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FROM THE STEM SPECIAL ISSUE EDITOR
SHERYL BURGSTAHLER

Not only is there a shortage of talented science,
technology, engineering, and mathematics (STEM)
professionals in general, but people with disabilities
are also underrepresented in their attainment of STEM
degrees and careers. The authors of this special issue of
the Journal of Special Education and Disability (JPED)
report interventions for students with disabilities and
for faculty and resources that might, ultimately, help
to bridge the gap between participation of individuals
with and without disabilities in STEM.

The first article serves to increase our understand-
ing of the problem. Jenson, Petri, Duffy, Day, and Tru-
man report several cross-cutting themes that emerged
from the responses of students with disabilities within
a focus group. Findings reported include that instruc-
tors set the tone for learning and consequently highly
influence students’ confidence, motivation, anxiety
and stress, self-efficacy and, ultimately, success in
demanding STEM courses.

Interventions for Students with Disabilities

In the second article, Martin, Stumbo, Hedrick,
Collins, Nordstrom, Peterson, and Martin report
promising recruiting practices for increasing the par-
ticipation of individuals with disabilities in STEM.
Their reflections may help others develop strategies to
encourage students with disabilities to pursue STEM.
In the third article, 1zzo, Murray, Priest, and McArrell
report evidence that student learning communities
for high school and college students with disabilities
interested in pursuing STEM degrees show promise
for enhancing self-advocacy and career development
skills. In the fourth article, Graves, Asunda, Plant, and
Goad share findings from their study that suggest offer-
ing asynchronous access to instructional content may
enhance the learning experiences of students enrolled
in STEM courses.

Professional Development Interventions and Ma-
terials for STEM Educators

The fifth and sixth articles explore the effective-
ness of professional development offerings for STEM
faculty. Moon, Utschig, Todd, and Bozzorg share a
case study of a combination of in-person and web-

based training for STEM faculty. Their multi-faceted
evaluation suggests the efficacy of these practices in
enhancing the abilities of STEM faculty to make in-
struction more accessible to students with disabilities.
Next, Rule, Stefanich, and Boody report outcomes of
a two-day working conference. Evidence presented
suggests that a short-term working conference can sig-
nificantly impact educators’ preparedness, responsive-
ness to make accommodations, and attitudes toward
the inclusion of students with disabilities in STEM
and other courses.

Finally, Stefanich reviews a comprehensive set
of materials developed through a collaborative effort
of STEM and special educators hosted by the DO-IT
Center at the University of Washington. Acknowledging
that few practicing STEM educators have had access to
adequate preparation or to resources for addressing the
diversity of students in their classes, he concludes that
the comprehensive content and multimedia presentation
materials in Making Math, Science, and Technology
Instruction Accessible to Students with Disabilities can
help pre-service and in-service educators more effec-
tively deliver STEM instruction.

Implications for Future Research and Practice
Americans with disabilities are underrepresented
with respect to STEM degree attainment and careers.
Although the authors of the articles in this issue present
promising interventions and resources, additional rig-
orous research studies are needed to move this young
field of study forward. Such studies would engage large
samples of participants, compare outcomes with those
of well-matched comparison groups, test interventions
in a variety of settings (e.g., online, on-site, at different
types of schools), use multiple evaluation techniques,
gather perceptions from multiple stakeholder groups,
and conduct longitudinal investigations to determine
long-term effects. Such studies are expensive and
therefore are likely to require external funding from
government or other agencies. With large sample sizes
of students, analysis could explore the relationship
between type of disability and the effectiveness of
support activities. It is also important to explore why
participants and nonparticipant peers who have apti-
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tude and interest in STEM do not pursue these fields.
Specifically for professional development of faculty,
more outcomes research is needed regarding teach-
ing practices and performance of students in classes
of trained and untrained faculty and of students in a
specific course taught before and after an instructor
receives training.

Originally applied to the development of physical
spaces, technology, and consumer products, universal
design (UD) has more recently emerged as a paradigm
for the development of instruction, curriculum, and
assessment that addresses the needs of students with
a wide variety of characteristics. Although UD holds
promise for reducing the need for disability-related
accommodations and benefiting all students, further
research is required to identify and test the efficacy of
specific UD practices when applied to STEM instruc-
tion. In addition, all researchers and practitioners who
explore interventions to increase participation and/
or success in STEM should be encouraged to address
disability-related issues within the design of the inter-
ventions and reporting of the results for individuals with
disabilities. For example, a research study that tests the
efficacy of a teaching practice on the success of women
in STEM could compare the success of women with and
without disabilities in both intervention and comparison
groups. Similarly, a study testing the impact of using a
technology-based teaching tool should include students
with a variety of disabilities.

STEM instructors should also consider how their
courses might increase in quality by infusing the UD
philosophy within their curricula. For example, if the
creation of software is part of an assignment in an
IT course, the instructor could require that students
apply UD principles as they develop their software
interfaces so that they are usable by potential users
with disabilities.

Besides evaluating individual programs for stu-
dents and instructors, significant efforts are needed
to identify best practices for campus-wide systemic
changes in policy and practice. These efforts should
consider implications of new technologies; respec-
tive roles of campus units such as disability services,
teaching and learning centers, computing centers; and
proliferation of modern approaches that include the
social model of disability and UD.

A major challenge in evaluating institutional
change is accurately measuring alterations in the
number of students with disabilities on campus and
those specifically pursuing STEM over the course of
an intervention period. Without these data, it is difficult
to know if progress is being made on an individual
campus and nationwide. Often, changes in the number
of registered users of a postsecondary institution’s dis-
ability services office is used to measure changes in
enrollment of students with disabilities, including those
in STEM, on that campus. However, the number of
students with disabilities who choose to disclose their
disabilities to these service units is often estimated
at less than 50% (Smith, 2009). Further, we cannot
assume that this group is a representative sample of
students with disabilities on that campus.

Changes in disability services registrations is also
an unreliable measure of success in increasing STEM
enrollment of students with disabilities, because some
project interventions are likely to increase disclosure
numbers (e.g., recruitment of students with disabilities
to an institution and to STEM degree programs) and
some are likely to decrease disclosure numbers (e.g.,
implementation of UD strategies that make STEM labs
and instruction more accessible, offering assistive tech-
nology ubiquitously rather than as an accommodation
only for registered students with disabilities). These
numbers also do not account for how the availability
of personal devices impacts whether a student with a
disability registers for accommodations. For example,
receiving a cochlear implant, personal communication
device, or power wheelchair may result in a STEM
student no longer needing an accommodation that was
once required; comparison data would reflect one fewer
STEM student with a disability on campus if disability
service figures were used to measure change in STEM
enrollment of students with disabilities.

To correct this problem, postsecondary institu-
tions nationwide should be encouraged to collect and
report data on disability status that does not require
self-disclosure to the disability services office and
is collected after a student has been accepted to the
institution. Although still subject to the limitations of
self-report and different understandings of what con-
stitutes a “disability,” such data would include students
with disabilities who do not require accommodations
as well as those who do not wish to disclose during the



application process because of concerns with respect
to discrimination.

STEM participation of students with disabilities is
an important and timely topic for this issue of JPED.
Interventions and results reported in these articles
can teach practitioners how to choose strategies and
evaluate them, and help researchers identify research
questions for further investigation. It is important
to keep an eye on what a level playing field for all
students interested in STEM would look like from
multiple angles. For example, consider what might be
the first response of a professor when a student who
is quadriplegic enrolls in his science class. Would he
be preoccupied with how much of his time might be
required to implement accommodations? Or, would he
value the unique perspective this student brings to his
field of study, viewing differences in physical abilities
as simply a normal part of the human experience? Not
all important outcomes are easy to measure!

About the Guest Editor

Dr. Sheryl Burgstahler is an Affiliate Professor in the
College of Education and the founder and director of
the DO-IT (Disabilities, Opportunities, Internetwork-
ing, and Technology) and the Access Technology
Centers at the University of Washington in Seattle. Her
projects and research focus on the successful transi-
tion of students with disabilities to college and careers
and on the application of UD to technology, learning
activities, physical spaces, and student services. She
has directed many NSF-funded projects to increase the
participation of students with disabilities in STEM fields.
Current projects include AccessSTEM and the RDE
Collaborative Dissemination Project. Dr. Burgstahler
is lead author and editor of the book Universal Design
in Higher Education: From Principles to Practice. She
publishes extensively and has taught precollege and
postsecondary mathematics and computer programming
to students and technology, UD, and teaching methods
to pre-service and in-service educators. Dr. Burgstahler
can be reached at sherylb@uw.edu.
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Perceptions of Self-Efficacy Among
STEM Students with Disabilities

Ronda J. Jenson
Alexis N. Petri
Arden D. Day
Kevin Z. Truman
University of Missouri-Kansas City

Kate Duffy
Metropolitan Community College — Penn Valley

Abstract
Numerous studies examine the relationship between self-efficacy and positive outcomes for postsecondary students.
Collectively they echo that self-efficacy is an essential component to positive outcomes. Relatively few studies
focused on students with disabilities majoring in STEM fields. Twenty postsecondary students with disabilities
participated in focus groups organized around Bandura’s key factors leading to self-efficacy: mastery experiences,
vicarious experiences, social persuasion, and physiological reaction. By pairing participant-response devices, com-
monly known as “clickers,” with traditional qualitative methods, students provided their individual perspectives
as well as reacted to collective responses. Several cross-cutting themes emerged from the study. Instructors set
the tone for learning and consequently highly influence confidence, motivation, anxiety and stress, and ultimately
success. Applied learning is important, especially in team settings. A student’s sense of self influences his or her
perceptions of self-efficacy. The results offer insight into designing support services and measuring self-efficacy

with this population.

Keywords: Disability, higher education, STEM, self-efficacy

Individuals with disabilities, including military
veterans, have talents to offer and want to have careers
in science, technology, engineering, or mathemat-
ics (STEM), but often lack necessary education for
employment in those fields. Because gaps in support
services often create barriers for this population, a
variety of new, focused programs are being made
available to students with disabilities, such as peer
mentoring, assistance navigating college programs
and systems, career exploration, and college and career
preparation workshops. As a needs assessment for a
Midwest program focused on postsecondary students
with disabilities, focus groups of college students with
disabilities were conducted on the topic of self-efficacy.
Data gained from these focus groups are being used
by project staff to enhance supports provided to col-
lege students with disabilities, including veterans with
service-connected disabilities.

Undeniably there is a gap between the number of
STEM jobs the U.S. economy requires and the number
of students who are attaining their college education
in these fields (National Science Board, 2004). The
persistence and retention of all students in STEM fields
is of critical importance. A recent analysis of postsec-
ondary STEM enrollment for students with and without
disabilities suggests 1 in 5 students with disabilities
choose a STEM major (Lee, 2011). Additionally, this
same study using data from the National Longitudinal
Transition Study-2 Wave 4 (Lee, 2011) reported a lower
rate of students with disabilities in STEM majors ac-
cessing accommodations compared to students with
disabilities in other degree programs. Yet, the range
of access and attitudinal barriers that postsecondary
students face has been well-documented (Dowrick,
Anderson, Heyer, & Acosta, 2005; Stodden & Con-
way, 2003; Webb, Patterson, Syverud, & Seabrooks-
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Blackmore, 2008). These studies pose further questions
regarding retention of people with disabilities in STEM
majors and the nature of essential supports and strate-
gies to support their persistence. This study focuses on
the student perspectives of confidence in their ability to
persist in postsecondary STEM studies and the factors
that promote or hinder their confidence.

Perceived self-efficacy has been linked in the
literature to numerous personal factors that in turn
lead to desired outcomes. Successful college students
are more motivated to work toward goals (Bandura,
1994; Kim, Newton, Downey, & Benton, 2010; van
Dinther, Dochy, & Segers, in press), more resilient
when faced with challenges (Kitsantas & Zimmer-
man, 2009; Reynolds & Weigand, 2010), more likely
to continue in their studies (Kitsantas & Zimmerman,
2009; van Dinther et al., in press), and show greater
self-determination (Getzel & Thoma, 2008). As part of
an ongoing evaluation of student needs, the purpose of
this study was to explore and describe how postsecond-
ary students with disabilities studying in STEM fields
perceive themselves as efficacious. The results of this
study describe supports and strategies reported by the
students to promote their self-efficacy. Additionally,
the results provide insight into the roles of college
disability support (DS) services, peer mentors, course
instructors, and general academic support services in
promoting and supporting self-efficacy.

According to Bandura (1997), perceived self-
efficacy is defined as “belief in one’s capabilities to
organize and execute the courses of action required
to produce given attainment” (p. 2). In the literature
studying college persistence, this personal sense of
confidence in abilities has been linked to goal setting
and success in college (Bandura, 1997; DeWitz, Wool-
sey, & Walsh, 2009; Hsieh, Sullivan, & Guerra, 2007).
Additionally, the literature suggests self-efficacy is a
mediating variable between cognition and performance
(Rugutt, Ellett, & Culcross, 2003). In other words,
while skills and knowledge are important factors
leading to success, students need a sense of efficacy to
use their skills, access support, and engage in learning
(Bandura, 1994).

Self-efficacy theory identifies four contributing
factors to students’ sense of self-efficacy: mastery
experiences, vicarious experiences, social persua-
sion, and self-management of physiological reactions
(Bandura, 1994). Prior experiences resulting in posi-
tive outcomes can boost confidence and willingness

to persist when faced with challenges (Bandura, 1997;
Schunk & Pajares, 2009). Mastery experiences — feel-
ings of accomplishment and success when faced with
challenges — are linked to resilience, perseverance,
and reduced stress imposed by daunting tasks. Vicari-
ous experiences refer to observing others succeed and
consequently feeling an increased sense in one’s own
ability to similarly succeed (Bandura, 1997; Schunk
& Pajares, 2009). When a person sees someone like
him/herself succeed, he/she in turn can feel capable of
mastering comparable tasks. Conversely, seeing a peer
fail can reduce a person’s sense of self-efficacy. The
third way that self-efficacy can be changed is social
persuasion: Influences of others who either uplift or
decrease a person’s feelings of confidence and judg-
ment of personal capabilities. Encouragement from
parents, teachers, and peers whom students trust can
boost confidence. When one is persuaded that he/she is
capable, then one is more likely to put forth and sustain
greater effort. Lastly, emotional reactions can heighten
or diminish confidence. Feelings of stress, tension,
and depressed mood have physical and psychological
effects that negatively impact performance (Bandura,
1994; Schunk & Pajares, 2009).

Fortunately, self-efficacy beliefs are malleable and,
thus, can change over time (Cervone & Peake, 1986).
Because self-efficacy is not a static personal state and is
linked to positive personal outcomes, it is an important
focus and worthy of observation and study. For the
general population of college students majoring in the
STEM fields, self-efficacy arises frequently in studies
of persistence and retention. What STEM students
believe about their own self-efficacy and responsibility
for learning are linked to their academic persistence as
well as their achievement (Eccles & Wigfield, 2002;
Hacket, Betz, Casas, & Rocha-Singh, 1992; Lent et al.,
2003; Zeldin & Pajares, 2000). Interestingly, the role
of instructors can become enmeshed with self-efficacy.
There is an increase in the literature describing effec-
tive strategies for teaching postsecondary learners with
disabilities at both 2-year and 4-year colleges (Mori-
arty, 2007; Schelly, Davies, & Spooner, 2011). The
act of learning at the college level is much more than
a reaction to effective teaching; the goal of learning
in college is helping students transform abilities into
skills and operates as a training ground for life-long
learning (Zimmerman, 2002). When college students
attribute their achievements to the influence of an in-
structor rather than their increasing ability to regulate
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their learning processes, research shows postsecond-
ary institutions interpret that information as students’
avoiding taking responsibility for their learning at
levels appropriate for college (Zimmerman, 2002;
Zimmerman & Kitsantas, 1999). Through the process
of gaining self-regulation of learning, self-efficacy
becomes entwined with learning at the college level
(Zimmerman, 2002).

How STEM students interpret their experiences in
course-related assignments shapes their self-efficacy.
Students increase their enjoyment of their learning
experiences as they increase content mastery and often
attribute good grades to content mastery (Hutchison,
Follman, Sumpter, & Bodner, 2006). The quality of
challenging assignments is shown to influence the de-
velopment of college students as learners, particularly
in the domain of self-efficacy (Kitsantas & Zimmer-
man, 2009). When students feel satisfaction from com-
pleting quality work, they are positively influencing
their own self-efficacy, especially in STEM courses
(Hutchison et al., 2006). In the area of social persua-
sion, STEM students may interpret their grades to be
an indication of how their instructors gauge their per-
sonal abilities. The verbal exchange between students
and those whom they seek for academic help similarly
shapes self-efficacy because students may perceive
those exchanges as judgments, whether positive or
negative. In the realm of physiological constructs of
self-efficacy, students associate how they feel during
certain academic tasks with what they believe about
themselves (Hutchison et al., 2006).

For college students with disabilities, issues of
persistence and retention are additionally tied to ac-
commodations and supports matching their disability-
specified needs as provided by the campus DS office. A
known concern with relying on DS offices is low rates
of self-identification of disabilities (Getzel & Thoma,
2008; Klassen, 2002). Not all college students with dis-
abilities want support from the DS office, or they wait
until they experience significant academic challenges
before requesting accommodations. This reality poses
questions for how mentors, advisors, and instructors
influence beliefs of self-efficacy among college stu-
dents with disabilities. Similarly, there are questions
as to how general academic support centers such as
writing labs, tutoring programs, and supplemental
instruction influence student self-efficacy. Questions
center on perceptions of roles and responsibilities.
How do mentors, advisors, instructors, and staff in

general academic support centers perceive their roles
in promoting self-efficacy of all students and, in par-
ticular, students with disabilities when the interaction
with the DS office is minimal or absent? What is their
responsibility in supporting students with disabilities
in their learning and in boosting their perceptions of
self-efficacy?

Research pertaining to college students without
disabilities presents recommended practices for pro-
moting student academic success and persistence.
Examples of recommended practices include student
participation in a learning community of students
with common goals (Pandya, Henderson, Anthes, &
Johnson, 2007; Wenger, 1998), developing a student-
instructor working relationship that increases the
instructor’s understanding of student learning styles
and provides encouragement to persevere (Getzel
& Thoma, 2008), and accessing the array of campus
opportunities and learning centers designed to sup-
port and enhance learning (Kim et al., 2010; Zhao &
Kuh, 2004). The present study builds on this research
by looking at how postsecondary students with dis-
abilities focused on achievement in STEM personally
describe their sense of self-efficacy and the factors
that have uplifted or deflated confidence in their abil-
ity to be successful in their studies and finish their
degree. Existing research comparing the dimensions
of self-efficacy between students with and without
disabilities in secondary learning settings suggests
there is a difference in self-concept, confidence, and
level of self-determination (Klassan, 2002; Lackaye,
Margalit, Ziv, & Ziman, 2006; Tabassam & Grainger,
2002), thus worthy of further exploration in postsec-
ondary settings.

Evaluation Questions

The two evaluation questions for this study are as
follows: (1) From the perspective of postsecondary
students with disabilities involved in STEM programs,
how do the constructs of self-efficacy relate to their
feelings of confidence? (2) How can postsecondary
support services and programs be enhanced to better
promote the self-efficacy of students with disabilities
studying in STEM fields?
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Method

For both evaluation and research, involving people
with disabilities as active, fully contributing partners is
a priority. Evaluation emphasizes utilization-focused
processes that create a continuous loop of linking
evaluation results to programmatic design (Patton,
2008). Similarly, researchers use participatory action
research (Garcia-Iriarte, Kramer, Karmer, & Hammel,
2009), thus creating opportunities for participants with
disabilities to be involved in the “identification of
problems, collection of data, and analysis of their own
situation to improve it” (Selener, 1997, p.11). Out of a
commitment to involving postsecondary students with
disabilities in all aspects of evaluation, this Midwestern
program sought input from college students with dis-
abilities. Through focus groups structured for dialogue
as well as real-time data from participant-response
devices, or “clickers,” students discussed self-efficacy
and the college experience. By employing “clickers”
with traditional qualitative methods, students provided
their perspectives as well as reacted to collective re-
sponses. While multiple focus groups were held, each
student participated in only one focus group.

Participants

In total, 20 college students with disabilities par-
ticipated in the focus groups. Participants self-reported
their disabilities. Disabilities reported included one
speech impairment, one visual impairment, three
attention deficit/hyperactivity disorders (ADHD),
three physical impairments, four learning disabilities,
four Autism, and four psychiatric disorders. Students
ranged in age from 19 to 51, with an average age of 28
and 75% of students between 19 and 29 years of age.
Students came from two urban community colleges
(n=10) and one urban university (n=10), of which one
student was in a graduate program. Of the participants,
four students were veterans with service-connected
disabilities. All students majored in the STEM fields
as defined by the National Science Foundation, which
includes social, behavior, and economic sciences as
STEM fields. Participant majored in computer science
(n=7), social science transfer degree (n=4), stationary
engineering (n=2); and one participant from each of
the following: biology, electrical engineering, forensic
archaeology, information technology, political science,
precision manufacturing, and psychology.

Procedures

Four constructs describing the key factors leading
to increased self-efficacy were used as a framework
for addressing the evaluation questions. These four
validated constructs were mastery experiences, vicari-
ous experiences, social persuasion, and physiological
reaction (Bandura, 1997; Schunk & Pajares, 2009).
The focus-group and participant-response-device
questions corresponded to the four constructs (see
Figure 1). Two staff members facilitated each focus
group with one serving as the group moderator and
the other as the scribe. The moderator used the focus
group script to pose questions and prompt discussion
and verified responses with the participants during the
focus group by summarizing conversation points and
asking the group to confirm accuracy, offer clarifica-
tions, or correct the summary. The scribe provided a
written transcript of the discussions. While a written
transcript was obtained, no audio recording was used
during these focus groups.

Participant-response devices. The questions posed
using the participant-response devices used a Likert-
type response scale. A Likert scale has been determined
an acceptable method of measuring self-efficacy (Mau-
rer & Pierce, 1998). Participant-response devices are
similar to remote control pads and commonly called
“clickers.” Using a computer, projector, CPS Plus
and CPS Power Point, questions are projected onto
a screen. The computer has a receiver and as partici-
pants indicate their responses on their “clickers,” their
answers are received via wireless electronic delivery.
At the beginning of the focus group, the “clickers”
were handed out to all participants. Mock questions
were used in the beginning as a way of teaching the
participants how to use the devices. Once the group
was clear on the instructions, the following questions
were posed with a Likert scale of (1) certain cannot do,
(2) somewhat certain cannot do, (3) somewhat can do,
(4) certain can do, and (5) highly certain can do.

*  How confident are you that you can get good
grades in your STEM courses this semester?

* How confident are you that you can get help
with assignments or studying if needed?

*  How confident are you that you can get needed
accommodations necessary for full participa-
tion in courses?

*  How confident are you that you can do as well
in your STEM classes as other students?
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Figure 1. Self-efficacy coding schematic

confidence and
performance

= Perceived amount
of stress and
anxiety compared
to peers

= Stress management

* How confident are you that you can persist
in your STEM courses even when faced with
criticism?

* How confident are you that you can remain
calm and relaxed during tests?

*  How confident are you that you can remain
calm and relaxed when expected to complete
a challenging assignment?

After all participants responded, the focus group
facilitator used the computer to display the collective
responses. The participants then viewed the responses
and had the opportunity to react and discuss prior to
addressing the focus group questions. Reactions and
comments to the collective “clicker” responses were
included in the focus group transcripts for analysis.

Focus groups. Aligning with the four constructs,
the following focus group questions were posed:

»  Describe a situation in college when you were
proud to have met a challenge and succeeded.
Was there someone or something that helped
you succeed? How has this success affected
your confidence?

*  When you see classmates succeed, how does
that make you feel? How does it affect your
confidence?

*  When you see people with disabilities succeed
in STEM careers, how does that make you
feel? How does it affect your confidence?

*  Thinking about your college work, how im-
portant is positive feedback from instructors?
From classmates? From family and friends?
Whose encouragement do you believe more
strongly affects your confidence to succeed
in college?

*  How does stress and anxiety affect your abil-
ity to do your best work? Thinking about a
stressful course or assignment, do you feel
your stress level is more, less, or the same as
your classmates?

Data analysis. The responses to the Likert-scale
questions administered by the participant response
devices are displayed in Table 1. While a Likert-scale
presents a rank order, it cannot be assumed that the
intervals between ranks are constant (Jamieson, 2004).
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Table 1

Participant-response system self-efficacy questions and results (N = 22)

Item Median Mode Range
1. How confident are you that you can... Get good grades in your STEM 3 4 2-5
courses this semester?

2. How confident are you that you can... Get help with assignments or 4 4 2-5
studying if needed?

3. How confident are you that you can... Get needed accommodations 4 4 1-5
necessary for full participation in courses?

4. How confident are you that you can... Do as well in your STEM 3 4 2-5
classes as other students?

5. How confident are you that you can... Persist in your STEM courses 4 4 2-5
even when faced with criticism?

6. How confident are you that you can... Remain calm and relaxed 2 2 1-5
during tests?

7. How confident are you that you can... Remain calm and relaxed when 3 4 2-5

expected to complete a challenging assignment?

Therefore, calculations of mode, median, and range are
most appropriate and displayed in Table 1.
Transcripts from the focus groups were reviewed
by a research team of four people. Based on initial
review, the team identified meaningful ways of sort-
ing the data and developed a coding tree. A coding
tree is defined as the outline structure developed by
the users and intended for sorting meaningful chunks
of data (Patton, 2002). In order to permit the natural
unfolding of key themes, the levels are broad. After
developing the coding structure, all data were coded
by three members of the team to determine areas of
consensus and discrepancy in interpretation. Areas of
discrepancy were discussed until the full team arrived at
consensus. As the team went through the process of cod-
ing and discussion, additional themes emerged and the
coding tree was transformed into the coding schematic
displayed in Figure 1. The figure shows that the four
constructs are integrated and compensatory; that is if a
particular construct is strongly present it may compen-
sate for a weaker construct. Informing understanding of

the constructs as they apply to postsecondary students
with disabilities in STEM fields are the lists of coded
items as they apply to each construct.

Credibility. Credibility is established through
a number of methods traditionally associated with
qualitative research (Denzin & Lincoln, 1994). For
this study, a standardized protocol was used with re-
spondents and triangulation through consensus coding
was used. The value of coding data in a collaborative
fashion using a consensus approach is the reduction
in bias in interpretations and judgments made about
the data. During the coding process, the research
team discusses the qualitative data and arrives at a
common understanding of the emergent themes (Hill
et al., 2005). An audit was also conducted by a person
with expertise in the field of disability studies and post-
secondary education. The auditor thoroughly read the
findings, traced suppositions to the original raw docu-
ments, and reported that ““data files were consistent
with the results reported in the findings of the study.
Furthermore, no contradictions of information were
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found nor was there any evidence to suggest contrary
findings were not included.” Thus, all propositions
have been verified as credible.

Results

To address the evaluation questions, the results
of the focus group conversations and the participant
response device questions are organized by each of
Bandura’s (1994) four constructs and within each con-
struct is a discussion of the roles of support services
and programs in promoting self-efficacy. It is important
to recognize that themes overlapped and cross-cutting
themes emerged. The themes that emerged from the
focus groups were organized by Bandura’s constructs,
as listed below:

*  Mastery experiences: key roles affecting mas-
tery, opportunities for mastery, influences pos-
ing challenges to mastery, personal attributes
leading to mastery, and perceived impact on
confidence.

*  Vicarious experiences: feelings about peer suc-
cess and perceived impact on confidence.

* Physiological reaction: causes of stress and
anxiety, effect of stress on confidence and
performance, perceived amount of stress and
anxiety compared to peers, and stress man-
agement.

*  Social persuasion: source of persuasion, im-
portance of reinforcement, sense of individual-
ism, and perceived impact on confidence.

Each of Bandura’s constructs and the findings from
the focus groups are discussed below.

Mastery Experiences

Participants in the study reported that success in
their STEM classes added to their overall sense of
accomplishment and self-confidence as they made
their way through college. Representative statements
include, “Success has made me more confident,” and,
“I didn’t think I could, but I got through it.” The most
frequent response to “clicker” questions about academic
confidence (i.e. earning good grades in STEM courses,
getting help with class work, and working with faculty
on accommodations) was, “I am certain I can do.”

Students reported that several factors contributed
to their mastery experiences in college, ranging from
the role of instructors, family, friends, and classmates

to the assistance of the college’s academic and dis-
ability support offices. Having opportunities to apply
learning was also reported as valuable. As one student
noted, “When I work with other people and accomplish
a goal, that teamwork makes me feel successful.”
Students also reported that personal attributes such as
perseverance, self-confidence, and an unwillingness
to fail contributed to these mastery experiences. One
student discussed the connection between a course and
confidence: “I took speech class, worked on becom-
ing more comfortable talking in front of people and
am now more confident.” Students recognized self-
responsibility in content mastery. When they struggle,
they generally did not consider it to be the fault of the
instructor and, if they have success, they attribute it to
studying and to going to class.

Of'the people in their lives, the participants credit-
ed instructors as having the most impact on their ability
to experience success in their classes. Several students
told of instructors who went out of their way to provide
extra support: “We had class two days a week, but we
convinced the teacher to host extra study sessions once
a week.” Another student associated attention from a
teacher with an increased ability to be engaged in class:
“When I was going through [personal] ... drama in
2007, I was in a math class. The teacher stayed after
class and talked to me. [ This] helped me not to hesitate
to ask questions.” Instructors created a valuable culture
for learning in a class that students appreciated and that
promoted mastery experiences.

Vicarious Experiences

When focus group participants were asked if they
were confident they could do as well in their STEM
courses as other students, the most frequent response
was “I am certain I can” (see Table 1). Predominantly,
students reported positive feelings when they saw their
classmates succeed and this boosted their confidence.
In particular, students reported positive value in see-
ing their peers with disabilities experience success.
According to one student, “If they can do it, [ can do it
t0o.” Another student echoed this conclusion by saying,
“What helps more is hearing success stories of people
with disabilities who succeed beyond you.” In contrast,
a small group of students reported feeling happy for
the success of peers, but that peer success did not af-
fect their confidence. Some participants stressed that
it is important to keep focused on one’s own work and
studies and to avoid allowing the success or struggles
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of peers affect one’s performance. One student sum-
marized this sentiment by saying, “I can’t judge myself
based on them, just based on how hard I work.” None
of the students reported that seeing their peers succeed
lowered their confidence.

Although all of the participants agreed they were
happy to see others with disabilities succeed, two
participants expressed concern about the way others
viewed them. These students described how, in col-
lege, they felt many viewed them from a needs-based
perspective and not a strengths-based perspective. One
student noted that, while she needed accommodations
in classes, there were areas in her life where she did
not need accommodations. “I’ve got a comprehension
disability, but I’ve been a manager at my job for five
years. And [ worked up to that position. Not everyone
can do that!” Another participant, though happy when
someone with disabilities succeeded, worried about be-
ing lumped together with other people with disabilities.
“There are 100 million factors at play, and, though it
does help my confidence, it does get weird, kind of
like Beautiful Minds.” The students shared concerns
that others viewed them all in one category, disability,
instead of seeing them as individuals.

For the students, teamwork and collaboration
was part of seeing peers succeed and the effect of that
success on self-confidence. Numerous students, from
two-year and four-year colleges, reported positive ex-
periences when completing team projects. Being part
of a team gave students the opportunity to see peers
succeed, to observe the steps leading to success, and
to join the collective positive feeling of completing
the project. In addition, teamwork seemed to reinforce
the learning and understanding of new concepts being
addressed. Peers had a role in boosting confidence in
the short term — such as asking a peer to look over an
assignment, studying together for a test, or doing a
more formalized peer critique in the classroom setting.
“Doing peer critiques on work increased my confidence
because then [ knew my peers liked my work.” Students
felt increased confidence when their colleagues suc-
ceeded in class. The four participants who had military
backgrounds spoke most often about teamwork — they
valued connecting with their peers and noted that it
bolstered their confidence. The community college
students spoke of an additional importance between the
instructor and feedback in a class. Many community
college students viewed instructors as gatekeepers to
a STEM career path. Students noted that instructors’

encouragement to pursue a particular career path held
more value than encouragement from family or friends.
One student described how he turns to his instructors
first, before family or friends, for feedback: “Instruc-
tors know what they are talking about when it comes to
my future careers. My family and friends don’t always
know why something matters or is important.”

Participants reported that self-efficacy increased
through the vicarious experiences of their peers as
well as their instructors. They felt a special connection
to others with disabilities and their success— whether
these were fellow students or someone famous in the
STEM fields whom the students admired. One student
observed, “Stephen Hawking is the most brilliant
person in science. I have high hopes for me to be the
best I can be from seeing him do what he does. It
gives me motivation.”

Social Persuasion

From the comments of participants in the focus
groups, it is evident that social persuasion is a vital
construct in positive academic experiences. There are
four distinct players when it comes to social persuasion
for the students with disabilities studying in the STEM
fields: instructor, classmates/peers, self, and family
and friends. Participants discussed the role of family
and friends as related to their self-efficacy. All students
expressed having someone in their life, whether a family
member or a friend, who has provided general support
and encouragement: “My mom always has encourag-
ing things to say.” Students expressed that their support
systems outside of college often knew little about what
it like to be a student majoring in the STEM fields.
For example, most family members had not been in a
laboratory and did not know what transpires in lab set-
tings. Students noted that the support of family members
tended to be more general in nature. One student echoed,
“my uncle always encourages me.”

Students in the focus groups described a difference
between peers and classmates— peers were others with
disabilities majoring in the STEM fields or enrolled
in college. They defined classmates as students who
were in classes but who did not necessarily have a
disability. Students talked about how their classmates
were sometimes uncomfortable being honest with them
because of their disabilities. This further complicated
the challenges of peer-feedback in the classroom:
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Criticism from teachers is helpful so you can tell
what you’re doing wrong and right. We’ve done
peer reviews and they weren’t as helpful, because
the students aren’t always as honest [as teachers]
because they don’t want to hurt your feelings.

Many participants noted that it could be discourag-
ing when classmates without disabilities did not have
to put forth the same amount of effort as they did but
achieved higher grades. Students expressed that this
sometimes formed barriers between themselves and
their classmates.

Students described an important connection be-
tween positive feedback and motivation: “Positive
reinforcement works the best with me.... It is an ego
boost. I am motivated by a good job or a great job
and good grades. Negative reinforcement bogs me
down. I feel in a swamp.” Of the respondents, 17
noted that positive reinforcement from the instructor
was very important, 11 respondents noted that posi-
tive reinforcement from family and friends was very
important, and 7 out of the 11 noted that both were
equally important but for different reasons. Students
commonly identified the following reasons for why
instructors are important factors in social persuasion:
they have content mastery, they often have specialized
knowledge in one area of STEM, and they may offer
potential connections to employment due to their role
as an expert in a particular field.

While many participants noted their peers were
helpful, rapport with instructors was considered to be
“most important.” Rapport building is something that
happens between instructors and students; the energy
the instructor gives to building relationships with the
students and setting a tone for the class matters. Stu-
dents could tell if instructors wanted them to succeed
and push beyond their present academic difficulties to
meet their goals. “If you get a bad grade, but you still
have a rapport or a good relationship with the teacher,
there is still hope. Otherwise you’re trying to do it all
alone.” Students identified the value of constructive
criticism in addition to positive feedback. The value
of positive feedback spoke to evidence of success; suc-
cess feels good; things that feel good are motivators.
Success also increased students’ confidence. A few
students noted the importance of constructive criticism
as a motivator because it helped them increase their
content mastery, which then led to increased confidence
and/or positive feedback. “Since they [teachers] are

experienced and have mastery [of the content] it is
good to hear what you need to improve on and what
you have done wrong.” “There is still that little devil
in my head going ‘probably you should overcome
this before [you] move on, otherwise you will miss
some critical principle to help you move forward.””
Participants viewed negative feedback or criticism that
was not constructive as unhelpful. Students identified
examples of negative feedback, including a bad grade
without explanation or dismissive remarks such as,
“This is not college level writing.”

Interestingly, and somewhat unexpectedly, many
students discussed the importance of their role in social
persuasion. With all of the players in their lives, both
collegiate and personal, students believed that their
motivation ultimately involved their own belief in them-
selves. “Instructors, very important; family and friends,
not as important. [Peers], yes, definitely [important].
We are like a cohesive element. [But] it’s really up to
the individual. You have to believe in yourself, have
focus, initiative, and drive.” As one student who had
struggled in some courses said, “If [ need the course, |
can persist.... It has to be you that encourages yourself.
You have to believe in yourself.” The role of the self be-
came important to understanding how social persuasion
affects confidence in the academic setting. The students
who participated in this study have persisted against the
odds. They have had to find and utilize an inner reserve
of motivation to persist at their goals. This intrinsic mo-
tivation was an important resource to students. “I don’t
know whether it’s confidence or bravery that keeps me
going sometimes.” This student added that, after positive
feedback from STEM instructors, his “own feedback is
more important to me.”

As shown in Table 1, the majority of participants
responded positively to the “clicker” question related to
the social persuasion construct (item 5) and were at least
“certain” they could persist in STEM courses when faced
with criticism (16 out of 19 or 84%). This important
result speaks to rapport with instructors and peers as
well as support from family and friends. Perhaps most
importantly, it shows how central self-determination is
to persistence. When facing criticism, the majority of
students had rapport with instructors and peers, social
supports for encouragement, or self-determination.
One student described that “I adamantly deny my mind
from [the thought] ‘I want to quit’ because I have quit
at things before and I have regretted it. I never think of
[the thought] ‘I quit.” I keep going forward.”
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Physiological Reaction

The last lens of analysis is the physiological reac-
tion to the college environment students experienced.
Participants in the focus groups reported struggling
with physiological reactions to stress and anxiety. As
shown in Table 1, responses to the “clicker” question
related to the physiological reaction construct (item 6)
vary more than the other constructs, with more partici-
pants responding that they were unsure if they could
remain calm during tests. More participants responded
they were at least somewhat certain they could remain
calm when completing an assignment.

The main situations reported to produce stress or
anxiety were tests and courses that are based on abstract
concepts that form the basis for advanced understanding
or application, such as algebra or chemistry. Students
noted that applied courses did not produce as much
stress, unless there is a time when they need to perform
certain tasks in a timed setting. For abstract courses
students were concerned about their ability to grasp the
information. They studied and did their assignments
and still struggled. “Whatever pressure I feel, 90% of
it comes from me. This Math 120 [college algebra] is
no joke. I don’t skip class, so I figure the light bulb will
come on and go ‘bling” and I’ll get it. If I keep doing
these math problems, something will click.”

A few of the older students, especially those with
military experience, noted that they had largely “out-
grown stress.” They referred to a combination of ma-
turity and finding ways to cope with situational stress
and/or anxiety in explaining this development. These
same students also saw a connection between stress and
positive outcomes. They noted that sometimes stress
could boost adrenalin and lead to improved performance.
These students were in the minority. Across age and
disability, tests and challenging assignments caused
stress and anxiety for most participants. A few students
reported that they tried to find motivation in their stress.
“I try to know the materials... It’s just that, a challenge,
but you go into it because you like the challenge. Chal-
lenges are the rewards.” Other students described how
they coped with stress and anxiety. As one student noted,
“When [ started I wasn’t [very confident that I could
relax during tests]. But now, I sit outside in the hallway
and practice deep breathing exercises.”

Overwhelmingly the students reported that they
want to do well in their classes. Many of the students
echoed the sentiment, “I put a lot of pressure on myself
to do really well.” Sometimes this internal pressure led

to procrastination when students wanted to perform
perfectly and then had difficulty getting started. “I
make too many changes if I do it too far in advance
and feel like it has to be perfect, so I do it last minute
and then I just have to get it done.” Other students
felt their stress was higher because classes were more
difficult for them. “For me it’s like if [ don’t pass this
class then I’m just going to quit, because I’'m not taking
it a fourth time... So there’s a lot of pressure.” There
was also a connection between wanting to do well as a
person with a disability and [...]. “[Instructors] know
I have a disability and I wonder if they’re wondering
if I can do this. And the anxiety comes from wanting
to do well as a person with a disability.”

Students had different reactions to their physiologi-
cal reactions. Some students described how stress had
a detrimental physiological effect on them. “It hampers
me.” “My mind goes blank.” They also reported that
stress causes them not to remember what they had
studied or learned. Students felt that the information
was in their brains but stress interfered with their ability
to retrieve it. “With tests, [ want to place my brain on
the table and say, ‘Here it all is.””” Other physiologi-
cal symptoms caused by tests included feeling shaky
and sick to the stomach. Several students mentioned
“trying to stay relaxed” but also expressed not having
control over what they were experiencing with their test
anxiety and academic stress. A few students presented
strategies for trying to overcome their physiological
reaction to the stress and pace of being a student with a
disability and majoring in STEM. These students talked
about the importance of getting enough sleep and
studying hard and frequently. One student described the
following strategy for reducing test anxiety: “Before
the class, I sit outside in the hallway and practice deep
breathing exercises to help me relax during tests.”

Discussion

Two central concepts emerged from the mastery
experiences construct. Participants reported a positive
relationship between success in their STEM classes
and their overall sense of self-efficacy in college. From
the participants’ perspective, many people and roles
affected their self-efficacy about content mastery—
instructors, student support offices, family, friends,
classmates, and peers. In addition, having opportuni-
ties to apply learning reinforced their self-efficacy.
Most commonly, students echoed the critical role of
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instructors in helping them master a challenging con-
cept, validating their effort, and designing learning
opportunities that gave them opportunities to apply
learning and experience success.

Participants also noted that vicarious experiences
could increase their feelings of self-efficacy. For ex-
ample, seeing other students with disabilities succeed
boosted their self-confidence. Additionally, learning
in the context of a team project provided opportuni-
ties for students to observe peer success and the steps
taken to achieve mastery. Thus, students with a dis-
ability reported that team activities could increase
their sense of self-efficacy. Vicarious experiences that
decreased participants’ self-efficacy involved situations
when they felt they were being judged based on their
disabilities, especially when connected to classroom
performance situations such as lab work.

The construct of social persuasion builds off of
that of vicarious experiences and mastery experiences.
While peers and teamwork have a unique role in boost-
ing confidence, students with disabilities overwhelm-
ingly noted the importance of positive feedback from
instructors to enhanced motivation to persist in their
academic studies. Participants also noted the impor-
tance of their own roles in social persuasion. Despite
all of their collegiate relationships, students indicated
that believing in themselves had the greatest impact on
their motivation. After all, the students themselves are
the ones in class, working toward a degree. Perhaps
most importantly, this finding shows how important
self-determination is to persistence. Regarding the
physiological reaction construct of self-efficacy,
students reported struggling with stress and anxiety.
Situations most likely to produce stress or anxiety
were tests and abstract or theoretical courses. Older
participants identified successful strategies for coping
with stress and anxiety, but most of the participants
reported that high-stress situations made it difficult to
recall information, even when they felt well prepared.
Many of the students noted that they put pressure on
themselves to perform well.

Several cross-cutting themes emerged from the
qualitative data. First, instructors set the tone for
learning and consequently highly influenced students’
confidence, motivation, anxiety and stress, and — ulti-
mately — success. Student rapport with instructors was
important because it reinforced learning and encour-
aged students to ask questions and seek assistance.
Additionally, by building rapport with students, the

instructor could be more aware of factors that created
stress and when students were feeling a great deal of
stress. All of these instructor behaviors, as well as
providing positive feedback and constructive criticism,
were valued by the STEM students with disabilities as
ways to boost their self-efficacy.

Second, when discussing self-confidence as learn-
ers, many STEM students with disabilities noted the
importance of applied learning, especially in team-
oriented settings. The students described how team
projects gave them opportunities to learn from each
other, exchange peer-to-peer feedback, and share posi-
tive feelings of accomplishment. Participants reported
that accomplishing a goal with a team was personally
rewarding and boosted their self-efficacy.

The last cross-cutting theme to emerge from
analysis of the focus group data was a sense of self and
how that influenced perceptions of self-efficacy. Many
STEM students with disabilities believed that they of-
ten needed to work harder than their peers without dis-
abilities but did not mind doing so because they valued
hard work. Rather than lowering their self-confidence,
participants found that hard work strengthened their
resilience and perseverance. Students spoke of keep-
ing focused on their personal goals and purposefully
avoiding distracters such as comparing themselves
with peers as a way to keep motivated and maintain
self-confidence. Stress and anxiety triggered other in-
sights about a sense of self. While many of the students
reported numerous academic situations that caused
them to feel stress and anxiety, they described strate-
gies to minimize those negative emotions. The students
believed that their ability to successfully manage their
stress and anxiety strengthened their self-efficacy.

These cross-cutting themes add a unique perspec-
tive to the current literature. College students believe
their instructors influence their achievements (Getzel
& Thoma, 2008), but some publications report that
institutions view this as a sign of students shirking ex-
pected levels of responsibility for their college learning
(Zimmerman 2002; Zimmerman and Kitsantas, 1999).
The focus group participants described a strong sense
of personal responsibility for their learning. Perceived
self-efficacy can change (Cervone & Peake, 1986) due
to an array of influences including feelings of stress
(Bandura, 1994; Kim, Newton, Downey, & Benton,
2010), disconnected relationship with instructors
(Getzel & Thoma, 2008), and lack of access to needed
accommodations and supports (Getzel & Thoma, 2008).
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The focus group students confirmed that these factors
did influence their self-efficacy. However, they reported
that this influence did not have a negative impact on their
personal levels of responsibility for carrying out their
own responsibilities as learners. Indeed, as Bandura’s
model predicts, students were able to enhance their
self-efficacy as learners with the influence of instructor
support, vicarious learning experiences with peers, and
positive reactions to high levels of stress while taking
STEM and other rigorous courses.

Implications

Several recommendations emerged from this
study that could improve access to STEM careers
for individuals with disabilities. First, on an institu-
tional level, students could benefit from colleges and
universities strengthening the connections between
their full range of support centers and labs to build
natural bridges to DS offices. Students in the focus
groups expressed gravitating to classes or labs with
opportunities for hands-on or applied learning. Many
students also expressed struggling with abstract theory
courses, such as mathematics. While it is a challenge,
and two students shared it may be a barrier to degree
attainment for them, all students need to pass college
algebra. Student retention may be improved by find-
ing “hands-on” or applied ways to teach traditionally
abstract theory classes such as college algebra.

Participants in the study referred regularly to
instructors who helped them succeed by taking extra
time to explain concepts in class or making time to
work with them after class. Clearly, having a rapport
with students is a powerful instructional and retention
tool and perhaps the simplest recommendation to in-
corporate into working with students with disabilities.
To increase retention of students with disabilities,
campuses may wish to offer faculty workshops on
universal design for learning or teaching circles to
explore techniques for building meaningful relation-
ships with students. When students feel they have a
positive relationship with their instructors, they often
feel greater motivation to work diligently in their
classes. When instructors provided regular and timely
feedback, participants reported feeling encouraged and
able to persevere even when the class grew more dif-
ficult. Another recommendation for faculty would be to
incorporate more team projects in their course design,
even though many students find these projects more

difficult. For students with disabilities, in particular,
these projects allow more opportunities to build rap-
port with others, learn necessary workplace skills, and
master class subject matter in different ways.

Institutions of higher education can play an im-
portant role in supporting students with disabilities,
specifically those in STEM majors. The focus groups
clearly highlighted how important instructor beliefs
and behaviors are to student success. Institutions of
higher education may want to address this importance
systemically by providing resources that enhance in-
structors’ capacity to make classroom learning acces-
sible to the widest variety of learners. Paying attention
to how the DS offices are promoted or marketed may
also help more students with disabilities seek accom-
modations they need. Lastly, for institutions struggling
with retention, finding ways for students to obtain ef-
fective support in difficult classes may reduce some of
the barriers they face in degree attainment.

Limitations

Caution should be exercised in interpreting the
results of this evaluation project. First, due to the small
number of participants, inferences to a larger popula-
tion are limited. Second, the student perspectives are a
snapshot of their experiences at the current stage of their
education. Their perspectives may change as their ex-
periences unfold. Third, student perspectives are limited
to experiences in a small geographic area with regard to
a few higher education institutions. Finally, there is the
possibility of bias due to employing self-report strategies
and the likelihood of participants being influenced by
peer responses in the focus group setting.

Conclusion

The relationship between faculty and student is
extremely important in postsecondary settings. Fac-
ulty not only grade students’ work, they can influence
career decision-making and provide compelling forms
of motivation. In conclusion, students with disabilities
at three colleges were informative. The focus groups
helped the authors identify ways to bolster the self-
efficacy of postsecondary students with disabilities
taking STEM and other courses.
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Abstract

Individuals with disabilities are underrepresented in postsecondary education; in science, technology, engineering,
and mathematics (STEM) majors; in graduate and post-doctoral work; and in faculty positions, particularly in STEM.
Despite these lags behind their non-disabled counterparts, few organizations recruit persons with disabilities into
postsecondary education and/or STEM careers and, thus, scant literature exists on targeted recruitment efforts. The
intent of this article is to examine data concerning these lags, to review what literature does exist on recruitment of
students with disabilities, and to report on promising practices developed by the Midwest Alliance, an NSF-funded
endeavor to increase the number of individuals with disabilities in STEM. It is believed that these efforts and de-
scriptions may help other organizations recruit individuals with disabilities into their postsecondary programs.

Keywords:

“Persons with disabilities are a national as-
set whose productive potential cannot be ignored.”
(Tororei, 2009, p. 2)

The National Science Foundation (NSF), the
premier government agency advancing science,
technology, engineering, and mathematics (STEM)
in America, has noted that persons with disabilities,
along with women and members of ethnic and racial
minority groups, are underrepresented in science and
engineering in postsecondary education and the work-
force (Burrelli & Falkenheim, 2011; National Science
Board [NSB], 2003; NSF, 2009). People with disabili-
ties are underrepresented in higher education of any
kind, traditional STEM undergraduate majors, graduate
schools and post-doctoral work, and faculty positions,
especially in STEM (NSB, 2003; NSF, 2009). In order
for these deficits to be overcome, special attention must
be given to issues related to the recruitment of students

with disabilities to STEM education and subsequent
STEM careers.

Since few recruitment programs specifically for
students with disabilities have been developed and
reported in the literature (Fichten et al., 2003), the
purposes of this article are to (a) examine the impor-
tance of recruiting activities to improving participation
by students with disabilities in STEM educational
activities, (b) introduce a number of issues related
to recruitment of students with disabilities in STEM,
and (c) describe several promising practices related to
such recruitment. To meet the first purpose, data about
people with disabilities in STEM education and careers
are presented to illustrate that concerted efforts are
needed to bolster the number and success of students
with disabilities. Second, three issues prominent in
recruitment of students with disabilities to postsec-
ondary education and STEM are discussed. Third, a
number of promising practices or strategies related to
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the recruitment of students with disabilities in STEM
are highlighted. While best practices are validated
by stringent large-scale research and replicable across
multiple settings, promising practices are those that
suggest effectiveness in addressing a common prob-
lem, have shown potential in at least one context, are
likely to be replicable, and have initial data supporting
positive outcomes (Administration for Children and
Families, 2010).

The authors represent the Midwest Alliance in Sci-
ence, Technology, Engineering, and Mathematics, an
NSF-funded, five-year project based at the University of
Wisconsin-Madison, with subcontracts to the University
of [llinois at Urbana-Champaign and the University of
Northern lowa. The specific aim of the Midwest Alliance
is increasing the number of students with disabilities
exploring, entering, and succeeding in STEM education
and careers. Recruitment and retention of students with
disabilities into STEM education and careers is a large
part of the Midwest Alliance’s activities.

Generically, recruitment and retention activities
for many types of students are often referred to as the
STEM pipeline, representing pathways students may
take toward achieving career success in STEM (The
Forum for Youth Development, 2010). In general, the
idea is to identify and move talented students efficiently
and effectively through the educational system. If a
student moves through the STEM education pipeline
efficiently, graduates, and obtains a job position in
STEM, the pipeline is seen as being successful.

The Midwest Alliance staff, however, recognized
that the idea of a pipeline is too simplistic for some
groups of students, such as those with disabilities. The
Midwest Alliance staff believe that students with dis-
abilities are in one of three groups at any time in their
educational careers: (1) in the STEM pipeline, (2) not
in the STEM pipeline, or (3) undecided about STEM.
Given this range of possibilities and the staff’s desire
to cast the widest possible recruitment net, Midwest’s
activities had three objectives. First, for students with
disabilities already in the STEM pipeline, make sure
they stay in the pipeline for the right reasons and not
leave for the wrong reasons (such as difficulty with
accommodations, participation, or the culture). If they
do leave, make sure it is for the right reasons (e.g., they
change majors based on passions or desires). Second, if
students are unsure or uninformed about STEM goals,
attempt to assist them in making informed decisions
about opting in or out of STEM majors or careers. Third,

if students have already departed the STEM pipeline,
attempt to give them a chance to experience STEM in
a different way if possible so that they can reevaluate
their participation from a new perspective. Instead of
singularly focusing on students who were identified
to have a disability early in their education, may have
STEM talent, and who had already entered the STEM
pipeline, this broader, systems-based approach views
each student with a disability as having STEM potential
throughout the full course of his or her education until
he or she made an informed choice otherwise.

This model can be of assistance to similar organiza-
tions as well as to postsecondary disability service pro-
viders, administrators, and recruiters. We acknowledge
that not all campuses, academic departments, or disability
support offices wish to actively recruit students with dis-
abilities. This may be due to current staff/student ratios,
lack of facilities, and/or lack of support from faculty
and/or administration. We also acknowledge that our
approach often targeted students who had been identified
early in their school career as having a disability. For
some students, whose disabilities are not identified until
they reach postsecondary education, this approach may
not be practical.

Importance of Postsecondary Education and Re-
cruiting Programs for Students with Disabilities

The Forum for Youth Investment (TFYI, 2010)
recently reported critical data regarding the importance
of postsecondary education to all individuals, includ-
ing those with disabilities. Labor market projections
suggest that by 2018 nearly 66% of all jobs will require
at least some postsecondary education (TFYI, 2010).
Over a lifetime, completing a postsecondary education
can mean additional earning power (Fichten et al.,
2003; NSF, 2009). Individuals with a high school di-
ploma or equivalent are expected to earn approximately
$30,000 annually; those with an associate’s degree,
$36,000; those with a bachelor’s degree, $46,000. In
addition, the latter two categories of workers are also
more likely to receive health insurance and retirement
benefits (TYFI). Similar data were reported by Stod-
den, Whelley, Chang, and Harding (2001) and Yuen
and Shaughnessy (2001).

Participation by people with disabilities in post-
secondary education has traditionally been low when
compared to their representation in the American
population (Bureau of Labor Statistics, 2011; Burrelli
& Falkenheim, 2011; Fairweather & Shaver, 1990;
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NSF, 2009; Stodden & Conway, 2003). In addition,
data on employment rates as of March 2011 show that
persons with disabilities, at 21.0%, are far below their
non-disabled counterparts, at 69.7% (Bureau of Labor
Statistics, 2011). National data also show that students
with disabilities are underrepresented in STEM (NSB,
2003; NSF, 2009; Rendon, 1985), especially in gradu-
ate degrees and careers and in some degree areas such
as engineering. While some progress for students with
disabilities has been made in computer and mathemati-
cal science, lower proportions of students with disabili-
ties are entering engineering (Burrelli & Falkenheim,
2011). See Table 1 for example statistics.

Munro and Elsom (2000) noted that the economy
will continue to need a constant supply of highly
educated scientific and technological people in the
workforce, with skills such as data handling, analysis,
problem solving, and information technology. These
skills are foundational to STEM. However, students in
general are often discouraged from pursuing STEM for
a number of reasons. First, knowledge of science and
mathematics builds up gradually and, once dropped,
subject matter is much harder to grasp. Second, many
young people are cut off from entry into STEM as they
find out too late the requirements for entry. Third, sci-
ence is seen by many as a “specialty” rather than as an
area of core knowledge. Especially low proportions of
students with disabilities in STEM may also be due to
additional factors such as perceptions by postsecondary
recruiters and faculty, inattention to fully accessible
postsecondary education and STEM environments, and
lack of targeted recruitment strategies (Dunn, Hanes,
Hardie, Leslie, & MacDonald, 2008; Fairweather &
Shaver, 1990; Test, Fowler, White, Richter, & Walker,
2009). Therefore, issues such as recruitment of stu-
dents with disabilities into postsecondary education
and STEM need to be examined and promising prac-
tices need to be shared in order to work toward equal
opportunity for students with disabilities (Fichten et
al., 2003). The next section discusses three issues
critical to the recruitment of students with disabilities
in STEM.

Issues in the Recruitment of Students with Dis-
abilities in STEM

At least three major issues contribute to the need
for recruitment programs for students with disabilities
in STEM. The first is the dearth of published program
descriptions, program evaluations, and research data

about recruitment of students with disabilities to postsec-
ondary education. This is especially true for recruitment
into STEM. The second is the need for institutional
commitment to the recruitment, retention, and gradu-
ation of students with disabilities, again, especially in
STEM fields. The third issue is the influence that high
school teachers, special education teachers, guidance
counselors, and postsecondary education faculty have
on whether students with disabilities envision STEM as
a future career possibility.

Lack of data on recruitment of students with
disabilities. Lewis and Farris (1999) reported that
research on best practices in the recruitment of stu-
dents with disabilities in STEM is nearly non-existent,
as recruitment programs are either scarce or not well
documented. These authors noted that approximately
20-27% of all postsecondary institutions have de-
veloped outreach and recruitment activities aimed
at students with disabilities. They found that larger
institutions were more likely than smaller institutions
to develop recruitment materials. Most of their sample
institutions provided recruitment materials to high
school counselors, transition specialists, and vocational
rehabilitation counselors. About half provided them
to other vocational rehabilitation agencies, civic and
business organizations, and other postsecondary insti-
tutions, and less than a quarter shared information with
businesses and employers (Lewis & Farris). In more
recent years, a few articles have provided recruitment
program descriptions for specific educational programs
such as social work (Dunn et al., 2008).

Need for systemic and institutional support. A
second issue is the need for systemic and institutional
support for the recruitment of students with disabilities
and their continued success on campus. Higher edu-
cation institutions need a strong recruitment message
in order to attract students with disabilities, and these
messages must come from the highest echelons of the
academy such as the president’s, provost’s, and deans’
offices (Ellis, 2010; Hartman, 1993; Mayhew, Grun-
wald, & Dey, 2005; Palombi, 2000; Ralph & Boxall,
2005). Mayhew et al. (2005) cited Hurtado, Milem,
Clayton-Pederson, and Allen (1998) as defining a posi-
tive campus climate for diversity by four precepts: (a)
the campus’ historical legacy of exclusion or inclusion
of various underrepresented groups, (b) its structural
diversity or representation of various groups on cam-
pus, (c) its psychological climate (perceptions, beliefs,
and attitudes about diversity), and (d) its behavioral
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Table 1

Statistics Involving Students with Disabilities in STEM (NSF, 2009)

*  Students with disabilities are more likely to enter two-year programs than their non-disabled counterparts.

e Students with disabilities are more likely to be part-time students than their non-disabled counterparts.

*  Students with disabilities made up roughly 11% of undergraduate students in most fields.

*  Students with disabilities made up roughly 7% of graduate students in most fields; 3% of computer science
and engineering graduate students; 10% of social and behavioral science graduate students.

*  Graduate students with disabilities are more likely to be women (57%) than men (43%).

*  Students with disabilities earned roughly 1% of the STEM doctorates awarded to U.S. citizens and permanent

residents.

*  Doctoral students with disabilities were more likely to use personal/family funds (31.3% vs. 18.2%) and less
likely to be awarded research assistantships (16.4% vs. 24.4%) than their non-disabled counterparts.
»  Persons with disabilities made up 7% of all U.S. scientists and engineers; 2% of those younger than 35, 15%

of those ages 65 to 75.

* Scientists and engineers with disabilities throughout their lifetimes earn from $4,000 to $13,000 less per

year than their non-disabled counterparts.

Note: Data from: National Science Foundation. (2009). Women, minorities, and persons with disabilities in
science and engineering. Washington, D.C.: National Science Foundation (NSF 09-305).

climate (how different groups interact on campus).
The degree to which these four elements contribute to
students from diverse groups feeling comfortable and
confident is the extent to which the campus has a posi-
tive climate for diversity. Of course the campus climate
may be different for different groups of students.

Examples of systemic and institutional support can
run the gamut from:

e Inclusive university mission statements
(Belch, 1995; Howard-Hamilton, Phelps, &
Torres, 1998; Oseguera & Rhee, 2009);

* Recruitment materials that go beyond pho-
tographs of students with disabilities in bro-
chures (Belch, 1995; Haller, 2006);

*  Accessibility in orientation and new student
programs (Hartman, 1993; Smith, English, &
Vasek, 2002);

* Informational and application materials in
alternative formats for all students (Belch,
1995);

e Faculty training regarding types of accommo-
dations, teaching styles, confidentiality, legal
issues, and responsibilities (Belch, 1995; Dunn
et al., 2008); and

* Data collection on the types of strategies and

supports that affect the enrollment, persis-
tence, and graduation rates of various student
groups (Howard-Hamilton et al., 1998).

In her research of university recruitment materials
directed at students with disabilities, Haller (2006) noted
that although some materials depicted students with dis-
abilities, little effort was expended by the institutions to
actively recruit these students. As such, “Universities
may be missing out on many excellent students with
disabilities who might enroll there” (Haller, Discussion
and Recommendations section, para. 2). It is clear that
successful strategies for recruiting students with disabili-
ties will require multilevel approaches and significant
efforts (Haller, 20006).

Influence of guidance counselors, secondary
teachers, and postsecondary faculty. A third issue
in recruitment is the effect guidance counselors and
secondary teachers have on the self-perceptions of
students with disabilities regarding their ability to
take part in STEM endeavors and pursue STEM ca-
reers. For example, Munro and Elsom (2000) studied
career advisors (guidance counselors) and secondary
education science teachers in the UK and found that
these professionals had a strong influence on students’
entry into STEM education and careers. The science
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teachers had a negative influence on student motivation
and enjoyment of science, in and out of the classroom.
While high school science teachers were sources of
information to both students and their parents about
STEM careers, they infrequently talked to students
with disabilities about taking high school science
courses past the sophomore level to keep their career
options open to STEM. The research found, therefore,
that students often did not link science topics in class
to possible STEM careers. If they were not aware
of STEM career possibilities, students saw little use
in continuing science beyond their sophomore year.
Guidance counselors also had little to no contact with
science teachers and the overwhelming majority had
humanities backgrounds themselves. The researchers
recommended that teachers and guidance counselors
work together more closely, students and their parents
be informed about the connections between high school
science and future STEM careers, and students be
exposed to STEM professionals such as alumni and
community members.

Additional literature, albeit from dated sources,
has addressed the influence of postsecondary faculty
on the perceptions of students with disabilities, both in
general and in STEM specifically. West et al. (1993)
found that poor faculty attitudes and lack of instruc-
tional accommodations for students with disabilities
were problematic within Virginia postsecondary in-
stitutions. Likewise, Hill (1996) found that faculty
members’ unwillingness to make accommodations
and lack of accessibility were primary reasons for the
withdrawal from postsecondary education by students
with disabilities. In fact, this sample of students with
disabilities reported that “laboratory instructors” were
the most unaccommodating of all faculty and students
with disabilities believed they were seen as an “in-
convenience” in laboratory settings. A study of 16
students with disabilities at a mid-Atlantic university
found that similar negative experiences with professors
were one of five major barriers reported (Marshak, Van
Wieren, Ferrell, Swiss, & Dugan, 2010). For example,
students with disabilities experienced faculty who did
not believe they had a disability or that their disability
affected class participation, although whether these
faculty members were in STEM curricula was not
reported. The other four reported barrier categories
in this study included (a) self-identification/disclosure
of disability issues, (b) desire to avoid stigma and not
be singled out, (c) insufficient student knowledge of

their disability and appropriate accommodations, and
(d) perceived lack of quality and usefulness of services
from the disability support office.

Brockelman (2011) studied 107 full-time faculty
at a large Midwestern university by comparing STEM
and non-STEM faculty in providing accommodations
to students with psychiatric disabilities and rating the
effectiveness of those strategies. Engineering faculty
(representing over half of the STEM faculty sample),
on average, were more likely to provide accommoda-
tions to students with psychiatric disabilities. They
were most likely to provide these accommodations:
extended test time, private testing rooms, alternative
formats for test answers, consultation with disability
professionals, and discussions with the student. The
engineering faculty members were much more likely
than non-STEM faculty to rate extended test time as
an effective accommodation strategy. Brockelman
suggested that additional research with larger samples
and more detailed demographics be conducted.

A more comprehensive study used a broad sample
of American institutions (n=56) and students with and
without disabilities in STEM and non-STEM majors
(n=16,995) while reviewing data from the National
Survey of Student Engagement (NSSE) (Hedrick,
Dizen, Collins, Evans, & Grayson, 2010). The pur-
pose of this study was to examine if and how college
students with disabilities differed from their peers
without disabilities, and how STEM majors differed
from non-STEM majors, on five benchmarks. The five
benchmarks included: (a) academic challenge; (b) an
atmosphere of active and collaborative learning; (c)
student-faculty interactions; (d) enriching educational
experiences; and (e) supportive campus environments
that allow students to succeed academically and so-
cially, and promote supportive relationships across
campus. The authors found: (a) students with dis-
abilities, compared with students without disabilities,
reported less supportive campuses (e.g., in social,
extra-curricular, and non-academic arenas); (b) no dif-
ferences among any of the five benchmarks between
students with disabilities and students without dis-
abilities based on STEM or non-STEM majors; and (c)
regardless of disability status, STEM majors felt their
institutions provided greater academic challenges and
opportunities, their faculty were more supportive, and
the campus environment was less supportive than non-
STEM majors. This study noted minimal differences
between students with disabilities and other students,
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and few effects of STEM vs. non-STEM majors. These
results may be encouraging for those involved in the
recruitment of students with disabilities to STEM
educational programs and careers.

Strategies for Success in Recruiting Students with
Disabilities to Explore Opportunities in STEM

Midwest Alliance staff experienced some surprises
and learned many lessons prior to their current success
at recruiting students with disabilities into STEM.
These lessons can provide important information for
others who are interested in developing similar recruit-
ment programs. The first lesson concerns the message
being sent to students with disabilities. The second
lesson concerns the ability to quickly locate students
with disabilities to participate in programs.

Students receive different messages regarding edu-
cational and career choices. Students with disabilities
receive an additional set of messages, including those
related to their potential to be successful in STEM.
By talking with student participants, Midwest Alliance
staff found that STEM stereotypes and/or the stigma
associated with self-reporting a disability (Marshak et
al., 2010; Trammell, 2009) significantly limited stu-
dents with disabilities’ participation in STEM. The first
concern is that participation in STEM requires specific
special abilities such as math excellence, which may
or may not be true. Unfortunately, this misperception
is continuously reinforced via many sources students
encounter when thinking about what they might study
and what career they might choose. The second con-
cern is the stigma associated with self-reporting their
disability (Fichten et al., 2003; Marshak et al., 2010).
Unless students choose to disclose their disability and
register for support services, they often are not afforded
services and accommodations that are essential for
participation and their continued success in STEM.

Limited Numbers Lead to Programmatic Changes
When Midwest Alliance staff began the recruiting
process, for example through mass mailings to school
districts and disability organizations, the number of
students recruited for our programs was less than
anticipated. To improve our recruiting numbers, we
employed two marketing consultants. They asked,
“What is the message you want potential recruits to
hear?” As staff reviewed the Midwest Alliance mes-
sage via printed materials and website, we realized
the message being communicated was not the one we

intended. What Midwest Alliance materials told a
student with disabilities was, “If you are sufficiently
talented and accomplished, then these activities are
appropriate for you.” This is a message with which
students with disabilities are very familiar, as they have
heard it repeatedly from various sources. As Midwest
staff considered this, two premises became apparent.
First, the Midwest Alliance wanted to promote a mes-
sage about participation in STEM that most students
with disabilities had not heard, that is, that they were
capable and had talent. Second, the Midwest Alliance
wanted students with disabilities to determine whether
STEM was an appropriate choice for them, indepen-
dent from and in some cases despite what others had
told them. This meant that students with disabilities
were encouraged to explore participation in STEM in
order to make their own informed choices about pursu-
ing majors and careers in these disciplines.

Second, we found that we lacked the ability to
easily and quickly locate and attract students with
disabilities into programs. For organizations new to
recruiting students with disabilities to opportunities
in postsecondary education, it is perhaps surprising
that it can be difficult to find students with disabilities
to participate in the organization’s programs. We had
operated with the implicit assumption that students
with disabilities were interested, eager, and actively
seeking opportunities to explore possible educational
and career paths. Unfortunately, our experience sug-
gests that this belief is not true for most students with
disabilities. Instead, recruiting potential participants
requires significant resources and effort.

Our initial recruitment efforts produced extremely
low rates of return from contact with school districts.
The first attempt included bulk emails to every school
district throughout the three-state region. The return
rate was less than 5%. It quickly became clear that
merely offering programs to help students with dis-
abilities explore STEM education and career paths
would not be sufficient. In fact, the recruitment pro-
gram needed to be planned and multidimensional if it
was going to be effective (Haller, 2006; Roessler &
Brown, 2000).

To overcome these obstacles with a comprehensive
recruitment plan, a system design process was used.
This process began with an examination of the needs
of the stakeholders, including students with disabilities,
their parents, their teachers (including special educa-
tion teachers), and school administrators. After the
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needs were determined, a multilevel recruitment plan
was established to maximize the penetration and ef-
ficiency of staff efforts. We redesigned our recruitment
model to include three sequential components. The
first part is termed “Finding Students with Disabilities,”
the second “Reaching Students with Disabilities,” and
the third “Assisting Students with Disabilities.” This
multilevel approach is outlined in Table 2.

Finding Students with Disabilities

Each component of the systems-designed plan
consists of several sub-components. Logically, iden-
tifying students with disabilities for participation in
postsecondary STEM begins with contact with per-
sonnel in the middle and secondary school system
(Fairweather & Shaver, 1990), key stakeholders, and
persons involved in disability-related networks. Each
of these focal points can be a significant source for
finding students with disabilities.

Through secondary schools. An initial portal to
potential participants is through the school districts
(Fairweather & Shaver, 1990). This early student-
identification process can be helpful, since the con-
tinuance from high school to postsecondary education
is considerably lower for students with disabilities
than their non-disabled counterparts (Fairweather &
Shaver, 1990). Garrison-Wade and Lehmann (2009)
noted that high school students with disabilities are
rarely encouraged to identify possible postsecondary
education institutions and programs of study in which
they might be interested. Changing this pattern takes
concerted effort (Palombi, 2000).

Our experience suggests that the difficulty in
reaching students with disabilities through interactions
with school districts arises from the need to pass several
gatekeepers before communication with the student can
occur. Recruitment efforts should address this barrier
by employing two approaches. First, staff needs to take
steps to ensure that school districts are familiar with the
organization attempting to recruit its students. Second,
staff needs to cultivate “word of mouth” support from
students with disabilities who have participated in
activities provided by the organization. The develop-
ment of relationships and establishment of a quality
reputation require time and patience, a difficult propo-
sition when continued funding for recruitment efforts
depends on the ability to recruit sufficient numbers of
students relatively quickly.

Through key stakeholders and gatekeepers.

Key stakeholders and potential gatekeepers span a
wide range of individuals and groups, including gen-
eral education teachers, special education teachers,
local boards of education, and educational administra-
tors (Fichten et al., 2003; Roach & Salisbury, 2006;
Roessler & Brown, 2000; Tororei, 2009). Midwest
Alliance staff initially targeted our message directly to
special education teachers because of their familiarity
with students with disabilities. However, we have
experienced instances where special education teach-
ers have not passed invitations on to students because
they felt our programs were not appropriate for their
students. In order to counteract this pattern, we di-
rectly contacted many stakeholders and attended their
functions to explain the purpose and activities of the
Midwest Alliance and invited them to Alliance events.
Taking a more proactive approach to recruitment, such
as through parents’ groups and at professional and tran-
sition conferences, paid greater dividends and helped
spread the word more effectively than widespread
mailings and indirect contact.

Parent groups. Many groups exist for parents of
children with disabilities, such as Easter Seals, United
Cerebral Palsy, The Arc, and related groups. In addi-
tion, the Internet hosts many online parent groups, as
shown in Table 3. Both face-to-face and online parent
groups can be powerful means of recruitment. Similar
to school districts, recruitment through parents requires
developing familiarity and reputation before successful
recruitment can occur. One method used successfully
by Midwest Alliance staff has been to include parent
groups in a variety of programs (e.g., discussion pan-
els during college preparation workshops and campus
tours). In addition, parents are an integral part of
many Midwest Alliance activities, such as the immer-
sion camps discussed below. While students were
engaged in exploratory activities in the immersion
camps, parents simultaneously attended informational
sessions about postsecondary disability services, aca-
demic skills needed in postsecondary education and
in STEM, and postsecondary accommodations. At
the conclusion of the immersion camp, students and
parents worked together to plan a higher education path
in which the student could utilize information gained
during the camp.

Professional conferences and workshops. An-
other means of establishing relationships with key
stakeholders is through participation at targeted confer-
ences and workshops. The Midwest Alliance routinely



292 Journal of Postsecondary Education and Disability, 24(4)

Table 2

Midwest Alliance Strategies for Recruiting Students with Disabilities to Explore STEM

* Finding Students with Disabilities
o Through secondary schools
o Through key stakeholders and gatekeepers
- Parent groups
- Professional conferences and workshops
- Transition conferences
- Targeted recruiting through special programs
o Building recruitment networks
* Reaching Students with Disabilities
e Assisting Students with Disabilities
o Creating a community and answering questions
o Offering career guidance
o Opportunities for exploration
o Providing guidance and/or direct financial support

Note: Information extracted from: www.stemmidwest.org

Table 3

List of Online Groups for Parent of Students with Disabilities

www.childrensdisabilities.info
www.disaboom.com/children-with-disabilities
www?2.ed.gov/parents/needs/speced/edpicks.jhtml
www.our-kids.org

www.lookinglgass.org

www.disabledparents.net
www.parentcenternetwork.org
www.lookingglass.org

WWW.pacer.org

www.supportforfamilies.org

www.LDonline.org
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participates in a wide variety of conferences, including
making presentations and hosting booths at national and
regional conferences for special educators and secondary
science and math teachers. Examples have included the
National Science Teachers Association, Association on
Higher Education And Disability, the Wisconsin Depart-
ment of Public Instruction, and the Science Education
for Students with Disabilities Association.

Transition conferences. We have also found that
conferences designed for professionals and teachers
involved in students’ transition from high school to
postsecondary education are an effective way to engage
another group involved with students with disabilities.
Midwest Alliance staff sponsored informational booths
and presented numerous sessions at annual transition
conferences in Illinois, Wisconsin, and Iowa. In ad-
dition, the staff hosted public webinars on transition
planning and employment to organizations and associa-
tions involved in transition services.

Targeted recruiting through special programs.
Science Olympiad (SO) is a national science compe-
tition for middle and high school students. Student
teams conceptualize and create hands-on activities
and projects based on categories such as earth sci-
ence, chemistry, or astronomy. Each team competes
against all other teams in their category. The SO has
been operating since 1982, has grown in both prestige
and coverage, and currently registers more than 6,200
teams and representation in all 50 states (SO, 2011).
Students who participate in SO often are already
viewed as being skilled at STEM. Recruiting these
students, who have been identified by their teachers as
talented, often produces a high rate of return.

Students with disabilities participate in SO ac-
tivities, which produces two recruiting opportunities.
First, like their non-disabled peers, students with
disabilities participating in SO are likely to have an
existing interest in STEM, so recruiting these students
to further explore opportunities in STEM is natural.
Second, because students with disabilities and their
teams’ coaches may be seeking resources to enable
participation by everyone in SO activities, providing
assistance in accommodations can serve as an addi-
tional recruitment means. We believe that our help in
providing accommodations to facilitate full inclusion in
SO creates a compelling interest in students, coaches,
and others for Midwest Alliance programs.

Building recruitment networks. Ultimately, the
objective of many of these activities is the development

of recruiting networks. The message provided in the
recruitment materials needs to be consistent with what
the recruitment networks value, such as specific infor-
mation on how the program will benefit the student.
Recruitment networks can be established with other
programs such as NSF funded projects (e.g., Research
in Undergraduate Education [REUs]); with disability
support services offices at technical and vocational
schools, community colleges, and universities; and
with disability advocacy organizations.

Reaching Students with Disabilities

Once students with disabilities have been identi-
fied, strategies for reaching the students need to be
developed. There are two main features essential to
this stage. First, multiple means of dissemination is
necessary, and second, the message sent to key stake-
holders including students is essential.

We have used five different approaches to reaching
students with dissemination methods. The first four are
examples of social media that align with how students
routinely interact with one another: email, the Midwest
Alliance website, listservs, and social networking.
We have used all of these approaches extensively,
including a Facebook page. We also have published a
quarterly newsletter as our fifth dissemination method.
All the online material is provided in multiple formats
and is routinely checked for accessibility.

Assisting Students with Disabilities

In addition to finding and reaching students with
disabilities, programs such as the Midwest Alliance
need to assist them in achieving academic success and
persisting to graduation. For most students, this means
creating a positive peer climate, exercising choices,
self-advocating, and being engaged in both academic
and extracurricular activities (Mayhew et al., 2005;
Oseguera & Rhee, 2009; Roessler & Brown, 2000).
Adams and Proctor (2010) noted the importance of
attitudes and skill sets in addition to traditional skills
that may be required by STEM majors. For example,
they recommended personal and counseling services,
advocacy services, social-networking activities, and
services that oriented students to college life. These
opportunities and skill sets are the target of many
Midwest Alliance programs.

Creating acommunity and answering questions.
Individualized and group programs such as mentoring
(Brown, Takahashi, & Roberts, 2010; Stumbo, Lindahl-
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Lewis, & Blegen, 2008; Stumbo et al., 2010/2011) and
tutoring are important recruitment tools. Mentoring,
especially in cases where the mentors are upperclass-
men or STEM employees in the workforce, can help
high school and beginning postsecondary education
students with disabilities learn about campus and
community services for students with disabilities (Hill,
1996), for example, the disability services office.

In the case of the Midwest Alliance, mentorships
are conducted either face-to-face or electronically. The
best possible matches are created based on major or
career interests, location, and disability. Mentorships
focus on self-advocacy, transitioning from high school
to postsecondary education, academic accommodations,
and study skills such as time management. The primary
benefit for the mentees is the ability to ask questions
about the postsecondary education environment, about
STEM majors, and about disability issues without fear of
stigma, ridicule, or embarrassment. The primary benefit
to the mentors is the satisfaction of guiding an individual
toward his or her path of success (Stumbo et al., 2008;
Stumbo et al., 2010/2011). Many of the individual
success stories are published in the Midwest Alliance
newsletter (cf. Midwest Alliance, 2010) in order to en-
courage additional students to apply for the program and
to continue to build the mentoring community.

Offering career guidance. Mowbray et al. (2005)
noted that transitioning is focused on a “choose-get-
keep” premise that helps individuals make choices
about their own paths for education and training, get
an appropriate education or training, and keep on track
until their goals are achieved. According to these au-
thors, services that help individuals choose-get-keep
include career planning, academic survival skills, and
outreach services and resources. Career planning
may include self-assessments, career exploration, and
goal setting. Academic survival skills might include
stress and time management, developing social sup-
port networks, tutoring and mentoring, and social skill
development. Outreach services include financial
aid offices, disability service providers, vocational
rehabilitation agencies, and on-campus centers such
as those for computing and writing skills.

The Midwest Alliance staff provides a number of
activities that help students explore career opportuni-
ties and develop career-related skills. Campus tours of
university laboratories and departments are offered to
students with disabilities and their parents. These tours
allow high school students with disabilities to learn

about potential career options; visualize themselves
in these settings; and familiarize themselves with the
facilities, equipment, and language of STEM-related
careers. Students with disabilities and their parents
are also invited several times a year to workshops and
panel presentations that include students and scientists
with disabilities, personnel from university disability
offices, transition specialists, and other parents. The
focus of these information-sharing activities is to ac-
quaint students with disabilities and their parents with
various options available within the wide spectrum of
STEM, in an effort to allow students with disabilities
to determine if a STEM-related career suits their own
abilities and preferences. In addition, the Midwest Al-
liance staff aids students with disabilities in developing
interviewing and job application skills, resume writing,
and disclosing disability information as they progress
further into their education and career.

Opportunities for exploration. It is essential that
students with disabilities have opportunities to actually
participate in STEM activities and visualize them-
selves engaged in a STEM profession. The Midwest
Alliance refers to these experiences as immersion and
enrichment experiences and offers them to all students
regardless of prior interest and/or ability in STEM. Ac-
cording to Melber and Brown (2008), these “authentic,
inquiry-based experiences” (p. 36) that occur outside of
a classroom are important for student exploration and
discovery, empowerment, and creating a self-portrait
of being successful in STEM.

Midwest Alliance has developed and hosted
two-, three-, and five-day immersion camps on design
in 2009, 2010, and 2011. These camps, with titles such
as “Exploration by Design: How Stuff Works,” allow
high school students with disabilities to explore design
and engineering activities in non-traditional ways.
Approximately 15 students with disabilities and 25
parents participate in each of these immersion experi-
ences. For the most part, the students and the parents
participate in separate activities. Students experience a
wide range of physical, visual, hearing, psychological,
and learning disabilities.

A variety of activities were part of the immersion
camps. The camp typically begins by introducing the
students and parents to one another with activities such
as, “What Do You Know? Competition,” and tower
and boat building. The students learn about the design
process and how things work. One design problem was
to develop a game. The game may involve physical
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activity or be a table-type game. Examples activities
include study of the Wii controller and bridge building,
including simulation of the bridge designs the students
put together. At the conclusion of the camps, students
present and demonstrate their designs. Concurrent
with these activities, parents are gaining information
on postsecondary education disability access and
supports, and skills that the students would need to be
successful at the postsecondary level. The camps are
held on college campuses and include tours of campus
and the disability service offices with question/answer
sessions on two-year and four-year colleges.

Providing guidance and/or direct financial sup-
port. Financial aid is designed to help students and
their families meet the gap between postsecondary
education expenses and their own personal resources.
Typically, four types of aid are available: grants,
which generally do not have to be repaid; loans that
typically need to be repaid with interest in the future;
work-study, or university-based employment during
or between periods of enrollment; and scholarships,
which are gifts and awards based on academic achieve-
ment, background, or other criteria. In addition, many
students with disabilities, especially undergraduates,
may qualify for assistance through their state voca-
tional rehabilitation agency (Gardner & Ward, 2007).
Most financial aid options are based on need, although
many scholarships are merit-based, that is, based on
the student’s exceptional abilities or achievement in
certain areas, such as mathematics, drama, or overall
grade point average.

St. John (2000) stated, “While for a brief period in
the 1960s and 1970s there was sufficient aid to promote
equal opportunity, federal student aid is no longer ad-
equate for this purpose” (p. 72). Additionally, students
with disabilities may have above average costs due
to disability-related equipment and its maintenance;
personal help such as interpreters or personal care
assistants; transportation when accessible means are
unavailable; and disability-related medical expenses
not paid by insurance. To cover these expenses, schol-
arships and/or other forms of financial assistance are
needed for students with disabilities (Lau, 2003; Mo-
bility International, 2011).

In the second year of operation, the Midwest Al-
liance provided scholarships to selected students with
severe physical disabilities who were majoring in
STEM. However, one student withdrew for medical
reasons and another had his vocational rehabilitation

aid lowered by the amount of the scholarship. Since
that seemed unproductive for both the students and
Midwest Alliance, no additional scholarships have
been awarded. However, the Midwest Alliance does
provide stipends to students who are mentees, mentors,
and interns. While these stipends do not offset the
expenses mentioned above, they do provide an income
for students and encourage continuance of their com-
mitment to their education and career.

Table 4 represents data on the number of students
involved in various programs during the six years of
Midwest Alliance. The numbers show continued growth
in each program. The first years show modest progress,
while later years shown increasingly robust numbers
of students. While this continued growth cannot be at-
tributed to particular recruitment efforts, it is felt that the
increases reflect the success of the systems-designed,
multilevel approach used by the Midwest Alliance. Hope-
fully, other programs recruiting students with disabilities
into STEM can learn from this approach.

Conclusion

“Persons with disability must be equipped with the
necessary skills required in the performance of tasks
before them if they are to compete favorably with non-
disabled workers in an already saturated labor market”
(Tororei, 2009, p. 4). This statement resonates deeply
with individuals and organizations tasked with provid-
ing educational and support services to students with
disabilities. In order to be afforded equal opportunity,
especially in STEM fields, people with disabilities
must be able to work their way through multiple bar-
riers. A systems-designed, multilevel approach aimed
at reducing or eliminating these barriers is required.
The comprehensive approach taken by the Midwest
Alliance, an NSF-funded program that recruits students
with disabilities and helps them succeed in postsecond-
ary education/STEM majors, is described. As promis-
ing practices, the ideas presented here are intended to
help other individuals and organizations determine if
recruitment is desired and, if so, to conceptualize and
create multi-level systems-designed recruitment plans.
Understanding what has and has not worked for the
Midwest Alliance may help others to more efficiently
and effectively meet the challenges of recruiting stu-
dents with disabilities.
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Table 4

Numbers of Participants in Midwest Alliance Activities 2005-2011

Year/ 2005- 2006- 2007- 2008- 2009- 2010- TOTAL

Program 2006 2007 2008 2009 2010 2011

Internships 6 10 18 32 29 17 112

Mentoring - 15 21 40 41 42 159

Immersion ; ; - 13 38 27 78

Experiences

Webinars - - - - - 160 160

TOTAL 6 25 39 85 108 246 509
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Abstract
Student Learning Communities (SLCs) for high school and college students with disabilities interested in pursuing
science, technology, engineering, and mathematics (STEM) degrees were piloted at a major Midwestern university
from 2009 to 2011. Students participated in a series of weekly sessions and/or a residential campus experience as part
of a multifaceted intervention that included instruction on transition, self-determination, and self-advocacy skills.
These activities culminated in the development of customized Self-Advocacy Plans and Transition Portfolios that
students presented as their final project for the SLCs. Survey results from a formative evaluation process reveal that
students gave high ratings to the development of Self-Advocacy Plans and Transition Portfolios as well as network-
ing with other students with disabilities who are interested in STEM. The majority of students who participated in
the STEM-focused SLCs were admitted to STEM degree programs at the undergraduate or graduate levels. These
findings suggest the value of providing SLCs to teach self-determination, self-advocacy, and career development

skills to students with disabilities, especially for students interested in STEM careers.

Keywords: Transition, STEM, learning communities, self-advocacy, twenty-first century workforce

As the nation wrestles with the need to train more
STEM professionals, persons with disabilities are
undereducated and underrepresented in STEM disci-
plines. National statistics on the science and engineer-
ing workforce show that only about 7% of graduate
students in science and engineering were persons with
disabilities (as 0f 2004, the latest year available) (Sevo,
2011). The most commonly cited reason for the dispar-
ity between STEM graduates with and without disabili-
ties is inadequate education and training for available
positions (Bruyere, 2000). Numerous researchers have
cited the gap in enrollment and persistence in postsec-
ondary education between students with and without
disabilities (Kochhar-Bryant, Bassett, & Webb, 2009;
Newman, Wagner, Cameto, Knokey & Shaver, 2010).
While 63% of students without disabilities enroll in
postsecondary education, only 46% of students with
disabilities enroll (Newman et al., 2010). In regards to
degree attainment, according to a 2003 Government
Accountability Office report, only 16% of students
with disabilities complete a bachelor’s degree program

as opposed to 52% of their non-disabled peers (U.S.
Government Accountability Office, 2003).

Moreover, when examining 2005 cohort data
from the National Longitudinal Transition Study 2
(NLTS2), 18% of students with disabilities who left
their postsecondary program actually left because they
graduated. This number has remained relatively stable
over time, as it was 17% in 1990 when the first NLTS
was conducted. An implication of this statistic is that
when students leave college, few are leaving because
they are completing their programs and earning degrees
(Newman et al., 2010). When students with disabili-
ties do complete their degree programs, they tend to
take longer than the general student population and
frequently report feeling alienated from mainstream
campus life (Brinckerhoff, McGuire, & Shaw, 2002;
Rumrill, 2001).

Students with disabilities in two-year colleges also
face challenges as they transition to four-year schools.
Some are similar to those faced by their non-disabled
peers, such as changes in academic requirements, poor
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study skills, and inadequate financial support. Some
challenges, however, are related to disability or a lack
of self-advocacy skills. Another challenge is the dif-
ficulty in adjusting to the differences in the offices for
disability services between the two types of schools
(Burgstahler, Crawford, & Acosta, 2001). Clearly,
obtaining two-year or four-year college degrees con-
tinues to be a significant challenge for many students
with disabilities.

Considering the gap for students with disabilities
pursuing higher education degrees, the gap for training
and employment for persons with disabilities is even
wider in STEM fields where increased participation is
critical to American competitiveness (Golshani, 2005).
The unique challenges faced by students with disabili-
ties in STEM are complex. In postsecondary education,
students face barriers to access. In order to receive
accommodations, students must disclose having a
disability and request accommodations—a process
often laden with social stigma. Sevo (2011) observes
that higher education institutions are willing to make
physical accommodations for students with disabilities,
but creating a welcoming climate, as evidenced by
faculty who maintain high performance expectations
while encouraging students with disabilities to use ac-
commodations, has yet to follow suit. Often students
with disabilities resist requesting accommodations
due to poor societal perceptions of people with dis-
abilities (May & Stone, 2010). Students are often met
with negative attitudes from faculty and peers or are
altogether discouraged from pursuing STEM degrees.
In a study on the perceptions of parents and teachers
on students with learning disabilities entering science
and engineering fields, both parents and teachers had
the perception that counselors, teachers, and parents
do not encourage students with learning disabilities to
take courses in science and engineering (Alston, Bell,
& Hampton, 2002).

To face these challenges, numerous researchers
have identified evidence-based practices to improve
postsecondary outcomes of students with disabilities,
such as providing transition programs to increase
self-advocacy and self-determination skills (Baer et
al., 2003; Benitez, Lattimore, & Wehmeyer, 2005;
Halpern,Yovanoff, Doren & Benz, 1995; Repetto,
Webb, Garvan, & Washington, 2002; Wehmeyer &
Palmer, 2003; Wehmeyer & Schwarz, 1997). Self-
determination is a combination of skills, knowledge,
and beliefs that enable a person to engage in goal-

directed, self-regulated, and autonomous behaviors
(Field, Martin, Miller, Ward, & Wehmeyer, 1998).
Embedded in the self-directed planning and execution
processes are essential skills related to choice making,
problem solving, decision-making, self-regulation, and
self-advocacy or leadership (Wehmeyer, 2003).

Many students with disabilities are poorly
equipped to request and negotiate accommodations at
the postsecondary level due to a lack of opportunity
to practice these self-advocacy skills in high school
(Grigal & Hart, 2010). Therefore, students who wish
to pursue postsecondary education need training and
support in the area of self-determination and self-
advocacy skills (Thoma & Wehmeyer, 2005). Research
suggests that practicing these skills can help students
with disabilities succeed in and out of school (Field et
al., 1998). Benitez et al. (2005) reported that teaching
self-determination skills in high school was positively
correlated with improved post-school outcomes.

Wehmeyer and Schwartz (1997) found that
students with disabilities who measured higher on
measures of self-determination were nearly twice as
likely to be employed and have a higher hourly wage
one year after high school. In a later study conducted
by Wehmeyer and Palmer (2003), self-determination
skills in high school were found to be significant
predictors of post-school education and independent
living success. Without self-determination skills, many
students with disabilities do not effectively advocate
for the accommodations they need (Izzo & Lamb,
2002). Emphases on helping students with disabilities
develop self-determination and self-advocacy skills are
in concert with the demands of gaining STEM degrees
and careers. We assert that self-advocacy will increase
students’ ability to navigate the challenges they face
in rigorous STEM programs.

Student Learning Communities

Student Learning Communities (SLCs) are one
strategy to help STEM students with disabilities develop
self-advocacy skills while planning their transition to
STEM degrees and careers. The SLCs provide op-
portunities for skilled professionals to teach these self-
determination skills directly to high school and college
students with disabilities. These communities can vary
depending on the context in which they are implemented
but, generally speaking, SL.Cs are defined as a collection
of activities organized by common goals that a group
of students complete together (Swaner & Brownell,
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2008). An important feature of an SLC is that a cohort
of participants is created, which serves as an ongoing
social support network. Student Learning Communities
are more prominent on college and university campuses
in recent years because they can afford concentrated and
creative learning through a cost-effective model (Swaner
& Brownell, 2008).

Student Learning Communities can lead to a
range of positive outcomes—including academic,
personal, and civic—for the general population of col-
lege students as well as underserved students (Swaner
& Brownell, 2008). In a study of 80,479 randomly
selected first-year and senior college students across
365 four-year universities implementing SLCs, the
results indicated that participation in an SLC was
uniformly and positively linked with student academic
performance, engagement in educational activities,
gains associated with college attendance, and overall
satisfaction with the college experience (Zhao & Kuh,
2004). The DO-IT Scholars program at the University
of Washington has developed a residential SLC model
where high school students with disabilities interested
in STEM come to campus in the summer to learn how
to navigate a large university, request disability accom-
modations, get along with roommates, and succeed in
college. When students were surveyed on the long-
range impact of the program, which included career
preparation, peer support, and internship experiences,
they reported growth in their level of preparation for
college, employment, and self-advocacy skills (Burg-
stahler, 2003).

Our SLC model builds upon the success of other
models and includes an online transition-focused cur-
riculum resulting in a comprehensive Self-Advocacy
Plan and Transition Portfolio. Prior to being modified
for SLC purposes, our online curriculum was piloted
statewide across various high schools and school
districts using a pretest-posttest control group design.
Through two consecutive U.S. Department of Educa-
tion grants, a transition-focused curriculum called
EnvisionIT was piloted by 600 students with and
without disabilities in special education and inclusive
classrooms at 15 Ohio high schools during a six-year
period. Findings revealed that, when compared to the
control group, students in the experimental group made
statistically significant gains in several key transition
skill areas, including goal setting and knowledge of
how to find information about college and jobs (Izzo,
Yurick, Nagaraja, & Novak, 2010). Based on these

findings, EnvisionlT was used as a valid archetype
for our SLC curriculum. Our current SLC curriculum
consists of 8-10 units with activities and assessments
and is delivered through Ning.com, an accessible and
secure social networking website.

Method

Our SLC Model

Currently two STEM-focused SLC models for
students with disabilities are being piloted at a major
postsecondary Midwestern institution. These models
were developed from the review of the literature and
serve as key transition scaffolds to success in STEM.
These two models are similar in design, but each has a
slightly different focus, target population, and desired
outcome (see Table 1). One model, called the Beginner
SLC, introduces key study and self-advocacy skills and
prepares high school and community college students
for the transition to college life and STEM majors.
The other model, called the Advanced SLC, strength-
ens self-advocacy skills and prepares undergraduate
and graduate students at a four-year institution for the
transition to STEM internships and employment. De-
spite slightly different areas of emphasis, both models
provide students with the supports, information, and
resources to successfully transition into STEM degree
programs and ultimately the STEM workforce.

Curriculum content and delivery is tailored to the
instructional needs of SLC participants, but generally
both Beginner and Advanced SLC curricula focus on
the following core transition areas, which are defined
more specifically as follows (see Table 1):

» Self-Awareness: researching interests, learn-
ing styles, personality traits, strengths, and
challenges

* Self-Determination/Self-Advocacy: under-
standing disability, disclosure, and how to
negotiate for accommodations

*  Assistive Technology (AT): learning about AT
assessment, identification, and use

* Career Exploration: matching strengths and
interests to potential majors and careers

* Networking: creating a support network

* Study Skills: learning time management and
organization strategies

*  Setting Goals: developing short and long-
range goals



304 Journal of Postsecondary Education and Disability, 24(4)

Table 1

Comparison of SLC Models and Curricula

SLC Model & Target Population

Focus

Desired Outome

Curricular Content

Beginner SLCs

Residential or weekly SLC for
high school and community
college students with disabilities

Students with disabilities
transition to college, STEM
majors, and internships

Students matriculate to two-
year or four-year college
programs and access needed
accommodations as identified
in their Self-Advocacy Plans
developed through the SLC

Advanced SCLs

Weekly SLC for college
and graduate students with
disabilities

Students with disabilities
complete STEM degree
programs and internships,
resulting in transition to STEM
workforce

Students persist in and graduate
from STEM majors and
transition to STEM careers and
access needed accommodations
as identified in their Transition
Portfolios developed through
the SLC

Self-Awareness

Choice-Making

Assistive Technology

(Table 1 continued on next page)

Students take self-assessments:

*  VARK (Learning
Styles)www.vark-learn.
com/english/page.
asp?p=questionnaire

*  Myers-Briggs (Personality)
www.personalitypathways.
com/type_inventory.html

* Princeton Review
(Career Interests) www.
princetonreview.com

Students research colleges,
compare and contrast colleges
and STEM majors, identify
college to apply to, and begin
application process

Program staff assess students’
AT needs, match appropriate AT
to students, pilot selected AT
with students, and train students
on AT

Students take self-assessments:

*  VARK (Learning
Styles) www.vark-learn.
com/english/page.
asp?p=questionnaire

*  Myers-Briggs (Personality)
www.personalitypathways.
com/type_inventory.html

*  Princeton Review
(Career Interests) www.
princetonreview.com

Students research and
compare and contrast graduate
schools and STEM careers,
identify graduate schools and
employment opportunities to
apply to, and begin application
process

Program staff assess students’
AT needs, match appropriate AT
to students, pilot selected AT
with students, and train students
on AT



Career Exploration

Networking

Study Skills

Setting Goals

Internships & Employment

Disability Issues

Students research STEM careers
and internships in-depth, match
abilities and strengths with
careers and internships, and
pursue internships

Students build professional
relationships with peer group,
program staff, support services,
and potential internship sites

Students learn essential
organization, time management,
and learning strategies

Students develop long and short
term goals related to increasing
GPA, applying for college and
self-advocating

Students learn job-searching
techniques, find internships,
build resumes, create cover
letters, and practice interviewing
for jobs

Students learn impact of
disability on learning as well
as student responsibilities

with disclosure and requesting
accommodations in the college
environment

Izzo, Murray, Priest, & McArrell; STEM Student Learning Communities 305

Students research STEM careers
and internships in-depth, match
abilities and strengths with
careers and internships, and
pursue internships

Students build professional
relationships with peer group,
faculty, support services,
program staff, and potential
employers

Students learn essential
organization, time management,
and learning strategies

Students develop long and
short term goals related to self-
advocating, gaining internships
and employment

Students enhance job-searching
techniques, find internships,
build or refine resumes, create
cover letters, and practice
interviewing for jobs

Students learn impact of
disability on learning and
employment as well as
employee responsibilities
with disclosure and requesting
accommodations in the
workplace
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* Internships and Employment: searching, ap-
plying, writing resumes, and interviewing

Setting

The Beginner SLC is often delivered in a residential
format where students stay in a university dorm for four
to five days. It allows students to experience college,
identify needed accommodations and/or AT supports,
network with people with similar interests, and learn
essential skills for independence. The Beginner SLC
can also be implemented as a weekly class on a college
campus in which transition-based instruction, supports,
and services are delivered in a class seminar format for
a specified academic period (usually about 10 weeks
or more with 90-120 minutes of instruction per week).
Career development specialists, disability services coun-
selors, assistive technology specialists, and college staff
from admissions, student life, and financial aid offices
present on a variety of topics ranging from getting into
college to selecting a STEM major.

Students have opportunities to gain knowledge
about their personal characteristics, strengths, limita-
tions, interests, and skills through personality, interest,
and learning style assessments. They learn strategies
for selecting colleges and STEM majors, taking es-
sential coursework in STEM, completing college and
financial aid applications, and developing resumes
and letters of application. Students also can take
STEM modules, which are mini-courses in specific
STEM concentrations, in order to learn about STEM
disciplines in a fun and interactive way. For example,
STEM modules in the area of applied cognitive science
include (a) artificial intelligence and game playing in
which students create strategy games with computer
software, (b) brain anatomy and physiology in which
students build a brain model and test neuromuscular
plasticity, and (c) mental heuristics in which students
design interfaces that enhance human problem solv-
ing. At the conclusion of the SLC, students present a
comprehensive Self-Advocacy Plan and Transition
Portfolio, which summarizes their personality and
learning style assessments, postsecondary goals for
college and employment, and a self-advocacy compo-
nent that includes a description of how their disability
impacts learning and what accommodations are avail-
able to enhance learning college material, especially
challenging STEM content.

Targeting undergraduate and graduate students
majoring in STEM, the Advanced SLC model is

implemented as a weekly class on a college campus
in which transition-based instruction, supports, and
services are delivered in a class seminar format for a
specified academic period (usually about 10 weeks or
more with 90-120 minutes of instruction per week).
The structured format of this SLC engages students
in weekly sessions that cover similar topics to those
in the Beginner SL.C, with more in-depth exploration
of self-advocacy, time management and goal setting,
resume development, interviewing skills, and lever-
aging internships. At the conclusion of the Advanced
SLC, students develop and present a Self-Advocacy
Plan and Transition Portfolio similar in content to the
Beginner SLC but with greater emphasis on building
resume, internship, and job readiness skills.

When the Advanced SLC ends, students are
expected to remain involved in the SLC community
by serving as role models and supports for Beginner
SLC students. Advanced students participate in the
residential summer SLCs for Beginner students and are
matched as mentors to Beginner Students. Advanced
students also receive mentoring from working profes-
sionals in STEM fields. The SL.C alumni also support
new SLC students through campus tours, field trips to
engineering and science labs, panel discussions about
selecting STEM majors and classes, and discussions
about self-advocacy, including recommendations about
when to disclose and when not to disclose one’s dis-
ability. These activities contribute to establishing and
broadening a network among STEM students with
disabilities.

Recruitment

Project staff have participated in over 25 recruit-
ment activities to date, including presentations at state
conferences, participation in Regional Transition Coun-
cil meetings, and local transition fairs. High school stu-
dents recruited for the Beginner SLCs were recruited
from 10 different high schools, with no more than three
students from any one high school. Participants for the
weekly Beginner SLCs were recruited from local high
schools and community colleges, whereas participants
for the residential Beginner SLCs were recruited from
high schools statewide including the Ohio State School
for the Blind and Metro High School, a STEM-focused
charter school. Letters and emails with SLC applica-
tions were posted to websites and sent to principals,
teachers, special education directors, rehabilitation
counselors, and transition coordinators.
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Community college participants were recruited via
recruitment fairs, back to school campus events, and
referrals from the Department of Disability Services at
a local community college. Notably, at this same insti-
tution, Beginner participants were also recruited from
a unique transition support program for students with
Autistic Spectrum Disorders matriculating from high
school to college. This program helps students with Au-
tistic Spectrum Disorders with the numerous social and
academic adjustments that accompany going to college.
Many of these students are interested in pursuing STEM
majors and careers, thus creating a natural pipeline for
recruitment into our SLC program.

Participants for the Advanced SLCs were under-
graduate and graduate students from local four-year
postsecondary institutions. These students were often
referred by the college campus’ office for disability
services or equivalent as well as STEM faculty at four-
year institutions. Additionally, letters and emails with
SLC applications were disseminated to faculty mem-
bers and administrators across STEM departments, and
project staff recruited via back to school campus and
mentoring events. State rehabilitation counselors also
provided referrals.

Candidates for all SLCs went through a formal
application and interview process. Students submitted
applications including current career goals and interest
in STEM disciplines. Once admitted, qualified students
completed an intake process that included face-to-face
interviews in order to ascertain functional limitations
and learning needs, accommodations and supports
used, prior experiences with STEM and transition
planning, technological literacy, current coursework
and progress in school, and goals. Letters of recom-
mendation were solicited to verify student interest in
STEM careers. This intake process helped to create a
comprehensive profile of each student so that SLC con-
tent and delivery was tailored to the individual needs
of those participating. It should be noted that not all
high school students who applied to participate in the
SLCs were selected. Some were not selected because of
not meeting the grade level requirement (must be high
school juniors or seniors) and some were not selected
because there were no more slots available (for the
residential SLC), whereas all candidates who applied
to the Advanced SLC were admitted as participants.

Measures

Our measures were iterative because the SLC
implementation process itself was iterative and not
an outcropping of pre-planned research. Therefore,
though we have Cronbach alpha coefficients for our
instruments, these measures were developed mainly
for the purpose of formative rather than summative
assessment so that we could improve the SLC process
in the early phases of the project. We revised our mea-
sures based on need to match recommended changes in
SLC content and delivery, resulting in non-comparable
instruments.

The High School SLC Evaluation Survey: Non-
Residential. This self-report instrument was admin-
istered on the last day of the SLC. It consisted of 24
Likert Scale items (1 to 5 scale with 5 being the high-
est) that asked students to assess their perceptions of
knowledge and benefits gained from the SLC in the
areas of STEM, career interest, self-advocacy plans,
and social networking. It also was comprised of six
open-ended items that asked students to describe the
SLC experience to other students not familiar with it,
particularly key learning points they would emphasize
and recommendations for improvement. Items for this
survey were selected based on the learning objectives
and content map for the Beginner SLC. Due to the
small sample size, the Cronbach alpha coefficient of
this instrument was only 0.429.

The High School SLC Evaluation Survey: Residen-
tial. This self-report instrument was administered on
the last day of the SLC. It consisted of 35 Likert Scale
items (1 to 5 scale with 5 being the highest) that asked
students to assess their perceptions of knowledge and
benefits gained from the SLC in the content areas of
STEM, career interest, self-advocacy plans, and social
networking. This instrument was patterned after its
non-residential counterpart in regards to inclusion of
these content areas. The items differed in wording so
the instruments were not comparable, especially since
coordination and organization questions were added
that only pertained to the residential experience. It
also was comprised of eight open-ended items that
asked students to describe the SLC experience to other
students not familiar with it, particularly key learning
points they would emphasize and recommendations
for improvement. Items for this survey were selected
based on the learning objectives and content map for
the Beginner SLC. The Cronbach alpha coefficient of
this instrument was 0.842.
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Diverse Ability University SLC Evaluation Sur-
vey: Residential. To enhance our methodology, we
developed a new instrument that examines common
core constructs across all our SLCs. This instrument
was piloted in summer 2011 at a residential Beginner
SLC called Diverse Ability University hosted in col-
laboration with a partnering regional university. This
self-report instrument was administered on the last day
of the SLC. It consisted of 74 Likert Scale items on a
1 to 4 scale (with 1=not at all, 4=very much) with one
open-ended item for a total of 75 items on the survey.
The Likert Scale items asked students to evaluate each
activity on each day of the residential SLC experience
in regards to three perceptual ratings: how informa-
tive, useful, and engaging was the activity. Students
were also asked to provide global ratings of how much
they think they learned because of the SLC in regards
to eight common core constructs that will be used as
benchmark measures for all our SLCs for the sake of
yielding comparison data. These constructs include
the following: (1) awareness of learning opportunities
and strategies, (2) personal responsibility, (3) time and
stress management, (4) engagement, (5) identity as
scientists, (6) self-advocacy, (7) self-determination;
and (8) intention to persist in STEM. A Cronbach alpha
coefficient of these constructs is not available due to
the fact there is only item per construct. However, there
were also four SLC specific constructs—confidence
with hands-on science, relationship building, descrip-
tion of personality types and learning styles, and con-
fidence with transition to college—on which Cronbach
alpha coefficients were able to be calculated and are as
follows: 0.740, 0.527, 0.730, and 0.546, respectively.
Again, small sample size and low number of items per
construct yielded modest coefficients.

The Advanced SLC Evaluation Survey. This self-
report instrument was administered on the last day
of the SLC. It consisted of 35 Likert Scale self-report
items (1 to 5 scale with 5 being the highest) that asked
students to assess their perceptions of knowledge and
benefits gained from the SLC in the areas of STEM,
transition planning, self-advocacy, social networking,
college survival skills, and available campus resources
and supports. It also was comprised of nine open-ended
items that asked students to describe key learning points
of the SLC that stand out, positive and negative factors,
and recommendations for improvement. Items for this
survey were selected based on the learning objectives
and course syllabi for the Advanced SLC. The Cronbach
alpha coefficient of this instrument was 0.733.

Results

Participants

Table 2 provides sample sizes, grade level, gender,
and primary disability status of all the SLC participants.
Data for the four Beginner SLCs has been aggregated
for comparison purposes (N=67). Likewise, data for
the two Advanced SLCs has also been aggregated for
comparison (N=16). As Table 2 indicates, most of the
students were male. The SLC participants identified
themselves as having various disabilities, including
attention deficit/hyperactivity disorder (ADHD), spe-
cific learning disability, sensory impairments, and au-
tistic spectrum disorder. In the Beginner SLC, Autism
Spectrum Disorder was the most common disability
category (27% of participants), whereas for the Ad-
vanced SLC, ADHD was the most common disability
category (38%). Regarding race and ethnicity, for the
Beginner SLCs, 61% of participants were Caucasian,
32% were African-American, and 7% were Hispanic/
Latino. For the Advanced SLCs, 55% of participants
were Caucasian, 19% were Hispanic/Latino, 13% were
African-American, and 13% were Asian. In regards to
GPA, the average GPA for the Beginner SLC partici-
pants in 2009-10 was 2.95 and in 2010-11 was 3.01, an
increase of .06. For Advanced SLC participants, their
2009-10 average GPA was 2.97 and in 2010-11, their
average GPA was 3.12, an increase of .15.

SLC Ratings

Likert Scale Responses. In Table 3, the most
highly rated items on a 1 to 5 Likert Scale with 5 be-
ing the highest are presented for the three 2009-2010
Beginner and two Advanced SLCs. For the Beginner
SLCs, results reveal that knowledge of self-advocacy,
disability, academic supports, and campus resources
were the most highly rated. Social networking in which
students with disabilities interested in STEM are able
to have discussions with their own peer group was also
highly rated. Participants in the Beginner SLCs rated
learning about college highly, whereas participants in
the Advanced SLCs rated resume content highly, which
is logical given their different points in the transition
process. The global satisfaction survey item “would
recommend the SLC only with changes” received a
mean of 1.70 on a scale where 1 equals strongly dis-
agree and 5 equals strongly agree.

In Table 4, the most highly rated items for the 2011
residential SLC include the constructs of personal re-
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Characteristics of SLC Student Participants

Beginner SLCs (N=67)

Advanced SLCs (N=16)

Dates
April — May, 2009 (weekly) December, 2009 — March, 2010
July, 2010 (residential) (weekly)
August, 2010 (residential) March, 2010 — June, 2010
July, 2011 (residential) (weekly)
Grade Level
High School 93% (n=62) n/a
Community College 7% (n=5) n/a
Undergraduate n/a 75% (n=12)
College Graduates™ n/a 25% (n=4)
Gender
Male 78% (n=52) 87% (n=14)
Female 22% (n=15) 13% (n=2)
Primary Disability
ASD 27% (n=18) 6% (n=1)
Blind/VI 19% (n=13) 6% (n=1)
ADD/ADHD 16% (n=11) 38% (n=0)
SDD/LD 11% (n=7) 19% (n=3)
Deaf/HoH 12% (n=8) 6% (n=1)
Multiple 4% (n=3) 0% (n=0)
Health 11% (n=7) 19% (n=3)
Grade Point Average
2009 - 2010 2.95 2.96778
2010 - 2011 3.006211 3.1225

* Includes two graduate students



310 Journal of Postsecondary Education and Disability, 24(4)
Table 3

Highest Rated Results from 2009 - 2010 SLCs*

Beginner SLCs (N=41)

1. Learning about academic assistance available on
campus (4.73)

2. Discussing with other students with disabilities
interested in STEM (4.67)

3. Understanding accessing Disability Services as
support (4.64)

4. Understanding accessing OSAA as support
(4.64)

5. Discussing with other OSAA students (4.55)

6. Learning about specific services related to fields
of study (4.55)

7. Gaining college survival skills (4.47)

8. Learning about college life (4.47)

9. Felt the learning community was a good
experience (4.40)

10. Producing a meaningful Self-Advocacy Plan
(4.30)

11. Learning key factors for academic success
(4.29)

12. Learning about one’s self (4.10)

Advanced SLCs (N=16)

1. Enjoyed participating in the SLC (4.60)
2. Met others who share interests/concerns (4.50)
3. Self-Advocacy Plans and accommodations

(4.42)

4. Time management content (4.36)

5. Mentoring content (4.33)

6. As a result of the SLC, considering taking more
STEM courses (4.30)

7. OSAA Ning site and tutorial (4.30)

8. Learned about people to contact with problems
and issues (4.20)

9. Want to continue contacts made from the SLC
(4.20)

10. Resume, cover letter, and personal statement
content (3.92)

11. SLC improved my ability to handle stress
(3.90)

12. Disability disclosure (3.83)

*Mean results reported. Likert Scale 1 to 5 rating was used with 5 being the highest (1 equals strongly disagree

and 5 equals strongly agree).
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sponsibility and self-advocacy. Students also reported
a high level of confidence with transition to college be-
cause of the SLC experience. Once again, self-advocacy
seems to be a key skill area in which students reported
they obtained knowledge through the SLC process, thus
supporting the 2009-2010 survey findings. The global
satisfaction item “how satisfied are you with Diverse
Ability University?” received a mean of 4.20 on a scale
where 1 equals very dissatisfied and 5 equals very satis-
fied. Most participants (84%) reported that they would
recommend this SL.C experience to a friend.

Open-Ended Responses. The qualitative data seem
to support the quantitative findings. One Beginner SLC
student commented, “Under the right environment,
you can begin to feel comfortable talking about your
disability, and that is what the SLC did.” Several Be-
ginner participants commented that the “assignments
made them think,” and “people were comfortable with
discussing disability.” Other comments such as “per-
suade people to sign up,” “important to anyone with a
disability,” and “mature environment aids in character
development” provide evidence that Beginner students
valued their SLC experience.

Likewise, Advanced SLC participants reported
finding the SLC experience meaningful. Several Ad-
vanced participants indicated that the SLC process
taught them to be more comfortable discussing and
disclosing their disability. When asked, “What is the
first thing about the Learning Community that stands
out?” one Advanced respondent said, “How to let
others know about your disability.” Another student
commented that it is important to learn when not to
disclose your disability as well. Additionally, several
Advanced students commented positively about the
resume content emphasis, with one student saying
they appreciated “the focus on improving resumes.”
Other participants in the Advanced SLC commented
more generally on the experience, with one student
simply saying, “It was what I was looking for and
was helpful.”

Themes. When examining the quantitative and
qualitative SLC data, certain themes emerged. High
student ratings on survey items (see Tables 3 and 4)
as well as grouping student responses into categories
based on shared topics and perceptions revealed
similarities in what students reported that they learned.
Generally speaking, across SLCs, students reported
that they found developing a customized Self-Advo-
cacy Plan and/or Transition Portfolio to be most help-

ful in their career development. They also reported
valuing the opportunity to socially network with other
students with disabilities interested in STEM careers.
Students also indicated that the training they received
in disability self-awareness, the disability disclosure
and accommodations process, and adaptive technolo-
gies increased their self-advocacy skills and ability to
function independently.

Some of the constructive criticism Beginner SLC
participants offered includes feedback on the length of
sessions, stating that they were too long (or in some
cases, not long enough). Students also offered recom-
mendations for more group activities and interactions.
They also recommended a greater emphasis on assis-
tive technology. Several participants in the Advanced
SLCs stated that they wanted more assistance with
resume building. Additionally, one student recom-
mended a class session on “making academic schedules
for ourselves and a daily study plan that includes what
my ideal work environment is and how I study best.
Also follow up with us on our goals we made.” In sum,
students collectively recommended session length and
content emphasis changes. These changes are currently
being applied in order to enhance the SLC experience
for all participants.

Discussion

The evaluation results suggest that facilitating
SLCs is a promising practice to support the recruitment
and retention of qualified students with disabilities
into STEM degree programs. High school and com-
munity college participants consistently rated the
Beginner SLC as a good experience where they pro-
duced meaningful self-advocacy plans, became more
self-aware of their learning and personality styles, and
gained insights into STEM fields of interest. College
and graduate students with disabilities who are ma-
joring in STEM reported that, during the Advanced
SLC, they produced meaningful self-advocacy plans,
learned time management skills, and learned about
the importance of internships. They also reported that
learning about disclosure of disability and the accom-
modations process through the SLCs was extremely
helpful. Other comments included that learning more
about their personality was useful in school and work.
The majority of students in the first Advanced SLC
commented that developing resumes and interview
skills and learning about internships was essential.
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Table 4

Highest Rated Results from 2011 Residential SLC*

Learning Community Common Core Construct (N=26)

1. Personal responsibility (3.79)
2. Self-advocacy (3.67)

3. Time management ability (3.63)

o

. Engagement (3.63)
5. Persistence in STEM (3.61)

6. Self-determination (3.54)

7. Awareness of learning opportunities and strategies (3.47)

Diverse Ability University Specific Construct (N=26)

1. Confidence with transition to college (3.68)

2. Description of personality types and learning styles (3.64)

3. Relationship building with counselor and other participants (3.61)

4. Confidence with hands-on science (3.37)

*Mean results reported. Likert Scale 1 to 4 rating was used with 1 being not at all and 4 being a lot. Participants
were asked to what extent they increased in the above mentioned areas as a result of participating in Diverse

Ability University.

Time spent on this portion of the Advanced SLC was
increased with a mock job interview activity added to
the SLC syllabus. Additionally, students in both the
Beginner and Advanced SLCs reported that discus-
sions with other students who are enrolled in STEM
programs were most helpful.

Self-Advocacy

As discussed earlier, both high school and col-
lege students reported that one of the most valuable
activities completed as part of the SLC process was
developing a Self-Advocacy Plan. The Self-Advocacy
Plan that SLC participants developed includes nu-
merous activities that support a larger framework of
student self-determination. Given that self-advocacy

is repeatedly cited as a critical college survival skill
(Grigal & Hart, 2010; Kochhar-Bryant, Bassett, &
Webb, 2009), the process used to assist students with
increasing their self-advocacy knowledge and comfort
level is discussed in detail here. Students begin their
self-advocacy plan by completing a minimum of three
learning style and personality assessments (see Table
1). Students described their learning and personality
styles and discussed the relationship between learning
and teaching methods. Students become more aware
of how they learned and how they could create study
strategies to help them learn challenging content. For
example, creating small group study sessions, work-
ing with a tutor, or outlining texts and readings using
software applications may assist students with learning
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challenging STEM content. Then students compared
and contrasted three careers they were interested in
pursuing. They developed a career narrative describing
their first career choice, using information gained from
career research and assessments. Students described
their talents, strengths, and abilities and summarized
their long-term goals for entering STEM majors and
careers. Finally, they broke their long-term goals down
into smaller goals that could be accomplished within
a few weeks.

The next section of their Self-Advocacy Plan in-
cluded a description of their disability and how the dis-
ability affected their ability to complete assignments,
tests, and papers. This section provided an opportunity
for students to describe specific accommodations and
study strategies that they needed to be successful in
classes. Meetings with disability counselors and aca-
demic advisors were facilitated to provide opportuni-
ties for students to learn how accommodations are ne-
gotiated at a particular postsecondary institution. These
meetings allowed students to practice how to negotiate
accommodations with faculty or employers.

The final section of the Self-Advocacy Plan asked
students to identify their responsibilities as self-advocates.
Students identified how often they would meet with their
disability counselor and instructors and what actions they
would take to manage their own learning. For example,
will they ask questions in class, audiotape lectures, use a
note-taker or study buddy, request extended time for tests,
or meet with instructors?

Both high school and college students reported
that the development of their Self-Advocacy Plans
was an important feature of our SLC model. Since
nearly 56% of college students with disabilities do
not disclose that they have a disability and go without
formal accommodations (Newman et al., 2010), the
need to assist students with their ability to advocate
for themselves is evident. It seems that more students
with disabilities could be successful in college if they
had the self-advocacy skills needed to master rigor-
ous STEM content. Once students have the skills to
explain their disabilities, identify accommodations
that are likely to mitigate their functional limitations,
negotiate their accommodations assertively, and assist
in the coordination of those accommodations, they are
more likely to gain the quality education and train-
ing they deserve (Izzo, Hertzfeld, Simmons-Reed, &
Aaron, 2001).

Recruiting and Retaining STEM Students
with Disabilities

Recruitment. Initial recruitment of Beginner SLC
students has been challenging because each high school
has a small population of students with disabilities in-
terested in STEM. So far, the recruitment strategies we
have found helpful include a broad sweep of formal and
informal education and rehabilitation networks. Suc-
cessful recruitment strategies include the following:
mailing or emailing SLC fliers with application packets
to special educators, transition specialists, and science
and math teachers; targeted meetings with special
educators, transition coordinators and rehabilitation
networks; presenting at transition fairs at area high
schools or colleges; and presenting at conferences and
local, regional, or state transition council meetings. At
the college level, based on our experience, recruitment
of students for Advanced SLCs has been somewhat less
challenging because of existing collaborations among
campus units. Successful recruitment strategies for
Advanced SLCs include expanding cooperative ef-
forts with disability services and student affairs offices
as well as STEM faculty across two- and four-year
institutions. However, recruitment at the college level
can prove difficult if collaborative working relation-
ships among units are not established. Also, accessing
the campus population of students with documented
disabilities who do not register with or use disability
services is an ongoing challenge because these students
are difficult to identify.

In short, getting the word out early through mul-
tiple, strategic venues is instrumental to project suc-
cess. We anticipate that, as our programs continue to
deliver the SLC model, the challenging recruitment
efforts will become somewhat easier. Schools will
begin to recognize the benefits of referring students to
the SLC because they see the benefits to the student,
such as increased self-advocacy and transition skills
as well as an established, expanding network of peers.
Once this kind of program notoriety is obtained, we
assert that schools will participate in an ongoing basis
as well as spread the word to other schools.

Retention. Based on our SLC population, students
with disabilities frequently have high academic abili-
ties but need individualized intervention services in
other key content or social areas—services that can
be difficult to provide in inclusive classrooms. For
example, our Beginner SLC students had an average
GPA of 2.95 in 2009-10, the first year we began to
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track GPA of our participants. In 2010-11, the average
GPA increased to 3.01. Advanced students increased
their GPA from 2.97 in 2009-10 to 3.1 in 2010-11.
These academically successful students can ultimately
benefit from the SLC experience by gaining a social
and professional network that reinforces interest and
achievement in STEM pursuits. This kind of network
is critical for student engagement in STEM and can
lead to increased numbers of students with disabilities
entering and completing STEM degrees and joining the
STEM workforce. Of the 21 high school students who
participated in the first two Beginner SLCs in 2009
and 2010, 76% were actively involved in our STEM
program interventions such as mentoring and SLC
alumni participation. Of the 10 high school students
who have graduated, six have gone on to enrollment
in STEM majors as of Spring 2011. Furthermore, of
the 21 undergraduate students who participated in the
two Advanced SLCs in 2009-10, 100% have remained
actively involved in STEM program interventions. Of
the four college graduates who were Advanced SLC
participants, two went on to competitive employment
while the other two were applying to STEM graduate
programs as of Spring 2011.

Study Limitations

These SLC programs and their corresponding
measures were iterative. They have emerged as part of
an ongoing cycle of program development. We were
not able to conduct a rigorous research study because
of resource and personnel limitations in the first few
years of the project. That is, we were focusing our
resources on program development and formative
assessments, rather than formal evaluations that use
rigorous research methodologies. Students provided
input on the SLC process through non-equivalent self-
report measures, partly due to the unique format of each
SLC requiring different types of questions. Other than
conducting content validity reviews and calculating
Cronbach’s alpha coefficients, psychometric steps to
validate the instruments were not applied, again due
to personnel limitations. It is recommended that future
studies employ more rigorous research methodologies
to determine the effects of SLCs on academic perfor-
mance, persistence in STEM, and successful transition
to STEM careers. Also, a greater sample size is needed
to validate our measures and conclusions. In spite of
our current study limitations, the primary purpose of
our SLC model was to deliver an intervention that

would enhance the recruitment and retention of stu-
dents with disabilities interested in STEM. Through
the interventions and supports they provide, our find-
ings suggest that our SLC model is, at the very least,
a promising practice in this area.
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Asynchronous Online Access as an Accommodation on
Students with Learning Disabilities and/or Attention-Deficit
Hyperactivity Disorders in Postsecondary STEM Courses
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Abstract

The purpose of this study was to investigate whether asynchronous online access of course recordings was beneficial
to students with learning disabilities (LD) and/or Attention Deficit/Hyperactivity Disorder (ADHD) enrolled in
science, technology, engineering, and mathematics (STEM) courses. Data were collected through semi-structured
interviews lasting 40 minutes. A total of 11 student participants with LD and/or ADHD were interviewed. Student
participants were enrolled in math, biology, and chemistry courses that utilized asynchronous online access of
digital recordings. Interview data were individually analyzed and compared through a cross-case analysis. Students
reported that the use of asynchronous online access enhanced their learning experiences according to six themes:
clarity, organization, asynchronous access, convenience, achievement, and disability coping mechanism.

Keywords: STEM, access, disabilities, universal design, web-based

Graduating with a degree from a postsecondary
institution has become an achievable goal for many
students. However, for some students, especially those
with learning disabilities (LD), the manner in which
coursework is presented becomes a gatekeeper to
reasonable access (Burgstahler, 2008). The Individu-
als with Disabilities Education Improvement Act of
2004 (IDEIA, Pub. L. No. 108-446) defines LDs as
a variety of processing disorders. In the same vein,
the National Joint Committee on Learning Disabili-
ties (1991) defines LD as “a heterogeneous group of
disorders manifested by significant difficulties in the
acquisition and use of listening, speaking, writing,
reasoning or mathematical abilities” (p. 20). Specific
LD may include dyslexia, dyscalculia (mathematical
reasoning disorder), and dysgraphia (writing process-
ing disorder) (Gregg, 2009).

According to Kirk, Gallagher, Coleman, and
Anastasiow (2009), “Attention-deficit hyperactivity
disorders [ADHD] can be considered a specific form
of learning disability related to an individual’s inability

to attend to or focus on a given task” (p. 115). ADHD is
a neurobiological disorder, which affects adults as well
as children and is generally characterized by a lack of
attention, impulsivity and in some cases hyperactivity
(Children and Adults with Attention-Deficit/Hyperactiv-
ity Disorder, 2010). Symptoms related to the diagnosis
of ADHD must persist at least over a six month period,
occur before the age of seven, and must transpire over
at least two different environments (American Psychi-
atric Association, 2000). While ADHD is not a specific
LD, individuals with ADHD are likely to experience
academic difficulty that may result in school failure.
Co-morbidity of ADHD and LD is elevated when at-
tention and academic failure are combined (Al Otaiba
& Fuchs, 2006; Pennington, 2004).

Gardner (1983) observed that students with LD
and/or ADHD often are asked to focus in ways that
oppose their learning strengths, for example, focusing
on auditory processing tasks when their strength lies
in mnemonic representations. In such instances, the
students’ executive function becomes limited when
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processing weaknesses are the focus of classroom in-
struction. Such occurrences tend to force these groups
of students to take notes rapidly, which may interfere
with their ability to focus on listening.

The Americans with Disabilities Act of 1990
(ADA, Pub. L. No. 101-336) ensures that otherwise-
qualified students with disabilities receive equal
access to postsecondary education. As explained
by Gordon, Lewandowsky, Murphy, and Dempsey
(2002), “The goal of the ADA, unlike the Individuals
with Disabilities Education Act (IDEA) is to provide
equal access to programs, services, and facilities, not
to ensure entitlement to academic success” (p. 361).
Although academic success is not guaranteed to any
college student, a lack of supports may be considered
a form of exclusion for some students with disabilities
since without needed supports they may not have the
same access to a postsecondary education as their
non-disabled peers (Gregg, 2009). In light of this view,
students with LD and/or ADHD may require formal
accommodations to enable them to achieve equal
access to learning in college courses (Brown, 2006;
Mapou, 2009). Burgstahler (2008) defined the term
accommodation as a “means offering an adjustment
or modification to make a product or environment
accessible to an individual with a disability” (p. 11).
Such formal accommodations may include a variety of
instructional and assessment strategies such as repeated
modeling of procedures, numerous short breaks during
instruction, seating to minimize distractions, flexible
scheduling, extra time for assignments and tests, use of
instructional techniques that address a variety of sen-
sory modalities, and access to technology. Technology
accommodations may include audio textbooks, digital
recording of lectures, note takers, and access to copies
of course overhead/PowerPoint presentations prior to
class presentation (Gregg, 2009; Mapou, 2009).

In science and mathematics courses, additional
accommodations might include calculators, computer-
assisted instructional software, and large display
screens (DO-IT, 2002-2007). Maccini, McNaughton,
and Ruhl’s (1999) review of research revealed that stu-
dents with LD can experience difficulties in acquiring
and retaining algebraic reasoning, the foundation of
most science, technology, engineering, and mathemat-
ics (STEM) disciplines. Trammell (2003) found that
many students with LD and/or ADHD improved their
grades with the support of a variety of accommoda-
tions including taping of class lectures and access to

textbooks on tape. Given that the types of accom-
modations and levels of support services available to
students with LD and/or ADHD vary by institution,
it was not surprising that Madaus (2006) found sup-
port services to be a factor in a student’s selection of
a college. Madaus also found that students with LD
who completed college had positive outcomes for
post-graduation employment.

With increased scientific research, technological
innovations, and the growth of the Internet, many
educational experiences for all learners now include
computers and other technological devices that may
help students learn more efficiently (Domine, 2009).
According to Mapou (2009), “Assistive technology
and widely available computer software can be very
helpful for adults with reading disabilities, written-
language disabilities, or ADHD. Universal design
using computer software in postsecondary education
settings can reduce the need for formal accommoda-
tions” (p. 169). Provision of technology by itself may
not be sufficient to meet learners’ needs. Postsecondary
students with LD and/or ADHD have been found to
benefit from individualized instruction in the strategic
use of increasingly ubiquitous technology learning
tools. Parker, White, Collins, Banerjee, and McGuire
(2009) asserted that students should attain a level of
proficiency with technology “used by the institution
and faculty to deliver coursework and communicate
with students to succeed in today’s postsecondary
environments” (p. 133).

The ubiquitous nature of the Internet may provide
continuous access to lecture content developed and
digitally archived through computers applications. To-
day, the Tablet PC using innovative digital pen technol-
ogy provides a tool that educators can use in designing
learning environments that may engage most learners.
The Tablet PC is a portable computer with a rotating
screen locking on top of the keyboard, transforming
the notebook computer into a notepad for handwriting
directly on the screen. The active digitizer and digital
“ink” emulate natural handwriting with options for
pen, felt-tip marker, or highlighting representations.
While traditional blackboards and whiteboards provide
limited access to the critical content displayed, the on-
board video recording of a digital whiteboard from the
Tablet PC provides a flexible solution for continued
access to content establishing better reinforcement for
long-term learning strategies. For example, the live
annotations on the digital whiteboard can be video
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screen captured with a synchronous audio recording
of the instructor’s lecture.

Two specific software applications of Tablet PC
technology were employed throughout this research:
Elluminate Live! (Blackboard Collaborate, 2011) and
Camtasia Relay (Tech Smith Corporation (1995-2010).
These applications were not the focus of the research
but tools of implementation that provided recording,
playback, and web publishing capabilities. Steinweg,
Williams, and Stapleton (2010) found in initial reports
that the use of Tablet PCs in postsecondary education
has a positive impact on students with a variety of dis-
abilities. Instructors in the STEM disciplines used the
Tablet PCs as the tool for recording and archiving course
content for student asynchronous online continual access
with the goal of aiding efficiency of learning.

Designing an inclusive environment using digital
pen-technology and asynchronous online access for
diverse populations uses universal design (UD) as its
foundation. Nichols and Quaye (2009) stated, “The
theory of universal design strives to create optimal
conditions for accommodating the changing needs
of multiple constituents” (p. 51). “With UD, the con-
sumer is not expected to adjust to the limitations of
an inflexible product or environment; rather, the ap-
plication adjusts to the needs and preferences of any
user” (Burgstahler, 2008, p. 7). Universal design can
be considered both a process and a goal. As a process,
UD is product driven and provides students with op-
tions to access a variety of environments. In the pres-
ent study the product is asynchronous online access,
which allows individual students to choose when and
how much access is needed. Enhanced instructional
access by students with a variety of learning needs is
the desired outcome of UD. Burgstahler (2008) noted
that applying UD principles results in products and
learning environments that are welcoming and useful to
groups that are diverse in many dimensions, including
gender, race and ethnicity, age, socio-economic status,
ability, disability, and learning styles.

The Center for Applied Special Technology
(CAST) [n.d ] suggests faculty consider the what, how
and why of learning through multiple means of repre-
sentation, expression, and engagement when creating
curriculum. According to Rose, Harbour, Johnston,
Daley, and Abardanell (2008), accessible pedagogy
is the cornerstone of Universal Design for Learning.
Postsecondary faculty who use digital pen-technology
and recordings, which can be archived and accessed

later via a web-based location, may increase all stu-
dents’ accessibility to course content in a manner that
promotes asynchronous learning. By providing all
students with asynchronous usability, or the ability
to download lectures, instructor notes, and other vital
course components outside of regular class meetings,
instructors who offer online archived medium may be
providing students the opportunity to study at times
more conducive to their individual learning needs. In
some cases, this type of access could eliminate the need
to disclose a disability or register with an Office of
Disability Services altogether. Such an outcome could
effectively allow some students to avoid the “docu-
mentation disconnect” identified by the National Joint
Committee on Learning Disabilities (2007) that often
impedes or prolongs the process necessary to receive
even basic accommodations such as note-taking and
permission to record lectures.

Universal design meets the needs of the com-
munity of learners while focusing on access for many
individual learners. Rose et al. (2008) stated that Uni-
versal Design for Learning is developed to be flexible
and “anticipates the need for alternatives, options, and
adaptations to meet the challenge of diversity” (p. 46).
In light of this observation, Winick and Gomez (2008)
stated that Universal Design for Leaning also allowed
many students with LD to “disappear” into the gen-
eral population becoming invisible or unidentifiable
as compared to their non-disabled peers. McGuire
and Scott (2006) suggested that, as the paradigm of
UD continues to develop and as faculty become more
attuned to the needs of individual students, certain
accommodations could be requested less frequently.
Providing asynchronous online access may provide
students with LD and/or ADHD an alternative learning
environment that engages various modalities meeting
the goal of UD. It must be noted that the application of
UD will not be fully usable or accessible for all learn-
ers (Burgstahler, 2008). However, the goal of provid-
ing educational access to diverse groups of learners
at the postsecondary level should be considered for
individual, group, and environmental appropriateness
(Rose et al., 2008).

One approach to providing educational access
at the postsecondary level is through asynchronous
web-access. Asynchronous web-accessed instruction
integrates traditional accommodations provided in
postsecondary settings for students with LD with an
emerging technology being implemented on college
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campuses for the general student population. Asyn-
chronous web-accessed instruction provides students
with and without disabilities access to video recordings
of computer screen activity including annotated digital
whiteboard, PowerPoint slide content, and synchronous
audio of lectures presented by the instructor. The record-
ings are formatted so that they can be accessed from any
Internet-connected computer following the class session
and can be paused, rewound, and fast-forwarded to locate
particular class segments. While traditional accommoda-
tions of note takers and audio recorders may identify stu-
dents with LD or other disabilities, asynchronous online
access of digital recordings does not. In this way, video
recorded pen-enabled tablet computing can replace tra-
ditional accommodations with an integrated audio/video
screen recording made available to all students outside a
classroom, thus protecting the anonymity of students with
non-apparent disabilities such as LD and ADHD. The
researchers recognize that audio recorders and the provi-
sion of note takers have been supported by access legisla-
tion for many years. Although the current research does
not explore anonymity issues, the use of asynchronous
online course access may potentially enhance a student’s
anonymity within the educational setting.

Purpose

The purpose of this study was to investigate if
asynchronous online access of STEM course content
is an effective accommodation for students with LD
and/or ADHD in postsecondary STEM courses. This
study was part of a larger study funded by the National
Science Foundation, called the “Effects of Teaching
with Tablet PCs with Asynchronous Student Access
in Postsecondary STEM Courses on Students with
Disabilities” (NSF RE FRI Award #0726449). For
the purpose of this study, LD included any cognitive
disorder such as dysgraphia, dyscalculia, or dyslexia as
labeled by the state of Tennessee. Students with ADHD
were also included in the study due to an elevated risk
of academic failure at the postsecondary level.

Simultaneous audio/video computer screen re-
cording is of particular significance in STEM classes.
Much of STEM instruction consists of drawing dia-
grams, solving mathematical equations, or balancing
chemical equations. Instructors typically write or
draw images on a traditional white board while orally
describing the solution or interaction (Stage & Kinzie,
2009). Students can struggle to copy what is on the

board while hoping to remember what the instructor
said. Due to the pace of instruction and detailed nature
of the content, STEM students may make errors in note
taking, forget explanations, and leave the lecture with
incomplete and/or inaccurate notes. These problems can
be magnified for students with LD and/or ADHD whose
information processing is less focused or slowed; who
may have difficulty discriminating between symbols,
signs and numbers; and who may be easily distracted.
In a class using asynchronous online access of digital
recordings, all students including those with LD and/
or ADHD can focus on the lecture/discussion without
the burden of taking notes, can access the recordings in
locations with minimal distractions, have a complete
and accurate record of what was said and demonstrated,
and can utilize the recordings to meet their individual
ways of learning.

Instructors in the STEM disciplines participating
in the study were trained by two special education
professors and two technology specialists in the use
of Tablet PCs as their instructional white board, the
process of uploading course content for asynchronous
online access, disability education, and pedagogical
instructional practices related to meeting the needs of
diverse populations within a postsecondary classroom.
A total of 20 instructors were trained in the course
of this study, which was implemented across three
semesters. Training occurred at the beginning of the
semester. Online guides and technology support were
provided throughout the study to ensure fidelity of
implementation. This study explored the following
research question: what is the impact of asynchronous
online access of recorded STEM course work as an
intervention for students with LD and/or ADHD?

Method

The guiding research question lent itself to the
use of qualitative methodology. Merriam and Simp-
son (1995) posited that a qualitative approach enables
a researcher to study how people make sense of and
interpret the meanings attached to their words and
experiences. Qualitative interviewing methodol-
ogy enables inquiry and understanding of a societal
or human condition, experience, or problem, based
on construction of a complex picture that is formed
mentally and analyzed inductively (Creswell, 1994).
Bogdan and Biklen (2003) explained that qualitative
research engages a limited number of participants in
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a deep systematic analysis of a phenomenon and is an
appropriate research method when desired outcomes
include description, interpretation, and a detailed un-
derstanding of the phenomenon. The three researchers
used face-to-face interviews to better understand the
challenges and successes that students with LD and/or
ADHD experienced in asynchronous STEM learning
environments.

The epistemology for this research was construc-
tionism, the focus being the construction of meaning
from the perspectives of students with LD and/or ADHD
with regard to their study habits in STEM courses that
had asynchronous access. Crotty (1998) stated that
constructionism is the view that all knowledge, and
therefore all meaningful reality as such, is contingent
upon human practices, being constructed in and out
of interaction between human beings and their world
and developed and transmitted within an essentially
social context. This study examined how participants
constructed study habits and experiences within the
context of asynchronous access of learning material.
This inquiry was designed to be a collective case study
with each participant being viewed as a unit of analysis.
According to Stake (2000), a collective case study is an
instrumental case study extended to several cases. An
instrumental case study is the examination of a particular
case to provide insight into an issue. The case study
approach was selected for several reasons. Merriam
(1998) and Bogdan and Biklen (1998) postulated that
case study research seeks to understand specific issues
and problems of practice through a detailed examination
of a specific group of people, a particular organization,
or a selected activity. To this end, 11 participants were
investigated individually as cases and jointly examined
to better understand their experiences and study habits
in STEM courses that provided access to web-accessed
recordings of class content.

Participant Selection

This study sought to identify whether students with
LD and/or ADHD who were enrolled in math, biology,
and chemistry courses benefited from asynchronous
online access to course instruction and materials.
Participants were enrolled in one of three different
postsecondary institutions. Institutions A and B were
two-year community colleges. Institution A served ur-
ban students in a large metropolitan area. Institution B
served students in a rural area while Institution C was
a four-year university located in a rural setting serving

students in a Micropolitan area. A micropolitan area
consists of core counties with a population between
10,000 and 50,000 persons along with counties sur-
rounding the core county that share a “high degree
of social and economic integration with the central
county as measured through commuting” (Office of
Management and Budget, 2000, p. 82238). The study
was limited to institutions within a radius of 100 miles
from the researchers. In addition to driving the long
distances to conduct interviews in participants’ natural
settings, a challenge to the study was the frequency
with which interview appointments were cancelled or
the participants never showed up.

To participate in the study, participants had to meet
the following criteria: (a) provided documentation of
either an LD and/or ADHD to the Office of Disability
Services, and (b) enrolled in a STEM course (math,
biology, or chemistry) during the Spring 2008 to Spring
2009 semesters. Students had to have a current diag-
nosis of an LD and/or ADHD. There are many students
at the postsecondary level that have not self-disclosed
or may have never been identified as having an LD
or ADHD. Nichols and Quaye (as cited in Harper
and Quaye, 2009) state, “Statistics on students with
disabilities are subject to fluctuation. If students do
not disclose their disability, it prevents postsecondary
institutions from accessing information about them that
may be useful in providing them accommodations and
services” (p. 40). During advisement, the Office of
Disability Services reviewed student files to determine
which students met the criteria to participate in the
study. Students were then contacted by the Office of
Disability Services. Fourteen students agreed to par-
ticipate during Spring 2008 to Spring 2009 and signed
informed consent. Of the 14 students, 11 agreed to be
interviewed at the end of their participation semester.
Three of the 14 did not respond to requests to be inter-
viewed. Eleven of the interviewed students were White
and one student was African American.

Data Collection

Data collection consisted of face-to-face interviews
with each participant and lasted up to 40 minutes. A
semi-structured interview with open-ended questions
was constructed to aid in data collection. Berg (2001)
stated that semi-structured interview guides allowed
the interviewer to probe far beyond answers that might
be generated by pre-prepared standardized questions.
Likewise, Patton (2002) posited that open-ended in-
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Table 1

Demographics of Student Participants

Participant # Institution Gender/Race Course Enrolled DB?:;E;?;;d

1 Urban CC* F/Black BIOL 2020 LD

2 Rural CC* M/White BIOL 1120 ADHD
CHEM 1120

3 Rural U* M/White BIOL 1120 LD
MATH 1910

4 Rural U M/White MATH 1910 LD

5 Rural U F/White MATH 1530 ADHD

6 Rural U M/White MATH 1130 LD

7 Rural U F/White BIOL 1010 ADHD

8 Rural U M/White I\B;Ifggl 11(} f (()) LD/ADHD

9 Rural U M/White MATH 2110 ADHD

10 Rural U M/White CHEM 1110 LD

11 Rural U M/White CHEM 1110 LD/ADHD

*Urban CC: Urban Community College; Rural CC: Rural Community College; Rural U: Rural University

terview questions enabled researchers to understand
and capture participant’s views.

During the interviews, the lead researcher asked the
participants about the courses they were enrolled in that al-
lowed access to web recordings, how often they accessed
the asynchronous online recordings, whether recordings
increased or decreased the time they spent reviewing
course materials, whether access of web recording im-
pacted their learning in the course, how web-accessed
recording changed their attitudes toward STEM courses
in college, and in the future, if they would choose a class
that allowed asynchronous online access to recordings
as opposed to one that did not. All interviews were audio
recorded and transcribed verbatim.

Data Analysis

One of the researcher’s challenges is to obtain and
verify the true meaning of each participant’s responses
to the questions asked (Gall, Gall, & Borg, 2003). To
begin making meaning of collected data, the 11 inter-
views were analyzed separately as described by Miles
and Huberman (1994) during data reduction, data dis-
play, conclusion drawing, and verification phases. The
data analysis process helped the researchers approach
the data without preconceptions about participants’
experiences as well as build a general explanation of
study habits of each of the individual cases even though
the cases varied in their details. During this process the
researchers reflected on the purpose of the study and the
guiding research questions as they noted phrases and
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words that revealed each participant’s experiences.

The researchers then identified text segments that
contained the same meaning and sought to derive in
vivo codes from transcripts by identifying repetitive,
descriptive, and interpretive phrases of participants’
experiences, which were then developed into categories
such as clarity and convenience. Boeije (2009) stated
that in vivo codes are not just catchy words; rather,
they pinpoint the meaning of a certain experience or
event. The invivo codes (i.e., clear, studying strategies/
mechanism, accessibility, good layout, ease of access,
better organized, convenience, improved test scores,
and confidence) identified in this study produced nine
initial categories. Participants’ explanations and ideas
that had similar meanings were collapsed into the ap-
propriate category. Afterward the researchers wrote
memos to themselves describing identified categories
to further reduce the data. This process produced a list
of all expressions relevant to participants’ perspec-
tives, grouped into categories with accompanying
text segments that were examples of those categories.
Additional text segments identified by the researchers
were then added to the relevant category.

After data reduction, the researchers proceeded to
use Microsoft Word to display and organize data for
case analysis and cross-case analysis. Miles and Huber-
man (1994) defined cross-case analysis as searching
for patterns, similarities, and differences across cases
with similar variables and similar outcome measures.
Data and similar interactions (e.g., terms like “conve-
” “ease of access”) in which study participants
used related terms to express their experiences were
further grouped together into identified categories. The
researchers then embarked on developing themes by
grouping identified categories that had similar meaning
into core themes. For example, “good layout” and “bet-
ter organized” were collapsed to form the core theme,
organization. As the researchers continued sorting
the data and identifying relevant core themes, they
reviewed the purpose of the study to stay on course.

Researchers seek to incorporate the language and
principles of qualitative analysis practices to compre-
hend a phenomenon of interest in whatever setting they
are studying (Patton, 2002). In this study, the research-
ers sought to reconcile their differing perspectives of
data analysis findings and verification phases through
triangulation and journaling as suggested by Patton
(2002). Miles and Huberman (1994) stated that veri-
fication, which is in tandem with conclusion drawing,
entails revisiting the data as many times as necessary

nience

to cross-check or verify the emergent conclusions.
To this end, the researchers reviewed the initial nine
categories searching for left-out subtopics, including
contradictory points of view and new insights, refin-
ing the categories at four different times. During this
process we emailed each other the Microsoft Word
tables with probable themes representing collapsed
categories. From these exchanges, we reduced the
nine categories to six core themes: comprehension,
organization, asynchronous access, convenience,
achievement, and coping mechanisms.

The researchers then embarked on establishing
reliability of agreed themes by collaborating with
three colleagues involved in qualitative work at their
respective institutions (Mays & Pope, 1995). Mays
and Pope use the term “reliability” and claim that it
is a significant criterion for assessing the value of a
piece of qualitative research. To establish the inter-
rater reliability of the six core themes, the researchers
shared analyzed data with three colleagues through
email correspondence over a month. Upon receipt of
ratings from colleagues, the researchers calculated the
percent agreement and coefficient alpha for each theme
as suggested by Banerjee, Capozzoli, McSweeney, and
Sinha (1999). Percent agreement reflects the number of
times all three raters agreed upon an identified theme
as present or absent divided by the total number of
their agreements and disagreements, multiplied by 100.
Since three raters analyzed the transcripts, the percents
agreement expected by chance was 25%. Therefore,
agreement greater than 25% supported consistency
among the raters. Percent agreements for each theme
were: comprehension = 85%, organization = 76%,
asynchronous access = 100%, achievement = 87%,
convenience = 62%, coping mechanism = 90%. Next,
we calculated the coefficient alphas using the three
colleagues as items to evaluate the degree of rater con-
sistency. The coefficient alphas for identified themes
were as follows: comprehension = 0.89, organization =
0.81, asynchronous access = 1.00, achievement = 0.93,
convenience = 0.67, coping mechanism = 0.96. The
strong degree of inter—raterreliability, with the excep-
tion of convenience, indicated high levels of agreement
in how the researchers and raters understood coded
comments and the thematic categories into which they
were grouped. The raters suggested that we change
the name of the core theme “coping mechanisms” to
“disability coping mechanism” and “comprehension”
to “clarity.” These changes were made.
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Results

Participant responses collected and analyzed
during the study led the researchers to categorize
data according to the commonalities and themes that
emerged with no observed priority or order. Verbatim
quotes from participants are used throughout this sec-
tion to emphasize core themes. Analysis of student
interviews resulted in the emergence of six ways
that asynchronous online access to lecture content
recorded by professors using Tablet PCs facilitated
students’ learning in STEM courses. Students felt that
the technology enhanced clarity of course concepts
and skills, increased organization of course materials,
provided asynchronous access, increased convenience,
improved achievement, and provided a disability cop-
ing mechanism.

Clarity

All the participants perceived clarity as a key com-
ponent in their learning process. Participants found
asynchronous access of course materials to reduce
inconsistencies in their own note taking as well as to
improve comprehension of class material. Participants
observed that asynchronous access was beneficial to
visual learners, leading to an increased awareness
of instances of instructional materials presented in
class. Specifically, Participant 10 stated, “I mean...I
could see going over stuff again, and again it made
me understand more.” Participant 7 also shared the
same sentiment by saying, “I would probably read
over my notes again, like...if I needed clarification or
something.” Participant 11 added that he got distracted
very easily in class, “...so being able to go back and
listen to recordings definitely helped. It cleared a lot
of things.” Participant 9 had the following to share,
“Dr. B. notes, his PowerPoint’s, presentations also
have his hand scribbled notes down there as well so
it is very visual.”

According to participants of this study, clarity
implied that asynchronous online access of informa-
tion reduced inconsistencies in class notes, improved
comprehension, and brought to realization learning
experiences to visual learners, positively impacting
their learning. Participants realized that accessing the
asynchronous online recordings had a positive overall
effect of their perception of STEM related courses.

Organization

Organization implied that, when course content
was accessed asynchronously, participants found it to
be well structured, helping them study the material.
However, Participant 1 expressed frustration by noting,
“I think we should have more training or an overview
in class first on how to access and use web-based re-
cordings. Itis not sometimes easy to get on and figure
out how the stuff is put on there.” On the other hand,
several participants, 11, 9, and 8 thought the material
was easily laid out once downloaded.

Participant 11 noted, “I felt it was easy to navigate
the web recording, but...I didn’t have any trouble with
them.” Participant 9 stated, “I have looked up the
web recording, ...they are pretty easy to, [ am pretty
computer savvy so I don’t know, some people may
have difficulty than others but it was easy for me.”
Participant 8 said, “I like how, yeah, the slides were
done. It helped me a lot though, if I didn’t figure out
something, I could just go to the Internet and they had
the slides. He had the slides pre-made for class so |
could just read what he was saying.” Though a major-
ity of the participants stated that materials seemed to
be structured once retrieved from the Internet. This
helped with studying content intuitively. Participants
4 and 9 observed that some instructors seemed not to
know how to use pen technology to present materials
in a structured format.

Asynchronous access

STEM-related courses were designed to have an
asynchronous component to accommodate students
with LD and/or ADHD. In other words, students were
provided with class material that was uploaded to a
web server for their convenience so that they would be
able to access it anytime for studying purposes. Its suc-
cess depends on the instructor’s technical knowledge
and maintenance of the transmission medium. Study
participants noted that asynchronous access supported
their learning habits; however, they pointed out that
the venture was dependent on the instructors’ ability
to understand and operate the technology. In addition,
reduction of background noise experienced in web
recordings, availability of enough bandwidth and ease
of connection to stream the recording, and instructor’s
voice not synchronized with visual presentation created
moments full of frustration for students. As Participant
1 remarked:
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It was kind of difficult to get on...online to listen
to that so then when I finally did then one time |
couldn’t hear nothing....the connection is kind
of slow and trying to get exactly where you are
supposed to go to get on it for the pop-up screen
and then you have to hit something else...if it was
more a little accurate or more fast it would have
been a little better.

Participants 10 and 9 shared the same viewpoint.
Participant 10 stated, “There is always the low signal
strength and then it progressively worsens.” Partici-
pant 9 said:

You can’t always depend on technology; it goes
down from time to time. I have had a couple
of incidences where its affected my class and |
couldn’t either get an assignment or view some-
thing or couldn’t send something to my profes-
sors...for some reason it always seem to happen
at the worst time.

Convenience

Participants explained that they liked the availabil-
ity of class lectures and material that met their needs
being available on demand. In other words, asynchro-
nous access of course content provided expediency to
learning situations for study participants. Participants
could study independently and review course notes
with more confidence at their own pace without the
feel of time constraints and pressures experienced in
a typical classroom. Participants also expressed that
they never felt comfortable asking questions of the
instructor or their friends. Instead, they were able to
view the web recording as many times as was necessary
to master the material even though it might have been
posted by a different instructor. Participant 10 stated:

...multiple recordings from different instructors
teaching same course are helpful because if you
don’t understand teacher A but you understand
teacher B then I’m going to listen to teacher B
when I ‘m enrolled in A because the way registra-
tion goes, sometimes you just can’t get the teacher
you want

Participant 2 said, “I was a little bit sick and
couldn’t make it to class. The recordings were defi-
nitely beneficial then so, I mean, anytime you may

have a circumstance where you can’t make it to class
then it is encouraging.” Participant 1 said:

If there’s something I’m not paying attention to or
didn’t focus in class, and cannot find it in my
notes, I can, you know...I can always go back
there, pull it up on the web and keep listening to
it over and over again until probably I get a better
understanding of it.

Other participants agreed it was convenient to
have class materials online. Participant 9 thought it
was beneficial to access the notes online; Participant 8
thought it was good to have it online because it showed
more, visuals were helpful when studying. Participant
7 stated, “When I didn’t understand something [ would
go back and redo it or sometimes it helped to re-listen
to it.” On the contrary, Participant 8 pointed out this
possible unintended consequence, “It can also get you
into the habit of being lazy; like my roommate, he
didn’t go to class really.”

Achievement

Achievement implies that students with LD and/or
ADHD are able to recognize an improvement in their
study habits as well as anticipate higher test scores and
grades. This is evidenced when Participant 10 stated,
“Recordings have immensely impacted my learning,
again I am a visual learner so it’s easier for me to see
and hear than just listen.” Participant 3 noted, “I could
have probably been doing much better on my tests from
the beginning if I knew about these recordings, you
know. I have an attention and focus issue.”

The rest of the participants thought their learning
process and appreciation of STEM courses had been
positively impacted by the recordings. Participant 11
had previously enrolled for the STEM course, with-
drew halfway on medical grounds, and was repeating
the STEM course said, “Having taken this class before,
I feel I have a better grasp of things...I feel, I feel a
lot better about this class than I did last semester,”
Participant 9 said:

It helps me feel more confident about the course. ..
the teacher of the course does a very good job
teaching it and the web based just reinforces his
teaching....if you miss something you can always
go back to it. You always have something to
reference if you’ve got a question, if you copied
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something wrong or not, or if you did not get
something... It’s definitely a tool that when you
need it, it’s a very, very good tool to have. I'm
expecting to get an “A” in this course.

Participant 3 noted, “At first I struggled with it
because I was trying, I wasn’t used to math on the
Internet. I wasn’t used to biology...but since I’ve
gotten the hang of it. Like, just adjusting I think it is
a good thing.”

Disability coping mechanisms

According to the participants of this study, ac-
cessing asynchronous online information has helped
them self-accommodate the impact of their LD and/
or ADHD. Participant 4 said, “I have been brought up
to not use my disabilities as a hindrance..., [ do like
having the accommodations and everything like that.
It does make learning easier.” Participant 11 stated:

Web-based recordings have been beneficial in
helping me understand concepts better. With some
of the things I have, the disabilities that I can’t
always pay attention one hundred percent, and
so being able to go back and catch stuff I missed
definitely helps.

Participant 10 reported:

You can’t be expected to have a recording of every
lecture or meeting...so it is good to have this op-
portunity but I also need to be able to learn to cope
with it so that when I get into the work field then I
can be able to function like everybody else.

Participant 7 acknowledged:

The class seems to be easy in the beginning and get
tougher later on and when you have classes during
instructor’s office hours you can’t go ask him a
question. For an individual who is more auditory,
online access allows you to go back and review the
material while listening to the instructor’s voice
explaining course content.

Participant 11 perceived online recordings as a back-
up and not a tool to be dependent upon while Participant
2 felt asynchronous online access offered more choices
for referencing notes and materials online.

Discussion

Historically faculty have focused curriculum develop-
ment on theory and research while the Office of Disability
Services and other student affair offices have focused on
pedagogical practice (Harper & Quaye, 2009). The theory
of universal design brings together faculty and various
student affairs offices through practical pre-planning of
classroom instruction, assignments, and anticipated stu-
dent outcomes. It is important to acknowledge that access
to information through UD “does not signify that learning
will occur; rather, learning also requires an awareness of
students’ divergent needs and an understanding of how
to enable [students] to reach their potential” (Nichols &
Quaye, 2009, p. 51).

While it is not possible to compare the participants’
perceptions to all students with LD and/or ADHD,
findings of this study align with UD tenets of multiple
means of representation, expression, and engagement.
Instructors’ use of multiple means of expression en-
hanced students’ ability to study course materials.
The use of asynchronous online access of recordings
could help facilitate the studying of course material
by clarifying inconsistencies in a student’s class notes.
Precision in note-taking can impact comprehension,
enhance learning, and result in a higher grade. Online
access of lecture material that includes illustrations of
key concepts in conjunction with an audio explanation
may promote a clearer understanding of course content.
In this setting, multiple means of representation occurs
when access of course content is available in class
as well as outside of class, reducing distractions and
clarifying variations in note-taking in the educational
setting (CAST, n.d.).

Asynchronous online access of course content
helps students with LD and/or ADHD self-accommo-
date, or successfully cope with their disability within
the context of a postsecondary STEM course. Audi-
tory learners can listen to the instructions which may
include multiple steps as many times as necessary
while visual learners can review the content as needed.
CAST (n.d) finds multiple means of expression oc-
curs by allowing the strength of the learner’s working
memory an opportunity to actively organize informa-
tion to meet his or her learning needs.

The use of technology in planning and delivering
course content in a structured format promotes multiple
means of engagement. Rose et al. (2008) found unre-
stricted access through web-based archived recordings
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may lead to increased learning as well as a decrease
in the need for specific accommodations. Individual
student choice of how and when access occurs meets
the requirements of the necessary sustained attention
and effort of that student for learning to take place and
promotes autonomy (CAST, n.d.).

Implications for Practice

Colleges and universities may need to further address
the unique needs of students with LD and/or ADHD at
the postsecondary level (Harper & Quaye, 2009). Ap-
proaching student needs through UD is a proactive rather
than reactive approach (Burgstahler, 2008). Examples of
proactively planning instruction for diverse populations
including students with disabilities may consist of provid-
ing accessible curriculum for students through various
delivery methods, providing course content in an acces-
sible manner, and building faculty awareness of diverse
populations (Burgstahler, 2008).

Asynchronous online web access of recorded
course content could be a part of a proactive approach
to designing curriculum in both STEM and non-STEM
courses. Providing new, tenure-track, and tenured
faculty training opportunities in the planning of course
content could address both disability education and
asynchronous online access technology. Faculty could
be encouraged to use technology to meet the wide
range of abilities and learning strengths of students
in their courses. This would mean an availability of
increased training for all faculty in order to become
knowledgeable in the usage and implementation of
online recordings accessed via the Web, as well as an
understanding of teaching pedagogy that allows the
seamless integration of course content and instructional
strategies. Higbee (2008) found one of the greatest
challenges for faculty “is trying to predict the needs
of potential students” (p. 68). It should be noted that
students with disabilities also need to assume an ac-
tive role in their educational choices. Colleges and
universities cannot be held responsible for meeting
all needs of students. Students need to be aware of
their own learning strengths and weaknesses and work
toward positive outcomes with self-determined beliefs
and practices.

Limitations

As with all educational research, there are limita-
tions to this study that must be addressed. Due to the
small number of participants, caution must be used in

generalizing findings to larger populations. Participants
interviewed were registered through the Office of Dis-
ability Services at each institution as having an LD and/
or ADHD. However, there possibly were other students
who may have qualified to participate in the study but
chose to remain undisclosed. Students not registered
through the Office of Disability Services were not
interviewed. The study may have been strengthened
if students without disabilities had been given the op-
portunity to share their perceptions, too. Also, students
with other documented disabilities such as Asperger’s
syndrome, post-traumatic stress disorder, or psychiat-
ric disorders may have provided deeper insights into
the use of asynchronous online course content as an
accommodation. It should also be noted a total of
44 students with LD and/or ADHD (as defined for
the purpose of the study) chose to participate in the
larger NSF study. Of the 44 participants, 24 were in
experimental STEM courses with the accommodation.
Although multiple timeslots were available for student
participants, only 11 students of the 24 were able to
schedule interviews.

Conclusion

Asynchronous online access of course curriculum
in the STEM disciplines appears to be helping stu-
dents gain knowledge of course content. Universally
designed curriculum may include asynchronous online
access of recorded course content. Further research is
needed in the area of asynchronous online access, UD,
and students with disabilities.
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Abstract

This article discusses the evaluation of programmatic interventions to enhance postsecondary STEM education for
students with disabilities. SciTrain University, a federally funded project to provide instructor training on acces-
sible teaching according to universal design principles, is presented here as a case study on evaluation for similar
programs. This article highlights the evaluation process, including relevant evaluation questions and selection of
indicators, use of a mixed-methods approach, and development of instruments. We give particular attention to the
utilization of longitudinal participants in order to document the project’s effectiveness. Project evaluators used
demographic and performance data, classroom observations, and online journals to determine the efficacy of the
training provided to these longitudinal participants. For these three activities, we discuss the development and de-
ployment of instruments and offer some preliminary findings. Finally, the article concludes with a brief discussion
of internal project assessment and its role in project refinement. Given a dearth of scholarship on the evaluation
of programs to enhance STEM education for students with disabilities, this article seeks to provide some practical
insights into the potential for mixed-methods approaches.

Keywords: STEM education, disability, postsecondary, evaluation, universal design for learning (UDL)

In recent decades, policymakers and educational
leaders have emphasized accountability and utilization
of evidence-based practices in secondary and postsec-
ondary education (Layzell, 1999; Harvey & Williams,
2010; Shin, 2010). However, researchers have pointed
to a continued lack of data on postsecondary students
with disabilities and the need for appropriate indicators
to document their success (Burke, Hedrick, Ouelette, &
Thompson, 2008). Of particular concern is the efficacy
of programs to improve enrollment in, retention within,
and completion of science, technology, engineering,
and mathematics (STEM) degrees at the postsecond-
ary level. Projects sponsored by the National Science
Foundation’s (NSF) Research in Disabilities Education
(RDE) and the U.S. Department of Education’s Office
of Postsecondary Education (OPE) have prioritized the
improvement of postsecondary STEM education for
students with disabilities (Burgstahler & Bellman, 2009;

Izzo, Murray, & Novak, 2008; Stefanich, Gabrielle,
Rogers, & Erpelding, 2005; Stumbo, Lindahl-Lewis,
& Blegen, 2008).

The need for more evidence-based practices has
been noted in practically every aspect of disabilities
education, including the transition to postsecondary
education (Webb, Patterson, Syverud, Seabrooks-
Blackmore, 2008). As the National Council on Dis-
ability (NCD) has observed, “the amount of rigorous,
evidence-based research on programs that promote
positive outcomes for students with disabilities is
severely limited” (Frieden, 2004, p. 6). In addition,
there is a dearth of scholarship on how such programs
might be evaluated.

In response, this article presents SciTrain Uni-
versity (SciTrain U), an OPE-funded demonstration
project at the Georgia Institute of Technology and
University of Georgia designed to enhance the abilities
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of STEM faculty to make instruction more accessible
for students with disabilities through a combination of
in-person and web-based training (Utschig, Moon, Todd,
& Bozzorg, 2011). Using SciTrain U as a case study, we
discuss methodologies for evaluating programs to sup-
port STEM education for students with disabilities. In
the course of highlighting key evaluation findings, this
article presents indicators for determining programmatic
efficacy, considers methodologies for gauging project
performance, and discusses challenges faced by the
project and efforts to resolve those difficulties.

Background Discussion

Scientific leaders and policymakers have called
for the cultivation of a diverse STEM workforce in
the United States (National Science Foundation, 1996,
2000, 2004). This concern was reiterated by the Na-
tional Science Board in its 2010 report, ‘“Preparing the
Next Generation of STEM Innovators,” which offers
two interrelated observations. First, American prosper-
ity in STEM in the coming years will rely increasingly
upon “talented and motivated individuals who will
comprise the vanguard of scientific and technologi-
cal innovation” (National Science Board, 2010, p. 1).
Second, every student in the United States “deserves
the opportunity to achieve at his or her full potential”
(National Science Board, 2010, p. 1). In summary,
excellence and equity in STEM education go hand-
in-hand. However, this goal can be realized only if
underrepresented groups attain a larger proportion of
the nation’s STEM degrees.

Americans with disabilities historically have been
underrepresented in postsecondary STEM education,
particularly because these students face tremendous
barriers to access and participation in these programs
(Burgstahler, 1994; Wolanin & Steele, 2004). Participa-
tion of students with disabilities tends to decrease longi-
tudinally throughout the STEM education process. U.S.
census data have shown that people with disabilities
constitute 10% of the nation’s general workforce, but
only two percent of its STEM professionals (Commit-
tee on Equal Opportunities in Science and Engineering,
2006; National Center for Education Statistics, 2004;
U.S. Department of Education, 2001).

The problem is complex. First, teachers, instruc-
tors, and professors are frequently unable, unprepared,
or otherwise ill-equipped to recognize and address the
needs of students with disabilities (Stefanich, 2007). As

a result, course content may be inaccessible, as many
faculty fail to develop their courses in accordance with
the principles of universal design for learning (UDL)
(Burgstahler & Cory, 2008; Rose & Meyer, 2006;
Rose, Meyer, & Hitchcock, 2005). Instructors may
not be aware of strategies or technologies to help them
accommodate students, or they may lack the necessary
institutional support or resources to make accessible
pedagogy a reality (Stefanich, 2001). In addition to
the issue of instructional practice, there is a second
matter of social inclusion. Research has demonstrated
that students with disabilities, particularly learning
disabilities, frequently experience negative attitudes
from faculty and peers (Stage & Milne, 1996). By the
time some of these students reach college, they are
commonly discouraged from pursuing STEM degrees.
When they enroll in STEM courses, many are not fully
included in more rigorous learning activities such as
labs, thus diminishing their potential engagement and
prospects for success (DO-IT Staff, 2001). As such,
there remains a pressing need for resources to ensure
that STEM instruction is accessible and inclusive.

The UDL concept is the philosophical foundation
for inclusive teaching, and the literature demonstrates
that many inclusive strategies are effective. Orr and
Hammig’s (2009) survey of pedagogical techniques
found that in 21 of 38 studies, inclusive techniques
and learner supports were in use. These studies pro-
vide evidence for the ability of inclusive instruction to
minimize the need for students with disabilities to seek
formal accommodations. Nevertheless, there is room
for further inquiry. Despite its increasing deployment
in K-12 education, UDL is not as widely implemented
in postsecondary education. One broad conclusion
gleamed from a review of the scholarly literature is
a shortage of research on UDL and accommodations
as they apply to the university setting (Moon, Todd,
Morton, & Ivey, 2011).

SciTrain University

SciTrain U is designed to enhance the capacity of
university STEM faculty and staff to improve learn-
ing for all students, including those with disabilities,
through the application of UDL practices. In doing
s0, this project relies on two major components. First,
in-person workshops are delivered with the intent of
educating faculty about disability awareness and work-
ing with students with disabilities. In accord with the
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project’s UDL empbhasis, workshops have focused less
on disability accommodations and more on using ac-
cessible pedagogy to improve learning outcomes for all
students. The workshop developer has given particular
attention to three STEM learning environments: large
lecture classrooms, laboratories, and online learning
environments. For each of these, workshops have
focused on multiple approaches to make learning
more effective for all students. For example, group
note-taking activities and personal response systems
(PRS, or “clickers”) are discussed as means to improve
instructional outcomes in lecture-based courses, while
the development of inquiry-based labs are discussed
for lab-based courses.

Workshops are developed and delivered by a lead
instructional technologist at Georgia Tech’s Center for
the Enhancement of Teaching and Learning (CETL).
The workshop developer has almost 15 years of expe-
rience in distance education and has worked closely
with faculty regarding the use of technology in con-
ventional and virtual classroom settings. The workshop
developer has collaborated with biology and marine
sciences faculty at the University of Georgia and
chemistry and applied physiology faculty at Georgia
Tech to ensure the incorporation of appropriate STEM
content knowledge within SciTrain U workshops.
Workshops on different topics are offered at each of
the two participating campuses three to four times per
semester; they are occasionally offered more than once
whenever interest is relatively high. As the project has
progressed, the workshop developer has revised the
face-to-face workshops in response to survey findings
as well as to update content. For more information
about workshops, please visit http://www.catea.gatech.
edu/scitrainU/login.php.

Building upon the workshops, the project website
hosts online courses for deployment of project resourc-
es at other institutions. Considerations of accessibility,
usability, simplicity of design, and visual appeal drive
the website’s design, as does clear “branding” for the
project, simplified page layouts and functionality,
and deliberate use of high contrast and white space.
The site provides STEM instructors with three types
of content: background information on common dis-
abilities, an overview of disability accommodations,
and information about inclusive pedagogy. The site
provides modules on transitioning from secondary
schools, introduction to UDL, learning disabilities,
attention-deficit/hyperactivity disorder (ADHD), au-

tism, mobility and dexterity disabilities, deafhess and
hearing impairments, low vision and blindness, and
disability laws. In illuminating the types of disabilities
that instructors might encounter, the modules discuss
a variety of methods to accommodate learning needs.
The web materials also address assistive technologies
and how best to integrate their use within classroom
and laboratory learning.

Evaluation and Assessment

To document SciTrain U’s effectiveness, consider-
able project resources are allocated for an evaluation
and assessment team. Two lead evaluators are based
at Georgia Tech’s CETL and Center for Advanced
Communications Policy (CACP), and their team has
generally included one undergraduate assistant and up
to three graduate assistants at any given time. While
many of the resources associated with the project typi-
cally have been based at CETL, two of the graduate
assistants are closely associated with the disability
services centers at Georgia Tech and UGA.

Evaluation Methodology and Approach

Synthesizing data is often difficult for evaluation
teams unless a specific approach is utilized. This evalu-
ation team’s methodology involves combining two
mixed-methods approaches for analyzing data: Mc-
Conney, Rudd, and Ayres’ Results Synthesis Method
and Campbell’s Pattern Matching method. The Pattern
Matching method recommends that evaluators work
from a model such as a program logic model and
identify whether each aspect of the model enables or
prevents the program from reaching its intended im-
pact (McConney, Rudd, & Ayres, 2002). The Results
Synthesis Method guides evaluators in working with
stakeholders to identify the value of each evidence
set, such as classroom observations and focus groups
(Campbell, 1966). This allows the evaluators to more
accurately depict the strength or weakness of the ties
among each block on the logic model.

Aside from the analysis of performance data on
students enrolled in project-affiliated courses, SciTrain
U’s evaluation has rested mainly upon qualitative
methods, including classroom observations, faculty
workshop surveys, student surveys, website surveys,
online journals, and focus groups. Where observational
methods are utilized, multiple evaluators have taken
part to insure interrater reliability. Likewise, all open-
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Figure 1. SciTrain U Logic Model.

ended responses to surveys and online journal entries
have used at least two coders to maximize reliability.

Indicator Selection

Scholars concerned with the evaluation of postsec-
ondary STEM education have observed that the basic
availability or, more frequently, unavailability of data
should not dictate the approach for undertaking evalu-
ations (Coates, 2007). These same principles hold true
for programmatic interventions to support students with
disabilities. If evaluation is to determine educational
efficacy, then it must be considered from the beginning
through the development of meaningful indicators and
the provision of data collection and analysis for such
ends. With this guiding principle in mind, evaluators
sought to determine the appropriate indicators at the
outset of the project and then formulated data col-
lection efforts in response. Evaluation questions and
corresponding indicators emerge from the logic model

(see Figure 1), which governs the evaluation process
and details the prospective inputs, project activities,
objectives, outcomes and goals, and impact.
Evaluation of SciTrain U provides data for forma-
tive and summative feedback along three key tracks.
In the first track, the Referenced Program Performance
Indicators specifically address the U.S. Department
of Education’s Government Performance and Results
Act (GPRA) Goal #3, Ensure the accessibility, af-
fordability, and accountability of higher education,
and better prepare students and adults for employ-
ment and future learning. The referenced program
performance indicators provide critical information
on student course completion patterns and on faculty
adoption of SciTrain U resources. The second track,
Knowledge Synthesis, combines SciTrain U’s research
findings with institutional knowledge developed from
prior projects. These include SciTrain: Science and
Math for All, which is oriented at improving science and
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Table 1

SciTrain U Evaluation Questions

Track 1: Referenced Program Performance Indicators

a. What is the rate at which students with documented disabilities complete courses taught by SciTrain
U-trained faculty? What is the rate at which students without documented disabilities complete courses
taught by SciTrain U-trained faculty? What, if any, is the difference in these two rates?

b. What percentage of SciTrain U-trained faculty incorporates elements of training into their

classrooms?

Track 2: Knowledge Synthesis

Based on current literature and recent SciTrain and GRADE findings, what learning environments will prove

most successful for program stakeholders?

Track 3: Program Implementation Measures

a.  Which stakeholders are provided with what resources?
What do participants learn as a result of program participation?
c. What actions are the various stakeholders taking toward improving content/pedagogical knowledge,

organizational capacity, and available resources?

d. Who adopts which aspects of inclusive instruction?
e. What organizational barriers or accelerators hinder or promote inclusive instructional practice

adoption?

mathematics instruction for students with disabilities in
secondary education, and Georgia Tech Research on Ac-
cessible Distance Education (GRADE), which focuses
on accessibility of distance education for students with
disabilities. The third track, Program Implementation
Measures, provides necessary formative assessment
feedback for program benchmarking and improvement
as the program is being implemented. This track cul-
minates with a loop back to Track 1. The process for
each track is addressed by the project evaluation team
through the use of a set of targeted evaluation questions
designed to elicit meaningful data collection and analysis
(see Table 1).

The GPRA-derived indicators comprising Track
1 were ascertained through data collection efforts
involving longitudinal participation by affiliated fac-
ulty at Georgia Tech and UGA. In order to determine
completion rates of students with disabilities taught by
SciTrain U-affiliated instructors, evaluators analyzed

demographic and performance data collected by the
disability services centers and registrar’s offices at
both institutions. In order to establish the percentage
of SciTrain U-trained faculty incorporating elements of
training into their classrooms, as well as the nature of
those practices, longitudinal participants participated
in classroom observations and kept online journals
detailing their experiences in the project.

Instrument Creation and Use

A “development” mixed-methods approach was
used to generate evaluation instruments, includ-
ing workshop surveys, focus group protocols, and
classroom observation instruments (Greene, 2007).
Information from a baseline literature review informed
the evaluation team in its development of these instru-
ments. The knowledge synthesis effort also resulted
in a list of characteristics the program expected to see
transferred from instruction into practice. This “trans-
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fers list” assisted in the creation of these instruments.
Also, Greene’s “complementarity” mixed-methods
approach was applied, which means that the class-
room observations served to complement other data
collection efforts by providing a deeper description
of how faculty apply what they have learned into their
classrooms and also to confirm or disconfirm the self-
reported information from surveys and focus groups
(Greene, 2007).

Longitudinal Participants

In order to evaluate the effectiveness of the project,
longitudinal participants were recruited from both par-
ticipating institutions. A total of 15 faculty members,
nine from Georgia Tech and six from UGA, were re-
cruited for this project. Collectively, they represented
departments of biology, chemistry, mathematics, as-
tronomy, marine sciences, and applied physiology (i.e.,
health). In order to ensure their continued involvement
for the duration of the project, the longitudinal partici-
pants were compensated with modest stipends, as well
as additional honoraria for taking part in supplemental
project activities. As discussed below, their retention
for the duration of the project posed a challenge. Nev-
ertheless, most of the participants continued for at least
four terms, or two years, of the project period.

Relying upon a mixed-methods approach, three
types of data specific to longitudinal participants
were collected in order to evaluate SciTrain U’s ef-
fectiveness and document change-over-time impacts.
First, performance and demographic data for enrolled
students with disabilities were collected in order to sat-
isfy the GPRA-derived indicators. Second, classroom
observations were undertaken twice a term for each
of the participants in order to assess the accessibility
of classroom and laboratory instruction. Third, par-
ticipants were required to submit entries for an online
journal that recorded their experiences in the project.
In addition to these data collection efforts, participants
also attended workshops.

Performance and Demographic Data

In order to determine the effectiveness of SciTrain
U as a programmatic intervention to improve the learn-
ing outcomes of students with disabilities, evaluators
collected both performance and demographic data on
students with documented disabilities enrolled in SciTrain
U-affiliated courses. These data are collected in order to

determine the rate at which students with documented
disabilities complete courses taught by faculty trained
in project activities, and the rate at which other students
without disabilities complete those courses.

In order to assess these outcomes, evaluators devel-
oped collaborative partnerships with the disability ser-
vices centers and registrar’s offices at both participating
institutions. Graduate research assistants tasked to the
disability services centers at Georgia Tech and UGA
facilitate identification of students with documented
disabilities enrolled in project-related courses. Be-
cause of a lack of systematized data reporting at these
institutions, a project-specific spreadsheet instrument
was developed that allows identification numbers for
all students on file with disability services to be com-
pared against enrollment rosters for each of the courses.
Once students are identified, queries are submitted to
the registrars to provide pertinent demographic and
performance data immediately following the end of
the term. Demographic data gathered include students’
gender, race, disability, class standing, and major, and
performance data includes course grades (including
incompletions and withdrawals), semester grade point
averages (GPA), and overall GPA.

In spring 2009, the evaluation team collected its
first set of performance data from the courses of four
longitudinal participants at Georgia Tech. This dataset
established a baseline for evaluating subsequent prog-
ress, and it revealed that in courses taught by SciTrain
U-trained faculty, 94.45% of students with disabilities
(17 of 18) successfully completed the courses in ques-
tion. The one student who withdrew did so due to
circumstances not related to the student’s disability or
academic performance in the course. More specifically,
88.24% of students who completed a course under evalu-
ation (15 of 17) received a passing grade in the course
(Grade distribution: A=9; B=4; C=2; D=0, F=2). More
widely, 16 of the 18 students evaluated were in good
academic standing, with one on academic warning and
another on probation at the time.

In fall 2009, there were a total of 21 students with
documented disabilities across six courses at Georgia
Tech taught by SciTrain U-trained faculty. In the Math
1711 course, there were four students with disabilities.
Their average grade for the course was a B- (2.75) (uti-
lizing a four-point grading scale, A=4, B=3, C=2, D=1,
F=0). Math 1113 had one student with a disability, who
earned an A in the course. The first section of Chemistry
1510 had three students with disabilities, with an aver-
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age of C+ (2.33), while the second section of Chemistry
1510 had one student who earned a C in the course. The
first section of the freshman-level health/wellness semi-
nar, Health Performance Science (HPS) 1040, included
three students with disabilities, with an average of a B
(3.00) in the course. The second section of HPS 1040
included 9 students with disabilities, with an average of
a B (3.00) in the course. In addition, overall GPAs and
semester GPAs were tracked.

The comparison between fall 2009 and the spring
2009 baseline suggests a complementary set of conclu-
sions. First, while a course-by-course comparison may
not reflect an improvement in student performance,
overall, the project does appear to be making a broader
impact in terms of the numbers of students with docu-
mented disabilities reached, their course completion
rates, and passing grades earned. As noted, the number
of students impacted by the project at Georgia Tech to
date, in terms of longitudinal participants and students
enrolled, makes statistical significance difficult. This
suggests a second point, which is that qualitative data
may be just as relevant as indicators of student success
as performance data.

Classroom Observations

Drawing upon the scholarly literature on UDL
approaches to postsecondary classroom instruction
(Fahsl, 2007; Fuller, Bradley, & Healy, 2004; Higbee,
2003; Orr & Hammig, 2009), project evaluators devel-
oped a classroom observation instrument (see Figures
2 and 3) to conduct beginning-of-term and end-of-term
observations for each longitudinal faculty participant.
This 48-item instrument considers six elements of
inclusive and accessible pedagogy: classroom envi-
ronment, visual aids, oral communication, “clickers”
(i.e., electronic personal response systems), classroom
notetakers, and electronic learning support (i.e., course
management software). Observations are made by two
raters, which always include at least one of the two lead
evaluators. Graduate research assistants tasked to the
project also participated in observations, and training
was provided in person and reiterated through the de-
velopment of an evaluation team manual. During an
observation, observers mark the item as “Yes,” “No,”
or “N/A,” depending on whether the behavior was
observed. An affirmative answer is generally meant to
indicate that the instructor adheres to the principles of
UDL, where a negative generally suggests that such
adherence was not observed. While the polar nature of

the observation form permits scoring, both individu-
ally and as a group, notetaking is also done to provide
clarification and feedback for participating instructors,
as well as to allow for more detailed explanations or
descriptions of the observations.

Faculty participants are observed twice per term,
and the same two scorers are involved in both begin-
ning-of-term and end-of-term observations. (In order
to expedite scheduling of observations and avoid po-
tential conflicts with tests or special activities, faculty
participants were provided with advance notice of the
days they were observed.) Use of the same observers,
as well as discussion of findings at the end of each ob-
servation to resolve any inconsistencies, ensures some
degree of reliability. The team also has developed an
observation guide that accompanies the instrument,
and it contains an item-by-item explanation to assist
raters in making their observations. Both the instru-
ment and guide have been subject to periodic review,
and slight refinements have been made in response to
prior experiences.

As of fall 2010, evaluators had completed 80
observations of 15 longitudinal participants. Four
of the participants had been involved continuously
throughout the three terms of the study, and five of
the participants had been involved for two terms. At
the time of the analysis, the remaining six participants
only had a baseline measure. As previously noted,
the instrument consists of 48 items (three items were
simple counts and 45 were categorical) that probe six
aspects of instruction. A corresponding “accessibil-
ity score” is derived from the 45 coded items. The
scores are a sum/composite of these items, allowing
for a maximum of 45 and a minimum of -45. “Yes”
responses are coded as a 1, and “no” responses are
coded ata-1, while “N/A” responses are coded as 0 {Y
=1,N=-1,N/A=0}. A corresponding scoring rubric
was devised, in which a score of < 0 denotes “poor,”
1-15 is “fair,” 16-30 is “good,” and 31-45 is “excel-
lent.” The underlying rationale for the scoring rubric
was that any score below 0 was undesirable from an
accessibility standpoint.

The following graph (see Figure 4) presents long-
standing participants’ accessibility scores averaged
across all their observations. A corresponding graph
(see Figure 5) shows the aggregate change-over-time
results from the observations. The regression line sug-
gests a trend of increasing accessibility scores over the
project’s course. When examining accessibility across
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Figure 2. SciTrain U Classroom Observation Instrument, Page 1.
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Figure 3. SciTrain U Classroom Observation Instrument, Page 2.
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the six sections of the instrument form, the increasing  change in average accessibility by section, the analysis
accessibility of class notetaking and electronic learn-  revealed improvements in class notetakers, oral com-
ing support, by term, corresponded to when workshops ~ munication, visual aids, and electronic learning support,
were held on these areas. When examining standardized  in that order (see Figure 6).

Average Accessibility Score of Multi-Term
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Figure 4. SciTrain U Longitudinal Participant Accessibility Scores, Averaged Across All Classroom
Observations.
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Figure 5. Change over Time of SciTrain U Longitudinal Participant Accessibility Scores.
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Standardized Change in Averaged Accessibility
across Participation for Instrument Sections
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Figure 6. Standardized Change in Accessibility Scores for Each of the Six Instrument Sections.

Online Journal Reflections

Longitudinal respondents were also required to
maintain weekly online journals. Each journal entry
involved a response to an open-ended question regarding
the relationship between the learning environment in the
participant’s classroom and students with disabilities.
Group workshops conducted in parallel to the journal
responses during the spring 2009 term addressed the
use of online forums in the classroom, while workshops
during the fall 2010 term focused on the use of online
forums and collaborative learning activities in the
classroom. For this reason, the majority of participant
responses for spring 2009 and fall 2010 were concerned
with the educational effect of online forums and group
learning methods, respectively. Journal entries articulate
teaching methods, instructor concerns, student feedback,
implementation challenges, and overall learning. The
journal entries also discuss specific changes and de-
velopments related to all students, particularly students
with disabilities.

Analysis of faculty participant responses are
conducted based on the following questions: 1) What
aspects of inclusive instruction do faculty participants
adopt? 2) What barriers or accelerators hinder or pro-
mote inclusive instruction practices? 3) What actions
have faculty participants been taking toward improv-
ing content/pedagogical knowledge, organizational
capacity, and available resources? 4) What do faculty
participants learn as a result of the adoption of certain in-
clusive teaching methods? 5) What particular resources

and accommodations are provided to SWDs and how
are they effective?

In order to answer those questions, evaluators em-
ploy a qualitative method to analyze pertinent responses.
The main analytical procedure is to do preliminary
coding (e.g., open coding), draw out some themes and
concepts, and re-code to develop better defined catego-
ries and analyze data. This coding is spot-checked by
a second researcher at least twice during the analysis
process. Journal reflections are analyzed with three
focuses: overall themes, change over time, and par-
ticipant archetypes. By way of example, we present an
overview of findings from spring 2010, during which
eight participants submitted a total of 44 journal entries.
They are referred to below as Participants A, B, C, D,
E, F, G, and H (see Table 2).

Entries were first examined to determine overall
themes. Discussions of teaching methods were most
prominent, particularly group learning methods that
were deployed in tandem with SciTrain U workshops
on the topic. Five out of the eight faculty participants—
Participants A, B, F, H, and G—used various group-
ing and interactive learning mechanisms as tools for
promoting students’ learning through collaboration.
The variety of formats included group note-taking,
group assignment, group class presentation, in-class
group work, group-based field experience, and group
tests. In addition to group-based learning, participants
tried developing better class materials and using other
teaching methods in order to promote students’ learn-
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Table 2

Summary of Journal Entries by SciTrain U Longitudinal Participants, Spring 2010

Number
Participant of Journal

Entries

A 1

B 6

C 4

D 6

E 3

F 2

G 5

H 17

Course
Subject

Biology

Math

Health

Biology

Chemisty

Astronomy

Health

Biology

Main Inclusive Instruction Practices
Used

Group note-taking, Group testing,
Lecture podcast, Clickers, Online
study materials, Posted PowerPoint
(PPT)-slides, Extra exam time, Peer
review evaluation

Group note-taking and assignment,
Peer review evaluation

Annotations, Online forum, Online
chat room

Online study materials, Online forum,
Annotations, Adjusting physical
environment

Extra exam time, Posting extended
notes, Lecture podcast

Group works in class, Color-coding
the contents on ppt-slides.

Group note-taking, Peer review
evaluation

A think-share-pair, Group works and
assignments, Peer review evaluation,
Field trip, Online forum, Inviting guest
speakers for lab activity, A weekend
work day

School

UGA

GT

GT

UGA

GT

UGA

GT

UGA
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ing. Participants A, E, and D provided online study
materials, including animations, interactive tutorials,
video clips, newspaper articles, PowerPoint lecture
slides, and handouts. Other strategies to improve stu-
dent learning included open-book, pre-lecture quizzes,
lecture podcasts, making lecture notes available online,
enhancement of classroom discussions through online
forums and chat rooms, and the use of other instruc-
tional technologies.

Another theme involved student receptivity to
these inclusive instructional methods. Most faculty par-
ticipants reported that students gave positive feedback
in response to their group-based learning. Participant A
cited that about 90% students recommended continu-
ing group tests in the end-of-semester survey because
“group test helped them learn the material more ef-
fectively, made the class less impersonal, and helped
them enjoy the class more.” By contrast, some students
complained about the group test/work, especially when
they felt that their group was dysfunctional. In the
same manner, Participant G found that the majority
of students felt that group note-taking had an impact
on improving their exam score. In the survey, students
also remarked that “the group assignment made them
attend class, read the information weekly, so that they
stayed on track.” Participant G cited one student’s
comment about the positive effect of group-based
learning, representing that students learned how to
cooperate with others by doing the group assignment.
Near the end of term, Participant H contended that
students had improvements in their public speaking
skills as students reported being far more comfortable
in front of class.

Students also responded to overall class materials
and learning. Faculty participants A and D reported
that students’ comments about online course materi-
als were positive as they found it useful. Participant A
implemented an open-book pre-lecture quiz in order
for students to learn those materials, but some students
complained about this pretest. While students wanted
to take the exam after all materials were covered in
class, the instructor felt that students had been better
prepared for class after using pre-tests. Participant C
reported that many students had interest in using the
online forum in that 70% of students posted at least
once, and more than 50% posted five or more times
during the semester. In the survey, many of the students
answered that the use of the online forum for class dis-
cussion was effective in promoting their understanding

of the course materials and suggested to continue the
use of the forum.

Each faculty participant made comments specific
to their students with disabilities. Participants A, G,
and E provided students with documented disabilities
extra exam time in a quiet room for individual tests
in addition to accommodations already provided.
Participant E generally allowed all students to have
extended time to finish their exam, because “extra
time let students have some time to think through the
questions rather than to rush through and regurgitate
facts that they have learned.” Participants C, D, and F
expressed concern about visual aids and materials for
their students with visual impairments. More specifi-
cally, Participant C was worried about the graphical
nature of online course materials, since they are very
visual, while Participant D raised the serious issue of
a poorly arranged classroom:

There is insufficient control of the amount of
natural light entering the room...the fluorescent
lighting cannot be controlled at a sufficiently
fine-grained level...when it is turned off, it is too
dark to clearly read the chalkboard in much of the
room...l can’t imagine what it would be like for
those who are visually impaired.

Participant F used color-coding for information
that was left off of posted class slides so that students
could easily identify what is missing, assuming that
this would be a disadvantage for colorblind students.
Interestingly, there were no students with identified
visual impairments enrolled in the class.

Four of the faculty participants (B, D, G, and H)
have been enrolled in the SciTrain U project since its
inception, allowing evaluators to document change-
over-time impacts through analysis of the online
journals. For example, Participant B noted positive
experiences with the group note-taking assignments
in fall 2009, especially where student engagement was
concerned. This experience, however, shifted after the
participant faced a cheating issue in a subsequent term,
when one group downloaded other groups’ notes and
re-posted it as their own work. Although Participant
B still believed the effectiveness of the group-based
learning, preventing student cheating became a prereq-
uisite and, hence, an implementation challenge for con-
tinuing this method. In addition to warnings about the
consequences of academic dishonesty, the participant
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added a peer review component to the grade. After using
the peer evaluation system in spring 2010, Participant B
found that peer evaluation was not as effective as hoped.
Many groups gave perfect scores to the members of the
team regardless of their contributions.

Finally, journal entries were analyzed to discern
participant-specific development in order to determine
whether any archetypes emerged as a result of their
participation in the project. Three broad categories of
faculty participants were identified: Enthusiast, Skep-
tic, and Incremental Adopter. During the spring 2010
period, both Participants B and H were recognized as
Enthusiasts based on their interest in further develop-
ing the group-based learning as effective pedagogy for
promoting student learning. Participant B demonstrated
particular enthusiasm for implementing group note-
taking and group peer evaluation and ended the term
with plans to improve the pattern of group study and
add group projects to grade components in the future.
Participant H found group-based learning to be very
effective throughout the one-year period of study. By
contrast, Participant D was a consistent Skeptic about
the use of online forums to enhance classroom learn-
ing for the two semesters. This instructor encouraged
students to discuss materials online, but very limited
student participation led the instructor to answer most
of the questions. In addition, the participant found
that the online forum lacked the tools necessary to
describe and write mathematical equations, a techni-
cal issue that has yet to be remedied. Falling between
the archetypes of enthusiast and skeptic, Participant G
represented the Incremental Adopter. This instructor
found that prescribed group-based learning appeared
to work well, as the majority of students commented
that group notes were useful. However, the participant
showed mixed feelings about the effect of the meth-
ods. While the quality of group note-taking as well as
interaction in the class was improved, this instructor
was not sure if this had a positive impact on students’
grades. Participant G noted several implementation
challenges stemming from the large, lecture-based
course in which the approach was used. Despite these
concerns, this instructor ended the term with plans to
continue refining the methods in order to make them
suitable for the class format.

Limitations and Challenges

While this article calls attention to the successes
of SciTrain U through a discussion of its evaluation
methodology and findings, the project was beset by a
number of challenges. In addition to evaluating project
outcomes, evaluation personnel were also tasked with
internal assessment in order to determine challenges
in need of resolution. In this article, we highlight two
challenges in particular: relatively low enrollment by
students with documented disabilities and difficulty
securing longitudinal participants and faculty cham-
pions. While these challenges persisted throughout
the project, the leadership team attempted to resolve
these and other issues identified through the internal
assessment process.

Internal Project Assessment

Internal assessment is accomplished through
the application of the SII (Strengths, Areas for Im-
provement, and Insights) model as part of internal
quarterly reporting (Wasserman & Beyerlein, 2007).
These reports are used to summarize evaluation ac-
tivity, identify effective programmatic results from
which synergy can be built in related areas, pinpoint
areas of immediate need along with specific advice
to address those needs, and provide data that may be
generalized to similar program efforts elsewhere. The
SII reporting model is used to provide periodic ongoing
assessment of program activities and the evaluation
process itself.

Patton (1997) challenges evaluators to understand
that evaluation use must be facilitated and emphasizes
that it rarely, if ever, happens by chance. To ensure
that the evaluation plan and findings provided useful,
actionable information, the evaluation team presented
timely information to allow for program modifications.
As evaluation findings through the SII process have
surfaced, the principal investigator and other personnel
have worked to address identified challenges. Some of
these improvements have included modifications to
curriculum, instruction, and delivery methods; changes
in technical assistance approaches and other dissemina-
tion methods; targeting specific support communities
for more extensive training and assistance; and iden-
tifying potential new resources and partnerships not
currently apparent. As these challenges are resolved,
some have come to constitute project strengths.
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Student-Side Engagement

SciTrain U is designed primarily as an instructor-
oriented project in the sense that faculty training rep-
resents its main focus. Nevertheless, engagement of
students, especially those with documented disabilities,
remains fundamental. More practically, the enrollment of
students with disabilities in SciTrain U courses is vital for
evaluation of the project’s efficacy. Enrollment was lower
than expected during the first two years, complicating the
generalizability of performance evaluations. Relatively
low numbers of students in SciTrain U-affiliated courses
undermined the statistical significance of data gathered
through the evaluation process. In addition, there was a
more fundamental need to determine the broad impact of
the project on students.

In order to address recruitment of students, par-
ticularly at Georgia Tech, a GRA was tasked to the
disability resource center. In addition to gathering
demographic and performance data on behalf of the
evaluators, the GRA served as a student liaison. Dur-
ing the summer, the head of disability services and the
GRA held events at all six of the freshman and transfer
orientation sessions. They met with incoming students
with disabilities and parents regarding SciTrain U and
the possible benefits it could offer, as well as pre-reg-
istering any students expressing an interest. As a result
of these efforts, enrollment in project affiliated courses
has grown substantially. Though the data have yet to
be analyzed, a total of 44 students were enrolled for
the fall 2010 term, substantially more than the baseline
enrollment of 18 students with disabilities.

An online survey instrument for evaluating stu-
dent perceptions of the accessibility of SciTrain U
courses was also developed and distributed. Collecting
self-report data from students enrolled in the courses
of participating faculty, the survey gauges student
perceptions about inclusion within the university and
classroom environment as well as the accessibility of
instructional methods and materials. While written
ostensibly to obtain feedback from students with dis-
abilities, the survey was designed to be administered
meaningfully to all students in a course. Another key
rationale of the survey is to collect data that can be
roughly correlated to the findings of SciTrain U’s class-
room evaluation instrument. While this survey does not
ask the same specific questions as that instrument, it
broadly probes the same areas: the physical classroom
environment, professor awareness of student needs,
written materials (i.e. textbooks, course packets, hand-

outs), oral communications (i.e., lectures, discussions),
and evaluation of student learning (tests, exams).

While such student feedback has the disadvantage
of not probing specific items of interest in the SciTrain
U classroom evaluation instrument, the instrument
does confer a number of potential benefits. First, it
provides some measure of the impact of SciTrain U
on students themselves. While evaluators may assess
through classroom observation how well instructors
are putting workshop and online course module les-
sons into practice, this instrument provides a means
for comprehending, if only in a rudimentary fashion,
what such practices mean for the student. As this sur-
vey can be given at both the beginning and end of a
course, it is also possible to gauge change over time.
Second, the instrument is open-ended so that students
can elaborate on issues that are important to them,
allowing direct evaluation of programmatic impact
on STEM education for students with disabilities and
indirect evaluation of the program’s impact on all stu-
dents. While student-self reporting was not listed as an
original evaluation tool, this instrument and its findings
will help augment the evaluation of the effectiveness
of SciTrain U through its correlation with classroom
observation findings and by probing other dimensions
of the program.

SciTrain U Scholars Program

One persistent challenge identified through the SII
process has been a need for more faculty involvement
in the SciTrain U project, especially at Georgia Tech.
To address this need, project leadership developed
the SciTrain U Scholars program to improve outreach
through the use of faculty champions. A total of eight
faculty members at Georgia Tech participated in the
SciTrain U Scholars program during fall 2010. Among
their primary activities, the group was tasked with mak-
ing faculty contacts on behalf of the project (including
individuals to pilot the online materials), giving pre-
sentations on their activities, and providing feedback
on their involvement with the project.

A total of 32 contacts were made during this period,
including six tenure-track faculty, eight non-tenure
track faculty (i.e. academic professionals), and nine
teaching assistants. Of this number, 27 were confirmed
as online course participants. The main departments
represented in these activities included mathematics,
biology, mechanical engineering, aerospace engineer-
ing, computer science, applied physiology (i.e. health/
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wellness), and learning services. Also, a total of 14
presentations were made, including five department
meetings and three external conferences.

Scholars noted that the online tutorials provided
significant feedback on their teaching and led to the
adoption of more inclusive teaching methods in many
cases. In terms of engagement with administration, they
reported some success, including school chairs, curricu-
lum committees, and several deans. When asked about
challenges, a lack of time was the overwhelming response.
In particular, there was a constant call to shorten the online
course modules. Budget cuts and the continued lack of
involvement by tenure-track faculty were also identified
as challenges. Despite these issues, however, the project
leadership has found this program to be relatively suc-
cessful in boosting outreach efforts.

Discussion and Relevance for Practitioners

As a large-scale project designed to support and
enhance postsecondary STEM education for students
with disabilities, SciTrain U is representative of similar
projects sponsored by National Science Foundation’s
(NSF) Research in Disabilities Education (RDE) and
the U.S. Department of Education’s Office of Postsec-
ondary Education (OPE), and other federal agencies.
Such projects are mandated to demonstrate their ef-
ficacy and potential for improving outcomes for these
students, yet there is relatively little published on the
evaluation of such projects. The evaluation approach
discussed in this article may be of use for investiga-
tors seeking novel means to discern the effectiveness
of these projects.

In order to maximize evaluation efforts, our project
took a mixed-methods approach that may be relevant
for similar projects. Several of our instruments are
now being deployed at the beginning and end of each
term. In addition, reliability is enhanced, where pos-
sible, through the use of multiple raters. The use of
these instruments has allowed for data triangulation,
whereby the various instruments provide different
perspectives of the same project element under con-
sideration. Feedback forms and focus groups provide
unique insights into the workshops, while classroom
observations, student surveys, and online journal re-
flections allow for a multi-perspective examination of
longitudinal participation. In short, our use of multiple
instruments that permit for triangulation has facilitated
richer data analysis.

Conclusion

As a case study for the evaluation of programmatic
interventions to enhance postsecondary STEM educa-
tion for students with disabilities, the authors believe
that SciTrain U contributes to scholarship and practice.
The multi-faceted approach taken by the project evalu-
ators, characterized by a mixed-methods approach that
documents project effectiveness through longitudinal
participants, may be of use for similar projects. Given
a dearth of scholarship on the evaluation of programs
to enhance STEM education for students with disabili-
ties, this article seeks to provide some insights into the
potential for mixed-methods approaches.
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The Impact of a Working Conference Focused on
Supporting Students with Disabilities in Science,
Technology, Engineering, and Mathematics (STEM)

Audrey C. Rule
Greg. P. Stefanich
Robert M. Boody
University of Northern lowa

Abstract

This paper examines the effects of a two-day working conference on attitudes and dispositions of educators and other
professionals who have a responsibility to students with disabilities. During this professional meeting, participants
shared their experiences and suggested strategies to better educate students with sensory and mobility disabilities.
The purpose of this working conference was to stimulate dialogue to (a) improve attitudes toward, (b) investigate
ways to better support, and (¢) plan accommodations/supports for students with disabilities who have interests in
science, technology, engineering, and mathematics (STEM) in secondary and postsecondary settings. Speakers and
participants examined ways to support students transitioning from high school to postsecondary education, shared
ideas to ease transitions from community colleges into STEM majors in four-year institutions, explored options
for resolution of issues, and advanced recommendations for improving the quality of STEM education. A group
of 66 professionals from a Midwest state and 159 upper division preservice students in teacher education partici-
pated as collaborative partners with speakers from exemplary programs during this working conference. Workshop
participants had more positive attitudes toward teaching science for each of the four areas investigated: attitudes
toward students, work-related dispositions, postsecondary dispositions, and work-related performance. The evidence
indicates that a short-term working conference can significantly impact educators’ preparedness, responsiveness to
make accommodations, and attitudes toward including students with disabilities.

Keywords: working conference, inclusion, disabilities, professional development, attitudes, accommodations

The purpose of this study was to examine the
effects of a working conference focused on science,
technology, engineering, and mathematics (STEM)
for students with sensory and mobility disabilities on
educators’ attitudes related to inclusive science educa-
tion. This investigation contributes to the professional
literature by determining the efficacy of this unique
mode of professional development, which is neither
a workshop nor a traditional conference. A working
conference is a meeting during which expert profes-
sionals and stakeholders of the community (in our
case, instructors, parents, students with disabilities,
support personnel, administrators, and preservice
teachers) combine their knowledge, experience, and
perspectives to work collaboratively on a pressing
and often controversial issue (Boody, Esveld, & Else,
1997). Time and structure are provided to stimulate

true dialogue between the parties. Ideas are recorded
so that the results may be made public and built upon
during future work. In this article, we: (a) review the
literature on the efficacy of different professional de-
velopment models, (b) examine the instrument used
to measure participant attitudes toward students with
disabilities who are pursuing coursework or careers in
STEM fields, (c) describe our working conference and
its outcomes related to participant discussions, (d) ana-
lyze pre- and post-test results of participant attitudes,
and (e) draw conclusions regarding the efficacy of this
form of professional development.

Efficacy of Professional Development Models
Professional development practices in the field of

education constantly change as new models emerge.

However, past practice is often abandoned on the
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basis of just a few studies that demonstrate a more ef-
fective professional development model. A pertinent
example of this is the adherence to a single model of
long-term professional development predicated on
criticisms of short-term professional development
supplied by Joyce and Showers (1995). We argue
that there are many factors in addition to “duration
of professional development” that determine the ef-
fectiveness of such efforts. Ongoing evidence-based
research is needed to continually examine approaches
for efficacy in producing responsiveness to change
among educators. Unfortunately, as Richardson and
Placier (2001) remark in their review of the literature
on teacher change, there are still “significant gaps in
our understanding of change processes and our abilities
to facilitate change” (p. 938).

In the past decade, some researchers have conclud-
ed that short-term staff development models involving
theory and demonstration were ineffective in improv-
ing skills and their application to the workplace. Speck
and Knipe (2001) stated, “Researchers have reached a
clear consensus that one-time workshops for teachers
are ineffective. The content is not transferred to the
classroom, nor does it affect student achievement” (p.
84). They based that statement on the seminal publi-
cation of Joyce and Showers (1995) who emphasized
the importance of practice, feedback, and coaching.
Darling-Hammond, Ancess, and Falk (1995) similarly
reported that teachers’ individual isolated efforts did
not provide the power to significantly improve student
achievement. They suggested that limited professional
impact occurred without sustained long-term, district-
wide initiatives and the inclusion of coaching. Joyce
and Showers are often cited as reporting that only 5%
of teachers applied a principle following presentation
of the theory, while 10% were able to incorporate this
idea in their teaching when modeling was included in
the presentation, and up to 15% if practice and feedback
were a part of the professional development session.
Joyce and Showers claimed that when coaching during
instruction was added, 80-90% of the teacher partici-
pants applied the theory.

Lumpe (2007) concurred with earlier authors’
conclusions, stating “one shot, workshop-based profes-
sional development is pass¢€” (p. 125). He suggested the
adoption of research-based professional development
models that emphasize professional learning commu-
nities, which are based on a culture of collaboration
and shared beliefs. Science teachers need to be at the

forefront of science education reform for inclusion of
all students because they are the change agents in the
classroom. Therefore, teacher belief systems need to
be addressed as these personal convictions guide their
actions (Haney, Lumpe, Czerniak, & Egan, 2002).
Although intensive, longer-term, collaborative profes-
sional development is desirable because it often results
in more substantial and lasting educator change, we
believe that short-term efforts to stimulate awareness,
examine beliefs, and promote collaboration can serve
an important role in education reform.

A better understanding is needed of how the goals
of a professional development initiative, the context
of the professional development experience, and
professional development strategies work together to
effectively produce specific changes in the educational
experiences for students. The working conference
model allows for a rich exchange of ideas among a
diverse group of professionals addressing a common
goal through dialogue. Additionally, there is evidence
that educators can, and do, change their practices with
brief, targeted professional development experiences.
Duffrin (2002) showed that when teachers feel a need
and a readiness to learn something, they are more likely
to choose to participate in professional development
opportunities. Participants of a working conference
may similarly seek additional professional develop-
ment after sharing their insights and discussing issues
with professional colleagues.

Exclusive use of long-term, district-wide profes-
sional development programs limits input from outside
experts who may only be available for brief appear-
ances. An advantage of the working conference format
is that it connects knowledgeable professionals beyond
the school district with those inside a particular institu-
tion, thereby providing a broader range of viewpoints
for school reform. Lieberman and Miller (1999a)
reported the critical need to balance the use of inside
and outside expertise and accompanying research
that informs professional school practice. Educators
in that study reported that experiencing out-of-school
professional development with colleagues convinced
them to adopt new approaches, resulting in greater
student participation and success (Lieberman and
Miller, 1999Db).

Research (Schumm & Vaughn, 1995; Stefanich,
Gabriele, Rogers, & Erpelding, 2005; Yuen, Westwood,
& Wong, 2004) has indicated that teachers of students
in inclusive classroom settings report they lack the
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knowledge, skill, and confidence to make instructional
adaptations for students with disabilities. Additionally,
researchers have observed that adaptations were not
consistent, systemic, or as frequently implemented
as the circumstances required. Therefore, changing
classroom practices to accommodate students with dis-
abilities is a needed but challenging task that requires
motivation. For educators to be persuaded to improve
their instructional skills and change their performance,
they must be professionally involved in improving
practice. The format of a working conference provides
educators with an opportunity to provide input and take
amore active professional role in the planning of change
in practice. Blandford (2000) identified six elements
of effective professional development: providing role
models of good practice and attitude, arranging specific
guidance/training, encouraging reflection, delegating
with sensitivity, promoting developmental initiatives,
and providing information and developmental oppor-
tunities. Although a short-term working conference
cannot address all of the elements noted by Blandford,
it can address many of them and provide a stimulus to
implement the other elements.

Goals of the Working Conference

The working conference targeted specific beliefs
and attitudes towards inclusive science education
through speaker presentations and discussion ques-
tions. These goals can be grouped into categories with
specific attitudinal outcomes (Stefanich et al., 2005) as
shown in Table 1. A questionnaire was designed and
administered to determine the effects of the working
conference on these specific beliefs and attitudes.

Method

Organization of the Working Conference

The presentation and discussion sessions of the
working conference occurred over a two-day period.
There were three sets of presentations by panels of
speakers each day that were followed by conversation
among the eight participants seated at each of multiple
tables in response to given questions. The third panel
presentation on the second day (poster presentations
of assistive technology devices created by engineering
students) was followed by a summary and wrap-up
by the conference hosts rather than table discussions.
A detailed schedule of speakers and presentation top-
ics has been provided in Rule, Stefanich, Haselhuhn,

and Peiffer (2009), but is summarized here. The five
sessions addressed the following main topics: (a) com-
munity college STEM programs along with disability
support services; (b) support services for students
with disabilities at state institutions that focused on
students pursuing STEM careers along with first-hand
experiences and insights from a student with mobility
impairments who majored in biology; (c¢) internships
and mentorships for students with disabilities, together
with information about disability services in adjoining
states and department of education supports; (d) assis-
tive technology programs, transition services to work,
and funding opportunities; and (e) transition services,
assistive technology, and supports for students with
sight, hearing, and motor impairments. During an
evening banquet on the first day, high school teach-
ers, parents, and students with vision impairments
discussed their experiences in STEM classes. Addition-
ally, a keynote address at the start of the second day
focused on challenges and supports in STEM careers
for students with disabilities.

Discussion Response Data Collection

Data were collected during the group discussions
that followed each panel of speakers. Conference at-
tendees discussed two types of question sets after each
set of panel presentations as volunteers typed responses
into a Google Document through a laptop at each table.
One set was based on de Bono’s CoRT thinking skills (de
Bono, 2000), such as determining the pluses, minuses,
and interesting aspects of a statement (PMI) or listing
the factors that affect a situation (Consider All Factors
or CAF). Participant responses to the de Bono questions
are discussed in Rule and Stefanich (in press). The other
set consisted of two questions that were repeated for
conversation after each panel presentation: “What new
understandings or insights do you have about students
with disabilities or services for students with disabilities
pursuing STEM subjects, now, since the panel presenta-
tion?” and “What connections can you make between
the information you just heard and what you already
know, especially connections that lead to ways to help
students with disabilities succeed in STEM subjects?”
Responses to these questions are reported and quali-
tatively analyzed here using the constant comparison
method in which similar responses were grouped and
then further categorized by major trends shown (Char-
maz, 2006; Richards, 2005).
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Table 1

Attitudinal Goals of the Working Conference

General Category

Specific Outcome

Attitudes Toward
Students

Postsecondary
Dispositions

Work-related
Dispositions

Work-related
Performance

To help participants recognize that students with disabilities have equal rights to
develop to their full potential.

To recognize that, with appropriate accommodations, students with disabilities can
attain and succeed like all other students.

To instill an awareness that students with disabilities can, and should, actively
participate in laboratory activities and do not pose any additional risks for teachers
or other students.

To understand that high quality science instruction plays an important role in preparing
students for future learning in all aspects of life.

To develop in participants readiness to teach all students in the science classroom.
To familiarize participants with resources, strategies, possible specific accommodations,
and specialized methods for meeting the needs of all students.

To develop a familiarity with best practice research and the temperament to apply the
correlates of effective schools in their teaching.

To familiarize participants with teacher responsibilities under legislative mandates
(IDEA, ADA, etc.), and to instill in them a commitment to comply with these legislative
initiatives and policies.

To instill an awareness of educators’ safety and legal responsibilities in science
classroom, laboratory, and/or field settings.

To instill in participants an awareness that meeting the needs of students with
disabilities in a science setting is not providing something “extra,” but simply providing
an equivalent opportunity previously afforded to all other students while excluding
or marginalizing those with disabilities.

To develop a temperament to collaborate with others, especially those with academic
preparation, in meeting the needs of students with disabilities.

To be accepting of all individuals in their teaching, professional, and personal
interactions.

To communicate with students and guardians to help students establish and assume
responsibility for high expectations and high levels of personal accomplishment.

To create a commitment in participants to make learning-related adjustments to provide
students with disabilities equivalent educational experiences in science.

To instill in participants a commitment to sustained physical and mental effort to
obtain high learning outcomes for all students.

To exercise creative talent and expend creative effort to select, design, and modify
learning tasks so all students can attain learning outcomes commensurate with their
talents and abilities in science.

To adhere to a pattern of support, encouragement, and cooperation when working with
students who are not responding to instructional opportunities.

To modify instructional practices, management strategies, teaching practices, and time
allocations to best serve the learning needs of all students.

To help students develop meta-cognitive skills that promote positive decision-making
and learning independence.
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Participants

There were two main groups of conference partic-
ipants—practicing education professionals and preser-
vice teachers. The practicing professional participant
group included individuals from community colleges,
regent institutions within the state and from neighboring
states, the state department for the blind, area education
associations, business and industry, middle schools, and
high schools. These professionals were teachers, college
instructors, disability support specialists, school-to-work
specialists, administrators, state department of educa-
tion personnel, and a few parents and students with
disabilities. The second group consisted of preservice
teachers who were enrolled in senior level science
methods courses. The preservice student participants
did not attend all of the program sessions. Most attended
one or two speaker panel presentations with its follow-
ing discussion. However, all participants were asked
to complete the pre- and post-tests. Data analysis was
conducted using the pre- and post-conference survey
assessments completed by participants. The question-
naires were coded enabling us to match the individual
pre-test and post-test responses. Complete responses
were received from 31 of 63 (49.2%) professional
participants and 82 of 159 (51.6%) preservice teacher
participants. Demographic information about ethnicity,
gender, professional capacity, or length of time teaching
was not collected from the respondents.

Instrumentation

A 44 item questionnaire (Stefanich et al., 2005) was
administered with eleven questions addressing each
of these four areas, as elaborated in Table 1: attitudes
toward students, work-related dispositions, postsec-
ondary dispositions, and work-related performance.
The questionnaire had 22 questions with a negative
direction in which disagreement was the most desirable
outcome and 22 questions with a positive direction in
which agreement was the most desirable outcome (see
Appendix). Working conference participants were asked
to respond on a five-point Likert scale ranging from
“strongly agree” to “strongly disagree.” For questions
stated in a negative direction, a value of five was as-
signed to strongly disagree down to one for strongly
agree. Opposite values were assigned to questions stated
in a positive direction; five to strongly agree down to
one for strongly disagree. Overall, mean scores in each
category were tabulated for the statistical analysis.

Validity and reliability evidence for this question-
naire were gathered from a previous study (Stefanich
et al., 2005). Content validity evidence for the survey
questionnaire was obtained from written comments
provided by practitioners, critiques of the questionnaire
by authorities with STEM backgrounds, and feedback
from multiple workshop recipients. Internal consistency
estimates of reliability (Coefficient alpha) for the entire
instrument (.96) and each of the sub-scales (Attitudes
toward Students = .85, Work-Related Dispositions =.84,
Postsecondary Dispositions = .85, and Work-Related
Performance = .91) were uniformly high.

Analysis of Surveys

Questionnaire responses were scanned into elec-
tronic format and then analyzed using the Statistical
Package for the Social Sciences (SPSS). Each item was
examined individually and indices were created for
total score and the four sub-scales. Analysis focused on
(a) changes from pre-test to post-test, (b) differences
between participants who were practicing professionals
and those who were still preservice, and (c) interaction
between the two independent variables. These three
analyses were carried out using two-way ANOVAs for
total score as well as the four sub-scale scores.

Results and Discussion

Qualitative Analysis of the Participant Discussion
Responses

After each panel presentation, participants, seated
in groups of eight, were asked to discuss a set of given
questions. Two questions were repeated for each dis-
cussion: “What new understandings or insights do you
have about students with disabilities or services for stu-
dents with disabilities pursuing STEM subjects, now,
since the panel presentation?”” and “What connections
can you make between the information you just heard
and what you already know, especially connections that
lead to ways to help students with disabilities succeed
in STEM subjects?”

Table 2 shows new understandings from the first
three panel discussions held on the first day of the
conference. Participants indicated new understand-
ings at the end of the first half of the conference in
several areas:

*  STEM teachers are generally not aware of the
possibilities of assistive technologies enabling
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students with disabilities to succeed.

*  Community colleges in the Midwest seem to
be leading the way in terms of educational
support and career services.

»  The psychological environment of students with
disabilities needs to be addressed through im-
proving self efficacy and through professional
development of teachers and support staff.

Table 3 shows connections participants reported
making on the first day of the conference. Insights
made by participants include:

e Accommodations need to be provided early
(preschool or elementary) for students and
continue as long as needed.

e Students need to be self-advocates.

*  STEM subjects are important for all students —
students with disabilities should not be pulled
out of science classes to address deficits in
reading and mathematics.

Table 4 shows some new understandings reported
at the end of the second day of the conference:

*  Amazement at the variety of resources avail-
able to assist students with disabilities was
expressed.

*  Expectations should remain high but students
with disabilities often require additional time
to meet those expectations.

e Itis important for students to assume respon-
sibility for self-disclosure of disabilities and
education of instructors in their needs.

Table 5 tells additional insights of participants on
the second day of the conference:

e Educators need to address stereotyped at-
titudes and work collaboratively to connect
students to needed resources.

*  Assistive technologies are available for a vari-
ety of disabilities that allow full participation
in STEM.

The data in Tables 2, 3, 4, and 5 indicate that
conference attendees gleaned important information
from the panels of speakers, much of it attitudinal in
nature. For example, during discussions on the second

conference day, participants stated their realization that
disabilities are a pervasive part of the human condi-
tion; we all have disabilities in some areas. On the
first day, attendees mentioned that they had connected
“individualization” to the current discussion because
students with disabilities need to have their needs and
accommodations considered individually. Participants
also became more aware of the broad range of services
and supports available to students with disabilities as
evidenced in comments during dialogue both days of
the conference. In comments that spanned the entire
conference, they noted that it is important to start early
in developing interests and preparing students with dis-
abilities for coursework or careers in STEM fields. In
addition, participants noted the importance of provid-
ing assistance when students struggle so they do not
get behind or become discouraged in their work.

Recorded remarks on both days show conference
participants suggested that teachers and support person-
nel teach self-advocacy to students with disabilities,
encourage students, and provide role models of others
with disabilities who have succeeded. Affective issues
that surfaced during the conference included the idea
that teachers should maintain high expectations for
students with disabilities and involve them in science
inquiry. Participants noted that they were now aware of
mentorship and internship programs that are available,
providing important experiences for students with dis-
abilities. Additionally, attendees remarked about their
new awareness of how assistive technology at school,
work, and home expands the quality of life for students
with disabilities; therefore teachers, employers, and
support personnel need to know more about it. They
also referred to the ideas presented by speakers with
disabilities who discussed accommodations that worked
best for them in science classes.

Attitude Survey Data Results

Workshop participation effects on educators’ atti-
tudes. Table 6 provides the descriptive statistics (means,
standard deviations, statistical significance) for attitude
scores pre- and post-workshop in the four goal areas
and overall. To examine the effects of workshop par-
ticipation on educators’ attitudes toward disability and
inclusion, five two-way ANOVAs were performed on
the four attitude sub-scales, and the overall total score.
These ANOVAs were of 2x2 mixed design, including
one between-groups factor (group: professional or pre-
service) and one within-subjects factor (time: pre-test
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Table 2

New Understandings Reported by Participants During the First Day of the Conference

Generalized Concept ~ Examples of Supporting Responses

Starting earlier to Look at STEM careers earlier in K-12 so that students can set goals.
assist students with Teach self-advocacy earlier.
disabilities in STEM

fields is better

Better teacher/ Teachers are unaware of the possibilities for assistive technology.

instructor Schools aren’t making use of everything that is available.

preparation Teachers need more professional preparation to improve services.

Range of services Some schools make accommodations and some don’t.

offered Many STEM career options at community colleges.
Community colleges offer more support and assistive technologies than high
schools.
Temporary disability services may be given while a student is obtaining
documentation.

Philosophies High schools make modifications; colleges make accommodations but not

modifications of course requirements.

Students need to know requirements for being hired so they can choose careers in
which they can succeed.

Self efficacy and self advocacy are very important.

Mentorships/ Having a mentor makes a student more comfortable about approaching new life
internships experiences.
Anyone can apply for mentorships and camps.

Cognitive and Surprised at the large percentage of mental compared to physical disabilities.
Psychiatric Schools are now focused on accommodating these invisible disabilities.
disabilities Instructors need professional preparation to understand how to help students with

mental disabilities succeed in their courses.

Science class We can learn a lot from students with disabilities about what works for them.

accommodations A clearer picture of the types of accommodations that can be made in science
labs.

Science inquiry Used to be reserved for honors students, but now for all students.

Most students did rote textbook work in science class.
If teachers are struggling with teaching it, how can they begin to make
accommodations?
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Table 3

Connections made by participants between ideas presented by speakers and other areas on the first day of

the conference

Generalized Concept

Examples of Supporting Responses

Insights connecting
multiple grade levels

Connections to
individualizing

State core curriculum

No matter the grade level or age of the students with a disability, the accommodation
is similar.

Need to start early in elementary grades to provide meaningful, engaging STEM
activities so interest is there in high school.

A student’s accommodations may change across grades even though the disability
remains.

Students need to work on self-advocacy from early ages — they need to become
experts in their disabilities. Parents should know about this also.

Students with disabilities need to be considered on a case-by-case basis.

Go with each student to the disability office the first year at college to get students
started.

Hire a teaching assistant familiar with the curriculum to help students with
disabilities in the classroom.

The core curriculum will have appropriate accommodations for students.

This core curriculum is a big shift for educators in the way it focuses on inquiry
in all subjects.

Students with special needs usually get pulled out of science rather than out of
math or reading, but with the core curriculum they will no longer be able to be

pulled out from science.

and post-test). Table 6 shows significant improvements
for conference participants in all four goal areas and
overall at the 0.01 level of significance.

Table 7 displays the data separated by groups
(professionals and preservice teachers). First, for the
sub-scale “Attitudes toward Students,” profession-
als did not score significantly higher than preservice
students F(1, 104) = 3.61, p > .05; attitudes improved
significantly from pretest to posttest F(1, 104) =32.84,
p < .001, effect size (d) = .45; with no significant
interaction F(1, 104) = 2.14, p > .05. Cohen’s d is a
commonly used effect size that measures the magnitude
of a treatment effect (Cohen, 1988).

For “Work-Related Dispositions,” professionals
scored higher than preservice students F(1, 104)=5.78,
p = .018; attitudes improved from pre-test to post-test
F(1,104)=24.44,p <.001; and there was a significant

interaction F(1, 104) =4.65, p=.033. This interaction
was produced by the professionals improving their atti-
tude (effect size (d) =.60) more than did the preservice
teacher candidates (although their attitude did increase
as well, effect size (d) = .27).

For “Postsecondary Dispositions,” professionals
scored higher than preservice students F(1, 104) =7.68,
p=.007, effect size (d) = .56; attitudes improved from
pre-test to post-test F(1, 104) =33.31, p <.001, effect
size (d) =.53; with no significant interaction F(1, 104)
=3.26,p>.05.

For “Work-Related Performance,” professionals
scored higher than preservice students F(1, 104)=5.79,
p=.018, effect size (d) = .31; attitudes improved from
pre-test to post-test F(1, 104) =23.02, p <.001, effect
size (d) = .38; with no significant interaction F(1, 104)
=297,p>.05.
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Table 4

New understandings from the second day of the conference

Generalized Concept

Examples of Supporting Responses

Available resources
and services for
students with
disabilities

Home/school/work
assistive technologies

Disabilities are part of
the human condition

Encouragement
and self esteem are
important

Professional
development for
teachers concerning
assistive technologies

Self-advocacy

Surprised at the vast amount and variety of resources for students with
disabilities.

Amazed at the resources available from the University of lowa through the ICATER
system.

Know students with disabilities and now I know who to contact to help them.

Interesting to see services, devices, and technologies that are not just in school.
Can use devices at school, but also allowed to take them and use them at home.

We all need to work together to see similarities and differences, because all humans
have disabilities in different areas.
People with disabilities need to be able to have fun even if it involves some risk.
There are services so that college students with physical disabilities can lead a
more independent life on campus.

Students with disabilities sometimes need help, but won’t ask for it.

Knowing expectations and requirements for various careers helps when encouraging
students.

People who are blind have succeeded in many STEM fields: physics, chemistry,
marine biology.

Students with disabilities need think time for transitions.

Expectations should be kept high for students with special needs.

Help students when they first begin to struggle in a subject, so that they don’t get
far behind.

Assistive technology devices can be loaned to teachers so they can take them home
for a few days to see how they work.
ICATER does trainings on-site that are hands-on.

Students with disabilities should write research paper on own disability to increase
understanding.

Self-reporting and self-disclosure of disabilities should be encouraged.
Encourage more self-advocacy for students with disabilities.
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Table 5

Connections made by participants between ideas presented by speakers and other areas on the second day of
the conference

Generalized Concept Examples of Supporting Responses
Affective issues Helping students earlier, as soon as they are beginning to learn to read, so that
they don’t get behind.

Encouraging more self-advocacy.

Assistive technologies can really expand the quality of life for persons who are
blind.

Believing in the students - getting rid of stereotypes

Importance of knowing  Connecting some of my students with the resources they need.

about resources As a parent- useful to know about resources and who to contact for help.
Preparing teachers Need to feel comfortable with assistive technology - teachers need to have time
to try it.

Important to keep up with new technologies.

Show teachers success stories of students with disabilities using assistive
technology.

All teacher preparation institutions need to have assistive technologies
available.

Table 6

Mean scores, standard deviations*, and t from respondents on attitude survey

Category Pretest Mean Posttest Mean t Significance
Attitudes Toward Students 3.64 (0.44) 3.87 (0.51) 5.86 <.01
Work-Related Dispositions 3.91(0.48) 4.08 (0.55) 4.41 <.01
Postsecondary Dispositions 3.54 (0.38) 3.74 (0.43) 5.65 <.01
Work-Related Performance 3.84 (0.48) 4.02 (0.56) 4.56 <.01
Overall Total 3.73 (0.37) 3.93 (0.44) 6.67 <.01

*Standard deviations shown in parentheses.
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Table 7

Mean scores from respondents on attitude survey

Attitude Work-related Postsecondary Work-related
Group About . i . i Overall
Dispositions Dispositions Performance
Students
Pre Post Pre Post Pre Post Pre Post Pre Post
Professionals ~ 3.72 4.08 4.03 4.38 3.61 3.95 3.79 4.21 3.79 4.16
Preservice 3.59 3.81 3.82 4.00 3.48 3.67 3.77 3.97 3.66 3.86
Teachers

Finally, for the overall score, professionals scored
higher than preservice students F(1, 104) =5.79, p =
.018; attitudes improved from pre-test to post-test F(1,
104) = 48.70, p < .001; and there was a significant
interaction F(1, 104) = 5.49, p = .021. This interac-
tion was produced by the professionals improving
their attitude (effect size (d) = .86) more than did the
preservice teacher candidates (although their attitude
did increase as well, effect size (d) = .43).

There was significant improvement from pre-test to
post-test for both the professionals and for the preser-
vice teachers in all areas of these results. When consid-
ering the four subscales and the total attitude changes,
in almost every case, there was a difference between the
professional participants and the preservice teachers,
with the positive effect on the professionals always be-
ing higher. The reason there is an interaction in the total
score and in one of the four subscales (work-related
dispositions) is likely because professionals improved
at a much greater rate than preservice teachers. This is
also reflected in the differences in effect size between
these two populations in total score: the attitude change
of professionals showed a large effect size (0.86) while
the attitude change of preservice teachers also showed
a substantial but medium effect size (0.43). In contrast,
other researchers (Roberts, Henson, Tharp, & Moreno,
2001) who have examined the efficacy of professional
development programs of differing lengths (two-to-
three weeks versus four-or-six weeks) in improving
teacher efficacy for teaching science found only small
effect sizes.

Insight can be derived from looking at the analysis
of individual questions showing significant changes
from pre-test to post-test that are shown in Table 8.
For example, the most significant difference was noted
on the statement: “Students with special needs are at
risk in terms of safety in hands-on science lessons.”
Discussion of the results of this item is particularly
appropriate because the comments made by blind
participants who completed the pre-test prior to com-
ing to the conference and inquired why the question
was included. The essence of the conversation was,
“Isn’t safety a concern in planning hands-on science
for all students?” The implication was, in planning
and preparation, professional educators would not
look at students with disabilities any differently than
students without disabilities. However, the pre-test
data of other participants clearly indicate that it is
not the case. The conference had a major impact on
improving attitudes about including all students in
hands-on investigations and making science accessible
for all students. The statement with the second-most
significant pre-to-post difference closely parallels the
previous statement, again reflecting changes in attitude
about the importance and need for including students
with special needs working with other students in sci-
ence laboratory activities.

The statement with the third largest pre-to-post
change reflected awareness among participants of a need
to improve their general strategies to address students
with disabilities in a science classroom or laboratory.
This can be connected to research results of several stud-
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ies (Schumm & Vaughn, 1995; Stefanich et al., 2005;
Yuen, Westwood, & Wong, 2004) that showed teachers
do not have enough strategies for teaching students with
disabilities. Even this relatively short working confer-
ence experience helped change this endemic problem.
Finally, the last line of Table 8 shows participants’
improved comfort in being in a setting where there
are persons with visual disabilities (i.e., low-vision
or blindness). This might be a direct consequence of
the number of participants who had disabilities at the
working conference including three individuals who

were blind. Fetters, Czerniak, Fish, and Shawberry
(2002) found that teachers’ lack of skills led to anxi-
ety when trying to implement a new teaching system
of using hands-on science kits, but this situation was
ameliorated by in-service work with the materials. In
our study that addressed person-to-person interactions
rather than use of new materials, hearing the perspec-
tives of students and professionals with sensory and
mobility disabilities similarly eased anxiety, increased
understanding, and improved attitudes toward includ-
ing such students in STEM classes.

Table &8

Mean Scores and t on statistically significant individual survey questions with p less than .01.

Question

Students with special needs are at risk in terms of safety in

hands-on science lessons.*

Students with severe special needs should be included in
science laboratory activities with regular students.

I am aware of general strategies to address students with
disabilities in a science classroom or laboratory setting.

I am aware of safety and legal issues relating to classroom
science instruction.

I provide additional laboratory time for students with special
needs.

Too much money is spent to address the unique needs of
students with special needs.*

It is impossible to expect a student with a physical disability
to be an active participant in all laboratory exercises.*

It is unrealistic to expect a blind student to be a chemist.*

Special needs students gain self-esteem and confidence
through science activities.

I am more comfortable in a setting in which there are
no people with visual disabilities (i.e., low-vision or
blindness).*

Pretest Posttest ¢ 0
Mean Mean . o
291 343 -5.74 <.01
3.98 4.50 -5.48 <.01
3.24 3.63 -4.54 <.01
3.13 3.50 -3.51 <.01
3.56 3.79 -3.38 <.01
3.59 3.93 -3.36 <.01
3.84 4.13 -3.33 <.01
3.99 4.29 -3.26 <.01
4.20 4.42 -3.12 <.01
3.12 3.39 -3.07 <.01

* Although these statements are phrased as on the original questionnaire (in the negative direction), the scores shown here
have been adjusted as if the questions had been phrased positively, so that pretest to posttest movements could be easily
compared between questions. Therefore, an increasing score from pretest to posttest on all questions shown here indicates

an attitudinal change favoring students with disabilities.
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Conclusions

Summary of Findings

The data from this study punctuate the importance
of professional development for faculty and staff
to improve the participation level of students with
disabilities in hands-on science rather than serving
as passive observers or marginalized participants.
Working conferences such as the one reflected in this
investigation can be an important first step in increasing
awareness and improving attitudes about the inclusion
of students with disabilities in STEM education. The
goals of the working conference (shown in Table 1)
were supported by the results of this study. As shown
in Table 6, there were significant gains in all of the
four goal areas. Therefore, this study indicates that
a short-term working conference can change STEM-
related attitudes towards students with disabilities,
postsecondary dispositions, work related dispositions,
and performance related dispositions, which were the
four goal areas of the working conference.

Participants provided information on their percep-
tions of the best direction of future professional devel-
opment. Responses from participants clearly reflected
a need for additional professional preparation about
resources and strategies to improve their knowledge
and skills in making accommodations for students with
disabilities in STEM classroom and laboratories. The
need for greater collaboration was noted. The conference
brought out the existence of limited awareness among
professionals of other professional entities that serve
students with disabilities, and limited contact between
individuals from different agencies. Considerable satis-
faction with networking opportunities, and appreciation
of the opportunity to interact with other professionals
who have different roles but similar desired outcomes
for students with disabilities, were reflected in the nar-
rative evaluation statements.

Three of the six elements of effective professional
development as identified by Blandford (2000) were
directly addressed by this working conference. Role
models of good practice and attitude were provided
by many conference speakers. For example, directors
of offices of disability services discussed exemplary
programs, and individuals with disabilities shared their
educational and work-related experiences. Reflection
was encouraged as participants engaged in discussions
and problem-solving related to assisting students with
disabilities in STEM education. The conference speak-

ers provided information about resources such as a
mobile lab of assistive technology and professional
development opportunities during their presentations
and in their exhibits. Blandford’s remaining three
elements (arranging specific guidance and training,
delegating with sensitivity, and promoting develop-
mental initiatives) were addressed during discussions
as suggestions for future actions.

The working conference employed here appears
to be quite effective based on improving attitudes
reflected in responses to the survey’s questions. Al-
though both groups reflected significant gain scores,
professionals reflected significantly higher gains than
the preservice teacher participants. Interaction effects
were observed between the full-time professionals
and the upper-division preservice teachers, which may
reflect the lack of experience of preservice teachers and
therefore readiness for growth, the shorter time-span
of conference participation, or both.

A major finding of the study is that a working con-
ference addressing the needs of science teachers working
with students with disabilities produced significant posi-
tive changes in attitudes toward students with disabilities
and evidence of increased commitment to make appro-
priate accommodations in consultation with students.
In addition to giving participants knowledge and skills,
the working conference enhanced collaboration and
communication among those committed to improving
science education of students with disabilities. Ample
quantitative and qualitative evidence is seen in the ef-
ficacy of the working conference to positively impact
the goal of greater equity in STEM education, contrary
to published criticisms of short-term professional devel-
opment programs. Working conferences such as the one
investigated in this study can serve an important role in
the continuing professional development of educators.

Limitations

This study is a summary and analysis of attitudes
and discussion comments of participants attending
a two-day working conference. Several elements in
the design of the study are limitations. The partici-
pant groups consisted of volunteers and may not be
equivalent to a random sample non-participant group.
The sample populations were not stratified; therefore,
there were not opportunities to compare participants
and non-participants considering ethnicity, gender,
teaching experiences, or professional expertise. The
pre- and post-test intervals were short-term, adminis-
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tered at the start of the conference and following the
last session; long-term effects were not investigated.
The instrument used in the study investigated only
perceptions of the participants rather than observations
of responsive behaviors to persons with disabilities
with STEM career interests prior to and after the work-
shops. In this study, the attitudinal effects of a working
conference in which participants were more fully en-
gaged in problem-solving than typical workshops, was
investigated. In our review of the literature, we were
not able to locate studies that investigated the effects
of conferences in this “working” format on teacher
application of learning. The scope of this study did
not address this criticism of short-term professional
development, which is that teachers often do not apply
what they learn at short-term workshops.

Implications

Short-term programs have a place in the overall
toolkit of professional development strategies for the
following reasons. A two-day working conference,
such as the one described in this article, can provide
attitudinal and conceptual change for teachers and pro-
fessional staff with regard to including students with
disabilities in science coursework or careers. Terehoff
(2002) reported a dramatic increase in self-concepts
when people make a transition from being a learner to a
producer or doer. A working conference is more than a
lecture or knowledge-dissemination process; it engages
participants in discussion and digestion of the issues
being addressed. This is similar to longer-term models
that actively involve participants in grappling with
issues. It is hard for university personnel with cutting-
edge academic expertise and practicing professionals
with specialized expertise to be involved in long-term
intensive professional development projects because of
the time commitment. The working conference model
provides an opportunity to capitalize on the knowledge
and skills of these outside experts.

With the understanding that more research is needed
to affirm this investigation, the data and findings in this
study challenge the blanket criticism of the ineffective-
ness of short-term, one-time programs. Much depends
upon the structure of the workshop, the context, and the
participants. Although this research investigation did
not measure K-12 student effects, the feedback from
the participants reflects improved attitudes and greater
commitment toward meeting the needs of all students,
valuable professional development outcomes.
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Appendix

Survey of Attitudes Towards Teaching Science to Students with Disabilities

Directions: Please indicate the letter (see list below) that best represents your level of agreement or disagreement
with the following statements.

A=
B =
C=
D=
E=

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.
22.

Strongly Disagree

Disagree

Neutral, neither agree or disagree
Agree

Strongly Agree

Students with severe special needs should be included in science laboratory activities with regular students.
Too much money is spent to address the unique needs of students with special needs.

Teachers need special training to overcome prejudices and emotional barriers in working with students with
special needs.

I am sensitive to teaching through the mind of the learners rather than expecting students to accommodate to
my teaching.

Students with special needs are at-risk in terms of safety in hands-on science lessons.

It is unreasonable to expect a classroom to be open extra hours in order to allow the special needs student as
an observer.

I feel inadequate in my preparation for teaching science to a student with a physical disability.

I put forth more effort to work with students that are not responding to instruction to enlist their support and
cooperation.

Students with special needs increase the risk of other students in terms of safety in hands-on science lessons.
The attention given to special needs students detracts from teaching the other students.

All teachers of science should be required to participate in training on teaching science to students with special
needs.

I engage in additional efforts to design, select or modify activities so that all students can achieve success
appropriate with their talents and abilities.

In the majority of cases, it is best if peers conduct a science investigation with the special needs student as an
observer.

The regular classroom teacher should not be expected to make major adjustments in order to serve special
needs students.

I am aware of sourcebooks for making changes in my classroom environment and my teaching methods in
order to accommodate student(s) with disabilities.

I modify my testing in assessment strategies and formats to allow greater numbers of students to experience a
sense of success or accomplishment.

Special needs categories are too often used as an excuse for student failure.

The primary responsibility for communication concerning special needs students should rest in the hands of
the special education teacher.

It is inappropriate to expect all science methods instructors in higher education to include topics and model
lessons in teaching science to students with disabilities.

I work closely with parents or guardians to engage in cooperative efforts to serve the best interests of the
child.

Special needs students gain self-esteem and confidence through science activities.

I wish I did not have to teach science to students with special needs.



23.

24.

25.

26.
27.

28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43,
44,

Rule, Stefanich, Boody; Impact of a Working Conference 367

Faculty in the area of special education should teach methods of teaching science for K-12 students with special
needs.

I utilize Internet resources to seek out ideas that can help me be more responsive to addressing the needs of
all students.

It is impossible to expect a student with a physical disability to be an active participant in all laboratory
exercises.

Outdoor field trips are excellent opportunities for increasing the experiences of students with special needs.
There is no need for specialized methods of instruction in teaching science for students with disabilities in
pre-service teacher preparation programs.

I modify my management strategies to make them more appropriate for the student diversity in my classes.
The majority of students with a physical disability also have cognitive impairments.

Care must be taken not to really challenge students with physical special needs in science because they are
more likely to become frustrated and give up.

There is no need for specialized methods in teaching science for students with special needs in staff development
programs or graduate classes.

I provide additional laboratory time for students with special needs.

It is unrealistic to expect a blind student to be a chemist.

I am more comfortable in a setting in which there are no people with visual disabilities (i.e., low-vision or
blindness).

I am aware of general strategies to address students with disabilities in a science classroom or laboratory
setting.

I am accessible to students with special needs outside of regular classroom instruction to respond to their
individual needs.

It is unfair for a science teacher to encourage a person with severe motor/orthopedic special needs to pursue
study in a career that involves active study like marine biology or geology.

I am accepting of student diversity in my own teaching.

I am aware of safety and legal issues relating to classroom science instruction.

I collaborate with other professionals in planning strategies for meeting the needs of all my students.

Care should be taken not to give special needs students unrealistic goal expectations which will inevitably
result in frustration when they try to find employment.

I am comfortable in interacting with human diversity in my personal relationships.

I apply my knowledge of best practice research to improve my own teaching.

I work with my students to develop meta-cognitive skills (self-awareness, self-questioning, self-monitoring,
self-reinforcement) to assist them in decision-making processes.
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Burgstahler, S., Ed. (2009). Making math, science, and technology instruction accessible to students with disabilities.

Seattle, WA: DO-IT University of Washington.

Making Math, Science, and Technology Instruc-
tion Accessible to Students with Disabilities, is a col-
laborative effort by a development team to provide
educators with a resource for the dissemination of
information about science and mathematics instruction
for students with disabilities. Few practicing science
educators (both K-12 and postsecondary) have had
adequate preparation for addressing the diversity of
students in their classes. The problem is particularly
acute regarding students with disabilities who possess
the capability of having a successful career ina STEM
field. Complementary problems exist in addressing
the needs of students with disabilities who require ac-
commodations to develop general science literacy as
informed citizens.

The authors express concern about underrepre-
sentation and lower success rates of students with
disabilities in STEM fields, both in the academic arena
and STEM careers. They note that federal legislation
mandates accommodations to ensure that students with
disabilities have equivalent educational opportunities.
These are required as an entitlement for students in
K-12 and provided as an anti-discrimination measure
to postsecondary students who are otherwise-qualified
and request services. A major shortcoming is a lack of
awareness within all grade levels of the science educa-
tion community about characteristics of students with
disabilities, available assistive technologies, accom-
modation strategies, and resources specific to science
and mathematics. A corresponding shortcoming exists
among many professionals with expertise in special
education or disability services. The authors noted that
too many of these individuals lack expertise in the STEM
disciplines’ content and assistive technology tools.

An overview of the rights and needs of students
with disabilities is provided in the opening section.
This explicit introduction explores themes regard-
ing physical access, ethical and legal issues, and
information access. Suggestions are offered regarding

self-advocacy and ways students can assume respon-
sibility for the challenges they face in education and
life in general. Numerous ideas are offered regard-
ing information access, communication suggestions,
and planning instruction that utilizes the principles
of universal design. The book presents a four-step
accommodation model that can be used to informally
assess the sensory, physical, and cognitive challenges
students with disabilities face, followed by options and
strategies for addressing these challenges. The model
works very well in preparing an educator to examine
his or her instructional practices as it applies to the
learning needs of an individual student.

Recent advances in technology have provided
opportunities for access that did not exist before the
twenty-first century. However, too few practicing sci-
ence educators have an awareness and understanding of
these tools. This book provides excellent first steps re-
garding access to computers, electronic resources, and
assistive technologies. The book lacks a comprehen-
sive overview and listing of adaptive instrumentation
and tactile graphics for use by students with sensory
impairments in science and mathematics. Also miss-
ing is information on accessible laboratory stations for
students with motor/orthopedic impairments.

A second major focus of the book involves sug-
gestions for pre-service and in-service professional
development. These recommendations include “tips”
about preparing a classroom that provides every
student access to the information needed to learn,
creating a comfortable learning environment, incor-
porating principles of universal design, and involving
participants in a workshop. A series of stand-alone
presentations on specific topics is shared. The pre-
sentations are brief and provide insights into differ-
ent ways to frame an in-service program. Sample
templates for PowerPoint or projector presentations
are provided along with examples of instruments that
can be used for workshop evaluation.



370 Journal of Postsecondary Education and Disability, 24(4)

A third facet of the resource is a collection of four-
to-six page briefs on a wide assortment of topics that
can augment a particular element of disability access
or instruction. These are excellent complements that
can be shared as handouts with administrators, fellow
educators, parents, and students. The final elements
of the resource are DVD’s containing: video clips
that show students with disabilities working in STEM,
suggestions from students about making instruction
accessible and student-friendly, illustrations of students
using computers and other adaptive materials, strate-
gies for professional educators to work together as
teams, and suggestions regarding the transition from
K-12 into a postsecondary environment. The videos
draw heavily from DO-IT Center programs that have
been sponsored by the National Science Foundation
since 1992.

The guide is an excellent resource for teacher edu-
cators, professional development specialists working
with school districts, area education agency instruc-
tional strategists, or state department personnel. Sci-
ence methods instructors can use the guide to address
an area generally lacking in science and mathematics
pre-service teacher education. It can provide practi-
tioners with a wealth of introductory information. It
provides a reference resource that can direct further
learning for both the instructor and students. The video
clips can be used to stimulate discussion and dialog
among professionals.

The book has great potential for advancing edu-
cational reform by exposing science and mathematics
educators to low incidence populations of students
that require accommodations to be fully included in
the learning process. For too long this responsibility
has rested upon special education or disability services
personnel who are rarely trained in STEM concepts or
procedures. This book provides practical strategies
and concrete examples of successful accommodation
practices. If you work with students with disabilities,
this book will refresh much of what you already know
and may lead to fruitful new approaches. If you are a
classroom teacher, postsecondary STEM educator, or
educational strategist, it is an excellent reference for
professional development.
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