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Abstract: College students with physical disabilities were among the first 

students to receive disability supports in higher education in the United States, 

and the earliest journal articles in disability services focused almost exclusively 

on this cohort. As more students with a range of disability types have accessed 

higher education over the past 25 years, the body of professional literature has 

developed correspondingly. However, research related to students with physical 

disabilities is relatively sparse. The present study is a secondary analysis of a 

comprehensive systematic review of 1,036 journal articles published between 

1951 and 2012, 615 of which were data based. Specifically, 81 of the 615 studies 

included at least one participant with a physical disability (38.3% included a 

substantial number of individuals with physical disabilities) and were highlighted 

for analysis. The majority of studies used descriptive designs and only two studies 

were experimental. No studies investigated the effectiveness of specific programs 

or accommodations for students. Results indicated that more systematic, high 

quality research on the experiences of and services provided to college students 

with physical disabilities is necessary. 
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Introduction 

 

Modern service provision for college students with disabilities can largely trace its roots to 

programs that began as ad hoc supports for returning veterans with disabilities on college 

campuses, particularly those with physical or sensory difficulties (Gelber, 2005; Madaus, 2011; 

Scales, 1986)
i
. One of the earliest articles on college students with disabilities was written by 

Byron Atkinson in 1948 and published in a non-referred journal. Called “Students in 

Wheelchairs,” the article began as follows: 

 

An interesting and unusual educational program for handicapped students in the 

United States is currently being carried on at the University of California at Los 

Angeles. Here, eighteen veteran students in wheelchairs live, study, go to classes, 

and otherwise maintain a normal student existence. (p. 295) 

 

In the next several years, other articles appeared in the literature specific to the handicapped 

student (Condon, 1951), the physically handicapped student (Condon, 1957; Condon & Lerner, 

1956), or physically disabled students (Berdie, 1955). These articles largely focused on veterans, 

but also discussed other postsecondary students with physical disabilities and provided 

descriptive examples of collaborations with state rehabilitation agencies, program descriptions, 

examples of accommodations provided to students, and even processes involved in providing 

services to students. Condon published what appeared to be the first two data-based research 

articles on the topic in 1957. In the first paper, Condon (1957a) presented the results of a national 

survey of 238 colleges and universities related to whether there was an “organized program” on 

campus, and if so, the number of students with different types of physical disabilities, as well as 

the available services. Completed surveys were received from 56 institutions and results 

indicated that the average number of students with disabilities was 15-25, and larger numbers of 

students with physical disabilities tended to be at larger institutions. It was also reported that 

although no institutions had a set policy regarding admissions, “practically all of the colleges 

required the approval of the college physician, the registrar, and the dean of students before the 

handicapped student was admitted” (p. 582). Services provided included ramps, elevator passes, 

recording devices, take-home exams, and preferential seating. In the second paper, Condon 

(1957b) presented the results of a survey sent to both current college students and students who 

had left college (i.e., graduates, drop outs, enrolled as graduate students). All participants had 

physical or sensory disabilities. Condon summarized that “the college trained physically 

handicapped student is competing quite well with the non-handicapped in the world of work” (p. 

270), noting that with the exception of adults with cerebral palsy, the alumni were receiving 

salaries that were competitive with those received by workers without disabilities. 

  

The impact of these postsecondary services, and advances in the field of special education 

(Jaques, 1962), lead to slow but steady access to college for individuals with disabilities. By 

1962, Rusalem observed that "Physically disabled college students requiring one or more special 

education services are no longer a rarity on the American campus" (p. 161). However, despite 

this progress, Rusalem also noted that although more people with disabilities were ready for 

college, most institutions were not, as a whole, ready for them (cited in Jaques, 1962). 
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It is important to bear in mind that these early postsecondary programs for students with 

disabilities pre-dated the access and accommodations mandated by Section 504 of the 

Rehabilitation Act of 1973 and the Americans with Disabilities Act of 1990. These programs 

were also often collaborations between colleges and state bureaus of rehabilitation (Atkinson, 

1948; Berdie, 1955; Brooks & Brooks, 1962; Condon, 1951 & 1962; Rusalem, 1962) and often 

had both rehabilitation and training objectives (Chatterjee & Mitra, 1998). These programs faced 

concerns similar to those expressed today, such as dealing with physical and instructional 

barriers, as well as attitudinal barriers, such as instructors' beliefs that accommodations and 

modifications "water down" the college curriculum (Jensen, McCrary, Krampe & Cooper, 2004, 

Nugent, 1978; Skinner, 2007; Tuscher & Fox, 1971). Literature on early programs emphasized 

the reality that students with physical disabilities were only seeking accommodations that 

resulted in college curricular access. As Atkinson (1948) stated, "The basic philosophy is that no 

special academic considerations, other than for admission, are made for [students with physical 

disabilities]" (p. 295).  

 

Thus, in many ways, these groundbreaking postsecondary programs created the precedents of 

access in the form of accommodations that were codified in Section 504 (Bailey, 1979). Bailey 

elucidated that Section 504 was both "evolutionary and revolutionary" (p. 81). It was 

evolutionary in that it systemized the policies of existing programs and revolutionary because the 

law mandated those policies be implemented on any campus that received federal funding. At its 

core, Section 504 required that reasonable and appropriate accommodations be provided to 

individuals with disabilities to allow access to the college curriculum and physical plant (34 

C.F.R. Part 104.4). 

 

The impact of Section 504 and later, the ADA, on student access to higher education cannot be 

understated, as these mandates led to the "scaling up" of disability services on college campuses 

across the United States for all students with disabilities, including those with physical 

disabilities. Ultimately, this led to the evolution and eventual professionalization of student 

disability services programs (Madaus, 2011). 

  

While the initial focus of disability services and the corresponding professional literature was on 

students with physical disabilities, student demographics have since changed. Students with 

disabilities make up 11% of all undergraduates (U.S. Department of Education, 2015), with 

services provided to individuals with a range of disabilities, most often mental illness/depression 

(31%) and attention deficit disorder (22%; U.S. Department of Education, 2014). Consequently, 

research on postsecondary disability services focuses largely on "invisible" disabilities (Madaus, 

Gelbar, Dukes, Lalor, Lombardi, Kowitt, & Faggella-Luby, submitted); however, colleges 

continue to admit and serve individuals with physical disabilities with these students currently 

constituting 9.3% of college students with disabilities or approximately 1% of the total 

population of college students (U.S. Department of Education, 2014). Given that published 

professional literature guides policy, professional development, and to what extent a topic is 

acted on or ignored, it is important to understand the current and evolving status of the 

professional literature specific to students with physical disabilities (McFarland, Williams, & 

Miciak, 2013; Peña, 2014; Plotner, Shogren, & Strauser, 2011). The present study examined 615 

data-based manuscripts related to postsecondary education and disability to determine how many 

included at least one participant with a physical disability. In addition, the number of such 
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articles published was examined over time periods, as was the broad area under investigation, 

key findings, the sample sizes explored, and the methodologies employed.  

 

Methods 

 

In order to complete the current study, the authors conducted a secondary analysis of data culled 

from a systematic review of the literature on college students with disabilities (Madaus, Lalor, 

Gelbar, & Kowitt, 2014; Faggella-Luby, Lombardi, Lalor, & Dukes, 2014). A complete 

description of the methods used in the comprehensive examination is provided in Madaus and 

colleagues (2014), and will also be briefly explained here. The following Boolean codes were 

entered into ERIC, Academic Search Premier, PsycInfo, and Medline: (university student or 

college student or postsecondary education) AND (disability or visual impairment or hearing 

impairment or deaf or ADHD or dyslexia or blind or handicapped or mental illness or mobility 

impairment). The search, spanning the years 1955-2012, yielded 9,131 entries. An additional 

hand search of peer reviewed articles was also included and expanded the date range to 1951.  

 

The title and abstract of every article was examined yielding 1,036 that met screening criteria. 

Inclusion criteria were as follows: First, the study had to be about postsecondary education for 

students with disabilities (including students, faculty, disability services, and college personnel). 

Second, articles specific to students focused on those who were accepted to, matriculated in, 

withdrawn from, or graduated from a postsecondary institution. Articles about secondary school 

students in transition and secondary transition programs were excluded. Finally, articles had to 

be published in peer-reviewed journals.  

 

The articles that met the inclusion criteria were sorted into a set of topical domains and 

subdomains to organize their analysis (see Madaus et al., 2014 for a description of the process 

used to create and validate the domain structure). The four domains were (a) student-level 

studies, (b) program or institution-level studies, (c) faculty/non disability support staff-level 

studies, and (d) construct development-focused studies. Table 1 contains definitions of each 

domain. The four domains make up a taxonomy of the literature on postsecondary education and 

disability.  

 

Table 1 

Definitions of Domains and Subdomains 

 

Domain Domain Description 

Student-level studies Articles describe experiences and/or perceptions of students with 

disabilities in and after higher education. 

 

Program or 

institution-level 

studies 

Articles describe service provision by the disability services office in a 

higher education institution. They can also relate to institutional policies 

and procedures pertaining to students with disabilities. 

 

Faculty/ 

non-disability support 

staff-level studies  

Articles describe knowledge, attitudes, and beliefs of faculty and non-

disability services personnel to enhance access to higher education for 

students with disabilities. They can also relate to education or support for 
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faculty and staff in this practice. 

 

Construct Develop-

ment-level studies 

Articles describe development, evaluation, or validation of a variable that 

includes development/validation of assessment instruments, evaluation 

metrics, theoretical models of service delivery, standards of practice, or 

ethics. The variable must be under proposal, in development, or being 

used in practice to gather empirical evidence.  

 

The articles in the comprehensive analysis were divided into two broad categories based on 

whether or not an article presented original data. This was defined as articles presenting data 

through the use of surveys, measurement or evaluation tools, observations, or interviews. 

Program descriptions and literature reviews were not considered to be original data. Of the 1,036 

articles that met the inclusion criteria, 615 presented original data (59.3%). Several study 

characteristics were coded, including the research methodology employed, location (U.S. or 

international), and setting (2-year or 4-year institution). Additionally, sample characteristics were 

documented including race/ethnicity, disability category, gender, and class standing (when the 

number of individuals in the sample meeting these criteria was present in a table or the text
ii
). 

For the current inquiry, the data base was further filtered to include only those articles that 

featured at least one student with a physical disability. Thus, articles about programs that served 

students with disabilities, including those with physical disabilities, were not included in this 

analysis.  

 

 

Results 

 

Number of Articles 

  

Eighty one of the 615 (13.2%) articles with at least one participant with a physical disability 

were selected. As depicted in Figure 1, approximately 50% of the studies (n = 40) were 

published between 2007 and 2012 and 84% (n = 68) were published since 1995 emphasizing the 

recency of this research base, which represent 6.5% and 11.1% of the original sample 

respectively. Table 2 contains a summary of the number of articles including students with 

physical disabilities across each domain and subdomain. 

  

Area of Research 

  

The majority of the articles meeting criteria for this review (86%) were published in the Student-

Level Studies domain. Fifty-five (68%) were about the experiences of students with disabilities 

in college, 19 articles (23.5%) included profiles of students with disabilities, and an additional 18 

(22.2%) were related to access issues.  
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Table 2 

Number of Articles on Physical Disability Only by Domain and Subdomain 

 

Domain/Subdomain n 

Student-Level 70 

Experience 55 

Profile/Stats 19 

Access 18 

Learning/Study Skills 1 

Self Determination 7 

Technology 7 

Career 4 

Disability Services 4 

Description of Disability Programs 3 

Policies/Procedures 2 

Programs for Specific Cohorts 2 

Faculty-Level 1 

Faculty Knowledge 1 

Conceptual Level 6 

Conceptual Models 1 

Assessment/ 

Instrument Development 6 

Note. Articles could be coded into multiple subdomains. 
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Figure 1. Number of Articles with at Least One Participant with a 
Physical Disability by Year 
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Sample Sizes  

As depicted in Table 3, the sample size of persons with physical disabilities in many of the 

studies represented only a small percentage of the overall study population. For example, only 10 

studies included sample sizes of individuals with physical disabilities greater than 100. Five 

studies described sample sizes of persons with physical disabilities between 51 and 99, while 27 

had samples sizes between 11 and 50. Thirty-nine studies (49%) had sample sizes of less than 10. 

Only 21 studies (26%) were predominantly composed of college students with physical 

disabilities (see the bolded diagonal cells in Table 3) and 10 studies included samples of greater 

than 100 individuals with physical disabilities (see the italicized cell in Table 3). 

 

Table 3 

Total Sample Size versus Sample Size with Physical Disability  

Total Sample Size Sample Size with Physical Disability 

 

1-10 11-50 51-99 100+ 

1-10 12 0 0 0 

11-50 18 8 0 0 

51-99 3 11 1 0 

100+ 6 8 4 10 

 

Research Methods Used 

  

Research methods were also documented and the proportion of the sample with physical 

disabilities varied by methodology. For example, eleven of the studies (13.6%) utilized mixed 

methods, but only one of these included a comparison group. This study compared the 

performance of students with and without disabilities on the Learning for All Questionnaire 

(Avramidis & Skidmore, 2004) and included only three participants with physical disabilities 

resulting in a sample size too small to allow for meaningful between group comparisons. Six 

studies employed interviews/focus groups and surveys. Three included open-ended 

questionnaires and surveys and two described case studies and surveys. The data from the mixed 

methods studies were included in the other research methodology categories to enable relative 

comparisons of their use across the entire sample. 

  

The most commonly employed methodology was the descriptive-quantitative approach (n = 38; 

47%; see Table 4). Eleven of the study samples were comprised primarily of individuals with 

physical disabilities. Most were simple descriptive studies using surveys or focus groups (n = 26; 

32.1%) and eight of the survey studies primarily contained individuals with physical disabilities. 

Eighteen of the 81 studies compared two or more groups (22.2%) with two including large 

samples of individuals with physical disabilities. Fourteen (17.2%) were correlational studies and 

four of these were composed primarily of individuals with physical disabilities. Qualitative 

methodology was the next most common technique employed (n = 30; 37%) with 16 of the 30 

studies focusing primarily on individuals with physical disabilities. Only two of the 81 studies 
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(2.5%) used group designs to test interventions and only one study met the criteria to be 

considered a randomized control trial.  

 

Summary of Key Findings 

 

Table 4 provides a summary of the research methodology used in the studies summarized here. 

One of the eight survey studies reported the experiences of university students with disabilities 

using augmentative and alternative communication (Atanasoff, McNaughton, Wolfe, & Light, 

1998) and found that e-mail communication was more effective than face-to-face or other written 

forms of communication. Fichten and colleagues (2000; 2001) reported on the accessibility of 

computers for postsecondary students with disabilities in two articles; the studies included focus 

groups (n = 12), interviews (n = 37), and surveys (n = 725). Twenty-three of the interviewed 

students and 358 of the surveyed students reported a physical disability. A high proportion (41%) 

of students indicated they needed adaptions to access computers. A similar study surveyed the 

need for information technology training among 324 college students with disabilities in South 

Korea (Kim, Son, & Vance, 2012) and, of those, 52% reported having a physical disability. 

These college students with disabilities indicated a need for further training in the area of 

information technology.  

 

Table 4 

Number of Articles by Research Methodology 

 

Research Methodology 

Number of Articles 

Total Primarily Physical 

Disability 

Descriptive-Quantitative 38 11 

Simple Descriptive 27 8 

Comparative 18 2 

Correlation 14 4 

Group Design 2 1 

Mixed methods 11 3 

Qualitative 30 16 

Phenomenological designs 29 10 

Case Study 9 6 

Grounded Theory 4 4 

  

Mamiseishvilli and Koch (2011) analyzed data from the Beginning Postsecondary Students 

Longitudinal Study to understand the characteristics that influenced persistence from first to 

second year for the 1,910 individuals who began college in Fall 2003, of which a plurality (n = 

400, 20.9%) reported having a physical impairment. Individuals with physical disabilities were 

less likely to persist than students in other disability categories. Two hundred and eighty of the 

400 persisted; which was a statistically significant proportion (70%) when compared to the other 

participating disability categories (76.4% persisted). A similar study investigated the quality of 

life of 203 college students with disabilities in the Cote D’Ivoire (Nandjui et al., 2008). Most of 
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the sample (89.2%) reported having a physical disability. The participants reported that building 

accessibility was a major barrier, but that the instructional staff at their college was very 

accessible. In another survey of international college students with physical disabilities (n = 12), 

physical access was again identified the largest barrier (O’Connor & Robinson, 1999) and it also 

determined that students did not perceive disability services staff as having adequate knowledge 

of the experiences of people with disabilities. 

  

Sanders and Dubois (1996) conducted a survey of 29 university students with disabilities of 

whom 17 had physical disabilities; with 12 participants using wheelchairs. These 12 reported a 

need for greater campus resources and having more negative daily events as compared to 

students who did not use wheelchairs. 

 

Of the 18 studies that compared one or more groups, one study investigated the relationship 

between gender and disability category on GRE performance (Bennett, Rock, & Jirele, 1989). 

Five hundred individuals without disabilities were compared to 105 individuals with physical 

disabilities and 337 individuals with visual impairments. Gender was a statistically significant 

predictor of Verbal and Quantitative scores (but not for Analytical scores) for the population 

with physical disabilities as compared to those with no disability. Males outperformed females 

on both scales. The second study, conducted in the UK, investigated the relationship between 

degree classes (the UK degree ranking system) and disability status for 270,180 students who 

received degrees in the 2004-2005 school year (Richardson, 2009). Of these, 480 individuals 

with physical disabilities received degrees and 58.9% of them were high value degrees (Level I 

and II(i)), indicating superior academic performance. This was comparable to the percentage of 

individuals without disabilities (62.4%) and the odds ratio for the comparison was not 

statistically significant. 

 

In one of the 14 correlational studies, data from the 2008 American College Health Association-

National College Health Assessment II was analyzed to determine the sexual and substance-use 

behavior of college students with disabilities. Individuals with physical disabilities made up 

0.7% (n = 426) of the sample (Bernert, Ding, & Hoban, 2012). Overall, college students with 

disabilities were more likely to engage in these behaviors as compared to students without 

disabilities. The data were not analyzed by disability category, so it is not possible to examine 

the behavioral prevalence for students with physical impairments. 

  

In another correlation study, a secondary analysis of Career Workforce Skills Training programs 

at community colleges was conducted (Flannery et al., 2011). Approximately 50% of 465 

students participating had a physical impairment (n = 199). Ultimately, 44% of the individuals 

with physical disabilities dropped out of these programs (n = 88). The average annual income for 

individuals of all disability types completing the program was more than double the non-

completers ($20,178 vs. $8,484). 

  

In the third of the four correlational studies, students with disabilities who transferred from two- 

to four-year colleges were examined (Ponticelli & Russ-Eft, 2009) with the data being gathered 

over a period of 12 years. The sample included 31,590 students with disabilities of whom 10,769 

had a physical disability. Of these, 5,395 were described as having a mobility impairment, and 

5,373 were defined as having some other physical disability. Persons with a mobility diagnosis 
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were 67% less likely to transfer to a 4-year institution, which was statistically significant. Having 

another physical impairment, however, was not a statistically significant predictor of four-year 

college transfer. 

 

The remaining correlational study being highlighted was a measurement validation of the 

Rosenberg Self-Esteem (RSE) scale. The RSE was administered to 68 college students who 

played wheelchair basketball (Vermillion & Dodder, 2007). It was determined the instrument 

demonstrates acceptable reliability for this population (Cronbach’s alpha = 0.86) and the one-

factor structure RSE was confirmed using confirmatory factor analysis. It should be noted that 

this is the only study to use college students with orthopedic disability as a norming sampling to 

demonstrate the validity of an instrument. 

 

Of the 30 qualitative studies, most (n = 29; 35.8%) utilized a phenomenological design, while 

nine used the case study method (11.1%), and four employed a grounded theory approach (0.5%). 

The vast majority of these articles generally addressed the experiences of college students with 

physical disabilities (n = 13; Bessant, 2012; Cortes, Hollis, Amick, & Katz, 2002; Nelson, et al., 

1993; Papasotiriou & Windle, 2012; Poussu-Olli, 1999; Roessler & Kirk, 1998), with seven 

articles specifically discussing access issues (Gibson & Kendall, 2010; Gilson & Dymond, 2012; 

Israelite, Swartz, Huynh, & Tocco, 2005; Moswela & Mukhopadhyay, 2011; Opini, 2012; Parker, 

1999; Wessel, Wentz, & Markle, 2011). Additionally, one article addressed self-determination 

(Parker, 1999), while three discussed the transition from college to career (Israelite, Swartz, 

Huynh, & Tocco, 2005; Roessler et al., 2009, Roessler & Kirk, 1998). Two studies described 

disability programs for individuals with physical disabilities and included descriptions of 

program/university policies (Hadjikakou & Hartas, 2008; Lechtenberger, Barnard-Brak, 

Sokolosky, & McCrary, 2012).  

 

As noted, only two of the 81 studies (2.5%) used group designs to test interventions and only one 

study met the criteria to be considered a randomized control trial. One explored the use of a 

computer-based educational center on students' academic achievement (Shell, Horn, & Severs, 

1988) while the other was a randomized control trial investigating the effect of self-advocacy and 

conflict resolution training on students' requests for accommodations (Palmer & Roessler, 2000). 

The sample in the latter study was composed primarily of individuals with physical disabilities. 

These studies and one study that used a mixed methods approach (Avramidis & Skidmore, 2004) 

were the only studies to employ any control or comparison group.  

 

Location of the Studies 

 

The location and setting of the studies were also examined, however studies often involved 

multiple locations or settings so the results add to more than 81. A majority of the studies were 

conducted in the United States (n = 42; 51.9%), 15 studies were conducted in Great Britain 

(18.5%), 10 in Canada (11.1%), and 14 (17.3%) in other international locations. Forty (49.4%) 

were conducted at four-year colleges and universities with 38 carried out at international 

institutions (47%). Eleven were completed at 2-year colleges (13.6%). 

  



Gelbar, Madaus, Lombardi, Faggella-Luby, and Dukes  24 

 

Disabilities Studied 

  

Table 5 contains a summary of the other disability categories represented in the studies and 

summarized by frequency, with the most common being visual impairment (n = 50), hearing 

impairment (n = 48), learning disability (n = 37), and psychiatric disability (n = 34). A majority 

of these included demographic information on the gender of the sample (n = 53), while 19 

provided information on race/ethnicity or class standing. 

  

Table 5 

Number of Articles by Sample Demographics 

 

Demographic n 

Disability  

Visual Impairment 51 

Hearing Impairment 49 

Learning Disability 47 

Psychiatric 34 

Other 32 

Multiple 24 

Other Health Impairment 24 

Students without disabilities 16 

Speech/Language 14 

Autism 7 

Acquired Brain Injury 7 

Developmental 2 

Intellectual Disability 1 

Not clear 9 

Race/ethnicity 19 

Gender 53 

Class standing 19 

 

Discussion 

 

It is important to examine the experiences of students with physical disabilities in higher 

education as they have unique strengths and challenges in relation to others; yet the present 

results indicate that research on college students with this type of disability is both sparse and 

fragmented. Moreover, given the broad range of study topics, methods used, findings and results 

across the existing literature on the population, it appears that results regarding college students 

with physical disabilities can be best described as idiosyncratic. Most of the summarized 

research focused on the experiences of students with physical disabilities in the college 

environment. 

 

Another significant finding of this analysis was that no studies investigated the effectiveness of 

specific practices or accommodations for these students and there is a paucity of experimental or 
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quasi-experimental research to measure the effectiveness of given practices. In fact, only a few 

studies provided examples of specific instructional or access approaches designed for college 

students with physical disabilities and none of these provided evidence of their efficacy or 

success. Further research should provide a more holistic understanding of the experiences of 

college students with physical disabilities and the programs that serve them. 

  

The studies included in this analysis describe the who is or what is of college students with 

physical disabilities. Given the idiosyncratic nature of the current literature base and research 

findings, many questions remain to be answered. What works well with regard to college-level 

supports and services for this group? Additionally, more focus on research studies that could be 

categorized within the three remaining domains (program or institution-level studies, 

faculty/non-disability support staff-level studies, and construct development-focused studies) are 

important to prioritize. Such research studies will allow the field to address the what works 

question with regard to effective programs and support for students with physical disabilities. 

  

Summary 

 

While students with physical disabilities were a major impetus for the birth of the postsecondary 

disability services field, the current examination of the literature base highlights a dearth of 

studies related to this cohort, few that provide evaluative data related to practices, and fewer still 

that are experimental or quasi-experimental. Furthermore, the current research base is 

fragmented and does not focus solely on the experiences of college students with physical 

disabilities, as they were often included with heterogeneous samples of college students with 

disabilities. Fortunately, the current trend over the past five years suggests that more studies are 

now focusing on the population. Potentially, the results offer suggestions to researchers who 

have interest in addressing students with physical disabilities, and in so doing, may offer the 

discipline with data-based recommendations intended to improve services. 
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