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Abstract: The underrepresentation of persons with disabilities in STEM reflects not only a moral failing
insociety s commitment to equity but also a practical dilemma as science benefits from the contributions

of people with diverse perspectives. While teacher education programs attempt to address equity at
the K-12 level, societal biases and misconceptions about who is “able’ in science present persistent
barriers for people with disabilities throughout the STEM pipeline, in higher education, employment,

and beyond. How can we ensure that students with disabilities will encounter professors, employers,

coworkers, and peers who are supportive of their efforts in STEM? To address this question, this

article describes the experience of a college administrator and four undergraduate students who

collaboratively conducted a literature review on inclusive STEM education during the summer of
2020. While the goal of this project was to provide meaningful summer learning opportunities and
employment for students during COVID-19 while simultaneously providing research support for
the administrator, project outcomes suggest that the college students, none of whom were education

majors, gained understanding and appreciation of the issues surrounding inclusive STEM education

while also developing expertise in the literature review process. We suggest that this project represents
a successful teaching technique that can be used in higher education, including teacher education

programs, to contribute to the development of future leaders, educators, and citizens who are aware
of, engaged with, and supportive of quality inclusive STEM education and opportunities for all.
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INTRODUCTION

Persons with disabilities are underrepre-
sented in science and engineering (National
Science Foundation, 2019). On its face, this
inequity reflects a failing in society’s ability,
and perhaps commitment, to nurturing the
interests, talents, and opportunities for all
people in STEM. It also represents a loss for
the field, for even a cursory review of scien-
tists with disabilities attests to the fact that
science benefits from having people with
diverse perspectives contribute to scientific
discovery. Among the most vexing barriers
are societal biases about who is “able” (Mich-
igan State University, 2019) and “who can do
science” that persist all along the STEM pipe-
line, in schooling, employment, and beyond
(Cech & Waidzunas, 2018).

While teacher preparation programs attempt
to achieve the promise of equitable and excel-
lent science education for all articulated in
national science education policies (National
Research Council, 2012; NGSS Lead States,
2013), one must question the effectiveness of
such efforts if the greater society beyond the
field of K-12 education continues to harbor
misconceptions about people with disabilities
in STEM. How can we ensure that students
with disabilities will encounter professors,
employers, coworkers, and peers who are sup-
portive of their efforts in STEM? Moreover,
how can we create a society where leaders in
all fields are committed to the worthy cause
of “STEM for All?”

To address these questions, this “Teaching
Techniques” article describes the experi-
ence of a college administrator (first author)
with expertise in science teacher educa-
tion and four undergraduate liberal arts stu-
dents (co-authors) at a major university in the

northeastern United States who collabora-
tively conducted a literature review on inclu-
sive STEM education during the summer of
2020. While the initial goal of this project
was to provide meaningful summer learn-
ing opportunities and employment for stu-
dents during COVID-19 while simultane-
ously providing research support for the
administrator, project outcomes suggest that
the college students, none of whom were
education majors, gained understanding and
appreciation of the issues surrounding inclu-
sive STEM education while also developing
expertise in the literature review process.
These outcomes were quite surprising given
that literature reviews are typically concep-
tualized as vehicles for understanding what
is known in a particular field (Jesson, et al.,
2011) rather than as a focal point for peda-
gogy. Therefore, we suggest that this project
represents a successful teaching technique
that can easily be applied to STEM, STEM
education, and/or Special Education (SPED)
programs by integrating small literature
review groups, either within the curriculum
or co-curricularly, in order to raise aware-
ness of and sensitivity to quality science edu-
cation for all students. Tips for doing so are
included in the Recommendations section of
the article. As this is a practitioner article, we
focus on the step-by-step process by which
we worked through our project, using narra-
tive style to engage readers and “bring them
along” through our journey. We begin with
the first author’s project overview, then move
to the student voices, and finally we present a
synthesis of what we learned, providing rec-
ommendations for the use of literature review
groups in teacher education and liberal arts
and sharing what we see as possible next
steps for the field.
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FORMING A RESEARCH GROUP
DURING THE SUMMER OF COVID-19

I (Sami - first author) work at a major U.S.
university where 1 lead an entity whose
mission is to advance STEM literacy through
course development, co-curricular program-
ming, and research. During the spring of
2020, the COVID-19 pandemic interrupted
our semester and forced all teaching and most
other university endeavors to an online envi-
ronment. At around the time we went online,
I had begun to outline plans for an integra-
tive literature review on science education for
students with exceptionalities, the latter term
being defined as students who are viewed as
having disabilities or as being gifted. This
review would serve as the basis for a chapter
which I planned to write for a major hand-
book on science education research. When I
learned that many students’ summer employ-
ment and travel plans were cancelled due to
the pandemic, I began to think about ways to
include students in my research. At first, this
seemed like a daunting task because our uni-
versity doesn’t have a college of education,
and so I knew that I wouldn’t be able to find
students with strong backgrounds in educa-
tion theory or research. That said, as I have
mentored many students through research
projects in education, I believed that I could
develop a “mini-curriculum” to provide stu-
dents with adequate background to accom-
plish our work while also familiarizing them
with inclusive STEM approaches.

I began by posting an ad on our university’s
student employment site for the position(s).
I had funding for up to four students, but I
wasn’t sure whether many students would be
interested in this type of commitment over the
summer. To my surprise and delight, 16 stu-
dents applied, and so I began the challenging
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task of narrowing down the applicant pool.
Ultimately, I selected the four students who
conveyed genuine interest in the research
topic and who demonstrated curiosity by
doing some background research in prepa-
ration for the interview (e.g., looking at our
website, reading a relevant article) and/or
asking pertinent questions. Of the four stu-
dents, two were rising sophomores and two
were rising juniors. Their majors were: Civil
and Environmental Engineering, History,
History of Science/Chemistry, and Molecular
Biology.

LEARNING THE FOUNDATIONS
OF EDUCATION RESEARCH
AND LITERATURE REVIEWS

At our first meeting, we introduced our-
selves and reviewed some logistics for the
project (e.g., meeting days/dates, tracking
hours, getting paid, etc.) as well as the goals
and expectations for the project. As a reading
assignment, I had students read the chapter
on science and exceptionality from a research
handbook (McGinnis & Kahn, 2014) in order
to gain an overview of the topic. I asked them
to consider:

* How is the chapter organized? In your
opinion, what are the strengths and weak-
nesses of this organization scheme?

* What, if anything, do the studies cited in
the chapter have in common? What are
some of the differences?

* Looking at the References, are there
any journals that are particularly fertile
ground for studies in this field (the journal
names are italicized)? Who are some of
the key scholars?
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These questions proved to spark a lively dis-
cussion of students’ honest assessment (and
critique) of the chapter.

During our second meeting, we embarked
on an orientation to education research. I
showed a PowerPoint that I had developed
specifically for this group based on Gay, et
al.’s (2009) text. It included topics such as:

*  What is education research? (the formal
systematic approach to the study of edu-
cational problems)

*  What are some steps involved in conducting
education research? (e.g., defining a problem
possibly through a literature review, obser-
vation, and/or experience, determining
research methods that are appropriate to
address the problem/question, collecting
and analyzing data, interpreting data to
draw conclusions, considering implications
of the research for the field, identifying
questions for future research, etc.)

*  What are key methodologies in education
research? (e.g., qualitative, quantitative,
mixed methods).

For the following week, I assigned some arti-
cles that utilized a range of methodologies.
When students “arrived” at the next meeting,
I presented them with the following questions
for discussion in pairs (using breakout rooms
in Zoom):

*  What methods are used to collect and
analyze the data in this study? Why do
you think they were used?

* What are the key takeaways (“impli-
cations”) for this study? Did anything
surprise you?

* What questions do you still have about
this topic?

I used the time to move (virtually) back and
forth between the two rooms to listen to the
students. I felt that giving them the time to
chat in pairs (in a “Think-Pair-Share” style)
would give students the confidence to share
with the larger group of four and also would
allow students to get to know each other
better. We then came back to the larger group
and had the pairs share their key takeaways
and questions. We also discussed the impor-
tance of our virtual room being a safe space
for asking questions, taking intellectual risks,
and sharing ideas and feedback respectfully.

For the following meeting, 1 asked stu-
dents to read an article on systematic litera-
ture reviews (Alexander, 2020) to give them
a sense of the rigor and scope of a quality
review. Students were also tasked with using
whatever search methods they knew to iden-
tify one new article related to science and dis-
ability and to upload it in our Google Drive
folder. I had students present their articles to
each other. After some discussion, I felt con-
fident that we were ready to embark on our
research.

To get us started, I invited two of our uni-
versity’s librarians to visit with us in order
to orient us to the university’s library hold-
ings and online databases, and to elicit their
recommendations for how we might proceed.
The librarians first helped us to register for
Zotero, the citation management software
used by our university. Throughout our
project, we used a group Zotero folder in order
to share resources, an approach that proved
to be quite efficient. The librarians also pro-
vided helpful tips for conducting searches,
such as using the asterisk “*” for terms like
“disab®*” to include disability and/or disabili-
ties, considering the range of terms that might
prove fruitful for our searches (e.g., disability,



51UDENTS WITH DISABILITIES

Journal of Shence Education

Increasing Awareness of Inclusive STEM

Article/Chapter Summary Template
Citation (author, year, journal, etc.) using APA 7 format
Davis, K. E. B. (2014, Fall). Students with Disabilities’ Perspectives of STEM Content and Careers. Journal of the
American Academy of Special Education Professionals. https://eric.ed.gov/?id=EJ1134798

Problem/Purpose (Why was the study done? Research question(s)?)

Students with disabilities are underrepresented in STEM careers, which is alarming considering the demand for jobs in
STEM careers in the US. The research question was: How do middle school students with disabilities perceive science,
technology, engineering, and mathematics content as measured by STEM Semantics Survey?

Participants (Who was studied? How many? Where?)

Participants were 43 6th, 7th, and 8th graders with disabilities in inclusive classrooms. They attended an urban school
in southwestern United States. 24 were White, 6 were African-American/Black, 2 were Asian, 3 were Native
American, 4 were Hispanic or of Spanish descent, and 4 were two or more races.

Methods and Procedures (How was data collected and analyzed?)

Researchers anonymously surveyed participants using the STEM Semantics Survey, which was used to rank students’
perceptions of science, technology, engineering, and mathematics and to measure their perceptions of STEM careers.
Teachers administered the survey and only students with signed parent consent forms participated. Students were
instructed to write their demographic information on the survey as well. Researchers coded the surveys and analyzed
means for the overall group, then according to gender, race/ethnicity, and grade level.

Findings/Results (What did the researchers learn?)

Overall, science was ranked the second highest in terms of students’ most positive perceptions out of all four STEM
categories. Girls ranked science the highest, while boys ranked it the lowest. White/Caucasians ranked science the
second highest and African-Americans ranked science second to last. Asians, Native Americans, and Hispanic or
Spanish students ranked it the second highest. Bi/Multiracial ranked science the highest. All scores were skewed
toward positive perspectives on STEM careers, but 7th graders had the highest perceptions of STEM careers while 6th
graders had the lowest.

Implications (Why does it matter?)

Since students had to self-report that they had a disability, this study showed the need to encourage self-awareness for
students with disabilities. Based on the high perceptions these students have of technology, teachers should encourage
its use in education. These students may need more positive experiences in math because these classes are needed for
STEM careers. Students may benefit from being exposed to careers in STEM.

Limitations/Gaps (What can’t we say?; What is still unanswered?)

Participants were not required to disclose their specific disabilities, limiting generalizability. The study relied on
self-identification by students with disabilities, so not all students may have been honest about their disability status.
Only 4 participants were in 7th grade and there were not a lot of participants in the minority groups, which could have
skewed results.

Anything else of interest? (Notes for reader)

This study was a subsection of a bigger study consisting of 1873 students. In the larger study, only 2% of the
participants identified as having a disability. The districts that participated in this smaller study requested that
researchers not make direct contact with participants.

Student Researcher Name:
XX XXX X XXX XXX XXXX

Figure 1. Sample Article Summary
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special needs, exceptionalities, special edu-
cation, autism, etc.), and how to narrow our
searches. Based on our work with the librar-
ians, we developed a template for the research
that my student assistants would use for col-
lecting and summarizing information on the
various articles that they read. A sample com-
pleted research summary template is included
above in Figure 1, while a blank template for
readers’ use can be found in Appendix 1. We
also used a research log that had been pro-
vided to us by one of the librarians so that
we could ensure that we weren’t duplicating
efforts (Appendix 2).

At our next meeting, I tasked each of the
students to identify an area of the research
within science and exceptionality that was
of particular interest to them and to develop
research questions around it. To prepare them
for this task, we discussed the characteristics
of good research questions (e.g., answerable
through our research process, novel, inter-
esting, and relevant). At our next meeting,
each student shared their questions in pairs
and provided feedback to each other. When
we came back together as a group, students
shared their choices for their questions and
agreed to share articles with other students
when they encountered items that might be
relevant to their peers’ work. Each week that
ensued, I had students identify and analyze
(by completing the article template) five arti-
cles within their research topic and upload
them to our shared Google Drive. We then
had students present one of their articles each
week during our 1 2 hour meeting. Some
weeks, we met twice while other weeks we
met once but stayed connected via email. One
week, we had an expert colleague in inclu-
sive science education from another univer-
sity visit us virtually; the student research
assistants had read two of the expert’s articles

in preparation for the meeting. This was an
exciting opportunity as the students had the
opportunity to question an author directly on
their research. While I attempted to schedule
other such visits, I was not able to in the time-
frame of our project.

One of the most interesting and unexpected
discussions that arose during the summer
was on the topic of research ethics; specifi-
cally, education researchers’ ethical obliga-
tions when conducting research on human
subjects. While our literature review clearly
did not involve human subjects, many of the
articles that we read did, and the students in
the research group were quick to recognize
the safeguards that were described insofar as
informed consent by research participants,
voluntariness, and so on. I shared some of
the history that led to many of these safe-
guards, such as the Tuskegee syphilis experi-
ments, and I provided students with resources
on research ethics and Institutional Review
Boards (IRB). I note that, as a demonstration
to the students, I also contacted our universi-
ty’s IRB to confirm that neither our research,
nor the development of this article, consti-
tuted research on human subjects.

After six weeks, I asked the students to
present an overview of their research on
their particular topic. To prepare for this, |
gave them the following guiding questions:
1) What is your research topic/question? 2)
What are the key findings/themes? 3) What
are the gaps in the literature? Students pre-
sented to the group for discussion and, by
summer’s end, all four students were asking
each other questions, providing constructive
feedback, and developing competence and
confidence in reading, analyzing, and pre-
senting science education research articles.
A summary of our internship “curriculum,”
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RESEARCH EXPERIENCES IN THE

which was implemented during ten meetings
over six weeks, i1s outlined below in Table 1.

Note that all assessment conducted was infor-

mal; suggestions for more formalized assess-
ment are included in the “Recommendations”

section of the article.

tion, and career goal.

At the end of the summer, I asked the stu-
dents to reflect on their experiences, as is the
custom with all of our interns. In the next
section, their responses are outlined in their

own words.

Table 1. Research Group “Curriculum”

STUDENTS’ OWN WORDS

The four student research assistants’ reflec-
tions on our project are below. They are listed
along with their class year, major/concentra-

Meeting Topic Student Assignments and Class Activities Assessment
1 'Welcome and Read Handbook chapter Contributions to
introduction to e Discuss strengths/weaknesses of article [informal
inclusive science organization discussions
education e Compare/contrast cited studies
e Notice references, authors, and journals
2 Introduction to Discussion of PowerPoint on education research|Contributions to
education research, e What is education research? informal
part 1 - “What is e What are some key steps and discussions
education research methodologies in education research
and how is it done?”
3 Introduction to Discuss assigned articles [dentification of
education research, e Compare and contrast methodologies  fa relevant
part 2 - “How does e Identify implications and remaining article using any
education research questions search means
inform the field?”
4 Introduction to Discussion of Alexander (2020) reading Successful
literature reviews e Explain the purpose of literature reviews jcompletion of
e Discuss the features of “systematic” one research
reviews SUITALY:
template and
Visit by two university librarians sharing research log
literature search and organizational strategies entry
Collaborative development of a research
summary template
5 Developing research [Discussion on the features of a good research  [Development of
questions question three draft
Share and critique each others’ draft research  [research
questions questions
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Table 1. Research Group “Curriculum” continued

6 Meeting an Pre-read two articles by visiting author and Engagement
inclusive science  |prepare 1-2 questions with author and
education Reflect on meeting and its impact on you as a  thoughtful
researcher/author  [student and researcher reflection on

experience

7-9  [Presenting and
evaluating selected
articles

Research ethics

Select one student-identified article and present [Successful
to the group for discussion.

Discussion of researchers’ ethical obligations
related to research on human subjects

completion of
three article
summaries;
presentation of
one per meeting

Review of Institutional Review Board (IRB)  [to group
requirements
10 [Presenting research [Presentations on students’ research questions  [Clear and
summarics Q&A sessions concise

Identification of areas for future research presentation on
rescarch
findings;
facilitation of
discussion

Tiffany (second author): Sophomore,
Civil and Environmental Engineering,
and Engineer

In high school, I wanted to be a teacher,
however coming into college as an engineer-
ing major, I have had to push that aspiration
to the side for some time. I was primarily
interested in this internship because it gave
me the opportunity to combine my passion
for education with STEM. I also believed that
it would open my eyes to alternative ways |
could make an impact in the field of educa-
tion without necessarily becoming a teacher.
In all honesty, I didn’t have much knowl-
edge on inclusive science education prior to
the internship. This is particularly because
inclusive education is not a major topic of
discussion in my home country Ghana,
much less inclusive science education. Hence
this internship was particularly helpful in
expanding my knowledge and awareness

of issues within this field. For this project,
I gathered articles based on the following
three research questions: 1) What is the expe-
rience of science general and special educa-
tors with formal or informal special ed. train-
ing with regards to level of preparedness and
ability to create and implement inclusive
STEM curricula? 2) What are the experiences
of K-12 students with disabilities (SWD)
attending schools that practice co-teaching
between science general ed. and special ed.
faculty? 3) What influences SWD interest in
learning science and their decision to pursue
careers in science?

To carry out my research, I started out by
using keywords associated with my research
questions as search terms in the ERIC data-
base. For example, “Science co-teach-
ing” “in-service teacher education” AND
“science” AND “disabilities”, “teacher pro-

fessional development” AND “science” AND
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“inclusion.” I also scanned through the ref-
erences of the articles I selected, to identify
other articles that explored my research ques-
tions. I also searched through journals such
as Journal of Science Education for Students
with Disabilities, Journal of Science Educa-
tion, International Journal of Science and
Mathematics Education. Occasionally, I used
Google scholar.

These search results allowed me to iden-
tify a number of trends and key takeaways.
Firstly, the research showed that student
perspectives are very important to consider
because sometimes they are very different
from teachers perspectives. Additionally,
teachers need more support for co-teach-
ing, i.e. given more planning time and more
training on co-teaching strategies. Another
point that was very clearly highlighted is
the fact that special education teachers need
more training on science content. A general
trend that the articles highlighted was that a
lot of teaching strategies for inclusive edu-
cation focus on the here and now and not on
impacting the science identities and interest
in science of SWD and gifted students.

Even though the research helped me draw
the conclusions above, some questions still
remain open. For instance, the dearth of
research about co-teaching gifted students
makes it an intriguing point for investigation.
Is co-teaching just generally not used with
gifted students? Or have studies just not been
done to investigate its effects? More questions
that arose from this research are: What are the
science identities of gifted students? Are they
interested in pursuing careers in science and
if so, what motivates their interest? This last
question in particular, is something I couldn’t
find a lot of literature in English.
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A few of the articles that were most meaning-
ful to me were:

I) Gormally, C., & Marchut, A. (2017).
“Science is not my thing”: Exploring deaf
non-science majors’ science identities.

Journal of Science Education for Students
with Disabilities, 20(1), 1-15.

This summary opened my eyes to the fact
that people, particularly members of the deaf
community, still held traditional stereotypes
of scientists as isolated and not sociable and
did not see their personalities as matching
with a scientist’s personality and these were
barriers to pursuing a career in science. It also
made me realize that this could be avoided if
SWD were taught science with strategies that
intended to help SWD envision themselves as
future scientists.

2) Ansari Ricci, L., Persiani, K., Williams,
A. D, & Ribas, Y. (2019). Preservice
general educators using co-teaching
models in math and science classrooms of
an urban teacher residency programme:
Learning inclusive practices in teacher
training. International Journal of Inclusive
Education, 25(4), 517-530.

This study piqued my interest because it was
the only study I found that combined two of my
research questions (professional development of
science teachers for inclusive science education
and co-teaching in science classrooms). Most
studies either focused on the teacher or student
perspectives about co-teaching or training
teachers to use strategies other than co-teaching
in inclusive science classrooms. Hence, it was
interesting to see a study that trained teachers’
in co-teaching, especially since this is an area
the teachers claimed to want training in based
on the reports from other literature in
science co-teaching.
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3) Benny, N., & Blonder, R. (2016). Factors
that promote/inhibit teaching gifted
students in a regular class: Results from
a professional development program for

chemistry teachers. Education Research
International, 2016, 1-11.

This study was unique in the fact that it used
photo narratives as a mode of data collec-
tion of factors that promote/ inhibit teaching
science to gifted students. It was also inter-
esting to see what the teachers recorded as
promoting and inhibiting factors .e.g.

* Promoting factors - Positive responses
of gifted students to answered questions,
professional development, awareness of
gifted needs and enrichment programs for
gifted students, administrative support

* Hindrances - Lack of time to plan, mixed-
ability classrooms, outdated and broken
technology, superior attitudes of gifted
students

['truly loved this project because it encouraged
me to think about how to better equip K-12
STEM educators with teaching resources that
promote inclusivity. For some of the articles |
read, it seemed like the researchers published
the articles just to get the research out there;
not much is said regarding how to practically
apply the research and make practical changes
in classrooms across the country/state where
the research was carried out. Additionally,
this internship also motivated my interest in
researching the state of special education in
Ghana, the country I was born in and live in.

Grace (third author): Junior,
History of Science, and Law

I was interested in this research internship

because of my academic focus on science as
a History of Science major and because of my

10

past experiences working with students with
exceptionalities. Before college, I worked as
a camp counselor at a summer camp for stu-
dents with disabilities. This work opened my
eyes to the depth of challenges students with
disabilities face and the variety of perspec-
tives they have regarding their educational
experiences. Further, the COVID-19 pan-
demic has sparked my interest in how scien-
tific knowledge is conveyed and understood,
and reinforced in my mind the importance of
science education for all. Before starting, I
knew very little about inclusive science edu-
cation. My only knowledge was anecdotal - I
had no idea that there was a whole field of
inclusive science education research.

My primary research question during the
course of the internship was as follows: What
is the current state of laboratory and field
trip accessibility and accommodations for
students with physical and sensory disabili-
ties in science? I started my research with a
broad lens on Google Scholar, then I moved
to ERIC and Articles+ from the university
library, then, finally, I focused on the refer-
ences of sources I had already located to find
new studies and articles. I searched using key
words such as “science lab”, “physical disabil-
ity”, “science teachers”, “outdoor science”,
and “field trip”. I noticed a number of trends
in the sources I worked with. First, a wide
variety of accommodations, both high-tech
and low-tech, exist for students with physical
disabilities in science labs and on science field
trips. Teacher-initiated adjustment of tech-
nological accommodations to suit the needs
of individual students has proven crucial in
this area. While high-tech accommodations
are certainly important in breaking down
barriers, simple, low-tech accommodations
are also useful, and tend to be more avail-
able. In spite of these promising findings,
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many lab spaces continue to be inaccessible
for students with physical disabilities. This is
likely due in part to the second major trend
I observed: teacher knowledge of available
accommodations seems to be lacking, and
many schools and districts cannot afford
many helpful accommodations. Educators
are generally concerned about implementing
accessible science experiences into their own
schools and programs when they lack admin-
istrative support and resources. Further,
multiple studies found that science teach-
ers tend to hold biases against students with
physical disabilities in science labs and field
trips. However, on a positive note, experience
working with students with physical disabili-
ties appears to be quite successful in improv-
ing teacher perceptions. Third, study in the
realm of inclusive science labs and field trips
for students with physical disabilities is rather
lopsided in terms of age groups and disabil-
ities studied. Much of the research I found
was done at the college level or on adults who
had previously completed degrees. Addition-
ally, I found a great deal of research on stu-
dents with visual and hearing impairments,
and noticeably less on students with motor
impairments and other physical disabilities.
Finally, my research pointed to the impor-
tance of inclusive labs and field trips. While
students with physical disabilities tend not to
think of themselves as future career scien-
tists, participating in accessible lab and field
trip experiences can show students the path
to a potential degree or career in science.

Below are two articles I found particularly
intriguing during my time participating in
this internship:

1) Isaacson, M. D., Supalo, C., Michaels,
M., & Roth, A. (2016). An examination
of accessible hands-on science learning
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experiences, self-confidence in one’s
capacity to function in the sciences,
and motivation and interest in scientific
studies and careers. Journal of Science
Education for Students with Disabilities,
19(1), 68-75. DOI: 10.14448/jsesd.09.0005

This study examined the relationship between
the completion of hands-on accessible science
activities, self-beliefs about one’s capac-
ity for success in science, and inclinations
to consider post-secondary science study
and science careers in blind and low-vision
(BLV) students. Researchers found that, after
completing accessible lab activities, BLV stu-
dents were more likely to express interest in
pursuing a higher-education degree and/or
a career in science. | found this study to be
particularly impactful because it highlighted
the role of inclusive science labs in impacting
students’ future plans. The study’s findings
suggest that accessibility improves not only
the real-time experiences of students, but
the accessibility of science at higher levels
as well. They emphasize the importance of
improving inclusive science at every level of
education

2) Rule, A. C., Stefanich, Greg. P., Boody, R.
M., & Peiffer, B. (2011). Impact of adaptive
materials on teachers and their students
with visual impairments in secondary
science and mathematics classes. Inter-
national Journal of Science Education,
33(6), 865—887. https://doi.org/10.1080/09
500693.2010.506619

This study found that attitudes of second-
ary teachers toward students with visual
impairments in their science or math classes
improved significantly after completing a
year-long, funded program that provided
them with adaptive materials. I was intrigued
by this study because it examined teacher
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perceptions, which may be a significant
barrier to the success of students with phys-
ical disabilities in science. The researchers’
findings suggest that increased accessibil-
ity can impact not only students, but teach-
ers as well. Influencing teacher perceptions
has the potential for far-reaching implica-
tions, because most teachers instruct multiple
groups of students over time.

By the conclusion of my research, many ques-
tions remained open. Are certain accommo-
dations more successful for younger science
students with physical disabilities? What is
the success of tactics applied at the college
level in improving lab and field trip experi-
ences for students at the primary and second-
ary levels? How does co-teaching come into
play, specifically in the lab or on field trips?
Why does teacher knowledge of accom-
modations lag behind the accommodations
themselves? What is the best way to increase
teacher knowledge of accommodations?

Sean (fourth author): Junior,
History of Science/Chemistry,
and Medicine

I became interested in this internship as a
way to challenge myself. Despite dabbling
in chemistry and electrical engineering, I’ve
always found STEM to be difficult through
traditional classroom learning. However, I
came to a point where I thought that maybe,
I can teach myself STEM through non-tradi-
tional ways. But I didn’t know where to start.
When I saw that this internship focused on
“inclusive science education,” or another way
of teaching STEM to both gifted students and
students with disabilities, I thought that this
would be a great place to learn more about
how to teach STEM. I had never heard about
“inclusive science education” before I started,
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but I assumed it was to bring kids with dis-
abilities and kids without disabilities into a
classroom where they can cooperate and
learn together.

I first approached this by going through our
university library’s database, and scour-
ing the internet for papers using key phrases
like “inclusive science education” and “stu-
dents with disabilities”. Oftentimes, I would
read these works and look at their references.
I would then work backwards to see not only
how well supported their arguments were, but
also to expand the breadth of my scope. The
trends I saw discussed include ideas from
how repetition while studying proves effec-
tive in the short term, but doesn’t prove nec-
essarily effective in the long term, and stu-
dents who were more “creative” in approach-
ing STEM were more engaged and thus did
better on tests.

I’ve had the opportunity to discuss my find-
ings with wonderful people, but my conver-
sation with our internship’s visiting expert
sticks out to me. At the time, I was all for
inclusive education and talked about how it
was a great way to teach STEM. But our vis-
iting expert was able to challenge my ideas,
citing his experiences working with stu-
dents that found inclusive education a mixed
bag of results. Through him, I realized that
my definition of “success” was different for
every person. In other words, in the context
of inclusive science education, was success
being defined by good test scores? Or was
success defined by the likelihood of these stu-
dents pursuing STEM as future careers?

This internship quickly developed into some-
thing more than just learning different ways
of teaching STEM. Though my research
question focused on figuring out what the best
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way of teaching and learning STEM was for
students with learning disabilities, I saw how
my questions bled into the realms of politics,
psychology, and especially economics. One
report that stands out to me is a work by Lori
Andersen and Brooke Nash (2016) of the Uni-
versity of Kansas, where they asked the ques-
tion of how do we make science accessible
to kids with significant cognitive disabilities?
Are there biases in administrators as they
assess students? Another work by Martha
Thurlow, Christopher Rogers, and Laurene
Christensen (2010) notes the discrepancy in
the level of science education and curricu-
lum across states. But these reports made
me realize that educating people seems to be
outrageously underfunded by both state and
federal levels of government. But the infor-
mation on where our taxes go seems to be a
bit obscured, especially when it comes to edu-
cation in poorer areas of the United States.

In all, T found this experience to be very
rewarding. It has given me the tools and skills
to tackle big questions. It taught me to have
courage when taking the plunge down the
rabbit hole of confusing and often conflicting
blends of information from various fields in
society.

Courteney (fifth author): Sophomore,
Molecular Bio, and Medicine

For as long as I can remember, I have always
had a passion for science. As a hands-on
learner, I am always engaged in science labs
during class and try to replicate the things I
learn at home. I remember doing experiments
with my siblings, which would often result
in a mess, but it brought me an inner joy at
being able to create extraordinary things out
of household objects. My love for science is
what first drew me to this internship. However,
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once I read more about it, I found that I had
several other personal connections to it. [ was
a beneficiary of talented and gifted programs
and have a family history of teaching and
helping special needs students. Furthermore,
I have a passion for education and participate
in several initiatives to educate others. I love
that this internship combined these various
interests in a way that will be used to advance
inclusive science practices while maximizing
the potential of all learners.

Before starting this internship, my knowl-
edge of inclusive education mainly consisted
of my personal experiences and first-hand
accounts from my mom, who works with
special needs students. For both gifted stu-
dents and students with disabilities, I was
aware of a lack of inclusive science educa-
tion; these students learned in separate class-
rooms, limiting the number of interactions
they had with students of diverse educational
needs. I knew that intersectionality played a
role in exceptional education, but I was not
very familiar with the terminology before-
hand. I was also aware of the lack of focus
on science education for students with special
needs. However, I knew there was a lot more
for me to learn about inclusive science educa-
tion, which is another reason I was drawn to
this internship. Specifically, I wanted to learn
more about the impacts of technologically-
enhanced learning on science classrooms for
exceptional students and how socioeconomic
and racial backgrounds impacted the identi-
fication and experiences of exceptional stu-
dents in science classrooms. Thus, these two
topics were the focus of my research.

After coming up with my research questions,
I brainstormed keywords. 1 did advanced
searches using the databases ERIC, PsycInfo,
Google Scholar, and ProQuest as well as our

13



51UDENT5 WITH DISABILITIES

Journal of Shence Education

Vol. 24, No. 1 - 2021 ; Journal of Science Education for Students with Disabilities

university’s library website. Search terms
I used included: “Disabilities,” “gifted,”
“science education,” “technology,” “intersec-
tionality,” “socioeconomic status,” “race,”
“ethnicity,” “income,” and “demographics.”
I recorded my search terms and the databases
I used in a research log. After finding arti-
cles, I would check the references of those
articles to see if there were additional articles
or journals I could look into. I went to web-
sites of different journals and did searches
there as well. This process enabled me to
come across several articles that greatly
expanded my knowledge of science educa-
tion for exceptional students. One article I
found particularly interesting was “Sound-
ing Out Science: Using Assistive Technology
for Students with Learning Differences in
Middle School Science Classes” by Clement
Vashkar Gomes and Felicia Moore Mensah
(2016). This article introduced me to some
of the concepts and theories associated with
special education, such as the phonological
deficit hypothesis and the disability theory.
Furthermore, as a more hands-on learner, I
liked how this article focused on teaching
science from a different learning style. This
study focused on the use of audio technol-
ogy to help science students with language
learning disabilities, so I found it interesting
to read about the process of auditory learn-
ing. Another article that stood out to me
was “The Structural Relationship Between
Out-of-School Time Enrichment and Black
Student Participation in Advanced Science”
by Jamaal Young and Jemimah Young
(2018). This article emphasized the impor-
tance of out-of-classroom programs in pro-
moting the diversification of science edu-
cation. When Black students were able to
become more engaged in science and partic-
ipate in hands-on research, they were more
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inclined to continue their perusal and main-
tained interest in science. This stood out to
me because I have had firsthand experience
with the lack of diversity in scientific fields,
and this can at least in part be traced back
to notions instilled in students from an early
age that minorities cannot be successful in
science. I appreciate how the researchers of
this article strive to debunk this idea. I also
liked how this article emphasized the impor-
tance of having a support system of family
and educators to encourage minority stu-
dents to pursue STEM.

This process enabled me to find several
trends in terms of the impacts of technol-
ogy and intersectionality on science educa-
tion for exceptional students. Several arti-
cles I read emphasized the positive impacts
of assistive technology on science education
for both gifted students and students with
disabilities. However, there are so many dif-
ferent types of technology and technology
is always evolving, so this topic requires
further research. In terms of intersectional-
ity, a trend was the lack of diversity in STEM;
minorities, females, and low socioeconomic
status (SES) students pursue STEM less
often than other groups of people. However,
these underrepresented groups can prosper in
science, but need access and support from an
early age. Diverse students thrive in science
settings that embrace different cultures and
reject social norms because this enables these
students to use their unique backgrounds
as assets instead of barriers.

Coming into this internship, I had some
familiarity with education for exceptional
students, but I soon learned that there are
so many different aspects of science educa-
tion for these students that I had never before
considered. This research experience has
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been very eye-opening, and I have learned so
many skills that are applicable to research in
any discipline.

LEARNING FROM STUDENT
REFLECTIONS

In reviewing the student reflections, we
believe that we are able to identify some
interesting trends. Most notably, each of the
students seemed to experience a deepening
or refinement of the initial connection they
felt to the subject matter. For example, Tiffa-
ny’s general interest in teaching became more
refined and sparked interest in learning about
special education in her home country of
Ghana. Similarly, Sean’s own challenges with
“traditional” STEM education led him on a
journey to identify the “best” way to teach
science — a journey that ultimately led him to
a more nuanced understanding of the impor-
tance of how one operationalizes “best,” or
“success.” Courteney noted that she had
experienced the lack of diversity in STEM
fields firsthand but became more aware of the
necessity for STEM educators and education
researchers to deepen their understanding of
intersectionality and its influence on learner
experiences and identities. Finally, Grace’s
experience working at a camp for students
with disabilities led her to investigate, and
ultimately become acutely aware of, the atti-
tudinal, physical, and economic barriers
that can limit accessibility to quality educa-
tional experiences for students with disabili-
ties. Given that the experience of examining
and discussing the existing literature in stu-
dents’ self-identified areas of interest seemed
to expand and enrich students’ connection to
inclusive STEM education, it would seem that
small literature review groups could become
integrated into STEM, STEM education, or
SPED programs, either within the curriculum
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or co-curricularly, in order to develop future
teachers, leaders, and engaged citizens who
are supportive of quality inclusive STEM edu-
cation and opportunities for all. This model
could be implemented fairly easily if based
upon a short learning module comprised of
an introduction to education research and lit-
erature review serving as its foundation. The
“curriculum” we outlined earlier in Table 1
could serve as a foundation to such a module.

Regarding students’ academic paths, it is
interesting to note that both of the history
of science majors found interest in policy
or systemic issues. Sean’s initial interest in
curriculum quickly pivoted to advocacy for
increased school funding levels and transpar-
ency while Grace’s interest in accessible labo-
ratories and field trips led her to note the criti-
cal nature of improving teachers’ perceptions
of students with disabilities given each teach-
er’s impacts on multiple groups of students
over long periods of time. Perhaps STEM and
special education faculty might find it fruit-
ful to collaborate with colleagues in history,
political science, economics, psychology, and
pre-law programs to present issues of inclu-
sive STEM education as possible case studies
for students in those programs to examine.
Capitalizing upon the sweeping and profound
connections between inclusive STEM edu-
cation and other social science fields might
prove beneficial for all students who plan to
tackle thorny policy-level and system-wide
challenges in their careers.

Finally, we note that, based on the students’
current career goals, this internship may have
equipped two future doctors, a lawyer, and
an engineer with increased awareness of the
educational, policy, and societal barriers and
facilitators influencing inclusive and equita-
ble STEM education...an outcome that would
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not have ordinarily arisen from their existing
academic programs. One can easily envi-
sion these future professionals treating, advo-
cating for, and designing for students with
exceptionalities in their careers. Moreover,
given that approximately 25% of the adult
U.S. population volunteers time outside of
their careers, and approximately 26% of vol-
unteers work in the education sector (Bureau
of Labor Statistics, 2016), developing future
leaders in all fields who have awareness of
the challenges and opportunities for inclu-
sive STEM education may prove impact-
ful through both vocational and avocational
tracts.

CONCLUSIONS,
RECOMMENDATIONS,
AND FUTURE DIRECTIONS

We believe that our research group proved
to be a successful venture for all involved.
Each of the student research assistants
gained understanding of the need for
increased research on, and support for,
quality inclusive science education. The stu-
dents also each voiced interest in advocating
for equitable STEM education in the future,
regardless of their career paths. This project
outcome was particularly gratifying as it has
the potential to address societal biases that
continue to hamper persons with disabili-
ties” pursuit of STEM vocations. Partici-
pation in our group also provided students
with valuable experience and skills that will
serve them in their future studies and pos-
sibly their careers. Of course, the college
administrator also benefited tremendously
from the research group in that she learned
about the students’ experiences during
the summer of COVID-19, gained student
insights about inclusive science literature,
and honed skills for communicating about
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inclusive science education with non-educa-
tors/non-education majoring students.

Some recommendations for STEM educa-
tors, teacher educators, and others interested
in developing similar research group projects
focused on inclusive science education are as
follows:

Recommendations for Inclusive STEM
Education Research Groups in Non-
Teacher Education Courses/Settings

(e.g., internships in liberal arts programs, courses
in STEM or social sciences, etc.)

* Recognize that reading and evaluating
research articles is valuable for students
of all majors, so keep an open mind as to
the applicability of these research groups.
Students in history, public policy, psychol-
ogy, pre-law or pre-med, and many others
can benefit from learning about inclusive
STEM education research.

* Seek out collaborators across diverse
fields; faculty in education and non-
education  programs can identify
common ground around issues of equity,
intersectionality, policy, and research
ethics.

+ Beflexible in your goal setting. Recognize
that undergraduate students, particularly
those from outside education majors, will
require time to become familiar with ter-
minology. In addition, locating, reading,
and evaluating articles will take students
quite a bit longer than you might expect.

* Create opportunities for students to
present to other audiences beyond your
research group. Our students had the
opportunity to discuss their research
with our librarians and our expert visitor.
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If we did this again, we would develop a
more formal presentation for a conference
or perhaps a class on campus.

Recommendations for Inclusive STEM
Education Research Groups in Teacher
Education Courses/Settings

Consider incorporating research groups
as an element of capstone courses in
science, science teacher education, and/or
SPED at either the graduate or undergrad-
uate level. Students can be grouped based
on common research question interests
or based on the unique perspectives (e.g.,
science education, SPED, early childhood,
etc.) they can bring.

Connect student research group investi-
gations to the Next Generation Science
Standards (NGSS Lead States, 2013) and/
or High-Leverage Practices in Special
Education (McLeskey, et al., 2017) by
having teacher candidates record and
discuss where key elements from these
leading documents are implemented and
evaluated.

Encourage teacher candidates to research
the ways in which the Individuals with
Disabilities Education Act (IDEA, 2012)
which guarantees a free, appropriate
public education commensurate with all
students’ abilities in all subjects, including
science, is implemented by examining
studies/research questions on adaptive
laboratory equipment, assistive technol-
ogy, alternative formats (such as braille
handouts), graphic organizers and other
instructional supports that can accommo-
date individual students’ needs.

Introduce the Universal Design for
Learning framework (UDL; CAST, 2018)
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by having research groups develop litera-
ture reviews on UDL in science teaching at
the elementary, middle, and/or secondary
level, and with students with a variety of
learning differences including sensory
or mobility impairments, learning disabil-
ities, giftedness in STEM, and so on.

Form co-curricular science and SPED
research/writing clubs where teacher
candidates can collaboratively research
and write articles for school newsletters,
blogs, or journals;

Implement the “curriculum” outlined
in this article as part of an introductory
research course or colloquia for doctoral
students in science education or SPED;
inclusive STEM education can be used as
the initial focal point to model research
practices before having students apply the
practices to their own research fields.

Recommendations for Inclusive STEM
Education Research Groups in All
Courses/Settings

Leverage a range of resources at your
university/school and beyond. Consider
reaching out to librarians, alumni, col-
leagues, the IRB, etc.

Encourage students to review reference
lists for locating literature. One of the
most exciting aspects for our study’s
administrator was seeing the students
begin to recognize authors and position
them within the field of inclusive science
education!

While the internship in the current
study was ungraded and all assessment
consisted of informal review of student
article summaries, presentations, and
discussions, a more formalized approach
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could be taken using a scoring rubric that
might include the following performance
criteria:

o Development of an appropriate research
question

o Thorough discussion of purpose,
research questions(s), methodologies,
results, and implications of studies on
research summary templates

o Accurate documentation of research
process via the research log

o Engaging presentations that commu-
nicate the key elements of the article
summaries to the group

O Active participation in group discus-
sions including asking and answering
questions

o Demonstrating the ability to synthesize
findings across studies

o Reflecting on one’s own experience in
the course as a student and researcher

» Although this project took place at a uni-
versity, consider carrying out a modified
version of it at the high school level,
perhaps with undergraduate or graduate-
level teacher candidates as the facilitators.
It is quite possible to get the gist of most
articles even if students aren’t familiar
with statistics.

While literature reviews are typically done
to understand what is known in a particu-
lar field in preparation for making original
research contributions to that field (Jesson,
et al., 2011), we were unable to find research
on the use of literature review development
as pedagogy for the purpose of teaching
non-researchers (and in this case, non-edu-
cation students) about a field such as inclu-
sive science education. Perhaps research in
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this area is warranted to determine whether
students show measureable differences in
knowledge and awareness of, sensitivity to,
and intentions to act on the area of study after
literature review (both individual and collab-
orative) experiences. We, of course, realize
that bias may have played a role in the posi-
tive feedback received from the student par-
ticipants who had been employed during the
internship; however, we reiterate that the
purpose of the present article was not research
but rather, to share preliminary findings from
what we believe was a positive practitioner
experience.

Near the end of our project, our university
announced that undergraduate teaching for
the fall would again be remote and students
would remain off campus. We decided to
continue our research group, and three of the
four students continued into the fall of 2020
to examine literature related to teacher edu-
cation in support of science education for stu-
dents with disabilities. In addition, three of
the students presented their research findings
at our university’s research day. Thus far, our
research has identified over 150 articles, chap-
ters, and books related to inclusive science
education. More importantly, it has inspired
a small group of future leaders toward the
practical and moral imperative for inclusive,
equitable, and excellent STEM for all.
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APPENDIX 1. ARTICLE/CHAPTER SUMMARY TEMPLATE

Citation (author, year, journal, etc.) using APA 7 format

Problem/Purpose (Why was the study done? Research question(s)?)

Participants (Who was studied? How many? Where?)

Methods and Procedures (How was data collected and analyzed?)

Findings/Results (What did the researchers learn?)

Implications (Why does it matter?)

Limitations/Gaps (What can ¥ we say? What is still unanswered?)

Anything else of interest? (Notes for reader)

Student Researcher Name:
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APPENDIX 2 - RESEARCH LOG

Student Researcher

Developing the Research Question
Example topic: Your topic Notes:
“students with disabilities” AND science
Example research question: Your research question: Notes:
How can labs and field trips be made
accessible for students with disabilities?
Key words: Keywords: Notes:
“students with disabilities,” labs, field
trips, accessibility

Library resource

This includes catalog, articles+, and database specific searching
Name of resource used: Your searches and the results Notes:

Catalog search
Search terms and results:

“students with disabilities” AND science-
92 results, 27 online

“students with disabilities” AND science
AND labs- 18 results, 7 online
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