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Abstract. This paper describes an initiative to address the underrepresentation
of persons with disabilities (PwD) in science, technology, engineering and
mathematics (STEM) fields using online educational methods. The objectives of
the program are to build motivation for pursuing STEM careers among students
with disabilities in middle school and early high school and to improve their
preparation for postsecondary education. We first outline the problem of
underrepresentation of PwD in STEM and present the underlying reasoning for
targeting younger students and addressing the objectives using online methods.
Next, we describe the development of online content designed to increase
STEM career motivation and college readiness and the initial implementation of
the program using a series of informal educational webcasts aimed at students
with disabilities and their parents. In the final section of the paper, we identify
some of the lessons-learned about online educational approaches from the ori-
ginal implementation, and describe a subsequent evolution of the program using
multilevel web-based content designed to reach a wider range of problem
stakeholders including teachers and rehabilitation counselors.

Keywords: Students with disabilities � STEM careers � Online education �
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1 Introduction

Increasing the participation of individuals from underrepresented groups in science
technology engineering and mathematics (STEM) careers is key element of the national
strategy to maintain U.S. global economic competitiveness by growing a larger and
more competent science and engineering workforce. While much attention has been
focused on women and racial minorities, persons with disabilities (PwD), who con-
stitute over twelve percent of the population of working age Americans, remain dis-
proportionately underrepresented in the STEM enterprise. Efforts aimed at reducing
this disparity have primarily targeted students with disabilities (SwDs) in high school
[1] or already in college [2] to prevent or remediate shortfalls in academic knowledge
or metacognitive and psychosocial skills that often are the proximal causes of college
failure.

However, many educational researchers have emphasized the importance of intro-
ducing career development and college preparation activities in young students, with and
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without disabilities, even before high school. Kerka [3] examined research on early
college and career preparation and found that middle school students are at a critical age
during which career aspirations and powerful beliefs about self-efficacy are formed and
where implicit choices are made that strongly determine future educational and career
pathways. Overall, the findings suggest that activities aimed at exploring career goals and
understanding the postsecondary course requirements that must be met to achieve them
benefit students from the general population both vocationally and in their pre-college
academic performance [4]. Some examples of results relevant to the importance of
preparation include the early crystallization of sex-role and gender-appropriate occu-
pation stereotypes [5], the lack of realistic career plans among middle schoolers [6], and
(significantly for this paper) data showing that students at risk, girls, and those who are
members of minority groups often limit their career choices early [7].

The rarity of early interventions focusing on college and career readiness is
reflected in the fact that many high school seniors are not prepared academically or
psychosocially for success at college, although over 90 % say they intend to go on to
postsecondary education [8]. Comparable levels of interest in attending college are seen
in high school SwDs, however, their level of readiness for success is typically even
lower than that observed in the general population [9].

In an analysis of factors contributing to the underrepresentation of PwD in STEM
fields, Shingledecker [2] presented a model identifying five barriers that limit the
numbers of SwDs that enter college to obtain STEM degrees and who persist to earn
these degrees when they do enroll. While the factors described below are not unique to
any single group of students, the probability that these barriers will limit the
achievement of SwDs is likely to be much higher because of the unique ways in which
both visible and non-visible disabilities can adversely impact a student’s educational
history and personal experiences, habits, and attitudes. Some of these negative influ-
ences can be attributed directly to the effects of a disability, but others are caused by
prior experiences in the home and school that are affected by lingering misconceptions
and erroneous beliefs held by STEM educational and employment gatekeepers, or even
by the students themselves.

Interest and Motivation: Inaccurate beliefs about personal potential and ability, lack of
role models, limited hands-on experience with STEM, and insufficient knowledge of
careers in science and engineering contribute to lower rates of enrolling in college to
pursue STEM majors. As noted earlier, career interests are strongly shaped by aca-
demic and personal experiences during elementary and secondary education, and SwDs
may fail to consider STEM careers because of early failures in related coursework.
Others may have been subtly steered away from these subjects by parents, teachers, and
advisors because of their concerns about providing special physical accommodations in
STEM classes or about viable career choices for SwDs.

Opportunity: Traditional, but persistent, factors affecting the opportunity to succeed in
STEM studies include lack of physical access to laboratory and classroom spaces or of
specialized laboratory equipment adapted for use by PwDs. However, possibly more
common restrictions are created by flawed attitudes and beliefs of stakeholders in the
student’s education. These opportunity limitations may be externally or internally (self)
imposed. Powerful internal limiters to opportunity are created by distorted beliefs of
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SwDs about their own abilities and potential. Such beliefs, often created by past
negative academic experiences and the lack of interaction with disabled role models in
STEM professions of interest, can deter the SwD from even exploring education and
careers in science or engineering fields.

Academic Preparation: SwDs often fail to receive adequate high school academic
preparation in subjects key to STEM success at college [10]. Specific learning dis-
abilities and some neurological disorders clearly play a contributing role and may
require early attention before and during high school to develop reading, mathematical,
and executive control skills to make the student capable of success in college. How-
ever, problems also arise because high school course requirements and success criteria
may be relaxed under current disability education laws, and because parents and high
school counselors sometimes fail to encourage capable SwDs to follow a rigorous
college preparation course of study. In addition, intensive physical and/or academic
support given to some SwDs in high school can result in poorly developed general
study skills, note taking, and time management abilities that impair academic perfor-
mance in the college environment.

Psychosocial Skills: In addition to academic skills and knowledge, there is a growing
awareness that many SwDs face problems in college that are associated with what are
commonly referred to as psychosocial, meta-cognitive, or life success skills [11]. SwDs
often leave high school with underdeveloped skills for acting independently, problem
solving, advocating for themselves with instructors and others, and communicating
clearly and effectively. Low self-confidence, lack of persistence in difficult tasks fol-
lowing set-backs and failures, and ineffective time management strategies can be
additional problems that directly impact academic success.

Some of these deficiencies are directly related to a student’s disability (e.g., autism
spectrum disorder). However, they are also created or exacerbated by exposure to
protective parenting as well as teaching and student support practices that limit the
development and exercise of critical personal skills. As suggested by Wehmeyer [12],
these restrictive social contexts detract from the critical levels of competence and
autonomy that SwDs need to succeed in the unrestricted college environment and
challenging requirements of STEM studies.

Higher-Level Cognitive Skills Needed for STEM: Because of the academic and psy-
chosocial factors cited above, some SwDs arrive at college with poorly developed
abstract thinking, reasoning, problem-solving, and critical-thinking skills that are
essential to high academic achievement in STEM fields. Ideally, these skills are
developed in high school science and mathematics coursework, and are central to
modern curricula that employ inquiry-based methods. Unfortunately, such open-ended
pedagogical methods calling for students to exercise advanced cognitive skills in ad
hoc research activities are the most difficult to support using specific accommodations
for SWDs [13].
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2 The Starting Wright Program

The need for career and college preparation prior to the final years of secondary
schooling discussed above, as well as an understanding of the barriers to postsecondary
education in STEM fields faced by PwD were the motivations for developing an
informal educational program aimed at increasing STEM college and career readiness.
Dubbed Starting Wright, the program was given its name to connect it not only to our
institution (Wright State University), but also to the historical legacy of its namesakes,
the Wright brothers, who were pioneers in American scientific and technological
innovation, and whose accomplishments exemplify the qualities of starting early to
ensure success, perseverance, and self-reliance that we hoped to instill in our young
participants as they plan for their careers.

The overarching goal of Starting Wright has been to increase the success of disabled
youth in transitioning to college education, earning degrees, and achieving inclusion in
STEM career fields. The program was designed primarily to deliver information to
middle school and early high school-aged youth with disabilities, along with their
parents, in order to increase motivation toward careers in STEM (including medical
fields), and to provide educational guidance, practical information about college, and
approaches to developing attitudes and personal skills that are associated with success.

2.1 Why Online?

Since its inception, Starting Wright has focused on the use of the internet to reach
students with disabilities preparing for transition after high school as well as other
stakeholders in their educational and career success. This approach is founded on our
conviction that online methods show particular promise for improving transition out-
comes of students with disabilities by influencing their career motivations, academic
preparations and personal development.

While the online tools and stakeholder targets of the program have expanded over
the life of the program (see Sect. 3 of this paper), the webcast format was chosen as the
original vehicle for providing content for two primary reasons. First, the information
that Starting Wright was designed to provide cannot be easily offered to young SwDs
within the school environment. As a whole, students with disabilities form a significant,
but widely-distributed segment of the population. Because these students are geo-
graphically dispersed as individuals or small clusters in schools across the country, it is
extremely difficult to provide them with tailored support for postsecondary transition in
a particular field such as STEM through traditional classroom instruction or intensive
counseling. The internet provided a way to reach these scattered students in a single
forum outside of school.

The second reason for using an online approach was that available research sug-
gests that Starting Wright would be more effective if students and their parents could
experience the content together as a family. Parents of middle schoolers typically have
a strong influence on students’ early career considerations. Moreover, the data indicate
that there is a mismatch between the expectations of young adolescent SwDs for
college attendance and those held by their parents. Although SwDs share a high degree
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of confidence for transitioning to postsecondary education with their non-disabled
peers, the parents of SwDs are much less confident that their students will be able to
successfully attend college than parents of students who do not have a disability [14].
Because Starting Wright is intended to promote planning for setting and reaching
educational goals, these disparate findings suggest that providing content in the home
using online webcasts presented at a time that students and parents could participate
together would be beneficial.

2.2 Overview of the Initial Webcast Project

Starting Wright was originally conceived and produced as a series of 40-minute web
broadcasts containing audio and visual content that address topics surrounding the
issues of career choices and possibilities for persons with disabilities, academic and
personal preparation for college, and practical advice for achieving inclusion and
succeeding in college and beyond. To accommodate the widest range of participants,
the web conferencing tools used for the programs were compatible with screen readers
and permitted adjustment of the visual features of the display. Closed captioning was
also provided for participants with hearing impairments. The web format enabled direct
interaction between live presenters and the audience of students and parents partici-
pating at home using text chatting features. Recruitment of families to participate in the
Starting Wright webcasts was limited largely to the state of Ohio, with the largest effort
limited to the southwest quadrant of the state surrounding Wright State University.
Brochures were distributed by mail throughout the state to high school counselors,
STEM teachers and special education /transition specialists for passing on to students
and parents. These were supplemented by presentations to regional transition stake-
holder organizations that included teachers, school administrators, state rehabilitation
services representatives, and parent advocates as members.

2.3 Webcast Content and Structure

To define critical content for the Starting Wright programs we used the findings of
previous postsecondary transition research, lessons-learned from college disability
service professionals, and accounts of personal experiences from college students with
disabilities to gain an understanding of the factors that limit enrollment in STEM
postsecondary majors or interfere with persistence in these areas. Based on a these
resources, we identified four key areas for developing content which closely map onto
the barrier model described by Shingledecker [2]:

• Raising awareness, motivation and Interest in pursuing science and
technology-based careers

• Building psychosocial and metacognitive skills needed for college and career
success

• Connecting high school and college coursework, knowledge and skill attainment to
success in college and career entry.

• Encouraging development of cognitive skills critical to STEM success.
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Guided by these objectives, a series of twelve Starting Wright programs were
progressively developed, produced, broadcasted and refined over a period of three
academic years. Three of these programs provided an introduction to the goals and
subject matter of Stating Wright. Getting Started in Starting Wright emphasized the
importance of early preparation and planning for college and a career, defined STEM
and gave an overview of the rest of the series. STEM Careers introduced the concept of
a career, provided a multimedia tour of STEM fields, and included an interview with a
SwD who was graduating from college with science degree. Planning for College
presented basic information on requirements for college entry, support that SwD can
expect at college and how it differs from that provided in high school, paying for
college, and academic and student life. It also introduced personal skills and that would
be needed for college success including independence, resourcefulness, and
communication.

The next six programs in the series used the context of a specific STEM career field
to reinforce the broader aims of the project including a focus on STEM motivation,
early academic planning, using appropriate role models, developing independence, and
sharpening personal skills. The STEM fields and careers presented in these individual
programs included basic sciences (biology and life sciences, chemistry and physics,
geology and earth science), engineering, computer science, and derivative STEM fields
(allied health professions, animal science).

The introductory live segment of each program included a welcome by the host, a
review of “homework” contest submissions from the last program and prize awards,
and a brief lead-in to the featured STEM field. A corresponding live wrap-up segment
was included at the end of each broadcast to answer questions submitted by the
audience during the prerecorded content, present of a new set of student-parent
homework questions based on the core segment, Starting Wright announcements, and
closing remarks.

Following the introduction, the themed episodes began with an extended video
survey of the focus STEM field and related careers which was hosted by Dr. STEMM, a
cartoon character who added humor to the programs. In addition, each included
recurring feature segments designed to appear as episodes over multiple programs.
These new prerecorded segments featured unique host personalities and a general topic
area that the audience could anticipate each week. Some of these were introduced to
create a transition between major program elements, while others were designed to
stand alone as primary components. The recurring features were:

“Great Minds in STEMM” was a 2 -m segment that introduced well-known con-
temporary and historical figures in STEM fields who had disabilities and overcame any
limitations to succeed in their careers. These spots included synchronized background
music, sound effects and even audio clips of the featured STEM professional’s own
voice. Some great minds covered included Thomas Edison, Alexander Graham Bell,
Albert Einstein, Jack Horner, Alan Turing, Temple Grandin and John Wesley Powell.

“Hints from Miss Hannah” was written and presented by an experienced middle
school teacher and administrator who offered ideas and methods for improving aca-
demic performance in preparatory middle and high school classes, usually with a nod to
the focal STEM field of the program. Examples of topics included “insider hints” on
how students can do better at figuring out what material an instructor views as most
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important to learn, the steps to “engineering” an essay, the importance of diversity in
ecosystems AND in the classroom, finding places to learn about STEM outside of
school, and knowing what information to trust when using the internet for research.

“Katherine’s Tech Tips” addressed Starting Wright’s goal of providing students
with information on assistive technologies that are available to help them learn in
science, mathematics and other academic areas. Equipment and software demonstrated
in these segments included calculators available in Windows software, adaptive
microscopes, and laboratory containers and measuring devices that can be safely used
by persons with limited manual dexterity.

“STEMM – Up Front and Up Close” presented interviews with the experts in the
program’s focal STEM area. Each of the career-themed webcasts included an interview
segment in which a STEM professional described their work, and career in the area.
Guests included a science and mathematics college dean, a field biologist, a geologist, a
marine biologist, an electrical engineer, a computer scientist working in robotics, a
blind chemist, an animal trainer and a medical technologist.

A final set of two special programs were created to address college readiness issues
not fully covered in the introductory or career themed episodes. A program on Problem
Solving was designed to help teach this skill that is so crucial to scientific reasoning and
to effective interpersonal relationships and communication. The program portrayed
problem solving as the fundamental cognitive skill underlying both scientific research
and the engineering design process with illustrations from both global STEM fields.
Corresponding examples of personal problem solving used videos of college SwDs
discussing their use of problem solving skills in dealing with issues that arise in the
pursuit of higher education. The episode on Early College Transition Planning delved
into the details of what students and parents can do during middle school and the first
two years of high school to improve their readiness for college. The focus areas for this
program were career path goal setting, academic preparation, “understanding my dis-
ability,” communication, time management and study skills, and knowing the services
and agencies available to assist in the transition to college.

3 Evolution of Starting Wright

The focus of the Starting Wright webcasts was to improve college and career prepa-
ration by communicating to students and parents together in the home environment. As
experience with this format increased and we began to receive evaluative inputs from
participants, it became apparent that content could be disseminated even more effec-
tively by using additional channels for reaching the target students and other
stakeholders.

Surveys of students, parents and educator/observers were conducted during each of
three program years to gather feedback on the content and quality of the webcasts and
on the perceived value of Starting Wright. Overall, survey responses showed that the
programs had increased participant interest in planning for college and STEM careers
and that they had improved students’ confidence in their ability to attend and succeed in
college and their willingness to work at high school classes that will prepare them for
college. Additionally, based on exposure to the most refined version of the series of
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programming, most students and parents felt that Starting Wright had reduced their
worries and uncertainties about attending college.

Despite these positive findings, other feedback indicated that changes were needed
to improve the program’s effectiveness. Comments from parents and educators sug-
gested that difficulties experienced in recruiting and maintaining participation in the
biweekly, fixed-schedule evening webcasts were likely a result of competing school,
sports and other obligations experienced by most young families. Accordingly, we
began to explore more efficient ways to connect with students and parents. Subsequent
meetings with educators and vocational rehabilitation counselors made it apparent that,
in addition to scheduled webcasts, online content should be added to the portfolio that
is individually tailored for use by students and other stakeholders and is available for
on-demand access.

Guided On-Demand Content: Our approach to providing open access to online content
was influenced by recent research regarding the “NetGen” or “Google Generation” that
describes contemporary adolescents as a unique group of technology and digital
content consumers. While they are confident in their ability to use technology, they
typically are not equally skilled in the areas of information gathering and properly
vetting content for accuracy and relevance. These students are accustomed to having
information available instantly, but they lack a clear understanding of how information
systems and search engines function, how to appropriately search for relevant infor-
mation, and how to evaluate the information they do find [15]. Given these charac-
teristics, we elected to evolve the online program to one which provided guided
exploration of STEM careers and of the multifaceted process of preparing academically
and personally to enter these fields. At the same time, we chose to expand our focus by
targeting other stakeholders in the future of SwDs with Starting Wright content that
they had indicated would be useful in their work with adolescent SwDs.

Accordingly, we expanded the Starting Wright website, which was originally used
only as a portal to the biweekly webcasts, to an online resource. The website was
constructed around a set of “tracks” designed to provide accurate and appropriate
information for target audiences. By offering well-researched, synthesized, and accu-
rate content in one place we could provide information to students that addressed the
concerns they had regarding career exploration and college planning. Likewise, parents
could focus on their current concerns such as how disability accommodations change
when students enter postsecondary education. In addition, the website served as a way
to house all of the programming in podcast form so that students, parents, and edu-
cators could access as desired.

Online Lesson Plans for Educators: In part as a result of the new website, local
educators began asking if they might be able to use portions of the programs in their
own classrooms. They still recommended that some students watch programs outside
of class or as part of personal career exploration journeys. However, most felt that the
academic and personal skills taught in the programs would be beneficial in the class-
room environment. In response, we worked with six local educators to develop a set of
sixteen comprehensive lesson plans that utilized the media created through the Starting
Wright program. The lessons incorporated academic content woven together with
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personal skills lessons and career exploration. All of the lessons were aligned with the
State of Ohio Academic Content Standards and specifically addressed the need to reach
students in more than one way by adding in-class lessons and assignments to encourage
and reinforce student access to online content.

Online Assistance for Vocational Rehabilitation Counselors: In addition to making the
Starting Wright Teacher’s Manual available online, we chose to create a path to the use
of Starting Wright for our state Bureau of Vocational Rehabilitation counselors who
work intensively with students ages 14 and up during the transition process to prepare
them for further education and the workforce. Because they focus their efforts on
encouraging career exploration and personal skills development with younger transi-
tion age SwDs. We created he Starting Wright Counselor’s Manual which provides
individualized prescriptive guidance to counselors for the use of our online content
based to address the specific career interests of the student and on the non-cognitive
personal skills that the student needs to improve. In addition, the manual provides
discussion questions for counselors and students, and follow-up assignments and
projects that would allow the student to delve deeper into the skills and concepts
presented in the podcasts.

4 Conclusions and Future Directions

The experience of producing and evolving the Starting Wright program provides useful
insights for the design of online approaches for presenting career exploration oppor-
tunities and college preparation guidance to adolescent students. In the initial stage of
the effort, we were able to successfully identify factors that have led to low college
enrollment and participation in STEM careers, and to develop informational and
instructional content to address these problems in the context of online webcasts aimed
at SwDs and parents in the home environment. We clearly demonstrated that this form
of online education can be a valuable tool for reaching the target audience. However,
these webcasts did not provide the expected level of “market penetration” that we had
hoped to achieve. Feedback from stakeholders led us to broaden the scope of the effort
to include a website offering students and parents guided open access to descriptive
career content and targeted information for college preparation. It also led to the
development of online materials specifically focused on the needs of educators and
counselors that work with these students in person on a daily basis. By collaborating
with parents, teachers and counselors who are able to assist the student in processing
the information provided online and to participate directly in the college planning
process, we found that the impact of Starting Wright could be greatly increased. In fact,
as we expanded the website and began work with other stakeholders, we saw increases
in the number of people accessing the information online. During the first years of the
webcast program, monthly participation topped out at 35 students. In contrast, with the
expanded program the number of visits to the website increased dramatically and
monthly downloads of content grew from 3 to 5 times the original number of students
participating in the scheduled webcasts.
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