowed students the space to make sense of their
experience and contextualize it within their broader aca-
demic journey before trying to articulate it. Additionally,
memory may have served as a sort of filter that selected
for the most emotionally salient experiences and painted a
picture of the types of situations that are most likely to stick
with students after the class is over [81]. In addition, our
participants were screened and selected for recruitment
while the course was still in progress, so their outcome in
the course could not have affected their perceptions at that
time. Another advantage of waiting until after the semester
is that participants may feel freer to share their experiences
because the class is over.

With respect to generalizability, our explicit goal was
to understand the experiences of a specific subsample of

students—those who reported greater negative perceptions
relative to their peers. Future work could further investigate
whether these observations are also present for those who
report more positive perceptions of the class. We propose
that the demands and resources framework would be a
helpful tool to describe and understand student experiences,
even for this different subgroup.

Finally, our goal was to provide rich, qualitative descrip-
tions of student experiences. While our sampling of
24 students was good for revealing the range of possible
resources, it is not a large enough sample to make claims
about characteristic experiences in different lecture sections
(i.e., flipped format instruction), especially given that these
students were recruited from multiple lecture sections, with
different content, pedagogies, and instructors. Furthermore,
students’ qualitative reports were complex and even contra-
dictory at times. For example, some students reported that a
surplus of graded assignments made them feel like they
were constantly being evaluated, while others wanted more
graded assignments in between exams to increase account-
ability; some students enjoyed the flexibility afforded by
their flipped format course, while others felt isolated and
found it difficult to carve out the time to stay on top of
asynchronous lectures.

Therefore, we caution against drawing simple conclu-
sions about instructional features that students experienced
positively and negatively, as there is no single approach or
instructional feature that will be ideal for all students.
However, our results can provide insights into how and why
certain features of physics learning experiences create
resources and demands for students. Researchers can use
these insights to test whether providing certain resources
offsets the demands associated with a particular instruc-
tional feature. For example, normalizing mistakes, high-
lighting the learning benefits of formative assessments, or
giving students opportunities to increase their score with
effort may help students receive the accountability benefits
of graded assignments without feeling like they are being
overevaluated.

D. Conclusion

This work sheds some light on the types of experiences
students have in large, demanding university courses and
how features of the courses are perceived by students. We
provided a framework for thinking about how to relate
aspects of instruction, cognition, and motivation to student
experiences. For instructors with some intuitive under-
standing of these issues, the framework provides a way to
formally evaluate and discuss their instruction. For others,
the resources and demands framework can introduce a new
reflective lens for considering teaching practice. A key idea
to take away is that resources and demands will vary
depending on the context of a situation. Researchers and
instructors can design and evaluate instructional features on
the basis of the types of demands they create for students
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and whether they contribute to the resources students have
to meet those demands. We propose that instructional
features that reduce demands not directly related to learning
and intentionally support student resources aligned with
their demands will be most effective for creating positive
learning experiences for students. We hope that future
research can use this framework as a basis to test course
transformations and interventions.

Finally, we suggest the possibility that often, when
instructional choices place extraneous demands on stu-
dents, it is because those choices are low cost for instruc-
tors. When instructors make choices that prioritize
convenience and ease, the cost of these choices may be
passed on to students. For example, it is easy to list office
hours in the syllabus, but it takes more effort to encourage
students to attend or think about ways to make the office
hours experience less demanding and more productive once
they are there. We hope this work can support the redesign
of physics courses so that more students can experience
learning physics as a challenge and not a threat [82,83].
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APPENDIX A: JOURNEY MAPS

The purpose of this icebreaker activity was to help
students reflect on their experiences in their physics
class [84] before the interview. Researchers adhered
poster-sized pieces of paper to a wall in a portrait
orientation and drew an “S”-shaped pathway diagonally
from the upper left corner to the lower right on each sheet.
Students were provided with a pack of colored markers
and asked to annotate the pathway to represent any
challenges, successes, or milestones they experienced
along their journey through physics class. They were

instructed to use any combination of words and images
to depict their experiences.

APPENDIX B: CODE DEVELOPMENT AND
RELIABILITY TESTING PROCEDURE

1. Experience codes

After reading the transcripts and experimenting with
various coding schemes, the first author proposed a set of
11 codes and drafted corresponding definitions, inclusion,
and exclusion criteria. Five team members then inde-
pendently coded two transcripts based on the codebook.
Percent agreement and unweighted Cohen’s kappa values
were calculated for each pair of coders, and the mean
values for all pairs were calculated for each code. Coding
discrepancies were discussed by the larger team, and the
codebook was revised based on these discussions. This
process was repeated 3 times on unique transcript
samples (approximately 15% of total transcripts for each
iteration) until the mean percent agreement reached 91%
and the mean overall kappa value reached 0.66. Because
the first three iterations saw acceptable reliability for
seven codes (kappa values between 0.66 and 0.83), for the
fourth and final iteration on new content, the team only
coded for the four codes with the lowest reliability (kappa
values between 0.4 and 0.54). Following this iteration,
two codes (self-evaluation and motivation or goals) were
dropped because coding reliability failed to increase.
The kappa values for the remaining two low-reliability
codes (classroom and help-seeking) increased by 0.19
and 0.16 points, respectively, and were retained, resulting
in a final set of nine codes with the mean kappa ranging
from 0.58 to 0.82 (M = 0.72, SD = 0.07) across the
remaining set of codes and coders.

Once the experience codes were established, all 13 focus
group transcripts'® were then coded in their entirety by two
coders. The overall unweighted kappa for the full-text
coding was 0.74, and the mean percent agreement was
93%. All coding discrepancies were resolved through
review and discussion by the two coders until 100%
agreement was reached.

2. Positive and negative experience coding
(affective valence)

To categorize experiences as positive, negative, both
(positive and negative), or neutral, a separate spreadsheet
was created for each of the six experience codes. Each
text segment constituted one row in the spreadsheet.
Segments could appear in multiple spreadsheets if they
were coded with multiple experience codes (e.g., classroom
and instructor).

PAs a reminder, focus groups were conducted with groups
of 1, 2, and 3 participants, so 13 transcripts contained verbal data
from all 24 participants.
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Two research assistants then independently coded the
first half of the segments in each spreadsheet. Then, coding
discrepancies were reviewed by a third coder (the first
author). For each discrepancy, the third coder made a
judgment and provided a written explanation in the notes.
The first two coders reviewed these notes and had the
opportunity to ask for clarification. Any issues were
resolved through group discussion, and if needed, minor
adjustments to the wording of the codebook were made.
After this checkpoint, the first two coders finished coding
the remainder of the segments. Weighted kappas for the
valence codes ranged from 0.61 to 0.68, and the percent
agreement ranged from 71.5% to 80.8%. All discrepancies
were resolved by the group.

APPENDIX C: THEMES AND FEATURES
CODING RESULTS

The following sections describe common themes and
features of students’ negative and positive experiences14 by
experience category, starting with the highest negative-to-
positive ratio and ending with the lowest. Within each
category, the themes are listed in approximate order of
frequency, starting with the most commonly occurring
theme to the least common.

1. Classroom and course structures:
Themes and features

a. Negative experiences

Students talked most frequently about feeling uncom-
fortable or intimidated in the classroom setting. This was
sometimes due to specific behaviors attributed to the
professor, but also attributed to aspects of the environment,
such as large class size or the reputation of the course as
being a “weed-out” class. Students talked about lectures
or recitation sessions feeling rushed or disorganized and
materials being confusing. Students who were in a flipped-
format course talked about several challenges they faced
with this format. These challenges included the inability
to ask questions during prerecorded asynchronous lectures,
difficulty keeping up with the lecture videos, and a decrease
in motivation to come to class after falling behind. Students
experienced frustration because they felt they were not
learning in the classroom setting. Sometimes this was not
only related to the disorganization mentioned above but
also related to in-class demonstrations and problem-solving
activities. Some students expressed that in-class activities
were too simple or general and did not prepare them for
exams or homework. Others said that the problems and/or
activities were not relevant to their academic interests and
not engaging enough to hold their attention. Students

“Positive and negative themes and features from segments that
were coded as both positive and negative with respect to an
experience code are listed separately.

reported negative experiences during in-class group work
when they felt like they did not have enough instructional
support, when they could not or did not feel comfortable
contributing to the group, or when they felt like they
were not learning because it was too easy to defer to
other students for answers. Finally, students talked about
communication barriers in the classroom. In some
instances, this was a language barrier; in others, students
felt that the lecture assumed prior knowledge they did not
possess, and that information was not conveyed at a level
they could understand.

b. Positive experiences

Most commonly, students talked about specific aspects
of instruction they experienced as positive. In terms of
in-class experiences, these included relevant and interesting
demonstrations, well-organized lectures, summaries at
the beginning of class, time for additional review and/or
explanation for difficult topics, explicit connections
between different content topics, and humor. More broadly,
with regard to course structure, these included accessible
scheduling of office hours (e.g., close to class time) and
graded homework, to increase accountability. Students
who had positive experiences with the flipped-course
format reported that they liked being able to set their own
schedule and pace. Group work in the classroom was
viewed in a positive light when other students could
explain ideas in a manner that was more accessible to
them or when they viewed comparison and/or competi-
tion (e.g., answering a clicker question and seeing the
distribution of responses) as friendly and motivating.
Students also reported feeling less alone when they
struggled in class compared to studying alone. For
example, if they felt lost or confused on a topic, it was
positive if they knew that others were feeling the same.
Finally, students reported having positive experiences in
the classroom when they felt like they were able to follow
along and successfully solve the in-class examples.

2. Instructor: Themes and features
a. Negative experiences

Most commonly, students talked about negative experi-
ences with their instructors’ teaching and/or lecturing style.
In some cases, there were general comments about how the
teaching style was ineffective or incompatible with how
they learn. A few more specific features of teaching style
that were viewed negatively were that the instructor’s style
was too abstract and did not incorporate (or connect to)
real-world or specific examples, and that there was not
enough time spent on reviewing and/or summarizing
content before jumping into something new. Some students
felt that the instructor moved too quickly through topics
and valued deadlines over students’ understanding, and
would cater to select students in the class with more prior
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knowledge, as opposed to those with less. Next, students
talked about instructors failing to adequately explain
concepts or problems when students asked questions.
Specifically, they felt that instructors had a hard time
explaining their own problem-solving steps and the logic
they used to get from one step to the next. They found it
unhelpful when instructors simply gave them answers or
directed them to a slide and/or section in the book instead of
walking through a problem from the beginning. It was also
viewed as unhelpful when instructors would go through
the steps of problems too quickly without explaining the
rationale for each step.

Students also talked about how aspects of their instruc-
tor’s interactions contributed to negative experiences. In
these experiences, students described instructors as being
unapproachable or condescending, nonempathetic, dismis-
sive, or showing a lack of enthusiasm about teaching.
Additional themes included lack of support or resources
provided by the instructor, disorganized or confusing class
materials (e.g., slides had illegible handwriting or mistakes
in the calculations), lack of prompt feedback on assign-
ments, and lack of alignment between the content covered
in the lecture and exams. Finally, a few students talked
about dissatisfaction with the grading scheme set by the
instructor. Specific complaints were a lack of clarity in
grading criteria, not enough graded assignments between
exams to promote accountability, and one student men-
tioned that underweighting exams in the final grade made it
seem like their studying was pointless.

b. Positive experiences

When students spoke positively about their professors
and TAs, they generally talked about aspects of teaching
style and interactions. With respect to teaching style,
students appreciated instructors who were able to provide
clear explanations at a level that was easily understood by
students, made connections to other concepts and domains,
conducted engaging demonstrations, displayed an enthu-
siasm for the material, and incorporated humor into the
lectures. Students also appreciated when instructors made
efforts to make themselves available for office hours and
one-on-one engagement and actively encouraged students
to access these resources. With respect to interactions,
students felt positively when their instructors acknowl-
edged their fears and anxieties and provided reassurance
and empathy.

3. Exam: Themes and features
a. Negative experiences

One of the most common themes among negative
experiences with exams was that they did not match
students’ expectations, either because students felt like
the exam questions were too different from the problems

covered in class or on homeworks, because they were
simply too difficult (e.g., problems were too complex
or conceptual) or because the professor changed the test
format unexpectedly (e.g., multiple choice final after short
answer midterms). Dissatisfaction with grades or the
grading scheme was also very common. Additionally,
students expressed frustration and hopelessness when they
felt like they made great efforts to study but could not see
their labor reflected in their performance and reported
feeling stressed and anxious before exams. Students also
reported experiencing negative emotions when they were
being outperformed by their peers. Finally, some students
felt like they were being tested too much, while others felt
like they were not tested enough, although the Ilatter
sentiment was less common. Students who reported too
much testing either felt like they were being constantly
evaluated within their physics class or that their physics
exams would too often line up with exams in their other
courses, and they had to choose which exam to study for.
Students who wanted more testing felt that more low-stakes
quizzes between exams would have helped them regulate
their studying through the semester.

b. Positive experiences

The three most common themes in the students’
positive exam experiences were grades, prior experience,
and adjusting expectations. With respect to grades,
students were happy when they received a score that
met or exceeded their performance goals. However,
grades were not the only feature of exams that students
talked about positively. Having prior experience with
physics material (e.g., from high school) or familiarity
with the exam structure and well-developed study
strategies from earlier in the semester helped students
feel confident and prepared. Another thing that helped
students feel better about exams was adjusting their
expectations about performance. For example, students
who had very high absolute standards for academic
performance shifted to performance standards that were
more relative, such as personal improvement or contex-
tualizing their performance in comparison to their peers,
and this helped them feel better about exam perfor-
mance. Students also reported feelings of satisfaction
when they studied hard and felt like this effort paid off
during the exam, or when they got to the exam and felt
like they really had a grasp on the material and knew
how to navigate the problems. It is important to note that
feeling like study efforts were rewarded and having a
grasp on the material likely went hand-in-hand with
better performance, but the final performance outcome
was not the only aspect of the exam experience
that students described as positive. Finally, students
reported positive experiences when they had access to
a resource—such as a TA or a peer—who was able to
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give them some advice about what to expect on the
exam, or when the professor modified the format of the
exam in a way that was more familiar to them (e.g.,
moving to multiple choice from open-ended questions).

4. Curriculum and specific learning activities:
Themes and features

a. Negative experiences

The most common themes among the negative experiences
with the course curriculum and specific learning activities
were the inability to find effective study strategies, lack of
improvement, and feeling like study efforts were futile. When
studying, students felt like they had trouble developing more
than a shallow understanding of the material and difficulty
making connections between concepts, which was frustrating
and made them feel like they did not have a “mind” for
physics. Students talked about feeling confused because the
problem explanations provided to them did not make sense,
or they felt like there was not enough time to grasp the full
breadth of topics covered. They also felt like the problems
they were given in class or as homework did not adequately
prepare them for exams, and that there were not enough
useful practice materials provided. Procrastination and falling
behind on assignments or asynchronous activities were also
mentioned as negatively impacting learning. Students gen-
erally had negative experiences when they felt underprepared
for the class because of a lack of prior knowledge or
experience (i.e., from high school or in related subjects, like
calculus). Students who had negative experiences during
problem solving reported feeling like they had a lot of trouble
getting started with problems and moving forward when they
got stuck. Finally, some students mentioned the workload
being simply too heavy or opportunities for study (e.g., peer
study groups) being inaccessible.

b. Positive experiences

Students described feeling excited, confident, and suc-
cessful when things “clicked” and they were able to move
forward with a problem or reach a higher level of under-
standing. Students also reported increased interest and value
when they could connect physics concepts to their personal
interests and goals. These connections were facilitated by
problems and examples that were relevant to other domains
(e.g., human physiology). Some students reported this to be
true regardless of whether they were able to get the entire
problem correct in the end. It was important for students
to feel like their effort and engagement were resulting in
noticeable improvement. Working on practice problems that
were similar to exam problems was a particularly helpful
activity, although students also found external resources such
as YouTube and Khan Academy helpful. Having required—
as opposed to optional—homework was useful for ensuring
accountability (optional homework was too easy to not
complete), and having multiple opportunities to get the

homework problems correct helped relieve performance
pressure. Some positive features of classroom learning
activities (e.g., clicker questions) were that they were a
low-stakes and anonymous way to get practice, and students
appreciated the immediate feedback and explanations.

5. Help-seeking: Themes and features
a. Negative experiences

When seeking help from instructors, students reported
feeling put off due to the instructor’s teaching style being
condescending or dismissive. Students also talked about
help being inaccessible to them. Barriers to accessibility of
help with respect to office hours were scheduling and/or
logistical barriers (e.g., office hours occurred at times when
the students had other obligations), a lack of advertising
by the instructor about office hours, and a scarcity of time
and/or attention due to too many students seeking help
at the same time. Scheduling and logistic barriers were
also a factor for seeking help from peers, as was not
knowing anyone in the class. Negative social comparison
was a major factor when seeking help from peers. When
students worked with their peers, asking for help made
them feel like they were slower or less intelligent in
comparison to others. Another theme was a lack of
structure provided for help-seeking activities, such as
office hours. For example, some students felt uncomfort-
able in office hours because they knew they needed help
but did not know what questions to ask. These students
felt like a structured activity, such as a worksheet, would
have helped them generate specific questions and made
the experience less intimidating. Students also mentioned
avoiding office hours because it felt like a blow to their
pride to seek help.

b. Positive experiences

Students who had positive experiences seeking help
from their peers reported that other students were able to
explain concepts and problem-solving approaches at a level
that they found accessible. Students also talked about one-
on-one attention and having the time to work through a
set of problems in depth during office hours or tutoring
sessions as being beneficial. These types of experiences
helped increase confidence, bolster feelings of mastery,
and relieve stress and anxiety. Finally, students had positive
experiences when help-seeking opportunities were made
accessible. For example, having office hours scheduled
directly after class made it easy for a student to attend
without having to make a special trip on a different day, and
this boosted their confidence.

6. Peers: Themes and features
a. Negative experiences

Negative social comparison was a common theme in
negative experiences with peers. Students described feeling
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bad when they felt that coursework and physics learning
were easier and quicker for peers, when they felt they had
less prior knowledge compared to their peers, or when they
scored lower than the class average. Students also talked
about feeling isolated and alone when they were not able to
connect with their peers, either due to scheduling and/or
logistics or intimidation and fear of judgment. Finally,
experiences deferring to peers for answers and avoiding
working through a problem for oneself were seen as
negative. Sometimes, students described doing this because
it was the easiest route, but other times, students did not
want to risk their group members suffering the conse-
quences if they got the answer wrong.

b. Positive experiences

Students reported feeling positively about their peers if
they realized they were not alone in their struggles. For a
few students, this realization was their greatest success
during the semester. They also reported feeling confidence
and satisfaction from being able to help other students solve
a problem or understand a concept, often citing this as a
marker of their own conceptual understanding or mastery.
On the flipside, students on the receiving end of that help
(when it was productive) felt that their peers were able to
explain things to them in a way that their instructors could
not because their peers were better able to see the material
and/or problem from the perspective of a student and
describe things on their level. When students worked
together productively, they talked about how comparing
their work helped them detect errors and discover new
approaches. Students spoke positively about working
toward a common goal, being able to contribute without
fear of judgment, and being able to rely on others when
they felt less confident (although overreliance was expe-
rienced as negative). Finally, students felt motivated when
they engaged in friendly competition with others.

APPENDIX D: RESULTS FOR CODES NOT
INCLUDED IN THE MAIN RESULTS

1. Social comparison—A subset of peers

There were 85 total segments (51.8% of all peers’
segments) coded as both peers and social comparison.
Here, we describe the negative and positive experiences
with peers for this social comparison subset. Figure 6 below
shows differences in the affective valence distributions by
whether or not social comparison was reported. A majority
of the reported negative experiences with peers (70.4%)
involved some sort of social comparison, compared to
37.5% of the positive experiences. While this pattern
suggests that social comparison is more likely to be salient
when reporting negative peer experiences, social compari-
son was still present in a substantial portion of the positive
experiences.

1.00
0.75 -
Also coded as

S social comparison
g 050 - No
e . Yes

0.25

0.00

Neutral ~ Both
(n=35)

Experiences Involving Peers

Negative Positive
(m=19) (n=54) (n=56)

FIG. 6. Experiences with peers involving social comparison.

2. Success

There were 143 total segments coded as success. Of
those, 37 were coded only as success and so were not
analyzed for positive and negative themes. These were
primarily responses to question nine from the interview
protocol (see Table III), when students were asked to
define their conception of success in physics. Many
students defined success in terms of reaching a standard
of performance—achieving a target grade or passing the
class—or in terms of mastery—achieving a target level of
knowledge and competence with respect to the material
[85]. However, these definitions were not mutually exclu-
sive, and some students described them as being context
dependent. For example, one student who had taken both
courses in the introductory physics series reported defin-
ing success by grades during the first course because they
thought they would not need to use the material in the
future, and then defining success by mastery in the
second course because the material could be directly
applied to their other interests. Finally, some students
defined success outside of the performance vs mastery
framework altogether. Some examples of these defini-
tions are the ability to be comfortable with oneself and
one’s effort in the face of performance setbacks, the
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complicated situation in life.

3. Suggestions

There were 55 total segments coded as suggestions.
Fifty-two of those were also coded for other experience
codes that were analyzed for affective valence. Three were
coded only as suggestions and so were not analyzed for
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