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Educators and education researchers in postsecondary physics have rarely centered (i.e., intentionally
directed attention to) the experiences of students with disabilities, leading to an instructional environment
that is not designed to support students with disabilities. In this study, we interviewed five students who
identified with the diagnosis of attention-deficit/hyperactivity disorder (ADHD) and were enrolled in
introductory physics courses at a public four-year institution. We framed our investigation with a social
relational perspective of disability, which posits that an individual’s impairments (referred to as diagnosis
characteristics in this paper) interact with social structures to result in disabling barriers (i.e.,
characteristics of social structures which prevent equal access for individuals with disabilities). We
analyzed interview transcripts with interpretative phenomenological analysis (IPA). We found that the
participating students discussed diagnosis characteristics including difficulties with focus, being prone to
distractions, difficulties with keeping mental track of tasks and structures, and thinking often about
abstract concepts. Diagnosis characteristics identified as challenges could result in negative self-
perceptions, possibly as a result of internalized ableism. However, students also expressed that
understanding their diagnosis led to benefits such as making more informed choices about their study
strategies (e.g., using a planner or chunking their studying time). In alignment with our social relational
perspective of disability, we found that course design could support or hinder participants’ ability to use
their preferred planning or studying strategies. We also found that students experienced increased barriers
in their physics courses compared to other courses, specifically due to the increased time needed to
process information and a lack of guidance for how to effectively study content for conceptual
understanding. SCALE-UP courses introduced supports due to increased student autonomy but could also
introduce barriers due to increased distractions. We present recommendations that instructors can
implement to increase course supports. Researchers need to continue to center the experiences of students
with disabilities in STEM courses so that researchers and practitioners can identify disciplinarily specific
strategies to support student engagement and learning.
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I. INTRODUCTION

Students with disabilities make up a significant portion
of postsecondary students and enroll in science, technol-
ogy, engineering, and math (STEM) courses at equivalent
or higher rates than their peers depending on the type of
institution [1,2]. However, previous work has identified
that curricula for introductory physics courses have not

been designed to support students with disabilities [3] and
postsecondary instructors across all disciplines lack knowl-
edge about how to support students with disabilities [4–6],
even though United States laws prohibit discrimination
against students with disabilities and mandate equitable
access to course materials [7,8].
Using a social relational perspective of disability, we

posit that course structures interact with an individual’s
diagnosis characteristics to result in disabling barriers
for students with disabilities [9]. Disabling barriers are
defined as characteristics of social structures which
disable individuals with disabilities from access to
and participation in social structures; in this study the
disabling barriers of interest are primarily related to
course design [10]. However, there is a significant lack
of research investigating the experiences of students with
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disabilities in postsecondary physics courses. To add to
this knowledge base, we investigated the experiences
of students with attention-deficit/hyperactivity disorder
(ADHD) in introductory physics courses at a single
institution.We interviewed students withADHD to explore
how they understood their diagnosis, i.e., diagnosis char-
acteristics, and the practices they implemented to succeed
in postsecondary courses. By identifying this information,
we were able to distinguish how physics courses interacted
with participants’ diagnosis characteristics and imple-
mented practices to result in supportive or disabling
experiences. From students’ experiences, we recommend
practices and strategies instructors can implement to
increase support for students with ADHD, especially in
introductory physics courses.
Next, we present several models of disability, includ-

ing the social relational perspective that we used in
this study. Following this we describe the representation
of students with disabilities in postsecondary STEM.
We also summarize the legislative requirements for
postsecondary institutions along with the research on
accommodation use, postsecondary instructors’ knowl-
edge about students with disabilities, and the experi-
ences of postsecondary students with disabilities in
STEM courses.

A. Models of disability

Disability can be conceptualized through different
models. Models of disability vary in where they position
the source of disability (e.g., within the individual versus
within social structures), which impacts the framing of
response to challenges experienced by people with dis-
abilities. People who are able-bodied (i.e., do not identify
with a disability) often hold a medical model perspective
of disability [11]. In this model, disability is described
as a consequence of a personal, functional limitation (i.e.,
impairment to be “cured” or “fixed”) [12]. Byproducts
of the medical model include medication or technologies
which have been developed in response to “limitations.”
Alternately, many people in the disability rights movement
hold beliefs aligned with the social model of disability
[13]. The social model situates disability within social
constructs rather than within the individual. Social
constructs are things made by people for people (e.g.,
manmade structures, learning environments, media).
Applying the social model, Goodley [12] states that
“social, cultural, historical, economic, relational, and
political factors disable individuals” and that “disabled
individuals” can be given access through the reduction of
social barriers (p. 9). While there are other perspectives of
disability, the medical and social models have been driving
forces in modern Western industrialized societies’ social
structures and legislation and are relevant to our context;
different models may be more relevant in other contexts,
such as the Global South [14].

B. Model of disability employed in this study:
Social relational perspective

In this study, we applied the social relational perspective
of disability, a particular take on the social model that
emphasizes the relationship between impairment and dis-
abling social structures [9]. Under this model, Thomas [9]
defines disability as “…social exclusion on the grounds of
impairment” (p. 15) and impairment as “… the embodied
sociobiological substance—socially marked as unaccept-
able bodily deviation—that mediates the social relation-
ships in question” (p. 15). Thomas posits that while
impairments have a biological source (i.e., they are not
caused by social structures), impairments are socially
understood (i.e., they are identified and understood through
comparison to others).
The social relational perspective acknowledges that

impairments shape individuals’ experiences. Thomas
[9] argues for the inclusion of this perspective of impair-
ment in the social model, which traditionally ignores
personal characteristics (i.e., impairments) and only
focuses on social structures. While the social relational
perspective maintains the social model stance that social
structures create barriers that disable people, it also
defines “impairment effects” as other limitations a person
may experience due to their impairment that cannot be
remediated by social change. Thomas demonstrates the
difference between impairment effects and disability with
a personal example: “the fact that I cannot hold a spoon or
a saucepan in my left hand is an effect of my impairment
and does not constitute disability in the social relational
sense.” [15] (p. 43).
In place of Thomas’s impairment effects, we use the term

“diagnosis characteristics” to make space for the limiting
and/or negative characteristics individuals associate with
their diagnosis as well as positive byproducts that individ-
uals associate with their diagnosis. Diagnosis character-
istics better aligns with the affirmative model of disability,
which posits “…a non-tragic view of disability and impair-
ment which encompasses positive social identities, both
individual and collective…” [16] (p. 569). For example,
Swain and French describe that disabled individual’s
impairments may lead them to have increased empathy
for others in oppressive situations [16].
Our adoption of the social relational perspective has two

significant effects on this study. First, we identified dis-
abling course structures based on students’ perceptions of
the interactions between their diagnosis characteristics and
course structures that resulted in barriers or provided
supports. Thus, we had to investigate student’s diagnosis
characteristics in order to identify when students experi-
enced course structures that interacted with those diagnosis
characteristics. Second, we targeted our recommendations
at the course structure level since instructors and institu-
tions have the agency to adjust course structures to reduce
barriers and support access.
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C. Students with disabilities in postsecondary education

Students with disabilities1 comprise 10%–20% of the
college student population [18,19], and it is estimated that
between 20% and 30% of students with disabilities have a
specific diagnosis of an attention disorder (e.g., ADHD)2

[21]. Thus, approximately 2%–6% of college students
identify with ADHD. Additionally, in 2015 10.5% of
students enrolled in science and engineering degree pro-
grams were students with disabilities [18], and Lee [2]
found that students with disabilities are just as likely to
enroll in STEM degree programs as students without
disabilities. At two year institutions, students with dis-
abilities were more likely to choose STEM majors than
students without disabilities [2].

D. Existing supports for students with disabilities
provided in college

Both accommodations and inclusive practices can pro-
vide support for students with disabilities in college.
Inclusive practices provide multiple routes for students
to engage, supporting engagement by students with a
variety of needs, abilities, and interests [22]. On the other
hand, accommodations are extra supports provided to
individual students, often by an institution’s disability
services office (DSO), to provide students with disabilities
similar access to the course as other students. For example,
a student with ADHD may receive a quiet testing envi-
ronment as an accommodation because typical classroom
noises affect their concentration and ability to demonstrate
their understanding of course material. Accommodations
are legally mandated based on requirements stating that if
equal access is not possible within existing environments,
then an institution must “provide appropriate academic
adjustments as necessary to ensure that it does not
discriminate on the basis of disability” (e.g. extra test time,
note taking services, and interpreters) [23]. The legislative
requirements for K–12 are more extensive and include the
responsibility to identify and diagnose students with no
additional cost to families. Once a student is diagnosed, the
school is responsible for the development of an individual
education plan (IEP) for the student, which outlines when
learning goals will be achieved and the supports that will be
provided to ensure the goals are achieved [24]. Thus,
students transitioning from K–12 to postsecondary settings
may encounter a significant reduction in supports.

Students with disabilities have reported that accommo-
dations are critical for their success [25–27]. Ofiesh et al.
[27] found that extra test time was particularly beneficial
for students with ADHD as it gave students the time to
focus and take a break if necessary. While many instructors
are aware of the obligation to provide accommodations,
there is significant variation in their familiarity with
legislation related to accessibility in postsecondary educa-
tion [28–30]. This can result in some instructors not
providing or allowing the use of accommodations, even
though there is a legal requirement to do so [28,31,32].
Additional barriers to receiving accommodations include
the requirements for a formal disability diagnosis to receive
accommodation services and a lack of student awareness
regarding the services available to them. Students may also
opt to not use accommodations due to desires to be self-
sufficient and address their needs on their own [31,33] or
fears of disability stigma (e.g., that professors or peers will
view them differently or negatively because of their
disability diagnosis) [32,34,35]. Thus, while postsecondary
institutions are required to provide accommodations, stu-
dents may not use them.
As facilitators of learning, instructors can increase or

decrease the support for learner variation in their courses
based on how they have students receive, engage with, and
express understanding of content [36]. However, postsec-
ondary instructors lack knowledge of how to support
students with disabilities in their courses [4–6] and often
come into teaching with little to no experience related to
supporting students with disabilities [37]. Few STEM
instructors have received training in teaching [38], let
alone training related to supporting students with disabil-
ities [39], and often only learn to support students with
disabilities through prolonged teaching and interaction
with them in their courses [40,41]. The effect is that
students report that instructors lack familiarity in working
with [35,42] and know little about [4] students with
disabilities.

E. There is a lack of research about the experiences
of students with disabilities in STEM courses

Significant work has been done to investigate the
experiences and perspectives of students with ADHD
in postsecondary environments [26,43,44]. However,
these findings are not specific to any course or dis-
cipline. Student experiences vary based on context, and
physics courses present new challenges for many
students [45].
Recent research has begun to investigate the accessibil-

ity of physics departments [46] and curriculum [3], and
multiple studies have problematized and addressed barriers
experienced in physics labs for individuals with auditory
or visual impairments [47–49]. However, little work has
investigated the specific experiences of students with
nonapparent disabilities in physics courses. Impairments

1The statistics for the postsecondary enrollment of students
with disabilities vary due to different methods of data collection,
specifically in definitions of disability categories and identifica-
tion of disabilities [4,17].

2This data source lists the diagnoses of ADHD and attention
deficit disorder (ADD). However, the use of ADD was removed
in Diagnostic Statistical Manual (DSM)-III-R, a manual for
diagnosing individuals with disabilities [20], so we will only
use ADHD.
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like ADHD, learning disabilities, autism spectrum disor-
der, and anxiety are sometimes called invisible, hidden, or
nonapparent disabilities because they do not carry a
physical marker and may not be apparent to outside
observers. Social movements focusing on the rights of
individuals with disabilities [11] have demonstrated the
importance of centering people with disabilities in explor-
ing their experiences, identifying supports and barriers,
and designing solutions [50]. Previous research has also
shown that centering people with disabilities is effective in
improving how STEM instructors [40] and departments
[51] support students with disabilities. In our context, we
define centering to mean the intentional attentiveness to
the experiences and perspectives of a group of people.
Kerschbaum and Price explain “centering disability
involves turning to disabled people’s lived experiences
to generate transformational knowledge that can contribute
to more equitable practices” (pg. 98). Centering is espe-
cially important for populations that have been tradition-
ally marginalized and underinvestigated, such as
individuals with disabilities [52].
To summarize, students with disabilities enroll in

postsecondary physics courses, however, little work
has investigated whether the existing course structures
support or hinder students with disabilities. Though there
is a legal requirement to ensure courses are accessible
for students with disabilities, instructors lack awareness
of how to support students with disabilities and physics
courses and content are not designed with this popula-
tion in mind. The consequence is that students with
disabilities encounter disabling course practices which
inhibit equal access to engaging with physics courses.
By interviewing students with disabilities about their
experiences in postsecondary physics courses, we iden-
tified existing barriers in physics courses and suggest
strategies and practices which can make physics courses
more inclusive.

II. RESEARCH QUESTIONS

Because of the lack of knowledge about the experi-
ences of students with disabilities in postsecondary
STEM, we investigated students’ experiences in postsec-
ondary STEM courses. We specifically sought to inves-
tigate what disabling or supportive experiences students
with disabilities had in STEM courses due to interactions
between diagnosis characteristics and course structures
(i.e., aligned with the social relational perspective), which
also led to participants describing their views of their
diagnosis characteristics.

1. What diagnosis characteristics do students with
ADHD associate with their diagnosis, and how do
students view these diagnosis characteristics?

2. What course structures interact with students’ diag-
nosis characteristics to support or disable students
with ADHD in physics and nonphysics courses?

III. METHODS

We chose to collect data through individual interviews to
provide depth versus generalization of findings. In this
section we describe our analytic framework, interpretative
phenomenological analysis, and the positionality of our
research team. Next, we discuss our recruitment of students
with ADHD. We also outline the analysis procedure and
steps taken to increase the trustworthiness of our inter-
pretations of participants’ experiences.

A. Analytic framework

We analyzed the interview transcripts generated in this
study with interpretative phenomenological analysis (IPA)
because this framework acknowledges that we are research-
ers interpreting the lived experiences of others [53]. IPA
follows a hermeneutic theory and methodology, which
proposes that to investigate an individual’s lived experi-
ences, the investigator must interpret the words and mindset
of the individual in question [54]. In IPA, this interpretation
process is acknowledged as having two levels: the
researcher is making sense of participants who are making
sense of their experiences. The researcher also has the
capacity to make connections participants may be unaware
of, such as across participants’ experiences or in relation to
previous research [53]. Because of the focus on the detail
and breadth of experiences of each participant, Smith and
Osborn recommend small sample sizes; they suggest six
participants for researchers new to using IPA [53].
We selected this methodology because it respects the

unique perspective each participant holds towards disabil-
ity. At the same time, IPA acknowledges the researchers’
roles as active interpreters, which was critical in this study
as we needed to actively interpret participant’s responses
throughout analysis to identify course structures that
interacted with participant’s diagnosis characteristics. We
also recognized that significant work has been done
regarding disability, and IPA supports the use of this
previous work as a rich lens to contextualize our findings.

B. Positionality

In this section we document the backgrounds of the
researchers involved in analysis and how we chose to
respond to, or take into account, these backgrounds in our
interpretative phenomenological analysis of participants’
experiences. Since we are active interpreters of the data, our
identities, background knowledge, and experiences will
affect the interpretations we generate. By acknowledging
our identities, we can better account for how they may
affect our interpretations of data [55,56]. Three researchers
(W. J., K. L., and C. B.) worked collaboratively during
analysis. Our research team represented a range of dis-
ability identities, including nondisabled, diagnosed with
ADHD, and undiagnosed but identifying with diagnosis
characteristics associated with ADHD. One of us was a
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graduate student (W. J.) and the others were undergraduate
students (K. L., C. B.). We come from a variety of disci-
plinary backgrounds, including physics and nonphysics
backgrounds.
The IPA framework emphasizes a “participant-oriented”

analysis and therefore recommends researchers bracket
(i.e., set aside) their experiences or perspectives when
interpreting participants’ interpretations of experiences
[53,57]. However, researchers may be unaware of when
they are bringing personal experiences or perspectives into
the interpretation. In alignment with the IPA framework, we
aimed to have interpretations be based on what participants
intended to express rather than what we researchers have
experienced. By intentionally forming a research team from
a variety of backgrounds, we sought to provide external
checks (i.e., other researchers) who could identify when a
researcher’s personal experiences or perspectives regarding
disability were leading to interpretations that went beyond
what participants intended to express [58].
We highly valued including researchers who were

students and who identified with a disability, as we believed
they were well equipped for this analysis due to their
intimate familiarity with how course structures can support
or disable them due to interactions with diagnosis charac-
teristics. However, we still did not want to assume that
participants’ experiences regarding ADHD and course
structures were the same as researchers’ experiences
regarding ADHD and course structures. Therefore, though
one researcher did identify with ADHD, we did not give
increased weight to their interpretations since we did not
want to assume the experiences of participants were the
same as this researcher’s experiences. We sought to give
equal value to each researchers’ perspectives to support
aligning our interpretations with the experiences partic-
ipants intended to express.

C. Participants, context, and data collection

Participants were recruited from introductory physics
and chemistry courses at a large southeastern research-
intensive university. Recruitment was done through emails
which the university’s disability service office sent on our
behalf to students registered with their office. We also
requested that the course instructors send this email to all
students to recruit students who identified with a disability
but had not registered with the disability service office, and
we contacted students who confirmed that they identified
with a disability. Participants took part in one-hour long
semistructured interviews at the beginning and end of the
semester. The interviews focused on the student’s experi-
ences in their college courses, with an emphasis on their
STEM courses and how their diagnosis interacted with their
college experiences. A limitation of the interview protocol
is that it was not intentionally designed to have participants
explicitly identify diagnosis characteristics. There were
only two questions with specific prompts regarding how

participants’ diagnoses interacted with their course, and
follow-up questions were also not intentionally focused
on having participants identify diagnosis characteristics.
The graduate student researcher (W. J.) conducted the
interviews. Audio recordings of the interviews were tran-
scribed verbatim for analysis.
We recruited a total of nineteen students from introduc-

tory physics and chemistry courses across three semesters.
Eleven of these students identified with a diagnosis of
ADHD. We chose to focus on these eleven participants to
both reduce our sample (in line with recommendations for
sample size for IPA) and to investigate whether individuals
with a similar disability diagnosis reported similar expe-
riences in postsecondary STEM courses. To further focus
and reduce our sample, the lead author did a preliminary
search through the eleven participants’ transcripts, going
line by line and identifying instances where participants
made explicit connections between their diagnosis and
how it affected their interaction with their postsecondary
courses. Because of our social relational perspective of
disability, these statements were necessary to identify a
participant’s diagnosis characteristics, which in turn were
necessary to identify disabling barriers. W. J. selected five
participants for analysis based on the numerous, explicit
statements made during both of their interviews (beginning
and end of semester) about how their diagnosis affected
their interactions with day-to-day life. Though participants
were recruited from both introductory physics and chem-
istry courses, these five participants were coincidently only
in introductory physics courses.
Table I displays the participants’ pseudonym, the age at

which they were diagnosed with ADHD, and style of
course they were enrolled in.3 At this university, introduc-
tory physics students have a choice between two styles
of courses: traditional lecture or SCALE-UP. SCALE-UP
courses combine typical lecture, recitation, and labora-
tory course components, and instructors are encouraged to
reduce lecture time to allow time for students to engage
with content through worksheets, labs, practice problems,
and other student-centered activities [59]. To support in-
class group work, the SCALE-UP course uses a unique
classroom environment (e.g., large round tables). Research

TABLE I. Participant information.

Age of diagnosis Style of course

Participant 1 20 Lecture
Participant 2 16 SCALE-UP
Participant 3 22 SCALE-UP
Participant 4 14 Lecture
Participant 5 11 SCALE-UP

3We did not collect additional demographic data such as race,
gender, or LGBTQ identity as we did not frame our study using
an intersectionality lens.
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has shown that SCALE-UP increases course-level learning
outcomes and particularly supports course outcomes for
underrepresented populations, such as women and Black,
Indigenous, and People of Color students [59]. However,
we are not aware of any work that investigates the
experiences of students with disabilities in SCALE-UP
courses. While students have a choice between traditional
and SCALE-UP physics courses at this university, many
students who have not previously taken a SCALE-UP
course are not aware of these differences when enrolling,
even though short course descriptions are provided in the
online course registration portal.

D. Process for analysis

Following the IPA process described by Smith and
Osborn [53], we started with each researcher independently
reading and rereading the transcripts. Next, we generated
“comments” that summarized, made connections across,
and/or provided a preliminary interpretation of instances
where a participant identified a diagnosis characteristic or
expressed an interaction between a diagnosis characteristic
and some course structure. Once one of the researchers
identified one of the instances defined above, we notified
the other researchers and discussed what the participant
expressed and how to annotate the idea. After commenting
on an entire transcript, we then went through each comment
and generated “themes”, “… which aim to capture
the essential quality of what was found in the text”
(p. 68). To identify the superordinate themes (main points),
we reviewed the themes expressed by each participant.
To facilitate this process, we each independently generated
a short narrative of the ideas and experiences that we
identified to be the most salient across the participant’s
themes. We discussed these narratives to reach consensus
about the superordinate themes a participant expressed.
The graduate student researcher (W. J.) then organized
the themes under these superordinate themes, with each
theme only being represented in one superordinate theme.
The superordinate themes, and the themes organized
underneath them, were presented to the other researchers
(K. L., C. B.) for their feedback and revisions. We dis-
cussed this organization and reached a final agreement
on which themes should be represented under each
superordinate theme.
We worked through these analysis steps independently

and iteratively for each participant. Because each partici-
pant could uniquely identify diagnosis characteristics, we
aimed to not have the findings from one participant
influence our analysis of another’s interview transcript at
this stage.
Finally, we met to generate an overall table of super-

ordinate themes based on the superordinate themes from
every participant. IPA focuses on describing similar expe-
riences from multiple participant’s perspectives. In align-
ment with this goal, we identified subthemes based on ideas

that two or more participants expressed. Further organiza-
tion was necessary due to the number of subthemes
generated, so we generated superordinate themes which
grouped the subthemes and allowed us to present a
cohesive narrative for our findings.
In the previous meetings, we did not document which

specific participants expressed each subtheme. To address
this lapse in record keeping, each researcher independently
went through each subtheme and identified which partic-
ipants expressed the subtheme. We then met again to reach
consensus on which participants expressed each subtheme.
Each participant was represented in at least one of these
superordinate themes. The graduate student (W. J.) then
organized this list of superordinate themes into a narrative
account and connected findings to previous literature [53].
All three researchers gave their input about this narrative,
and the final result is presented in this paper. It is important
to note that at every step of analysis, we checked any claims
or interpretations against the transcripts “to make sure the
connections work for the primary source material—the
actual words of the participant” [53] (p. 72).

E. Power dynamics

To address the power dynamics4 between the graduate
student (W. J.) and undergraduate students (K. L, C. B.),
we established norms that every researcher’s perspective
was equally valuable. To support the established norms,
researchers were encouraged to present their interpretations
and disagree if they had differing opinions. If a disagree-
ment occurred during analysis, we discussed the topic until
an agreement was reached among all researchers. Though
many disagreements occurred, every discussion of these
disagreements resulted in all researchers agreeing on one
interpretation. The intent of these practices was to support
each researcher’s interpretations being equally valued, but
we acknowledge that the imbalance of power between
researchers can result in this goal never fully being
achieved [60]. The consequence is that the graduate
student’s interpretations may have been more accepted,
despite intentional efforts to prevent any researcher’s
interpretations being dominant.

F. Building the trustworthiness of our interpretations

The lead researcher (W. J.) trained the other two
researchers (K. L. and C. B.) in the IPA process. In these
independent training sessions, the lead researcher went
through an example transcript with the other researcher to
practice identifying instances where a participant made
explicit connections between their diagnosis, impairment,

4We recognize that variation among aspects of our identities,
such as gender, race, ethnicity, disability status, age, and position
within the university, resulted in imbalances in power and
authority.
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and their experiences in college courses and generating
comments and themes.
As described in the positionality section, the research

team represents a range of disability identities, which
increased our ability to generate trustworthy interpreta-
tions. While there are numerous studies that have identified
impairments commonly associated with ADHD [61,62],
we followed recommendations found in IPA literature
to bracket (i.e., put aside) our prior perspectives and
experiences regarding disability during analysis [53]. We
only generated comments and themes based on what the
participant expressed regarding their diagnosis character-
istics and which of their diagnosis characteristics interacted
with course structures. Additionally, researchers were
encouraged to question each other’s generated interpreta-
tions and inquire how a participant’s statement expressed
that idea. Since researchers had varied perspectives, differ-
ing interpretations could arise and researchers would have
to defend their interpretations based on what participants
expressed. This process supported interpretations being
more aligned with the participant’s own descriptions of
their experiences and is a form of ongoing peer review,
which Creswell and Poth identify as helpful in building
trustworthy interpretations [63]. While IPA allows for
making connections to previous literature throughout
analysis, we chose to make these connections after first
presenting participant’s perspectives. This decision was
made to emphasize the uniqueness of each participant’s
experience of disability [11].

IV. FINDINGS AND DISCUSSION

We identified four superordinate themes across partic-
ipants: (i) diagnosis characteristics could be challenging or

beneficial, (ii) ADHD is understood socially and under-
standing their diagnosis supports student agency, (iii) course
practices lead to disabling and supportive experiences, and
(iv) disabling course structures have a greater effect in
physics courses. Table II shows these superordinate themes
organized under the relevant research questions, along with
their subthemes and the participants who expressed them.
Superordinate themes 1 through 3 refer to participants’

general postsecondary experiences; the experiences
reported here may have also occurred in the participants’
physics courses, but they did not exclusively occur in
physics courses. Superordinate theme 4 reports experiences
participants attributed exclusively to physics courses.
Though we identify diagnosis characteristics and par-

ticipant perspectives of them, we do not provide recom-
mendations for how these diagnosis characteristics can be
reduced or eliminated. Such an approach would be aligned
with the medical model. Rather we report the diagnosis
characteristics and how participants understand them
because we identified the course structures that interacted
with diagnosis characteristics to result in supportive or
disabling experiences. We report how participants view
their diagnosis characteristics to reveal the negative impact
of our ableist culture, especially because disability stigma
became a disabling barrier that prevented students from
using accommodations. Figure 1 shows how all the super-
ordinate themes tie together to describe participants’
supportive and disabling experiences in physics courses.
Findings will be presented by first expressing our

interpretations of participant’s perspectives within each
superordinate theme. We found that many participant
perspectives were aligned with a medical model view,
likely due to the pervasiveness of this perspective in our

TABLE II. Superordinate and subthemes and their representation across participants, organized by research question.

Participant

Superordinate themes Subthemes 1 2 3 4 5

RQ1: What diagnosis characteristics do students with ADHD associate with their diagnosis, and how do students view these
diagnosis characteristics?

1. Diagnosis characteristics could be
challenging or beneficial

Beneficial diagnosis characteristics X X
Challenging diagnosis characteristics X X X X X

2. ADHD is understood socially and
understanding their diagnosis supports
student agency

Understood in relation to others X X X X X
Agency supported by understanding
of diagnosis

X X X X

RQ2: What course structures interact with students’ diagnosis characteristics to support or disable students with ADHD in physics
and nonphysics courses?

3. Course structures lead to disabling
and supportive experiences

Personal practices affected by course structures X X X X X
Insufficient time on tests introduced barriers X X X
Extra test time as “unfair” advantage X X X

4. Disabling course structures have
a greater effect in physics courses

More time needed for learning and expressing
understanding

X X X

Barriers to staying on pace X X
SCALE-UP course supports and barriers X X X
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society and academic institutions, which are markedly
ableist [64]. We seek to report participant’s interpretations
of their experiences, but we also use our knowledge as
researchers to contextualize these findings using a social
relational perspective lens. The result is that our interpre-
tations are structured to identify how course structures
interact with diagnosis characteristics to result in disabling
or supportive experiences.
We follow participants’ perspectives with how the

perspectives relate to previous research and/or recommen-
dations for how instructors can reduce identified course
barriers. In alignment with the social relational perspective,
all recommendations are targeted at how course structures
or instructor perceptions can be modified. This contrasts
with a medical model view which would recommend
practices for changing students and/or their behavior.

A. Challenging and beneficial diagnosis characteristics

Since supportive or disabling course practices are char-
acterized by interactions with participants’ diagnosis char-
acteristics, we first must investigate participants’ diagnosis
characteristics. Participants identified diagnosis character-
istics of ADHD that included difficulties with focus, being
prone to distractions, difficulties with keeping mental track
of tasks and structures, and frequently ruminating about
abstract concepts taught in their courses. These diagnosis
characteristics were reported as beneficial or challenging
based on their impact on day to day life.

1. Beneficial diagnosis characteristics

Participant 2 and participant 5 identified positive effects
their ADHD had on their learning, but only participant 5

gave specific examples of what the positive effects were.
When participant 5 was asked if having ADHD has shaped
their experience in their physics course, they expressed that
a diagnosis characteristic of having ADHD for them was
thinking more often, especially about abstract concepts
which were taught in their courses and how they were
connected. Participant 5 shared how this diagnosis char-
acteristic benefited their learning in physics courses: “Um,
in, in some manners I think about it [physics] a lot more,
I think, than a lot of other people do. Just because that’s,
there’s a lot more thoughts always coming in. I feel like one
thing I can do a lot better than maybe other students can is
just very well abstract things. Um, like see that, ‘Oh, yeah.
I think I used this over here, and so it could be relatable
over here’ because, you know, followed a similar pat-
tern…” Thus, participant 5 viewed their rumination about
abstracts concepts, an ADHD diagnosis characteristic, as
positively affecting their learning in physics.

Connections to literature.—The affirmative model of dis-
ability embraces the idea that diagnosis characteristics can
be beneficial, challenging the traditional view of normality
by asserting that an individual’s diagnosis characteristics
can result in a positive identity [16].

2. Challenging diagnosis characteristics

All five participants identified challenges arising
from diagnosis characteristics which they explicitly con-
nected to having ADHD. These diagnosis characteristics
included difficulties with focus, being prone to distractions,
and difficulties with keeping mental track of tasks and
structures (e.g., how a course is designed, reoccurring

FIG. 1. Diagram showing how superordinate themes 1 and 2 give a description of participants’ understanding of having ADHD, and
how understanding ADHD influenced superordinate themes 3 and 4, which describe participants’ experiences in postsecondary courses.
This demonstrates how superordinate theme 4 includes barriers that existed throughout students’ postsecondary experience and were
increased in their physics courses. Examples from findings are included in each section to clarify connections between superordinate
themes.
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commitments, interactions between school and social life).
Participant 3 shared that difficulties with focus were
associated with having ADHD and that maintaining focus
was a time intensive and exhausting task. Specifically,
Participant 3 stated: “…it takes me a long time to focus.
So… since it [focusing on task] takes me so long and since
my focus time is so low… it takes a long time to get focused.
It doesn’t last that long. So… after that energy expends,
then it’s like, okay, get focused again.”
Participant 2 identified being easily distracted as a

characteristic of their ADHD diagnosis and that this
affected their learning during lecture because they were
likely to get distracted: “Yes, ‘cause I have ADHD, so it’s
really easy for me to get distracted, so when someone’s
lecturing I just kind of, the moment I like lose focus for a
little bit and I come back and I don’t know what’s
going on.”
Participant 1 expressed that they had only recently been

diagnosed with ADHD, and they were beginning to under-
stand themselves better by investigating the diagnosis of
ADHD. When asked if they had encountered any chal-
lenges due to their diagnosis, participant 1 identified a
challenge with remembering the tasks required of them
from school and their social life and described that they
have addressed this challenge by having their schedule in a
digital format: “…actually the biggest barrier for me was
understanding exactly how it is I should structure my life
[shows Google calendar on phone to interviewer]. If, this
was something that I, if I hadn’t started doing, my life
would, I don’t know where it’d be.”

Connections to literature.—Challenges with focus, atten-
tion, and keeping track of tasks are markers that clinical
psychologists use when diagnosing individuals with
ADHD [65]. We see that participants do not characterize
their diagnosis characteristics as markers given by external,
third parties, such as clinical psychologists. Rather we see
that the participants self-identify with these diagnosis
characteristics and that they use this understanding of their
diagnosis to understand themselves and how they interact
with the learning environment. The challenges described
here are attributed to personal qualities (i.e., diagnosis
characteristics) which are independent of social structures.
This finding aligns with the social relational perspective’s
argument that diagnosis characteristics have qualities that
cannot be remedied by social change. However, in later
sections we report how course structures interact with these
diagnosis characteristics to result in disabling barriers.
Our findings also reveal that participants identified more

negative impacts on their learning than positive impacts.
This imbalance can result in a view of ADHD as being
inherently negative. Previous studies in which students with
ADHD were interviewed or surveyed have also found
students identified more negative diagnosis characteristics
than positive diagnosis characteristics. Negative self-views

of ADHD can cause students to have lower self-esteem
and a lower perceived ability to succeed in college
[35,66]. The medical model offers an interpretation that
anxiety and depression are often comorbid with ADHD;
however, the social model pushes us to ask, “to what
extent are comorbid anxiety and depression mediated by
experiences of institutional and interpersonal ableism?”
[67] (p. 3). Negative feedback about ADHD diagnosis
characteristics may “have a detrimental impact on an
individual’s self-concept and psychosocial functioning”
[67] (p. 3). Thus, negative self-views may be an example
of internalized ableism.

Recommendations for instructors.—If instructors hold the
viewpoint that ADHD is inherently negative, a conse-
quence could be lower expectations of students with
disabilities or doubting their ability to succeed [68–70].
This could lead to instructors not engaging with students
with disabilities or being less willing to enact practices to
support students with disabilities. Therefore, we recom-
mend that instructors recognize and celebrate the variability
in learners’ needs, interests, and abilities. By doing so,
instructors support a culture which celebrates diversity,
rather than marginalizing differences. For example, instruc-
tors could highlight strengths related to diagnosis character-
istics that are relevant for the discipline. Research has found
that postsecondary faculty recognize strengths such as
“ability to focus for extended periods, adherence to rules
and protocols, and outside-the-box thinking” among col-
lege students who have autism [71]. Other examples
include hosting speakers with marginalized identities [71]
or otherwise engaging students in learning about the
backgrounds of physicists.
For example, Dounas-Frazer designed an activity

through which he features women and gender minority
physicists—mostly women of color—in the physics
courses he teaches [72]. Developed in 2019 in consultation
with Byrd who was then in an accountability partnership
with Dounas-Frazer [73], the activity comprises four major
components: (i) about three times per week, during lecture,
the instructor features a physicist by giving a three- to five-
minute presentation about the physicist, their research, and
their educational and career pathway; (ii) after class, the
instructor uses an online course management program to
provide students with links to interviews, blogs, podcasts,
or videos that they can use to learn more about the physicist
featured during lecture; (iii) on the take-home portion of
each midterm exam, the instructor includes a credit-bearing
question that prompts students to identify a featured
physicist who interests them, explain what they find
interesting about the physicist, and describe whether and
why they view the physicist as a role model; and (iv) on
the last day of class, the instructor shows a collage of all the
physicists who were featured in class and discusses the
importance of identifying multiple, diverse role models.
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The activity that Dounas-Frazer designed can be adapted in
straightforward ways to focus more explicitly on physicists
with disabilities. Indeed, Dounas-Frazer has featured K.
Renee Horton [74] and Wanda Díaz Merced [75] as part of
this activity, each time describing how their disabilities
constrained and informed their educational and career
pathways.

B. ADHD is understood socially and understanding
the diagnosis supports student agency

Participants primarily expressed diagnosis characteris-
tics in comparison to others, specifically in the context that
tasks were more challenging for participants than their
peers, resulting in negative self-views and possible inter-
nalized ableism for some participants. Some participants
found that by understanding their diagnosis, they were able
to identify strategies that increased their likelihood for
success.

1. Understood in relation to others

Participants expressed varied perspectives about their
diagnosis characteristics; this is not surprising since par-
ticipants’ perspectives are shaped over time and influenced
by factors including when they were diagnosed, the
supports they have received, and their interactions with
others [76,77]. A subtheme identified in all participants’
interviews was that diagnosis characteristics were almost
always referenced in comparison to others, and “others”
were typically participants’ peers in their courses. For
example, participant 1 expressed the consistent feeling that
it takes them more effort to accomplish the same tasks as
their peers: “I tell myself that everyone here has the
efficiency of a God, whereas I have to do more work for
the same or less results. And that’s just something that I’ve
always had to deal with…”
When participant 4 was asked if they had encountered

any barriers to learning due to having ADHD, they
responded with comparisons to their peers. Specifically,
they identified that a diagnosis characteristic of having
ADHD was that they required more time to process and
would make more mistakes than their peers. They also
identified that these diagnosis characteristics made them
have lower self-worth in the past: “…for me feeling like I’m
less than anyone else, like, I used to feel like that, I guess,
just because, like, I think it’s a little bit of more time for me
to process things and, like, I tend to make a little bit more
mistakes than what other people do…”
These findings show us that diagnosis characteristics

were primarily characterized by the participant’s ability in
some area, and participants frequently used their percep-
tions of peers’ abilities as a benchmark for their own. This
finding is in line with the social relational perspective,
which proposes that diagnosis characteristics are socially
understood [9].

Connections to literature.—The majority of participants’
comparisons to others were framed such that the participant
felt less capable compared to their peers. Previous studies
have also reported the negative consequences of such
comparisons on students’ motivation and self-efficacy
[35,66,78]. Additionally, Baines’ study of high school
science students with disabilities found “when a student
with a disability is negatively perceived by those around
him, he can be restricted in his access to valued oppor-
tunities that might be related to abilities he would like to
develop in relation to personal goals” [79] (p. 36).

Recommendations for instructors.—In an earlier paper, we
presented an experience with an introductory physics
instructor’s bias from a student who identified with an
executive function disorder. The student shared with the
instructor that the student would be using the extra test time
accommodation, and the instructor responded in surprise
since they perceived the student to be strong in the content
and did not expect the student to have a disability [80]. In
an interview, the student explained: “He [the instructor]
thinks that ‘Oh, because she’s strong in the subject, she
wouldn’t have a disability. She doesn’t need accommoda-
tions.’ So the fact that he found out, he was like ‘I’m so
shocked, like.’ I guess he was being like biased or
stereotypical.” We interpret the instructor’s response as
an example of ableism, “a set of beliefs, processes and
practices that produce—based on abilities one exhibits or
values—a particular understanding of oneself, one’s body
and one’s relationship with others of humanity, other
species and the environment, and includes how one is
judged by others” [Wolbring [81] (p. 1)].
Ableist mindsets dominate our society and academic

institutions, leading to the marginalization of individuals
with disabilities through courses which are not designed to
support individuals with disabilities and instructors who
doubt the capabilities of students with disabilities [82].
Every student deserves instructors who believe they can
succeed. Because our society is shaped by ableism, each of
us is capable of ableist assumptions. Instructors can support
students with disabilities by reflecting on their ableist
beliefs and moving towards a perspective that all students
can succeed. By shifting from a mindset of ableism to a
mindset where all students are perceived to be capable, we
move towards an inclusive and supportive classroom
environment where all students feel valued and supported
[83]. However, we must be aware that our culturally
held beliefs about what it means to be “capable” are
impacted by ableism; for example, the pedagogical trend
toward multimodality could support variation in learners’
needs, abilities, and interests, but “has more often…
demanded that students learn to max out all literacies”
[64] (p. 114). Thus, what it means to be capable in physics
should be operationalized in collaboration with physicists
with disabilities and chronic illness. In (Un)Learning
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Disability: Recognizing and Changing Restrictive
Views of Student Ability, Baines writes, “James, who deeply
despised being labeled with Attention Deficit Hyperactivity
Disorder (ADHD), often said he failed to see the point of
science class, because he was never going to be a “good
science student.” Instead, he saw himself as a “scientist,” an
identity that he did not think could exist within the confines
of academic expectations” [79] (p. 67). We need to ask
students like James about the differences they recognize
between being a “good science student” and being a
scientist to improve our disciplinary understanding of what
it means to be capable.

2. Agency increased by understanding diagnosis
characteristics

Participants 1, 2, 3, and 4 shared how understanding their
diagnosis characteristics has empowered them to make
informed decisions about how they chose to view their
diagnosis, allowing them to push back against internalized
disability stigma, and to recognize the course structures that
support their success.
Participants 1, 2, 3, and 4 all identified that they once

held negative viewpoints towards their diagnosis and its
diagnosis characteristics; however, they began to generate
more positive views of their diagnosis when they began to
view their diagnosis as a way to understand how they think
and behave. A critical part of this process was a recognition
that challenges do not have to be viewed as challenges, and
that there are positive diagnosis characteristics associated
with having ADHD. Participant 1 encapsulates these ideas
saying: “Yup, but, but it’s [perspective about disability]
changing ‘cause, um, I’ve realized that, you know, this
weakness has become my strength…it’s kind of perspective
that it’s something I have to work on ‘cause it’s something
that, you know, [indiscernable], um, realizing that a
weakness doesn’t have to be a weakness forever.”
Regarding the recognition of supports needed for suc-

cess, participant 1 shared that they had investigated the
medical diagnosis of ADHD soon after being diagnosed.
They stated how this investigation had helped them to
understand that order and structure are valuable to them
because organization was a cognitive challenge: “And, uh,
attention deficit disorder is an executive function disorder,
so I’m understanding why I love order and structure so
much is because I don’t have it and within my cognitive
processes. So, when I have it in an exterior fashion it’s like,
it’s like this is how I wish my brain would be. But it’s not, so
I have it on paper.” We recognize that this quote seems to
be aligned with a medical model of disability (i.e.,
disability being situated in the individual); however,
instructors play a critical role in providing students the
information and tools necessary for student organization, a
consequence that aligns with the social relational perspec-
tive of disability. For example, a student can be inhibited
from structuring their studying if an instructor does not

provide access to course content or does not provide
timelines for when content knowledge will be assessed.

Recommendations for instructors.—By understanding their
diagnosis, participants encountered a double-edged sword
that benefited them through an increased understanding of
themselves but could also harm them due to negative
comparisons to others. We recommend instructors provide
a variety of strategies for engaging with course content so
that students can engage with and practice using different
methods, a process which can help students identify what is
most effective for them. For example, instructors can
provide multiple ways for students to review the same
content outside of class (e.g., book, Power Point slides,
links to instructional videos). To reduce the negative
comparisons to others, we recommend instructors value
and celebrate the differences that their students bring, for
example, by making statements acknowledging that there is
variation among learners and normalizing challenges with
learning physics content. Error management training is
an instructional strategy specifically focused on normaliz-
ing the process of making mistakes, and many studies
have found that this perspective leads to increased
learning due to its support of emotional control and
metacognition [84,85].

C. Course structures lead to disabling and
supportive experiences

Participants stated that they encountered challenges
related to organization and time to complete tests. To
address these challenges, participants implemented strate-
gies such as using a planner and developing study strategies
that allow for distractions. Using the social relational
perspective, we focus on how courses could support or
disable students from using their personal strategies based
on the level of course organization. While students discuss
their use of personal strategies, we do not focus on the
development of personal strategies in response to diagnosis
characteristics, as this is aligned with a medical model
approach.
Participants also expressed that the time given on tests

was insufficient for them to express their understanding.
The barrier of insufficient time on tests could be alleviated
by using extra test time accommodations, however partic-
ipants reported that extra test time had negative stigmas
associated with it. A medical model approach would
encourage students to develop better test taking strategies,
however by using a social relational perspective we identify
the time provided during tests as the barrier. We also
identify disability stigma as a social structure which
introduces disabling barriers to making use of testing
accommodations.
While participants discussed their choices regarding

medication, discussing medication use does not align
with the our social relational-informed focus on social
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structures. We urge instructors not to discuss the topic of
medication use with their students (particularly without
student initiation), including “jokes” about medication use,
as this is a personal topic outside of instructor’s purview.

1. Personal practices affected by course structures

To address challenging diagnosis characteristics, all five
participants implemented individual efforts which included
using a planner for organization and developing study
strategies that incorporated breaks. Participants reported
how they could be disabled from effectively using these
practices due to course structures.
The frequency and importance with which participants

discussed organization strategies, such as using a
planner, suggest that organization strategies were an
important personal practice which participants employed.
Organization was mentioned by four out of the five
participants, with participants 1, 2, 3, and 4 expressing
planners as being key to their success. For example,
participant 2 shared how they use a planner to organize
every aspect of their life: “I write everything I have to do,
including social engagements like when I’m going to see
my boyfriend, when we have plans, when I have plans with
my friends, everything. If I lose it, I wouldn’t remember
anything”. Participant 4 shared that being organized was
critical specifically because they have ADHD, and that
when instructors did not provide PowerPoints before class
it could inhibit the participants’ use of their own organi-
zational skills: “I don’t like the teachers that they don’t
have, like, a game plan, right? So, they’ll just, like… not
put the PowerPoint up, like, until the day after…I get mad
when teachers aren’t organized just because, like, I know
how hard it is, like, as a student with ADHD, like, I have to
stay organized and if teacher isn’t organized, it makes my
job, like, 20, 30 times harder.”
For the participants to make use of their planning

strategies, they needed to know deadlines for assignments,
assessments, and mastery of specific learning objectives.
Participant 1 shared that it is critical for their success that
their instructor provide a course schedule: “A tentative
schedule is something I particularly rely on because, again,
I need to plan and if I don’t have that, that’s not going to
work.” When this information was provided, the partic-
ipants were able to structure their time for studying and
completing assignments. When this information was not
provided, participants encountered difficulties in planning
their time outside of class, which participants shared
could result in poor test preparation or even having to
withdraw from courses. Diagnosis characteristics lead
participants to value organization, but course structures
influenced whether students were supported or disabled
from using organizational strategies.
Participant 2 shared that taking frequent study breaks was

a personal practice that supported their study time related to
their diagnosis of being easily distracted. However, allowing

time for breaks required that the participant had a large block
of time set for studying: “… I need large blocks of time to get
really small parts done because I need to do a little bit and
then do something to relax and allowmyself to get distracted
and then come back, do a little bit..”While this strategy was
helpful outside of class, participant 2 reported that long
lectures without breaks disabled them from using this
strategy during class. In response to this, participant 2
implemented their own breaks during class by leaving the
class for a set period of time, “…generally I like go to the
bathroom to just chill… I did that in high school, I’ve never
been good at lectures, so I just go to the bathroom and
hang out…”

Connections to literature.—Every strategy mentioned by
participants was self-developed and this development
process took time, knowledge of their diagnosis character-
istics, experience, and practice. Perry and Franklin sim-
ilarly found that students with ADHD developed strategies
based on their understanding of their ADHD and diagnosis
characteristics [35]. When participants understood the
effects that ADHD had on their lives, they were better
able to identify or develop strategies to engage with their
courses. Organization was one of the predominant strate-
gies reported, and previous research where students with
ADHDwere interviewed has also found that organization is
a critical skill for students’ success [25,26].
By using a social relational lens, we see that the

implementation of these strategies often hinged on whether
a course provided certain supports. For example, a student
cannot plan their studying if they do not have access to
course content or do not know when they will be assessed
on the content. When courses are not designed to support
students’ knowledge about and use of appropriate study
skills, students are forced to spend time finding the best
ways to study. These challenges are compounded for
students with disabilities whose diagnosis characteristics
require more time to complete tasks. The result of this
interaction is that participants were disabled from effec-
tively engaging with some of their courses.

Recommendations for instructors.—To support students in
making use of organizational strategies, instructors should
provide schedules outlining when assessments and assign-
ments are due. To facilitate students achieving these goals,
course content should be available digitally in one location
so that students can easily access it. The sooner deadlines
and course content are available, the better equipped
students are to plan their learning outside of class.
To support students staying attentive in class, we

recommend instructors provide opportunities for students
to be momentarily disengaged from content without suffer-
ing from missing content. This can include providing
breaks and/or providing activities where students have
flexibility in the means and timing for completing tasks.
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In our later section on SCALE-UP courses, we provide a
quote from participant 2 which describes how collaborative
problem solving is an example of such a flexible activity.

2. Insufficient time on tests introduced barriers

Participants expressed varying barriers regarding time
for tests, with participants 3 and 5 not encountering
significant barriers and participants 1, 2, and 4 seeing time
for tests as a significant barrier. Participants 3 and 5 stated
that they were able to maintain focus during tests, so their
diagnosis characteristics did not interact with tests. When
asked if using testing accommodations would affect par-
ticipant 5’s test performance, they said “Um, I don’t think
so ‘cause I don’t think I really felt, uh, very distracted in
the test.”
On the other hand, Participants 1, 2, and 4 encountered

barriers regarding time on tests, and they reported that the
barriers were due to not having sufficient test time. Having
sufficient test time was important due to diagnosis char-
acteristics such as being distracted during the test time and
the fact that they had a longer processing time than their
peers. Participants articulated that the accommodations of
extra test time and reduced distraction environment pro-
vided through the university’s disability services office
alleviated these barriers. Participant 4 expressed that
extra test time significantly reduced the stress they expe-
rienced from being concerned about the amount of time
they had to complete tests: “Oh, it [extra test time] helps so
much. ‘Cause, like, you’re not even worried about the time
at that point. You’re just, like, doing problems. You’re
taking your time and solving them. You know. You’re not,
like, stressing, like, ‘Oh my god, how much time do I
have left?’”.
Though testing accommodations were reported as ben-

eficial by some participants, they also introduced new
barriers since the testing accommodations occurred in a
separate environment. When using the extra test time
accommodation, participants would miss announcements
or corrections made by the instructor during the test and
were often unable to ask the instructor questions during the
test. Participants also expressed concern that other students
could potentially notice their absence during tests, which
could prompt questions of their whereabouts. Participant 4
shared how these questions outed them as using accom-
modations: “The only time people figure it out is, like, when
they’re like, um, ‘save me a seat for the test’, and I have to
be like, ‘Oh, I’m not taking the test with you guys’…And
that’s the only way they figure out.” In the next subtheme,
we present how this potential “outing” resulted in negative
perceptions from peers regarding participants’ accommo-
dation use.
To receive accommodations, participants typically had to

provide evidence for their diagnosis to the disability
services office at the university. For one participant, this
resulted in them not being able to receive accommodations

due to the cost of being diagnosed. Fortunately, this
individual stated that accommodations were not necessary
for their success, but for a student who does need extra test
time the cost of receiving a diagnosis could have been a
disabling barrier.

Connections to literature.—Our findings align with pre-
vious studies where students with disabilities have reported
the benefits of testing accommodations [25–27], but we
also find that not all students with ADHD consider
them critical for their success and the requirement and
cost of diagnosis can be a barrier to accessing necessary
accommodations.

Recommendations for instructors.—Since one of the course
barriers is insufficient in-class time for assessments, we
recommend instructors reflect on whether their learning
objectives require that students express understanding
within a constrained time. If not, then we encourage
instructors to design assessments so that ample time is
provided for all students. Options include having all
students complete assessments in separate testing centers
that allow more time than provided in a class period or
offering alternative forms of assessment (e.g., projects),
which are done outside of class.
To support students who are using extra test time

accommodations, instructors can make plans with the
student or disability service office about how the student
can contact the instructor during the test time (e.g.,
providing the disability service office a phone number
versus relying on email). Instructors can reduce the
chance that peers will notice the absence of students
using accommodations by having students sit in ran-
domly assigned seats during exams. This supports
students in keeping their confidentiality regarding
accommodation use.

3. Extra test time perceived as an “unfair” advantage

Negative perceptions held by participants and their peers
regarding extra test time were specific to the idea that extra
test time gave students an unfair advantage. This negative
perception is a social structure which had the consequence
of disabling students from wanting to make use of services
they found beneficial. Three participants (participants 1, 2,
and 4) were using extra test time accommodations during
their physics courses. Participants 2 and 4 reported that, in
the past, they felt that accommodations were unfair and
subsequently did not use them in previous courses.
Specifically, they felt guilty about having an unfair advan-
tage over their peers and/or that they wanted to prove that
they could succeed without the accommodations. For
example, participant 2 shared how they tried not using
extra test time, stating: “so in this past semester I felt, I felt
really bad about using [extra test time accommodations]
because then it was just, I do have ADHD, I’m kind of like,
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I do have ADHD but it’s not fair like I don’t like looking at
my peers and being like I’m doing better because I have
whatever. So I stopped using it and for physics, for Physics
1 my first test I did really badly and it was because I like
knew the information, but the way I learn I had to like
go through step by step, this is how this goes, this is how
this goes and we didn’t have enough time for that…”
Participant 1 also experienced guilt and negative self-
perceptions from using extra test time. Though participant
1 reported continuing to use testing accommodations
because of the significant benefits they experienced, they
did not make any explicit statements that those negative
perspectives have changed. Here participant 1 shares their
mindset regarding their past and present negative feelings
experienced due to using accommodations: “… [sigh] it
[requesting accommodations] made me feel weak…it’s still
a little uncomfortable because I mean I, for example, I
don’t I don’t tell my friends about it.” Accommodations are
implemented to reduce discriminating barriers, and partic-
ipants have reported that they are effective in doing so.
However, it is concerning that these supports can result in
participants experiencing such negative self-perceptions as
students are going to be unlikely to use a resource that
results in them feeling less than others. This supports the
hypothesis that students may receive “misattuned and
negative feedback from the relational environment” that
impacts their self-concept [67] (p. 40).
Participants 1 and 4 also expressed that some peers seem

to hold the perspective that the extra test time accommo-
dation is an “unfair” advantage. Participant 4 discussed that
interactions with friends who said they were jealous of the
participant’s use of the extra test time accommodation led
the participant to not make use of the extra time: “I used to-
I used to feel bad about it almost like, I used to feel, like,
kinda guilty, ‘cause, like, everyone else was, like, getting
half the time I was taking when I had tests, so, like, in the
beginning, I actually just went to class and just took my
tests, like, with the rest of the class, just because, like, some
of my friends were, I mean, I wouldn’t say making fun of me
for it but they were just, like, kind of jealous of me…”
Participant 1 reported that they had not heard anyone
explicitly share negative views towards extra test time, but
the participant still knew these negative views of accom-
modations existed, stating: “… I haven’t necessarily been
exposed to it, but I know there’s a stigma around it [extra
test time], and it’s still something I guess I just have to deal
with for now.”

Connections to literature.—Previous studies reported stu-
dents with disabilities experience views from their peers
that extra test time provides an unfair advantage [26,35]. In
our study, we found that others’ negative views can interact
with participants’ own views towards the fairness of
accommodations, possibly leading students to not use this
accommodation that may be critical for success. Whether

extra test time results in increased performance for students
with disabilities is contested at the postsecondary level as
some studies have found increased performance on tests
when extra test time is provided to students with various
diagnoses [86–88], whereas other studies have found no
increase in performance [86,89]. However, none of these
studies are specific to STEM, an important distinction in
light of the increased processing time students need in
STEM content areas [90]. A literature review on STEM
accommodations by Ofiesh found little research investigat-
ing the effectiveness of accommodations in STEM, but the
research which has been done has shown extra test time
benefits students diagnosed with learning disabilities [90].

Recommendations for instructors.—We view extra test time
as a fair and necessary accommodation. The participants in
this study expressed benefits from extra test time accom-
modations beyond improved performance on their exams,
such as significant reduction in anxiety. We recommend
that instructors encourage and support students with dis-
abilities in using extra test time accommodations.

D. Disabling course structures have a greater effect
on student learning in physics courses

Participants 1, 2, and 3 shared that they encountered
barriers specific to STEM courses along with many barriers
which were heightened versions of barriers experienced in
other courses. Barriers specific to STEM were most often
due to interactions between course features and diagnosis
characteristics that increased the time required for tasks.
Participants 4 and 5 also discussed supports and barriers in
STEM courses, but they did not identify these barriers to be
distinct from the barriers they experienced in other courses,
as discussed in the preceding sections.

1. More time needed for learning and expressing
conceptual understanding

To succeed in physics courses, participants recognized
that memorization was insufficient and that they also
needed to know how to apply the learned concepts.
Participants 1, 2, and 3 identified that the time needed
to understand physics concepts significantly added to the
increased time required for tasks due to participants’
diagnosis characteristics. For example, participant 2
expressed a diagnosis characteristic of being easily dis-
tracted that resulted in increased processing time. They
shared how physics courses exacerbated this increased
processing time due to the time required to think through a
problem and that, when insufficient time was given, they
had to rely on memorization: “…for Physics 1 my first test
I did really badly and it was because I like knew the
information, but the way I learn I had to like go through
step by step, this is how this goes, this is how this goes and
we didn’t have enough time for that so I was like really
downtrodden and then I found out basically… I found out
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you just kind of have to do that thing three times, go over
the questions three times and then you’ll do well on the
test, and I did that, and I was really happy I did well, but I
hated it. It was all memorization.”
The interaction between diagnosis characteristics and

time for processing was especially evident when partic-
ipants discussed physics assessments. Participants 1 and 2
expressed that the extra test time accommodation was even
more critical for success in physics compared to other
classes, with one of the biggest benefits being reduced
stress and anxiety. For example, participant 2 identified that
extra test time was especially important in their physics
course since it reduced the stress they experienced from
requiring time to effectively engage with the content: “…
things like math and physics, they [extra test time and
reduced distraction environment] can be pretty damn
important just ’cause like having, knowing I have that
extra time makes me, makes my anxiety go down because
I’m always that type of person that I’m up there ’till like the
last minutes for the thing ’cause it just takes me a while.”

Connections to literature.—The time requirement for con-
ceptual understanding being higher than for rote memori-
zation is a well-known characteristic of physics content
[45,91,92], but for our participants this compounded on the
increased time they already took to complete tasks com-
pared to their peers.

Recommendations for instructors.—Instructors can support
students’ time management by providing class resources in
an organized and consolidated format in an online location,
such as the course learning management system. Since
insufficient time to complete tests was found as a signifi-
cant barrier, we also encourage teachers to provide ample
time for all students to complete assessments, as being able
to complete a test or showmastery of a topic in a set amount
of time is rarely the learning objective. As testing accom-
modations are commonly used to address this barrier, we
recommend that instructors make statements in class
supporting students to use accommodations and collaborate
with their institution’s disability services office to provide
an equivalent testing experience for all students [93].

2. Barriers to staying on pace and determining
how to study

Participants 1 and 3 expressed that physics courses were
uniquely challenging in identifying useful study strategies.
For example, Participant 3 identified that the study strat-
egies they employed in other courses were not working in
their SCALE-UP physics course and that they needed to
develop new methods: “So, I’m like on the second or third
week before I’m like, hey, this seems like this is going to be
like this… you know like I need to rework my game plan
[how they study].” Participants were able to identify the
textbook and lecture slides as resources to study from but

reported difficulties with how to make use of these
resources. As the course progressed, they began to pick
up effective study strategies, such as using an iterative note
taking strategy with the textbook or learning how to
effectively preview the PowerPoint slides before class.
However, these strategies were self-taught and often
learned after they had already taken a test or two. When
participant 1 was asked if they came into the class knowing
how to engage with the physics textbook, they expressed
that they had encountered challenges initially engaging
with the textbook, but eventually developed a strategy of
reading the text iteratively: “Oh man, I mean at first no. At
first when I would read the chapters it was, it was hard
because um some of the concepts are … they’re not
intuitive, you can’t really see them happen and that was
the biggest challenge at first, but um I think repetition was
a key for me, just reading it again.”
The interaction between the time needed to develop

study strategies and the additional time required to engage
with the course material due to diagnosis characteristics
resulted in participants falling behind the pace of the
class. The consequence of this for participant 3 was that
they were not able to fully prepare for the first exam and
ended up performing poorly: “…and so the test was for
um… chapters one through four, but I had only gotten up to
chapter one. So, I did get a low grade on a test, but I knew
everything of chapter one and I knew like half…on chapter
two.” Participant 3 expressed that instructors could support
students with such barriers by spending time at the
beginning of the course to give students guidance about
engaging with the content: “So having a foundational week
would be the most amazing thing, I think, not just for people
with focus issues, but students in general just because if
you’re having focus issues and attention issues, most likely
you probably don’t have the best study skills … but if you
have a foundation week, the teacher is like … telling you
the first week, ‘Hey! we’re not going to jump into the
material right now, but I really want you to understand
how this class is set up, how you can be successful in
this class’…”

Connections to literature.—Previous studies have also
found that students with disabilities may need more
time than their peers to complete tasks [26,94], and we
find that physics courses can exacerbate this through a
lack of sufficient course-level supports. Instructors can
support students to use their time effectively by high-
lighting cognitive strategies that support learning physics
content, such as metacognition [95–97] and critical
thinking [98,99].

Recommendations for instructors.—Though we may
assume students naturally learn study skills in physics
courses by engaging with course content, our findings
reveal that more intentional practices need to be imple-
mented to scaffold students in developing study skills.
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Additionally, instructors should recognize that students
may be confused about how to interact with their physics
textbook. Students may feel that the layout of the textbooks
in other STEM courses, such as biology, follows closely
along with the course content to be memorized and
understood for the exams. On the other hand, in a physics
course, students must understand the concepts and be able
to apply this understanding to solve problems. Thus,
instructors should be explicit about the extent to which
reviewing the textbook is likely to prepare students to
demonstrate their understanding of the content and alert
students to other study strategies they should be using, such
as working out new problems.

3. SCALE-UP course supports and barriers

Participants 2, 3, and 5 enrolled in SCALE-UP-style
physics courses, and they expressed that they had never had
a course like SCALE-UP before and needed to approach it
differently than their other courses.
Participant 2 reported that a benefit to the SCALE-UP-

style course was that the emphasis on student engagement
allowed the participant autonomy in how they learned the
material, which helped with diagnosis characteristics
related to difficulties with sustained focus: “But like when
I’m in Studio [SCALE-UP], I can space out and come back.
They’re still working on the same problem or a little
farther, I just kind of figure it out, and I go back and I get
like, it happens a lot. Yeah, I’ll just be like this is what
you’re getting confused about. It’s really nice I don’t have
to worry about getting distracted.” However, participant 5
reported that the unique layout of the classroom combined
with students engaging with content had the potential to
increase difficulties with attention:

Participant 5: …occasionally like zoning out or being
distracted in class…
Interviewer: Is there anything in class that makes it
easier to get distracted?
Participant 5: …Um, maybe potentially the way the
class is arranged. We’re just kind of around circular
tables so like everywhere you look there might be like
hands waving or things…But, um, and we have the two
like, uh, boards on either side, so as long as I like focus
on one of those and try to control myself, I’ll be fine…”

From participant 2, we identify that the logistical
structure of a SCALE-UP course supports students with
ADHD by providing autonomy and allowing space for
being distracted. However, participant 5 reports that the
physical layout of a SCALE-UP course can result in
barriers to learning due to increased distractions.
As discussed previously, participant 3 expressed barriers

to staying on pace with the class due to not knowing
how to effectively engage with physics content. These
barriers were compounded by the unique structure of the

SCALE-UP course. Participant 3 shared how they had
never been in a SCALE-UP course before and that they had
to not only learn the content, but also how to learn the
content in a SCALE-UP-style course: “…but I think the
hardest part was like not knowing how to prepare for the
class and like not knowing how to study…I’ve never been in
a class like this [SCALE-UP class], so it was kind of
different…[explanation of SCALE-UP structure]…you
have to like kind of learn first and then when you go to
the class like if you have questions and stuff, this is where
you need to get those straightened out. Um… So I wish I
would’ve known how to prepare for the class before…”

Connections to literature.—Significant work has been done
to show that SCALE-UP courses provide increased learn-
ing when averaging across a whole class [59]. However, we
find that SCALE-UP courses introduce barriers for students
with ADHD, which builds evidence for the importance
of considering the variability of learners in a course
and not defaulting to supporting the “average” student.
It is important for researchers to pay attention to variation,
or lack of variation, across the learners we include in our
research. For example, a recent review of physics education
research found a lack of diversity in the populations
of students included in research and a disproportionate
amount of students included who have a higher than
average math preparation [100].

Recommendations for instructors.—Though the barriers
that emerge from learning in the new context of SCALE-
UP may be heightened for students with disabilities,
SCALE-UP is likely a new way to learn for many students.
Therefore, we can support all students in SCALE-UP
courses by implementing practices that teach students
how to effectively engage with SCALE-UP courses, such
as practices students can use to prepare outside of class
and how to effectively engage with content in class. An
example of how instructors can support students is given by
participant 3 who expressed an interest in a “preparation
week” at the beginning of the course focused on developing
skills for effectively engaging with both the SCALE-UP
course and the physics content.

V. SUMMARY

In this study, we found that students with ADHD
reported both challenging and beneficial diagnosis char-
acteristics. By understanding their diagnosis, participants
were able to identify what they needed to succeed, but this
understanding could also lead to negative self-perceptions,
possibly in the form of internalized ableism resulting from
negative feedback from the relational environment. Some
students shifted from negative to positive self-perceptions
regarding their diagnosis characteristics by learning
more about their diagnosis characteristics and implement-
ing practices and strategies in response. Participants’
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implemented strategies could be ineffective when courses
did not support their use, and time for tests was reported as
a significant course barrier. Extra test time could alleviate
time constraints, but this accommodation could also be
viewed by participants and peers as giving an “unfair”
advantage. Participants reported that they were unable to
use existing study strategies in physics courses due to the
requirement for conceptual understanding. Participants’
physics courses did not support students in developing
these skills at the beginning of the course, so participants
reported barriers to staying on pace with the course. Tests in
physics courses were also a challenge due to the increased
time needed to critically reason through problems, and
participants reported that the allotted time for tests was
insufficient and therefore a barrier to expressing their
understanding. SCALE-UP courses benefited students
through the autonomy given but could also introduce
barriers from increased distractions.
By using a social relational perspective of disability, we

found how diagnosis characteristics interacted with course
structures to result in participants being prevented from
effectively learning and expressing understanding of course
content. This contrasts with a medical model aligned
analysis which would instead focus on how students need
to individually improve to succeed. Physics courses pre-
sented similar, but heightened barriers compared to non-
STEM courses, specifically in the areas of developing study
skills, keeping pace with the course, completing tests in the
allotted time, and knowing how to prepare and engage with
the SCALE-UP course style. As represented in Fig. 1,
students found that understanding their diagnosis character-
istics contextualized their experiences and empowered
them to select and implement useful study strategies.
However, the usefulness of the study strategies varied
between physics and nonphysics courses and could be
supported or disabled by instructor-level practices.
Instructors make a choice, either examined and inten-

tional or unexamined and unintentional, about where they
situate disability: as a deficit within the individual (aligned
with the medical model of disability) or as an interaction
between an individual and social structures (aligned with
the social model of disability). We argue that students are
better supported by instructors who intentionally choose to
conceptualize disability as situated in the interaction
between the individual and instructional structures and
actively work to remove barriers and add supports for all
students [83]. The goal of proactively designing a course
with accessible practices moves us away from the idea that
instructors need to know their students’ diagnoses to
support them [101]. Instead of saying it is the students

who need to change, instructors can focus on what they can
do to make their course more inclusive and supportive for
all students. This shift not only makes learning more
inclusive, but it also moves us away from a perspective
where disability is seen as a source of inadequacy or
personal fault. We have provided some recommendations
in this paper for inclusive practices and strategies, and
further STEM specific recommendations can be found in
Refs. [47,102–106].

VI. LIMITATIONS AND RECOMMENDATIONS
FOR FUTURE RESEARCH

Because of the significant lack of research, it is critical
that researchers continue to investigate the experiences of
students with disabilities in STEM courses. Our findings
reveal that students with disabilities experience disabling
course barriers, however, this work only investigates the
experiences of students with ADHD at one specific four-
year public university. Future research should investigate
the experiences of students with varied diagnoses who are
enrolled at other institutions. Some specific research
questions which can be investigated include the effects
of accommodation use on student’s stress and knowledge
retention, positive qualities individuals associate with their
disability, and the experiences of students with disabilities
in interactive learning courses including but not limited to
SCALE-UP courses.
To support the dissemination of accessible practices and

strategies to instructors and departments, we recommend
researchers investigate ableism in physics departments and
effective strategies for combating it. This research is critical
as instructors and departments may not be willing to adopt
accessible or inclusive practices. Previous research has
identified that some postsecondary instructors are resistant
to providing accommodations [28,31,34], but we are
unaware of any published work that has investigated the
culture of the physics community towards accessibility and
disability.
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