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Abstract

Accessible technologies improve the usability for all users, including 1 billion
people in the world who have a disability. Although there is a demand for
accessible technologies, there is currently no requirement for universities to
integrate this content within the computing curriculum. A systematic
comparison of teaching efficacy is important to effectively prepare future
computing professionals with the skills to create accessible technologies.

This dissertation contains a mixed-methods cross-sectional and
longitudinal analysis of undergraduate Software Engineering and Information
Technology students’ learning of accessibility. Four teaching conditions were
assessed at Rochester Institute of Technology: content lectures, projects,
exposure to stakeholders with a disability, and collaboration with a team
member who had a disability. Evidence of student learning was obtained
through questionnaires, project reports, and interview data. Student learning
was quantified by a knowledge of programming techniques, awareness of
accessible technologies, and attitudes towards individuals with a disability.

The cross-sectional analysis spanned three years (spring 2016-2019),
fourteen courses, and seven distinct professors. We found that students in all
conditions gained an increased knowledge of implementation methods.
Students who were exposed to a stakeholder with a disability obtained
significantly higher scores in their prosocial sympathetic attitudes, awareness
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of accessible technologies, and knowledge of programming techniques following
the course. Students in the other conditions obtained significant changes in
only a subset of these measures.

While students in all conditions obtained significantly higher knowledge
scores in the short term, only students who had a project or a team member
with a disability sustained significantly higher knowledge scores two years
after exposure. In interviews, senior-level students revealed that there were
multiple factors outside the classroom that dissuaded them from furthering
their learning of accessibility. Students mentioned a lack of person-centered
topics in major software development processes (e.g., agile, waterfall) and
workplace tasks. Without direct reinforcement, students focused on
functional software requirements and expressed that accessibility would only
be necessary in select front-end development career paths or domains.

While current work in computer accessibility education evaluates learning
during, or immediately following, one course, this dissertation provides a
systematic comparison of student learning throughout multiple courses and
instructors. The findings within this dissertation may be used to inform
future curriculum plans and educational initiatives.
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Preface

The purpose of this dissertation is to advance the training in accessibility of
computing students by evaluating the efficacy of varying teaching methods. It
is understood that the terms used in this dissertation may vary in the future.
As Stiker [1999] explains,

“There is no disability, no disabled, outside precise social and
cultural constructions; there is no attitude toward disability
outside a series of societal references and constructs. Disability
has not always been seen in the same way.” [123]

In this dissertation, we adopt the meaning of disability as defined by the
International Classification of Functioning, Disability, and Health (ICF)
because it is the current scientific standard in the 191 member states of the
World Health Organization [148]. The ICF model defines disability as a
dynamic interaction between an individuals’ body functions and their
participation in all areas of life [147, 148]. In addition, the ICF model
highlights the role of environmental factors, such as assistive technologies, in
determining ones’ level of participation in society. Inaccessible technologies
can therefore, increase the severity of ones’ disability. In the United States,
the ICF model is consistent with nondiscrimination laws, such as the
Americans with Disabilities Act, where disability is defined as an
“impairment that substantially limits one or more major life activities” [136].

In this work, we also use person-first language (e.g., “an individual with a
disability”). The term deaf, rather than Deaf, is more commonly used in this
dissertation to refer to hearing loss. However, Deaf is also used to highlight
instances when students discuss Deaf culture. While the terms in this
dissertation may differ in the future, we hope that these findings will
contribute to the development of more accessible technologies.
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Chapter 1

Introduction & Motivation

Although there is an ethical, regulatory, and market need for accessible

technologies, there is a gap in the current preparation of future computing

professionals – curriculum standards do not require instruction on

accessibility and there exists no systematic analysis of teaching

efficacy [2, 72, 100]. Some instructors have acknowledged the need for

accessibility education and have voluntarily incorporated content within

computing courses [100, 119]. These instructors have reported anecdotal

evidence on the efficacy of various teaching methods. As Lewthwaite et al.,

explain,

‘... the majority of pedagogic research papers comprise of teacher’s

reflections on their own practice and course design... However,

1



CHAPTER 1. INTRODUCTION & MOTIVATION 2

there is a need for the field to move beyond accounts of specific

modules and teaching teams so educators can call upon a

substantive body of literature characterized by systematic debate,

cross-case investigation, and evaluation of teaching and learning

to inform their practice.’ [72]

To the best of our knowledge, this dissertation contains the first systematic

evaluation of accessibility teaching methods. The overarching research question

for this work was:

How effective are accessibility educational methods in increasing

computing students’ learning?

Four teaching conditions were systematically assessed based on related

work: content lectures [43, 49, 83], projects [49, 58, 83], interactions with end

users [9, 16, 61, 77], and collaborations with team members with a disability.

These teaching conditions were reviewed across seven semesters, 14 courses,

and seven professors, thereby increasing the validity of the results.

The findings contained in this dissertation not only outline which

teaching methods are most effective, but also indicate which factors outside

the classroom influence students’ learning. In a longitudinal study, multiple
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external motivators and workplace experiences were identified as impacting

students’ willingness to maintain their skills in accessibility. Chapters 9 and

10 outline the different external factors that influenced students’ outlook of

accessibility. Chapter 2 of this dissertation details the market benefits,

ethical motivations, and government laws that contribute to the demand for

accessibility-aware computing professionals.

1.1 Overview and Organization

While later chapters of this dissertation will describe the methodologies used,

this section provides a brief overview of key details so that the specific research

questions may be presented to the reader in this introductory chapter.

To examine the overarching research question presented above, student

learning was measured through knowledge of implementation techniques,

awareness of accessible technologies, and attitudes towards individuals

with a disability. Accessibility knowledge and awareness was calculated

through a questionnaire designed by Huenerfauth et al. [54] and attitudes

were quantified through the Interactions with Disabled Persons Scale [45].

The questionnaire was collected at three moments in time to assess students’

short and long-term learning (refer to Chapters 4 and 5):
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a. “pre” - Students completed the survey before the accessibility modules.

b. “post” - Students completed the survey at the end of the semester.

c. “senior” - Students completed the survey 12-18 months after the course

concluded, e.g. typically during the "senior" year of their degree.

Qualitative data (project reports and interviews) was also collected to

identify instances when students applied their knowledge of accessibility.

Project reports were collected during the course (Chapter 8) and interviews

were conducted 12-18 months after the course (Chapter 9).

Data was gathered from students in each condition (content lectures,

projects, end users with a disability, and team members with a disability). As

outlined in Table 1.1, the conditions were nested so that a student who

collaborated with a team member with a disability also gained the other

teaching conditions of content lectures and projects. The teaching

conditions were embedded into two computing degree programs (Software

Engineering and Information Technology) at Rochester Institute of

Technology, where they were the only required formal instruction on

accessibility [107]. The manner in which this content was embedded into the
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curriculum was accordant with international curriculum guidelines [2, 56]

(refer to Chapter 3).

Table 1.1: Teaching Intervention Conditions

Lectures Project End user Team
member

Lectures Yes
Project Yes Yes
End user Yes Yes Yes
Team member Yes Yes Yes Yes

1.1.1 Research Questions

To evaluate the overarching question of students learning, we developed six

specific research questions. Research questions 1 and 2 focused on identifying

the teaching conditions that contributed to statistically significant changes

in student learning. To compare the influence of the four conditions in RQ1,

students’ accessibility knowledge , awareness, and attitudes were assessed

before and after intervention. RQ2 included a longitudinal comparison 12-18

months after intervention.

RQ 1. Do the four teaching conditions (lectures, team projects,

stakeholders/end users, and team members) contribute to statistically

significant changes in students’ short term learning? (Chapter 6)
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• RQ 1.1. Do students in the four teaching conditions report significantly

different knowledge of accessibility implementation methods?

• RQ 1.2. Do students in the four teaching conditions report significantly

different awareness of accessible technologies?

• RQ 1.3. Do students in the four teaching conditions report significantly

different attitudes towards individuals with a disability?

Hypothesis: Based on related work that identified the benefits of interacting

with an individual with a disability [14, 16, 77, 117], it was hypothesized that

students who gained exposure to a stakeholder or end user with a disability

would gain significantly higher accessibility knowledge , awareness, and

attitudes in the short-term. Although studies did not include significance

testing [14, 16, 77, 117], the findings suggested that these experiences led to

increased empathy [14] and awareness of diversity [16] among students.

RQ 2. Does the Human-Computer Interaction (HCI) course contribute to

statistically significant changes in students’ long term learning? (Chapter 7)

Hypothesis: Students’ pre questionnaire scores were used as a baseline

measure to assess long-term learning. It was hypothesized that the measures

that yielded significant results in the short-term (RQ1) would continue to do

so in the 12-18 month interval. That is, students would retain the lessons
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from the course as they would have future opportunities to reapply these

insights in consequent course projects.

The next three research questions focused on students’ project choices and

the outside-of-the-classroom experiences that may have shaped their education

in regard to accessibility:

RQ 3. Do teams consider the needs of individuals with a disability at the

onset of a project? (Chapter 8)

• RQ 3.1. Do the four teaching conditions report significantly different

tendencies in the consideration of individuals with a disability?

Hypothesis: It was hypothesized that the majority of students would not

consider the needs of individuals with disabilities. Related work suggested

that students could be reluctant to seek requirements from individuals with a

disability [16, 77]. In Software Engineering, students had also been found to

use accessibility testing less often, when compared to other software testing

methods [62]. Furthermore, related work suggested that if users with a

disability were considered, they would primarily be individuals who had

visual or motor impairments [101].
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RQ 4. What sources of information do student teams use to justify their

decisions related to accessibility? (Chapter 8)

Hypothesis: It was hypothesized that students would primarily seek insights

from individuals outside the team. Related work suggested that automated

accessibility evaluations, conference proceedings, and guidelines, could be

time-consuming to interpret and navigate [60, 66, 144]. Furthermore,

accessibility guidelines and evaluations had been found to provide students

limited insights on how to apply accessibility effectively [57, 126, 152]. For

example, students could create navigation that conformed with established

guidelines, only to learn that screen readers mispronounced content,

rendering it incomprehensible [126]. Automated evaluation tools had also

been found to report false positives [130,152].

RQ 5. In interviews about their educational experience during their

university career, what factors do students believe have influenced their

accessibility knowledge? (Chapter 9)

Hypothesis: It was hypothesized that students would identify challenging

factors that limited their learning of accessibility, such as those found in

academic and industry settings: challenges with accessibility testing [62],

requirements elicitation [77, 117], time restrictions [130], budget [130], and

conflicting project requirements [130]. Researchers have also indicated the

influence of external factors on students’ motivations to learn new
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topics [55, 86]. External factors, such as a supportive top-level management

have also been cited to influence computing professionals’ commitment to

accessibility [13]. It is possible that different challenges and motivating

factors influenced students’ knowledge of accessibility.

RQ 6. What educational resources or instructional methods do students wish

they would have had, to better prepare them to create accessible technologies?

(Chapter 10)

Hypothesis: Related work suggested that computing degree programs

tended towards introverted learning behaviors [22], whereby information was

primarily gained through online resources and factual information rather

than other people [18]. Furthermore, prior studies highlighted how computing

students regularly acquired knowledge through self-directed learning [86] and

the Internet [37]. As such, it was hypothesized that students would primarily

request resources that could support them in this style of learning, such as

through automated evaluation tools and programming libraries.

1.2 Contributions to Knowledge

A systematic comparison of teaching activities is important in informing the

training of future computing professionals. Consistent with the findings of

Putnam et al. [100], and to the best of our knowledge, this is the first



CHAPTER 1. INTRODUCTION & MOTIVATION 10

systematic study of accessibility instruction methods within computing

disciplines. Liffick for instance, developed an NSF-funded course on assistive

technology design [73], but did not assess the efficacy of the teaching

methods [74]. Similarly, Waller et al. presented the integration of accessibility

education throughout a four year curriculum, but did not include an

evaluation of teaching efficacy [140]. Additional prior work will be discussed

in Chapter 2. The main contributions of this dissertation are itemized below:

• We systematically examined the efficacy of four teaching conditions,

recommended in related work, among Software Engineering and

Information Technology students. The teaching conditions were

examined throughout seven semesters from spring 2016 to 2019.

• We evaluated the longer term effects of the accessibility modules

through questionnaires and interviews. During interviews, students

provided multiple recommendations and listed factors outside the

classroom that contributed to their perceptions of accessibility.

• We described all data collection and analysis methods within this

dissertation to enable study replication.
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These contributions to knowledge are meaningful for the continued

development of computing curricula and for the budgetary justification of

instructional plans. By providing a systematic analysis of common teaching

conditions, we also cultivate new discussions on teaching methods. This

work may contribute to future study replication and the eventual expansion

of the field into learning analytics. In a 2019 study for instance, the

replication rate for general computing education research was found to be

similar to psychology, business, and biology disciplines [48]. However, none of

the identified replication studies from 2009 to 2018 investigated accessibility

instruction within computing disciplines [48].

1.3 Publications & Personal Contributions

All prior reporting was conducted with up to three semesters of data and

without a differentiation of each condition . Below are the publications related

to this research project. Each item contains a list of my personal contributions:

• Matt Huenerfauth, Stephanie Ludi, and Vicki Hanson. 2015. CCE

STEM: Ethical Inclusion of People with Disabilities through

Undergraduate Computing Education. (2015)
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– This successfully funded National Science Foundation (NSF)

proposal (award 1540396) included the questionnaire and teaching

condition artifacts designed by Huenerfauth et al. Data

collection for the project began spring 2016, and I joined as the

PhD student on this grant in summer 2017. There are five

teaching conditions discussed in this NSF proposal. The original

fifth teaching condition , homework assignment on accessibility,

was removed from the final implementation plan as funding was

provided for four years rather than five years.

• Ashley Miller. 2016. Development of a Statistical Toolkit for the Ethical

Inclusion of People with Disabilities through Undergraduate Computing

Education Research. Masters Thesis. Rochester Institute of Technology.

– This masters thesis compared one semester of pre questionnaire

responses (spring 2016) collected from Computer Science,

Information Technology (IT), and Software Engineering students.

Comparisons for the pre questionnaires were made by students’

major rather than by teaching condition. Although I did not
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contribute to this work, the nodes proposed by Miller [90]

informed the final qualitative nodes used in this dissertation.

• Nidhi Palan, Vicki Hanson, Matt Huenerfauth, and Stephanie Ludi.

2017. Teaching Inclusive Thinking in Undergraduate Computing. In

Proceedings of the 19th International ACM SIGACCESS Conference on

Computers and Accessibility (ASSETS’17). ACM, New York, NY,

USA. 399-400

– This publication presented the questionnaire by Huenerfauth et

al. [54] and provided preliminary results from two semesters

(spring 2016-fall 2016). The only teaching condition considered

in this work was lectures. At the end of the semester, students

more frequently considered individuals with disabilities during

requirements gathering and they exhibited greater knowledge of

accessibility implementation techniques. This work began before I

joined the team in summer 2017, but it has helped inform the

hypotheses to research questions 1 and 2.

• Stephanie Ludi, Matt Huenerfauth, Vicki Hanson, Nidhi Rajendra

Palan, and Paula Garcia. 2018. Teaching Inclusive Thinking to
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Undergraduate Students in Computing Programs. In Proceedings of the

49th ACM Technical Symposium on Computer Science Education

(SIGCSE’18). ACM, New York, NY, USA. 717-722

– This publication reported on three semesters of data (spring

2016-2017) to begin measuring the differences in the teaching

conditions. To provide preliminary analysis, the four conditions

were categorized into two conditions: exposure and no exposure to

an individual with a disability. For this work, I developed a

thematic coding procedure for the creation of a qualitative dataset

of students’ projects (Chapter 8). The nodes created for this

procedure were made in collaboration with one research assistant

and reviewed by three additional researchers to ensure clarity.

Using these nodes, I qualitatively coded 236 project

submissions [78]. Through an evaluation of both the qualitative

and quantitative data, our team found that knowledge may not

be enough to motivate students to create accessible technologies.

The research questions for this dissertation build on prior and related

work by examining each of the four teaching conditions. Reseach questions
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1 and 2 were consistent with the NSF proposal [54] and were the basis for

this dissertation. Neither research question 1 nor 2, however, have been

previously examined. Although research questions 3, 4, and 5 were not part

of the NSF proposal [54], they supported the initial intent of understanding

student learning in the short and long-term. This multi-year, systematic,

research may contribute to the development of a computing curriculum that

considers accessibility.



Chapter 2

Related Work

There is a need for additional computing professionals who have the skills

and inclination to develop accessible technologies [42, 70]. Such computing

professionals possess the knowledge to create multi-modal information

systems that increase the overall usability of a technology [70]. A lack of

experienced professionals has been cited as a major contributor to the

declining accessibility of existing systems [71, 76, 143]. In a review of 50

websites for example, the overall accessibility was found to decrease over a

one year period [71]. In addition, in a survey of 148 companies worldwide

found that the greatest barrier to creating accessible products was a lack of

awareness in inclusive design [35].

16
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In this chapter, we discuss the factors that contribute to the demand for

computing professionals that are experienced in accessibility topics. We

continue this discussion with an overview of current training efforts and the

measures that have been used to assess teaching efficacy.

2.1 Motivations for Teaching Accessibility in

Computing

This section discusses three drivers for accessibility-aware computing

professionals: ethical motivations, market need, and government regulations.

2.1.1 Ethical and Moral Reasoning

One driver for accessibility is the ethical desire to allow basic human rights to

all individuals. Currently, there are one billion people worldwide who have a

disability [149] and this number is expected to rise throughout the years 2000 to

2030, when the population 65 years and older will increase [134,149]. Accessible

technologies also support individuals with work or sport-related injuries. From

2011 to 2014, there were 8.6 million sports-related injuries among individuals in

the United States [115]. Therefore, the creation of accessible technologies is not

only essential to support current populations, but also essential for sustaining

future users of technology.
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The creation of accessible technologies involves social participation in

health services, political involvement, economic opportunities, and personal

security [34, 149]. This moral motivation echoes the Association for

Computing Machinery Code of Ethics:

“An essential aim of computing professionals is to minimize

negative consequences of computing, including threats to health,

safety, personal security, and privacy. When the interests of

multiple groups conflict, the needs of those less advantaged should

be given increased attention and priority.

Computing professionals should consider whether the results of

their efforts will respect diversity, will be used in socially

responsible ways, will meet social needs, and will be broadly

accessible.” [4]

Importance of Creating Accessible Technologies

Popular technologies such as personal computers [34,59,124] and mobile devices

[38] can be inaccessible to individuals with a disability. In a 2010 survey of

adults in the United States, only 54% with a disability were found to use a

computer or other electronic device to access the Internet [124]. Studies have
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also reported the features that contribute to inaccessible websites [71, 143],

such as image-based text [126], CAPTCHA [79], flashing animations [153],

and high bandwidth content [34]. International accessibility guidelines, such

as the Web Content Accessibility Guidelines [150] and Accessible Rich Internet

Applications (WAI-ARIA) [151], provide guidance for website developers on

best implementation practices. Accessible websites are especially important in

health and government domains, where individuals with disabilities have been

found to more frequently access information online than individuals without

disabilities [34].

In addition to health and social participation, computing professionals

have an opportunity to impact the economic security of individuals with a

disability. In 2010, only 21% of individuals with a disability in the United

States reported being employed part or full time [124]. This is in contrast to

59% of individuals without a disability who reported being employed [124].

Workplace accommodations, such as closed-circuit televisions, screen

magnification software, and text to speech programs, have been found to

impact an individuals with disabilities’ job retention [27, 28]. These assistive

technologies can be incompatible with an employer’s system updates,
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creating obstacles for individuals with disabilities [27, 28, 79]. In a report of

workplace environment, Makkawy identified this as a central issue expressed

by participants [79]. One participant explained:

“When the IT department heard that someone had vision issues,

they automatically assumed the magnifier was the solution, and it

wasn’t. My workplace uses a [C]itrix environment, which is not

compatible with some screen readers, such as Zoom Text. . .My IT

department has significant lag time in making accessible features

available to me as they determine whether it is compatible with our

work environment or will destabilize it.” [79]

As outlined in the ACM Code of Ethics, the aim of the computing

profession is to minimize the negative consequences of technology towards

health, safety, security, and privacy. By creating accessible technologies,

computing professionals can advance the availability of technology among

individuals with a disability. These technologies have the opportunity to

improve the health, social participation, and the economic opportunities of

individuals with a disability.
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2.1.2 Market Need

Financial incentives are the second major driver for accessibility-aware

computing professionals. As mentioned in Section 2.1.1, there are 1 billion

people in the world who have a disability and this number is expected to rise

as the population ages 65 and above increases [134, 149]. Family members of

individuals with disabilities are also direct consumers of accessible

technologies [134]. In a 2018 study, a record 64 million individuals lived in

multigenerational homes in the United States [25], impacting potential

purchase decisions for home automation and security systems, among others.

More importantly however, accessibility has been found to lead to technology

innovations, as will be discussed in the next subsection.

All Users Benefit from Accessibility

The flexible input and output modalities of accessible technologies

accommodate a larger number of participants with situational, temporary, or

permanent impairments. Audiobooks for instance, were first published to

benefit individuals who had blindness or low vision [3], but are now widely

used for entertainment and education purposes. Other accessibility features,

such as autocomplete, voice-enabled devices, and keyboard shortcuts (e.g.,
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Ctrl + C to copy), were initially designed for the individuals with disabilities,

but are now broadly used to increase productivity [15,114].

Aside from improving the general usability, accessible technologies have

uncovered new benefits for individuals without a disability. Video captioning

for instance, was initially designed to annotate sound and dialog for

individuals who were deaf or hard of hearing [93]. Video captions have also

been found to increase literacy among children, listening comprehension

among second-language learners, and short-term memory of adults [44].

Industry Demand

Companies with demand for accessibility-aware computing professionals

include Google, Facebook, Twitter, Microsoft, PayPal, and Wordpress, where

dedicated accessibility teams focus on the development of innovative

technologies [12]. Accessibility is also important to companies such as Intuit,

AT&T, and Adobe, who are founding members of the organization Teach

Access [125]. Teach Access works to bolster accessibility efforts in industry

and academia [67, 125]. As highlighted by Teach Access, multiple companies

now recruit computing professionals with accessibility knowledge, including
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Capital One, Dropbox, and Oath [125]. Dropbox’s Software Engineering

positions highlight the need for accessibility knowledge:

“As a UI Engineer/Accessibility you will work principally on

delivering and improving the user experience and interface of our

products and component libraries, with a focus on improving and

addressing accessibility concerns. You will partner with other

engineers, managers, product owners to make sure all our shared

components and end-user experiences meet the accessibility needs

for our web products, and you will ensure our core components

remain accessible by delivering the scalable and repeatable tooling

that makes this possible.” [125]

In summary, the market need for accessible technologies is informed by

user demand and companies’ desire to deliver innovative solutions. The

development of accessible technologies supports the widespread use of

technology.

2.1.3 Government Guidelines

Government guidelines are the third major driver for accessibility-aware

computing professionals. As discussed in Section 2.1.1, accessible technologies
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play an important role in individuals’ opportunities to participate in society.

In the United States, accessible technologies are regulated through the

Americans with Disabilities Act [136], the Air Carrier Access Act [132], the

21st Century Communications and Video Accessibility Act [39], and the

Hearing Aid Compatibility Act [133]. In 2015, more than 240 businesses were

sued in federal court due to inaccessible websites [103]. This figure surged in

2018, when website-access lawsuits more than doubled (2,250) in comparison

to 2017 (814) [104]. The demand for accessibility-aware computing

professionals will continue to increase as compliance requirements commence

for new provisions:

• August 2003: The Federal Communications Commission updated the

Hearing Aid Compatibility Act, requiring all mobile devices to be

compatible with hearing aids [133].

• October 2011: The United States District Court of Massachusetts

identified websites as a place of public accommodation, based on the

definitions in the Americans with Disabilities Act [138].
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• November 2013: The Air Carrier Access Act update required that all

U.S. and foreign air carriers provide fully accessible websites by the year

2016 and accessible kiosks by 2023 [137].

• January 2017: The Rehabilitation Act update ensured that all

government information technology tools were usable by individuals

with disabilities [131]. Compliance was required by the year 2018.

As compliance requirements to these regulations commence, there is an

increased need for companies to ensure their employees are knowledgeable

about accessibility.

2.2 Rising Efforts in Educating Computing Students

about Accessibility

While prior sections of this chapter call attention to the ethical, market, and

regulatory needs for accessible technologies, current computing curricula do

not require education on these topics. In this section, we discuss curriculum

guidelines in detail. We also compare the teaching approaches instructors have

voluntarily used to prepare undergraduate computing students in accessibility.



CHAPTER 2. RELATED WORK 26

2.2.1 Curriculum Guidelines

There are two major international curriculum guidelines for computing

education: the ACM Joint Task Force Computing Curricula (ACC) and the

Software Engineering Accreditation Board for Engineering and Technology

(ABET). Accessibility was first mentioned in a 2008 ACC interim

report [21, 98] and then formally added to the 2013 ACC curriculum

guideline [56]. On the other hand, the first mention of accessibility within the

ABET criteria was in 2017 [2]. Although both the ACC and ABET now

mention accessibility, there is no requirement for universities to add this

content within their curricula, as will be discussed in the subsequent sections.

ACM Joint Task Force Computing Curricula

The ACC was first published in 1968, and has been consecutively published

approximately every decade. In 2013, the ACC introduced a

Human-Computer Interaction (HCI) core intended to expose all students to

the diverse needs of end users [56]. The HCI core recommended the

instruction of color perception, ergonomics, cognition, user-centered

development, and system testing [56]. Aside from the HCI core, the ACC

also outlined accessibility education within computing ethics and object
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oriented programming courses [56]. Researchers have reported that current

computing ethics courses, however, do not focus on accessibility, but rather

on privacy, security, and business practices [82, 84]. Countries around the

world, such as the United States, United Kingdom (United Kingdom Quality

Assurance Agency), and China (China Computer Federation), have been

found to refer to the recommendations in the ACC [91]. It is possible that

accessibility will begin to be integrated in curricula once universities begin

referring to the 2013 ACC update.

Accreditation Board for Engineering

Unlike the ACC guidelines, the ABET criteria is required for Software

Engineering (SE) programs that seek accreditation [1]. In 2017, a section was

added for Engineering Design to expose students to accessibility, ergonomics,

maintainability, usability, and other design constraints [65]. While

accessibility education is not required for ABET accreditation, the addition of

this term brings attention to its need in engineering design. Universities may

choose any constraint for engineering design, accessibility being one

option [65]. In 2018, there were a total of 793 ABET-accredited universities
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including Rochester Institute of Technology (RIT), Harvard University, and

Massachusetts Institute of Technology [1].

In summary, although there is rising awareness of the benefits

of accessibility, there is no current requirement for universities to

implement this content. In a 2018 survey of 1,857 computing instructors,

the greatest barrier to teaching accessibility was that it was ‘not a core part

of the curriculum’ [119]. Similar observations were found by Teach Access

[125] and the State of Maryland (USA) [33]. In 2014, the state of Maryland

(USA) passed House Bill 396 to evaluate accessibility education in computing

disciplines during the years 2014-2017 and to generate a budgetary plan for

improving it [33].

2.2.2 Current Undergraduate Computing Curricula

Although accessibility is not required in computing curricula, computing

instructors have voluntarily incorporated this content within

Human-Computer Interaction (HCI) [61, 69], web development [7, 49, 58], and

service design [9, 16, 83] courses. This section discusses course activities and

lecture material that have been proposed by prior researchers.
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Human-Computer Interaction Courses

Traditionally, HCI courses have employed a user-centered approach to

understanding technology in the context of a users’ environment and

tasks [61]. The focus of HCI courses however, has not been on the creation of

accessible technologies, which has led to reports of students deprioritizing

accessibility and considering it as an afterthought [96, 117]. To further

motivate students to consider accessibility, HCI instructors have coordinated

student interactions with individuals with a disability. Through these

interactions, students have been found to gain an increased awareness of

accessibility [61, 117].

Website Development Courses

Web development courses have been reported to include lectures on

accessibility guidelines [58], where traditionally there has not been a focus on

accessibility programming methods [49, 58, 108, 141]. Numerous lectures and

projects have been proposed by instructors in order to expose students to

accessible website development [96, 108, 141, 153]. For instance, Youngblood

suggested the addition of accessibility evaluation tools (e.g., WAVE) to
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accompany accessibility guidelines [153], and additional instructors have

created custom simulators to accompany accessibility guidelines [7, 36,43].

The efficacy of these methods has been anecdotally reported: Harrison

found that when students were asked to apply web accessibility methods and

evaluate their work, they were able to experience the limitations of automated

evaluation tools [49]. Bobby, the accessibility evaluation software by Watchfire,

was found to present errors even when students corrected them [49]. The

presence of false positives in accessibility evaluation tools was also observed by

Trewin et al. [130].

Service-Based Courses

Service-based courses have also been used as an opportunity to integrate

accessibility education within computing disciplines. These courses integrate

stakeholders with a disability within team projects to further students’ skills

in project management and effective customer interaction [9, 16].

Service-based courses have also been reported to develop students’ advocacy

for the end user [16]. To provide more consistent results in service-based

courses, instructors have proposed establishing student expectations early in
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the course [16], structuring projects to reduce stakeholders’ workload [80],

and communicating the scope of the project to stakeholders [63].

Specialized Courses

Specialized electives or degrees specifically focused on accessible technologies

have had less traction in the United States, as students were less likely to

enroll without an awareness of their widespread benefits [10, 99]. Researchers

have also warned that creating specialized courses on accessibility can result

in the creation of assistive technologies rather than mainstream technologies.

As Bigelow describes [8],

“Though the recognition of accessibility is clearly important, it may

hinder students from looking at the broader scope of the importance

of designing for all” [8]

In addition to HCI, web development, and service-based courses, a limited

number of researchers have proposed the addition of accessibility content

within software development [74], system design [68], and data structure

courses [140]. In data structure and algorithm courses, Waller et al.

suggested that student projects require considerations for diverse users [140].

For instance, students could develop an algorithm that considered erroneous
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text inputs by individuals with motor impairments [140]. To highlight the

benefit of accessibility for all users, we incorporated accessibility modules

within established HCI courses at Rochester Institute of Technology.

2.3 Efficacy of Teaching Methods

In this section, we discuss how instructors have begun to assess the efficacy of

accessibility education through questionnaires and student deliverables.

Section 2.4 expands the related work to disciplines outside computing.

2.3.1 Lectures

Instructors have used lectures to impart technical and ethical knowledge

among students [94, 141]. In a 2017 study of 49 SE and IT students, Palan et

al, found that students exhibited greater awareness of accessible technologies

and knowledge of implementation techniques following lectures [94]1.

Following content lectures, Palan et al. also found that students more

frequently considered individuals with a disability in requirements

gathering [94]. The frequency of considering individuals with a disability

during requirements gathering was assessed through a revised version of
1
This study was conducted by researchers associated with the NSF grant referenced in

this dissertation.
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Ludi’s [77] voting scenario question. Palan et al.’s study provided new

measures for quantifying accessibility awareness and knowledge among IT

and SE students [94]. However, it remained unclear whether lectures could be

effective in changing students’ attitudes towards accessibility.

Instructors have anecdotally reported that the reliance on accessibility

lectures led to no changes in students’ attitudes towards

accessibility [99, 100, 108, 109]. In an interview of 18 computing faculty in the

United States, Putnam et al. gathered that the reliance on lectures for

accessibility education could lead to misinterpretations of a disability:

“I think [accessibility] is a subject that is difficult to appreciate

from a sort of book-learning point of view. And.. it can be hard to

understand, it’s easy to misunderstand” [99].

Similarly, Traynor reported students expressing the benefits of experiential

learning as opposed to lecture materials. In the course, students worked with

end users who had a disability [129]:

“The idea of Human Computer Interaction is quite abstract in class,

but being able to observe [it] in real life makes it a lot easier to

understand” [129].



CHAPTER 2. RELATED WORK 34

Instructors have suggested demonstrations of accessible technologies to

enhance students’ learning [41, 74]. Harrison found screen readers to be

effective in reinforcing accessibility concepts among students, but no analysis

was made in regards to its’ efficacy [49]. To date, limited analysis is available

on the holistic benefits of accessibility lectures.

2.3.2 Stakeholders with a Disability

Prior research has reported students gaining an appreciation for accessibility

after working with stakeholders with a disability. For instance, Ludi measured

students’ interest in recruiting stakeholders with a disability using a voting

scenario questionnaire [77]. During the course, a subset of students completed

team projects with a stakeholder with a disability, while the remaining students

had a stakeholder who did not identify as having a disability. Students with

exposure to a stakeholder with a disability, more frequently mentioned the

need to gather accessibility-related project requirements when completing the

questionnaire at the conclusion of the course [77].

Kurniawan et al. measured students’ interests in accessibility following

interactions with individuals with a disability [64]. In a questionnaire, students
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reported gaining an increase in awareness of accessible technology but they did

not feel fully equipped to interact with all individuals with a disability [64].

Shinohara et al. assessed 42 Informatics students’ accessibility knowledge

through thematic coding of student journals, project deliverables, and

observations [117, 118]. Students reported benefiting from exposure to

individuals with a disability, content lectures, and a guest speaker with a

disability, when applying accessibility concepts to their projects. Some

students also reported feeling less overwhelmed about accessibility

requirements, possibly reflecting a change in attitudes towards

accessibility [117, 118]. Students mentioned a high motivation to apply the

insights they gained from stakeholders:

“Working with a person with a disability will affect the

considerations I put into the project. If I were making a device for

someone without disabilities, I sadly would not have considered

factoring in people with disabilities.” [117].

Both Ludi’s and Shinohara et al.’s work suggested that student

interactions with a stakeholder with a disability resulted in an appreciation

for accessible technologies [77, 117, 118]. Additional anecdotal reports
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supported these findings: Buckley et al. observed students advocating for the

end user [16], and Brooks observed students becoming passionate about the

transformative power of technology [14]. On the other hand, Kurniawan et

al.’s study provided mixed evidence for students’ comfort in incorporating

accessibility in future work [64].

Additional analysis is needed to determine the short and long-term benefits

of incorporating stakeholders with a disability. In contrast to content lectures,

the addition of stakeholders with a disability requires more time and monetary

resources from instructors [80].

2.3.3 Projects on Accessibility

The majority of studies on accessibility-related team projects incorporate end

users or stakeholders with a disability [9, 14, 16, 69, 95, 109]. However, when

instructors have not been able to directly integrate end users, they relied on

secondary information sources. Carter and Fourney reviewed Computer

Science (CS) students’ awareness of accessible technology through written

submissions [20]. Following accessibility readings, lectures, and projects,

students submitted five-item written critiques that detailed challenges and

opportunities in the field [20]. As students progressed in the course, their
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overall average score increased, suggesting that students were engaged in the

information and gaining more awareness of accessible technologies [20].

Poor et al. measured CS students’ attitudes towards accessibility through

a questionnaire, finding that students rated HCI tasks similarly to traditional

CS tasks [98]. Although Poor et al. were interested in seeing the effect of

accessibility projects, the survey questionnaire did not measure accessibility

attitudes directly [98]. The only accessibility related questionnaire item was,

‘Implementing policies regarding accessibility’ [98].

Mixed findings have been reported for the inclusion of proxy users (e.g.,

educational specialists, occupational therapists, psychiatrists, etc.). Anecdotal

reports by Kuber suggest that students remained engaged in projects related to

accessibility when interacting with proxy users [63]. Some researchers however,

have warned that proxy users could lead to misinterpretations of disability

[113,120].

Overall, accessibility projects appeared to be a promising method for

engaging students in accessibility content. Additional analysis is necessary to

understand the quality of knowledge that students gain when completing

projects related to accessibility.
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2.3.4 Gap in Knowledge

Related work has provided a preview of possible learning outcomes, but they

are limited by scope and methodology. Existing studies evaluate

accessibility education in one or two course section(s), often taught

by the authors themselves. The assessment of efficacy is also limited by

one or two dimension(s) of accessibility, such as, knowledge, awareness, or

attitudes. A meta-analysis cannot be conducted to assess all dimensions of

accessibility education, as existing studies differ in their sampling, teaching

interventions, and measurement methodologies. A systematic evaluation

of teaching efficacy is necessary for the creation of data-driven

teaching plans that adequately support student learning. These

findings are supported by the lingering questions of Putnam et al. [100]:

“We present three lingering questions. . . (1) approaches to

incorporate accessible topics; (2) sharing course resources; and (3)

concerns about assessment, that is, sharing ideas about

incorporating ‘authentic assessment’, and how to assess the

efficacy of varied approaches to teaching accessibility.” [100]
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We still do not know which teaching methods are most effective

for supporting students’ learning in accessibility. Current literature has

laid the foundation for possible outcomes that can be observed but it is unclear

how to best equip students with accessibility expertise.

One possible method for supporting an evidence-based curriculum design

is to systematically assess the teaching condition effects on students’

accessibility knowledge, awareness, and attitudes. In this dissertation,

we systematically analyzed four teaching conditions: lectures, projects on

accessibility, interaction with a stakeholder/end user with a disability. The

fourth condition,2 collaboration with a team member with a disability, often

occurred at RIT due to the university’s focus on inclusive education. For

instance, RIT has a large population of students who were deaf, hard of

hearing, and who had autism, due to The National Technical Institute for the

Deaf and the Autism Spectrum Program. The services provided by the

university not only ensured a diverse student population, but also an

inclusive approach to education.
2
The four teaching conditions were designed by Huenerfauth et al. [54].
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2.4 Existing Measures of Learning

Researchers have used measures of accessibility knowledge, awareness, and

attitudes to understand students’ comprehension, experiences, and

motivations. In this section, we discuss measures instructors have used within

and outside of computing.

2.4.1 Knowledge of Accessible Techniques

As discussed in Section 2.3, instructors used anecdotal summaries,

observations, grades [20], and students’ identification of accessibility

barriers [41] to assess content knowledge. Carter and Fourney proposed an

evaluation of computing students’ written submissions of accessibility topics

(refer to: section 2.3.3). However, the measurement was not evaluated due to

a limited number of participants. Freire et al evaluated computing students’

knowledge of web accessibility before and after use of a screen reader [41], but

this approach may not be useful for students who already use a screen reader.

In order to overcome the limitations in existing measures, Huenerfauth et

al. created a custom questionnaire that assessed students’ knowledge of

accessibility guidelines, programming techniques, and technology design

considerations [54]. One set of questions outlined considerations for software
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design with items such as, ‘Providing access to all elements of the user

interface via keyboard commands’ and selection options of ‘I’m familiar with

this issue’ and ‘I have taken this issue into account to make it more accessible

for people with disabilities’. The questionnaire provided an opportunity to

assess knowledge through pre and post comprehension and was designed for

the purposes of the NSF grant application related to this dissertation [54].

2.4.2 Awareness of Assistive Technologies

Prior researchers have assessed students’ awareness of accessible

technologies through questionnaires and scenarios. Ludi used a voting

scenario questionnaire to implicitly measure students’ interest in considering

individuals with a disability during requirements gathering [77]. The first

scenario by Ludi asked whether the New York Board of Elections

representatives would be sufficient to gathering requirements for an electronic

voting kiosk system [77]. Although the term ‘sufficient’ may have led

respondents to preemptively decide a more diverse population was necessary,

the scenario purposely omitted the word ‘accessibility’. In the second

scenario, respondents critiqued the use of a vertical low-fidelity prototype

while eliciting requirements from Board of Election representatives. Both
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scenarios were scored dichotomously: students received a score of 1 if they

mentioned accessibility and 0 if they did not [77].

In collaboration with Ludi, Palan et al [94] proposed a revised version

of the voting scenario questions [77]. The first question asked respondents to

outline considerations for a voting kiosk design while the second question asked

respondents identify potential voters to recruit for requirements gathering [94].

The revised scenario questions did not use the term ‘sufficient’. Both questions

were scored dichotomously, similar to with Ludi’s original work [77].

Other questionnaires, such as the Life Experiences Questionnaire [105],

could bias responses. For example, the questionnaire asked:

“What experiences in the last two years [have] most affected [your]

thinking about social problems? (e.g., reading, making important

decisions, new responsibilities, events in the world and nation, new

friends, personal tragedy, etc.)” [105].

In this question, participants were likely to incorrectly, or incompletely,

recall information in the past (recall bias). The parenthetical examples could

also lead respondents to an unnatural response (e.g., social desirability bias

and leading questions).
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Overall, Ludi’s scenarios appropriately measure students accessibility

awareness through indirect questionining. Huenerfauth et al used the

revised version of Ludi’s [94] scenario questions in addition to, custom

questions regarding students’ experiences with accessibility topics [54]. The

custom accessibility awareness questions by Huenerfauth et al. [54] included

questions of accessible technologies used by individuals who had low vision,

deafness, blindness, a learning disability, among others (refer to: Appendix

A, Chapter 4).

2.4.3 Attitudes towards Individuals with a Disability

Attitudinal questionnaires have been used by researchers to assess students’

empathy and motivations for addressing accessibility barriers. One

international measure for evaluating accessibility attitudes is the

Interactions with Disabled Persons Scale (IDP) [17, 40, 122]. The IDP scale

contains updated language from 1992 [45] and has been widely used

throughout the world [17, 40, 116, 122, 128]. Although a subset of questions

contain outdated language (e.g., non person-first language), Forlin et al.’s

factor analysis reduces the number of outdated questions and aligns the 20
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IDP questions with six attitude factors: Discomfort, Sympathy, Uncertainty,

Fear, Coping, and Vulnerability [40] (refer to Table 2.1).

Alternate measures were not suitable for the purposes of this dissertation

as they did not focus on accessibility [11, 19, 24, 31, 52, 53, 75, 88, 121, 142]. For

instance, the Toronto Empathy Questionnaire measured an individuals’ general

empathy, but no questions were directly associated with accessibility [121].

Questionnaires for professional ethics [11,30] did not focus on accessibility.

Alternate measures were also limited by the language used. An example

of this was the Attitudes with Disabled Persons Scale (ATDP) [50] which

had 93% of questions (n=28/30) without person-first language (e.g., ‘Disabled

workers can be as successful as other workers’ ) [154]. The ATDP also referred

to individuals who were not disabled as ‘normal’ in question 30:

“Most physically disabled persons have different personalities than

normal persons” [50]

Similarly, Implicit Association Test (IAT) used outdated language by

contrasting ‘abled persons’ and ‘disabled persons’ [154]. Administering the

IAT and ATDP survey could have resulted in polarized responses due to

participants’ identification of the outdated terms.
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Table 2.1: Interactions with Disabled Scale (IDP) Sample
Questions

Factor Sample Question

Discomfort Q11; 16-18 I can’t help staring at them
Sympathy Q1-3; 13 I feel frustrated because I don’t know how to help
Uncertainty Q1; 6; 9; 12 I feel unsure because I don’t know how to behave
Fear Q7; 20 I am grateful that I do not have such a burden
Coping Q14; 15 I don’t pity them
Vulnerability Q4; 5 I wonder how I would feel if I had a disability

Note. The full survey is available in Appendix A

Due to the benefits of the IDP scale and strength of Forlin et al.’s factor

analysis [40], we chose to use the IDP for analysis within this dissertation.

An additional benefit of using the IDP scale was that external researchers

could employ the survey in different languages [29], supporting future study

replication. Additional discussion of the questionnaire and scoring methods

will be discussed in Chapter 4.
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2.5 Summary

The demand for accessibility-aware computing processionals is driven by

ethical reasoning, market need, and government guidelines. Ethically, there is

a motivation to ensure that all individuals can benefit from technology, as it

pertains to health, social participation, political involvement, economic

opportunities, and security [4, 149]. From a market perspective, accessible

technologies have been found to fuel innovation, through their delivery of

flexible inputs and outputs [70]. Accessibility-aware computing professionals

are also needed to ensure that current and future technologies adhere to

government regulations [71, 76, 143]. Within the past 20 years, new

amendments to regulations have been enacted, ensuring that kiosk

systems [137], websites [138], and mobile devices [133] are accessible to

individuals with a disability. As regulation for compliance continues

throughout the years 2016 to 2023, companies will begin to focus more on the

creation of accessible technologies.

Although there is a demand for accessibility-aware computing

professionals [67, 125], there is no requirement for universities to institute

accessibility training within computing disciplines [2, 8, 56]. Current
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computing curricula, such as the ACM Joint Task Force Computing

Curricula [56] and the Accreditation Board for Engineering [2], have begun to

mention accessibility but no requirement is enforced [8]. Instructors that are

aware of the need for accessibility in computing have incorporated content

within their courses [16, 77, 141]. However, as discussed in Section 2.2.2, it

remains unclear which teaching methods are most effective [100].



Chapter 3

Teaching Conditions for
Accessibility Instruction

3.1 Introduction

In 2015, Huenerfauth, Hanson, and Ludi began a four-year initiative to

evaluate the efficacy of different teaching conditions at Rochester Institute

of Technology (RIT) [54]. Four teaching conditions, described in Section

3.3, were integrated within two Human-Computer Interaction (HCI) courses

that already taught accessibility: Designing the User Experience (IT 260)

and Human-Centered Requirements and Design (SE 444).

This chapter contains an overview of the two HCI courses from which data

was gathered. As outlined in Table 3.1, the accessibility modules were included

in both IT and SE HCI courses.

48
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Table 3.1: Courses Sampled in this Dissertation

Course Degree
Designing the User Experience IT
Human-Centered Requirements and
Design

SE

3.2 Accessibility Instruction at Rochester Institute

of Technology

Designing the User Experience (IT 260) and Human-Centered Requirements

and Design (SE 444) were required courses for SE and IT students. During

both HCI courses, students experienced different conditions: lectures, team

projects, stakeholders/end users with a disability, and team members with a

disability (refer to Chapter 1). The conditions were nested, whereby a student

who collaborated with a team member with a disability also gained all three

prior conditions. As such, the order of the conditions was based on the

number of teaching methods to be integrated within a course. Lectures required

the least effort when compared to all other conditions.

This section discusses why accessibility education was integrated within

HCI courses at RIT. The teaching conditions are also discussed in addition

to students’ curriculum.
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3.2.1 Background: Benefits of Accessibility Modules

Researchers have indicated multiple benefits to including accessibility within

broader HCI courses. Koppelman and Djik, found that when accessibility

was incorporated within an HCI course, students were able to understand the

importance of user evaluations [61]. When accessibility was not included in HCI

courses, students designed software for users similar to themselves and relied

on their personal experiences to inform the functionality of the system [61].

Petrie and Edwards noted similar observations [96]:

“Know thy users is a common motto in HCI, and many would add

‘...for they are not you’. No matter how well this message is

conveyed to students, though, it usually does not extend to their

realizing that users may be very different from them . . . It is

imperative that students learn an awareness of the needs of users

with other characteristics, particularly disabled and elderly

(potential) users of technologies and how to design and evaluate

systems that meet these needs”

Instructors have also found that incorporating accessibility within larger

courses can establish the understanding among students that accessibility
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bolsters usability for all users [8, 99]. When accessibility was integrated

within HCI [99] or web programming courses [108], it was not perceived as an

isolated topic (refer to Chapter 2).

Incorporating accessibility within HCI courses was also pragmatic; no

additional faculty or logistics were needed. Universities could simply

integrate information within established courses. As Lazar explained [68]:

“It would be ideal for a university to teach a new course in

information systems program on accessibility. Due to the nature

of the course approval process and academic scheduling, it can

take nearly a year or more to get a new course approved and

included in the course schedule. In addition, many academic

programs do not have space in their programs for a new course,

nor the resources or faculty to teach such a course. Within these

limitations, it seems best to incorporate the topic of accessibility

into currently-existing courses in information systems.” [68]

When instructors created specialized courses they were less effective. As

discussed in Chapter 2, these courses resulted in low enrollment since the

holistic benefits of accessible technologies were not well known among
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students [10, 99]. As such, this dissertation examines the efficacy of

accessibility instruction within two required HCI courses for IT and SE

students at RIT: Designing the User Experience and Human-Centered

Requirements and Design, as will be discussed next.

3.2.2 Designing the User Experience

Designing the User Experience was a required course for undergraduate IT

students. IT students enrolled in the course during their second or third year

of study. The duration of the Designing the User Experience course was one

semester (14 weeks). Throughout seven semesters from spring 2015 to 2019,

student enrollment averaged 40 students per semester (n=277).

As outlined in Table 3.2 Designing the User Experience focused on

user-centered design principles. Students learned usability heuristics,

requirements gathering, and software testing. During the course, students

completed a team project while considering the complete development

lifecycle.

Adjacent Courses in Information Technology Curriculum

Prior to Designing the User Experience, IT students completed courses in

object oriented programming languages, discrete mathematics, database
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modeling, and web and mobile development methods. During the second-year

of study, students furthered their knowledge of databases, software design

principles, and mobile development (refer to: Appendix I).

3.2.3 Human-Centered Requirements and Design

Software Engineering (SE) students enrolled in Human-Centered Requirements

and Design during the third-year of their degrees. From spring 2015 to 2019,

student enrollment averaged 51 students per semester (n=356). As outlined

in Table 3.2, the Human-Centered Requirements and Design also focused on

user-centered software development processes. During the course, students

worked in teams to design software systems that maximized the usability for

target users.

Similarly to Designing the User Experience, project reports,

presentations, and questionnaires (pre and post) were collected from students

(refer to: Chapter 5).

Adjacent Courses in Software Engineering Curriculum

Prior to taking the Human-Centered Requirements and Design course, SE

students completed courses in calculus, discrete mathematics, object oriented

programming, physics, and statistics. During the Human-Centered
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Requirements and Design course students took algorithm analysis and math

and science electives. While IT and SE students learned similar computing

topics, the level of detail differed between both curricula. SE students’ full

curriculum is included in Appendix I.

3.3 Teaching Conditions & Artifacts

The conditions were determined by the instructor and their plans for the

course; they were not assigned by the researchers. All condition artifacts

were provided to instructors at the start of the semester (e.g., content lectures

and sample projects). In this section, we discuss the teaching conditions

applied at RIT.



CHAPTER 3. CONDITIONS FOR ACCESSIBILITY INSTRUCTION 55

Ta
bl

e
3.

2:
C

om
pu

ti
ng

C
ou

rs
es

w
it

h
A

cc
es

si
bi

lit
y

M
od

ul
es

C
ou

rs
e

W
ee

kl
y

H
ou

rs
D

is
ci

pl
in

e
D

eg
re

e
L
ev

el
C

ou
rs

e
D

es
cr

ip
ti

on

D
es

ig
ni

ng
th

e
U

se
r

E
xp

er
ie

nc
e

3
In

fo
rm

at
io

n
Te

ch
no

lo
gy

2
T

he
us

er
ex

pe
ri

en
ce

is
an

im
po

rt
an

t
de

si
gn

el
em

en
t

in
th

e
de

ve
lo

pm
en

t
of

in
te

ra
ct

iv
e

sy
st

em
s.

T
hi

s
co

ur
se

pr
es

en
ts

th
e

fo
un

da
ti

on
s

of
us

er
-c

en
te

re
d

de
si

gn
pr

in
ci

pl
es

w
it

hi
n

th
e

co
nt

ex
t

of
hu

m
an

-c
om

pu
te

r
in

te
ra

ct
io

n
(H

C
I)

.
St

ud
en

ts
w

ill
ex

pl
or

e
an

d
pr

ac
ti

ce
H

C
I

m
et

ho
ds

th
at

sp
an

th
e

de
ve

lo
pm

en
t

lif
ec

yc
le

fr
om

re
qu

ir
em

en
ts

an
al

ys
is

an
d

cr
ea

ti
ng

th
e

pr
od

uc
t/

se
rv

ic
e

vi
si

on
th

ro
ug

h
sy

st
em

pr
ot

ot
yp

in
g

an
d

us
ab

ili
ty

te
st

in
g.

Le
ad

in
g

ed
ge

in
te

rf
ac

e
te

ch
no

lo
gi

es
ar

e
ex

am
in

ed
.

G
ro

up
-b

as
ed

ex
er

ci
se

s
an

d
de

si
gn

pr
oj

ec
ts

ar
e

re
qu

ir
ed

.
H

um
an

-C
en

te
re

d
R

eq
ui

re
m

en
ts

an
d

D
es

ig
n

3
So

ft
w

ar
e

E
ng

in
ee

ri
ng

3
T

hi
s

co
ur

se
in

tr
od

uc
es

qu
an

ti
ta

ti
ve

m
od

el
s

an
d

te
ch

ni
qu

es
of

hu
m

an
-c

om
pu

te
r

in
te

rf
ac

e
an

al
ys

is
,

de
si

gn
an

d
ev

al
ua

ti
on

,
w

hi
ch

ar
e

re
le

va
nt

to
th

e
so

ft
w

ar
e

en
gi

ne
er

in
g

ap
pr

oa
ch

of
so

ft
w

ar
e

de
ve

lo
pm

en
t.

U
se

r-
fo

cu
se

d
re

qu
ir

em
en

ts
en

gi
ne

er
in

g
to

pi
cs

ar
e

al
so

co
ve

re
d.

C
on

te
m

po
ra

ry
hu

m
an

co
m

pu
te

r
in

te
ra

ct
io

n
(H

C
I)

te
ch

ni
qu

es
ar

e
su

rv
ey

ed
,w

it
h

a
fo

cu
s

on
w

he
n

an
d

w
he

re
th

ey
ar

e
ap

pl
ic

ab
le

in
th

e
so

ft
w

ar
e

de
ve

lo
pm

en
t

pr
oc

es
s.

St
ud

en
ts

w
ill

de
liv

er
us

ab
le

so
ft

w
ar

e
sy

st
em

s
de

ri
ve

d
fr

om
an

en
gi

ne
er

in
g

ap
pr

oa
ch

to
th

e
ap

pl
ic

at
io

n
of

sc
ie

nt
ifi

c
th

eo
ry

an
d

m
od

el
in

g.
O

th
er

to
pi

cs
m

ay
in

cl
ud

e
us

ab
ili

ty
ev

al
ua

ti
on

de
si

gn
,

m
et

ho
ds

of
ev

al
ua

ti
on

,d
at

a
an

al
ys

is
,s

oc
ia

la
nd

et
hi

ca
l

im
pa

ct
s

of
us

ab
ili

ty
,

pr
ot

ot
yp

in
g

an
d

to
ol

s.



CHAPTER 3. CONDITIONS FOR ACCESSIBILITY INSTRUCTION 56

3.3.1 Lectures

A week-long series of accessibility lectures were provided to instructors

discussing: the diversity of human abilities, the need for accessible

technologies, and the prevalence of disability. The lectures also included

information on international guidelines, U.S. legal requirements, and

disability etiquette to better prepare students for the workforce. Appropriate

accessibility-related terms, such as the difference between ‘deaf’ and ‘Deaf’,

were included to prepare students for software requirements elicitation. As

outlined in Table 3.3, the accessibility lecture content was organized within

three presentations. All lecture content was consistent with prior researchers’

suggestions [77,96,108].

The lecture content was presented with text, images, and simulations to

depict how software designs were perceived by diverse users. Figure 3.1 includes

two sample slides depicting how technology would be perceived by individuals

with glaucoma and macular degeneration. Appendix D includes all slides.

Prior studies on computing education have found that students report

lectures being particularly useful in introductory courses [51, 85, 89]. Lectures
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Table 3.3: Content within the Accessibility Lectures, as
Suggested by Prior Researchers

Lecture Content Related Work

01 Abilities and Sense Physiology and simulation
of how users perceive
technology

[108,140,141,153]

01 Abilities and Sense Appropriate terms [77]
01 Abilities and Sense Measures of a disability

(e.g. visual acuity,
decibels)

[140]

01 Abilities and Sense Prevalence of disability [96,99]
02 Technology Laws U.S. regulations on

accessible technologies,
international guidelines

[96,108,141,153]

03 Web Accessibility Accessibility principles
(POUR)

[152]

03 Web Accessibility HTML markup (alt text,
headers, keyboard
navigation) and CSS

[109,141,153]

03 Web Accessibility How to create proper alt
tags and captions

[141,153]

03 Web Accessibility Accessible PDFs and
presentations

[141]

03 Web Accessibility Event handlers (e.g.,
onMouseOver)

[109,141,153]

allowed students to ask clarifying questions and it prepared them for

hands-on assignments [51].

3.3.2 Projects on Accessibility

The second condition included projects on accessibility which spanned the

duration of the course. A sample report outline was provided to instructors
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Figure 3.1: Sample slide simulating how software content in the central vision
of individuals with glaucoma is most accessible. On the other hand, software
content in the peripheral vision is most accessible for individuals with macular
degeneration.

at the start of each semester (Appendix E), which required students to justify

their target users and design decisions through usability research. Student

deliverables were collected directly from instructors at the end of each semester.

Prior studies have found that when students completed team projects, they

experienced the complexity of real-world systems [16, 97, 139]. Team projects

also strengthened students’ time management skills [81, 139].
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3.3.3 Stakeholders or End Users with a Disability

The third condition included interactions with a stakeholder. Instructors who

were interested in collaborating with local organizations had the opportunity

to partner with Association for the Blind and Visually Impaired, CP Rochester,

and Al Sigl, which were all in Rochester, NY. In addition, students had the

opportunity to connect with peers in the Access Services Program, National

Technical Institute for the Deaf, and the Autism Spectrum Support Program,

which were all part of Rochester Institute of Technology.

In prior studies, students identified accessibility errors in their projects

after collaborating with stakeholders or end users who had a disability [64,

77, 117]. Although exposure to individuals with disabilities appeared to be a

promising teaching strategy for increasing awareness of accessibility [16,64,77,

117], it required thorough planning by instructors and monetary resources for

stakeholder compensation. Quantifying the impact of students’ exposure to

individuals with a disability was necessary in order to justify university course

budgets and priorities.
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3.3.4 Team Member with a Disability

The final condition involved direct collaboration with a team member. This

final condition required the most effort from instructors as students must

have also received all prior conditions (content lectures, projects on

accessibility, stakeholder/end user with a disability). RIT’s focus on inclusive

education facilitated student collaboration through its’ note taking, American

Sign Language interpreting, and other services.

Prior studies found that when students were exposed to end users or

stakeholders with a disability, they readily identified accessibility barriers and

considered designs to overcome them [77,117]. Therefore, it was possible that

direct collaboration with team members have elevated these observations,

providing additional instances to increase students’ awareness and

knowledge of accessibility.

3.4 Summary

The four-year NSF research project at Rochester Institute of Technology was

the focus for a comparative analysis of the teaching conditions. Four teaching

conditions were studied: accessibility lectures, projects, stakeholders with a
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disability, and collaboration with team members who have a disability, which

were consistent with previously suggested teaching strategies [16,20,64,77,140]

but had yet to be formally compared. The data collected from both IT and

SE courses is further described in Chapter 4 and 9.



Chapter 4

Questionnaire Measurements

4.1 Introduction

This chapter provides an overview of the questionnaire measurements used

to estimate students’ knowledge of accessibility implementation techniques,

awareness of assistive technologies, and attitudes towards individuals with

a disability. The questionnaire was informed by a review of existing measures

used within and outside of computing disciplines (refer to Chapter 3). The

survey contained a total of 60 questions separated within 13 sections [54].

As outlined in Table 4.1, ten of the 13 sections were custom-made to assess

students’ learning. These sections inquired about students’ involvement in the

development of accessible technologies and their awareness of implementation

techniques. The remaining three sections included the revised version [94] of

62



CHAPTER 4. QUESTIONNAIRE MEASUREMENTS 63

Table 4.1: Pre/Post Survey Questions

No. Type Content
1 Background Name*
2 Background Email*
3 Open-ended Voting Scenario [77]
4 Open-ended Voting Scenario [77]
5 IDP Scale 20 IDP questions (Range: Agree very much -

Disagree very much)
6 Open-ended Optional comments on the IDP scale*
7 Accessibility

awareness
8 Accessibility awareness sub-questions (Range:
I have knowledge of this - I have personal
experience with this)*

8 Open-ended Optional comments on the awareness questions(
9 Web design

accessibility
knowledge

8 Web design accessibility knowledge
sub-questions (Range: I have heard or read
about this - I have done this before)*

10 Web programming
accessibility
knowledge

10 Web programming accessibility knowledge
sub-questions (Range: I am familiar with this
issue - I have taking this issue into account
to make the site more accessible to people with
disabilities)*

11 Software
accessibility
knowledge

6 Software accessibility knowledge sub-questions
(Range: I am familiar with this issue - I have
taking this issue into account to make it more
accessible to people with disabilities)

12 Yes/No Involvement with design/development*
13 Yes/No Consideration of diverse users in prior work*

Note. Asterisk (*) denotes custom section. Full survey is available in Appendix A
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Ludi’s [2007] [77] voting scenario questions and the Interactions with Disabled

Persons scale (IDP) questions [45]. The following sections of this chapter will

discuss each part of the survey in detail.

4.2 Knowledge of Accessible Implementation

Techniques

A total of 26 questions contained within three sections (Numbers 9-11 in

Table 4.1) were used to assess students’ knowledge of accessible

programming techniques. As discussed in Chapter 2, Huenerfauth et al.

[2015] developed the knowledge questionnaire to provide a systematic

evaluation of students’ overall learning across software, systems, and web

technologies [54]. The questions were consistent with the software design

recommendations of the Section 508 of the Americans with Disabilities

Act [131] and the international Web Content Accessibility Guidelines [150].

Higher knowledge scores implied greater familiarity with

accessibility implementation techniques.

4.2.1 Web Design

The knowledge questions began with eight web design items. The overall

question stated, ‘I know how to design websites and software to ensure that
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it is accessible for the following people’ with eight items delineating different

populations (e.g., individuals with low vision, autism, learning disabilities,

among others). Responses of ‘I have heard or read about this’ were scored as

1 and ‘I have done this before’ were scored as 2. It was assumed that students

with experience applying web design concepts would be more knowledgeable

of the content.

4.2.2 Web Programming

Next, students were asked ten web programming questions regarding CSS

and HTML. The overall question stated, ‘I understand how the following

aspects of website design affect people with disabilities’ with ten items of

considerations. The ten items included the considerations of alt text, table

headings, underlined hyperlinks, captions, and color usage. All ten

considerations were outlined in the Web Content Accessibility

Guidelines [150]. Responses of ‘I’m familiar with this issue’ were scored as 1

and ‘I have taken this issue into account to make sites more accessible for

people with disabilities’ were scored as 2. Similarly to the web design

questions, it was assumed that students who applied web programming

practices would be more knowledgeable of the content. Many of the web
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programming questions items required minimal effort by students, such as

adding alt tags to images.

4.2.3 Software Implementation

Next, students were asked six software accessibility questions. The overall

question stated ‘I understand how the following aspects of software or

mobile-app design affect people with disabilities’ with six items of

considerations. The six items included considerations for accessible

technology compatibility, magnification of graphics, multi-modal content, and

fixed time limit responses that were outlined in Section 508 of the Americans

with Disabilities Act [131]. Responses of ‘I’m familiar with this issue’ were

scored as 1 and ‘I have taken this issue into account to make sites more

accessible for people with disabilities’ were scored as 2.

4.2.4 Close-ended Questions

Lastly, two close-ended questions inquired on students’ prior technical

experiences with accessibility. The first question asked whether students had

previously been involved in the design or development of software or websites.

The second question asked whether students had worked on the design or
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development of a software or website that considered individuals with diverse

abilities. Responses with ‘Yes’ were scored as 1 and ‘No’ were scored as 0.

4.2.5 Composite Knowledge Score

All 26 knowledge questions (score range=0-50) were averaged to obtain a

composite knowledge score. The higher the knowledge composite score, the

more familiarity a student had gained with accessibility implementation

techniques in web design, web programming, and software.

4.3 Awareness of Assistive Technologies

Students’ awareness of accessible technologies was assessed through eight

questions. Higher scores indicated greater awareness of the assistive

technologies.

The questionnaire by Huenerfauth et al [2015] [54] overcame the

limitations in related work by focusing on accessibility and its implications to

technology (refer to Chapter 2). By asking direct questions about

accessibility, the questions by Huenerfauth et al [2015] [54] ensured students

had the opportunity to showcase their awareness.
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4.3.1 Awareness Questions

Eight questions (Number 7 in Table 4.1), were used to identify students’

awareness of accessible technologies as used by: individuals with low vision,

blindness, deaf or hard of hearing, autism, learning disabilities, intellectual

disabilities, motor or movement disabilities, and older people. Responses of ‘I

have knowledge of this’ were scored as 1 and ‘I have personal experience with

this’ were scored as 2. Students with secondary sources of knowledge (e.g.,

article, book, lecture) were assumed to have less awareness of assistive

technology.

4.3.2 Composite Awareness Score

The eight awareness questions (score range=0-16) were averaged to obtain

a composite score. High composite scores indicated greater awareness of

assistive technologies.

4.4 Voting Scenario Questions

The revised voting scenario questions [94] by Ludi 2007 [77] were used to assess

students’ interest in considering the needs and preferences of individuals with

disabilities (Numbers 3-4 in Table 4.1). While these scenario questions did not
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contribute to students’ awareness, knowledge, nor attitude scores, they

did provide context for students’ responses. Higher scores on the voting

scenario questions indicated greater consideration of end users.

The first voting scenario asked about key design considerations for a voting

kiosk, while the second question asked what potential voters would test the

prototype. If a response mentioned accessibility, it was scored as 1, otherwise

it was scored as 0. One benefit to the voting scenario questions, as discussed

in Chapter 2, was that the scenarios implicitly assessed students’ interest in

accessibility requirements. As such, the voting scenario questions were the first

two questions provided to respondents (Refer to Table 4.1).

4.4.1 Composite Voting Scenario Score

The voting scenario questions (range=0-2) were averaged to obtain a composite

score. Higher composite scores indicated a greater consideration of individuals

with a disability.

4.5 Attitudes towards Individuals with a Disability

Attitudes were estimated with the Interactions with Disabled Persons Scale

(IDP) [45] (No. 5 in Table 4.1). As discussed in Chapter 2, the IDP scale
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focused on accessibility and was more appropriate than alternate measures.

Seventeen out of 20 questions were scored in descending order from agree very

much (score=6) to disagree very much (score=1). Three negatively worded

questions were reverse scored (Q10, 14-15) [40].

The questions were grouped into six attitude factors: discomfort,

sympathy, uncertainty, fear, coping, and vulnerability [40]. As outlined in

Table 4.2, three out of 20 questions were not used to determine attitude

scores (Q8,10,19), following the suggested model of Forlin [1991] [40].

Higher scores on the IDP scale indicated a lack of ease when

interacting with individuals with a disability.

Table 4.2: Six Factors of the Interactions with Disabled
Persons Scale

Factor Name Questions
Discomfort Q11, 16-18
Sympathy Q1-3, 13
Uncertainty Q6, 9, 12
Fear Q7, 20
Coping Q14, 15
Vulnerability Q4, 5
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4.5.1 Discomfort with Individuals with a Disability

The level of ones’ discomfort with individuals with a disability was measured

through four IDP questions (Q11,16,17,18). No questions were reverse-scored

and higher values indicated greater discomfort when interacting with

individuals with a disability. Question 11 stated, ‘I am afraid to look at the

person straight in the face’, with six Likert-scale options of agree very much

(score=6) to disagree very much (score=1). A respondents’ discomfort score

was calculated through the average of the four questions (Q11,16,17,18).

4.5.2 Sympathy towards Individuals with a Disability

Sympathy towards an individual with a disability was measured with four IDP

questions (Q1, 2, 3, 13). Students who selected agree very much to statements

such as question 13, ‘I admire their ability to cope’ received a score of 6 points.

The final sympathy score was gathered by calculating the average of the four

questions (Q1, 2, 3, 13).

4.5.3 Uncertainty towards Disability

Uncertainty towards disability was measured with three IDP questions (Q6, 9,

12). Uncertainty questions, such as question 6, ‘I feel unsure because I don’t
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know how to behave’ indicated higher levels of apprehension when interacting

with individuals with a disability. The two response answers were averaged to

obtain a final uncertainty score.

4.5.4 Fear of a Disability

Fear of a disability was measured with two IDP questions (Q7, 20). Question

20 states, ‘I dread the thought that I could eventually end up like them’ where

higher average scores indicated greater fear of a disability.

4.5.5 Coping with a Disability

Coping with a disability was measured through two IDP questions (Q14, 15).

Both questions were reverse-scored, following the model of Forlin

[1999] [40], as generally the IDP questions measured a lack of ease when

interacting with individuals with a disability. Positively worded statements

such as question 15, ‘After frequent contact, I find I just notice the person not

the disability’, were reverse scored. In this way, the coping scale was

consistent with all other IDP factors, where higher average scores indicated

an overall discomfort when interacting with individuals with a disability.
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4.5.6 Vulnerability of a Disability

An individuals’ vulnerability of a disability was measured through two IDP

questions (Q4, 5). Students who selected agree very much to statements such

as question 4, ‘Contact with a disabled person reminds me of my own

vulnerability’ received a score of 6 points.

4.6 Summary

The accessibility questionnaire designed by Huenerfauth et al. [2015] [54],

included measures of students’ knowledge of accessible implementation

techniques, awareness of assistive technologies, and attitudes towards

individuals with a disability (Refer to: Appendix A). The questions for each

measure were compiled into nine composite scores (knowledge, awareness,

voting scenario, and 6 attitude IDP factors). The composite scores

were used for analysis as they summarized each measure holistically. For

instance, the composite knowledge score considered students’ responses to

the implementation considerations for website programming, website content,

and software design. Chapter 5 of this dissertation provides an overview of

the recruitment methods and the power estimations for analysis.



Chapter 5

Collection of Questionnaires

5.1 Introduction

We assessed undergraduate Information Technology (IT) and Software

Engineering (SE) students’ learning (knowledge, awareness, and

attitudes) throughout spring 2016 to spring 2019. This chapter outlines the

methods for participant recruitment, survey data collection, and analysis. All

collection processes were approved by the RIT Institutional Review Board

(Refer to: Appendix B). Survey participants were recruited for a voluntary

questionnaire described in Chapter 4. As seen in Figure 5.1, the timing and

duration of recruitment varied; IT and SE students in the target courses

(generally 2nd or 3rd year) were recruited twice per semester, while

senior-level students were recruited throughout the academic year.
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Figure 5.1: Recruitment intervals vary by year level. Information Technology
(IT) and Software Engineering (SE) students were recruited twice per semester
(pre and post), while senior level students were recruited throughout the
academic year.

5.2 Targeted Courses: Information Technology and

Software Engineering

Information Technology (IT) and Software Engineering (SE) students enrolled

in Designing the User Experience (IT 260) and Human-Centered Requirements

and Design (SE 444) were surveyed at the start (pre) and end (post) of each

semester. Questionnaire responses were collected from students twice during

the semester to measure learning effects from different conditions. During

each round of recruitment (pre and post) students had the opportunity to

win a $100 raffle. Both the pre and post questionnaires were identical and

took approximately 10-15 minutes to complete (Refer to: Chapter 4). Project

reports were also collected from students enrolled in the IT and SE courses.
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5.2.1 Identification of Students’ Conditions

At the end of the semester, instructors indicated which conditions students

received. Five questions were posed to instructors (refer to: Table 5.1),

allowing them to delineate each student and their teaching conditions. The

teaching conditions could vary by student teams; not all teams contained a

team member or stakeholder with a disability, for example. As previously

outlined in Table 1.1, the conditions were nested, whereby a student in the

end user condition must have also had exposure to lectures and projects. A

student in the end user condition would have had all three conditions

marked by the instructor.

Table 5.1: Possible Teaching Conditions for IT and SE
students

Question Condition label
1. Did the course include a week of lectures about

disabilities or accessibility?
Lectures

2. Did this project relate to the topic of
accessibility or were students asked to consider
people with disabilities as part of their project?

Project

3. Did the team meet or interact with someone
with a disability, e.g. to get requirements for
the project?

End user

4. Was one of the members of the team a person
with an apparent disability?

Team member
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5.2.2 Data Collection Methods

Students were recruited to participate in the questionnaires through

announcements, course websites, emails, and flyers. At the start of the

semester, flyers were distributed throughout the college. Follow-up emails

and course website announcements were used to remind students of the

questionnaire before raffle winners were selected. This process was repeated

during the last weeks of the semester for post data collection.

During years 2016-2018, two raffles ($100 each, total=$200) were

distributed each semester at the pre and post intervals. During the academic

year of 2018-2019, a $100 gift card was raffled for each section of the HCI

course. Incentives for participation were changed in 2018, in order to

encourage more students to participate in the study.

All efforts were made to ensure students understood that the questionnaire

was voluntary and that participation had no impact on their course grade. For

instance, the questionnaire mentioned, “...The purpose of this survey is to help

us understand students’ awareness of the needs of users in technology. This

voluntary survey is confidential and will not affect your course [grade].”
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5.2.3 Sample Size for Analysis: Power Estimation

To calculate the necessary survey sample size, we referred to Fitchen et al.’s

prior work (Mchange=4.07, SD = 11.51). A paired t-test power analysis (via

R pwr package [23]) indicated that significant IDP paired differences (pre and

post) could be observed with 65 participants. Therefore, a minimum of 65

paired responses were required within the conditions of stakeholder/end user

with a disability and collaboration with a team member with a disability. As

discussed in Chapter 4, power estimations for accessibility knowledge and

awareness questions could not be determined from prior work as they had

been custom-made for this study.

5.2.4 Response Rates

A total of 315 paired (pre and post) questionnaire responses were collected

from students throughout spring 2016 to 2019 (47.5%, 315/663), where our

minimum sample size requirements from the power analysis were met for all

IDP measures (refer to: Appendix G). The unpaired response rate during this

time was 71.6% (n=475/663), exceeding typical organizational and educational

survey research response rates [6].
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5.3 Senior-Level Information Technology and

Software Engineering Students

One-time questionnaire responses were also collected from senior IT and SE

students who completed the accessibility instruction 12-18 months prior.

Senior-level students did not receive repeated exposure to the teaching

conditions. The purpose of the longitudinal analysis was to evaluate how

much information students retained 12-18 months after instruction.

5.3.1 Data Collection Methods

Questionnaire responses were collected through in-class announcements,

emails, and flyers. Class announcements were made during two required

courses, Senior Development Project II & II (IT 500) and Software

Engineering Project I & II (SE 561). Senior students that completed the

questionnaire received $20 for participation.

5.3.2 Sample Size for Analysis

For senior-level paired analysis, we approximated sample size was based on the

total eligible sample size. From spring 2016 to 2017, a total of 166 pre responses

were collected from students enrolled in the HCI courses and approximately
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99 of these students1 were eligible for graduation in the academic terms of

2017-2018 and 2018-2019. The actual number of participants who were eligible

for graduation 12-18 months after taking the HCI course was likely less than

99 students, however the university could not disclose this information due to

privacy and confidentiality policies.

Based on Cochran’s formula for finite populations, 65-79 questionnaire

responses could represent the sample (n=99) with a 95% confidence level and

5-7% margin of error. By analyzing results based on cohorts of seniors, we

were able to control confounds, such as the introduction of elective

accessibility courses after Spring 2017.

5.3.3 Response Rates

A total of 65 paired senior questionnaire responses (pre and senior) were

collected during two academic years (2017-2018 and 2018-2019). This

represents a conservative response rate of 65.7% (65/99).

1
At RIT, 70% of students complete their undergraduate computing degrees within eight

years [135]. Therefore, we conservatively estimate that 60% of students may complete their

degrees within the scheduled four to five years.



Chapter 6

Cross Sectional Evaluation of
Efficacy with Questionnaires

6.1 Introduction

This chapter contains a cross-sectional study of students’ learning (spring

2016-2019) based on four conditions: content lectures, projects on

accessibility, exposure to a stakeholder/end user, and team member with a

disability. A subset of the data described in this chapter was previously

analyzed based on exposure and no exposure groupings1, where it was found

that students who had exposure to an individual with a disability (via

interactions with a stakeholder/end user or team member) gained more

prosocial sympathetic attitudes when compared to students who did not have
1
The work included in this chapter was previously published at ACM Special Interest

Group in Computer Science Education (ACM SIGCSE 2018)
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these experiences (lectures or projects). The analysis outlined in this chapter

allowed us to differentiate the exposure conditions of stakeholder/end user

and team member with a disability to identify whether one or both conditions

contributed to students’ prosocial sympathetic attitudes.

6.1.1 Research Question

The research questions addressed in this cross-sectional analysis were:

RQ 1. Do the four teaching conditions (lectures, team projects,

stakeholders/end users, and team members) contribute to statistically

significant changes in students’ short term learning?

• RQ 1.1. Do students in the four teaching conditions report significantly

different knowledge of accessibility implementation methods?

• RQ 1.2. Do students in the four teaching conditions report significantly

different awareness of accessible technologies?

• RQ 1.3. Do students in the four teaching conditions report significantly

different attitudes towards individuals with a disability?
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6.1.2 Hypothesis

Based on related work that identified the benefits of interacting with an

individual with a disability [14, 16, 77, 117], it was hypothesized that students

who gained exposure to a stakeholder or end user with a disability would gain

significantly higher accessibility knowledge , awareness, and attitudes in

the short-term. Although studies did not include significance

testing [14, 16, 77, 117], the findings suggested that these experiences led to

increased empathy [14] and awareness of diversity [16].

6.2 Methods

As discussed in Chapter 5, Information Technology (IT) and Software

Engineering (SE) students were recruited through in-class announcements,

course websites, emails, and flyers. Questionnaire responses were collected at

the start (pre) and end (post) of the semester to determine changes in

students’ learning.

During seven semesters (spring 2016-2019), there were a total of fourteen

courses with 663 students enrolled. During this time, 315 students completed
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both the pre and post questionnaire (response rate=47.5%). All questions were

voluntary and as such, the number of responses per question could vary.

To determine the differences between the conditions, we compared

students’ pre and post scores through 36 Wilcoxon Signed Rank tests.

Normality was tested through the Shapiro-Wilk test. Individual tests were

conducted for the nine measures and four possible conditions. The nine

measures included knowledge, awareness, voting scenario questions,

and six IDP attitudinal factors.

To determine whether one condition contributed to significantly higher

responses than another, we compared the composite change scores for each

measure. The composite change score was calculated by subtracting the post

score from the pre for each of the participants. Differences between the

conditions were measured through a Mann-Whitney U test or Kruskal-Wallis

H test, depending on the number of conditions that yielded significant results

in the Wilcoxon Signed Rank test.

6.3 Results

Our hypothesis was that interactions with a stakeholder or end user would

yield significant differences in all the composite scores. Furthermore, we
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assumed that any significant differences observed for the stakeholder

condition would also be found in the team member condition due to the

nature of the stacked conditions. However, we were surprised to find that

when comparing the pre and post responses per condition and per measure,

there were instances when significant differences were not sustained in the

stacked conditions. For instance, students who had a stakeholder with a

disability obtained more prosocial sympathetic attitudes, but this effect did

not persist for the team member condition.

An overview of the instructors and conditions is available on Table 6.1.

While not all professors taught the same number of course sections, the

questionnaire responses were generally distributed among different

instructors. The only exception to this was the team member and stakeholder

condition, which had a large proportion of responses from one instructor.

Since this project was conducted within the context of computing courses

that were naturally offered at the university, the number of students enrolled

each term in each course was out of our control. For instance, department

chairs determined which professors would be assigned to particular sections of

the courses each semester. In addition, we did not have control over the
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number of students with apparent disabilities who enrolled in each section of

a course (the enrollment of students would thereby influence the team

member condition). For these various practical reasons, a limitation of our

study is that the number of students who experience various interventions

was not completely balanced across all individual instructors and conditions.

Table 6.1: Number of Responses by Condition and Instructor

Instructor Lectures Projects Stakeholder Team
Member

A 5 (7.4%) 13 (14.9%) 0 (0%) 0 (0%)

B 3 (4.4%) 12 (13.8%) 4 (4.26%) 17 (25.8%)

C 12 (17.7%) 21 (24.1%) 17 (18.1%) 27 (40.9%)

D 15 (22.1%) 27 (31.03%) 55 (58.5%) 6 (9.1%)

E 18 (26.5%) 12 (13.8%) 0 (0%) 8 (12.1%)

F 6 (8.8%) 0 (0%) 15 (15.96%) 7 (10.6%)

G 9 (13.2%) 2 (2.3%) 3 (3.2%) 1 (1.5%)

We did find however, that students in all conditions gained an increased

knowledge of accessibility programming techniques. Table 6.2 contains a

summary of all measures that yielded significant results. These results will be

discussed in more detail within the subsections below. Comparisons between
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conditions, indicated that there was no condition that contributed to

significantly different results. As seen in Figure 6.1, students’ scores were

centered in similar locations. The subsections below detail the corresponding

IQR and test statistic values for each of the p-values in Table 6.2.

Table 6.2: Summary Wilcoxon Signed Rank Test p-values for
all Knowledge, Awareness, and Attitude Measures based on
each Condition

Lectures Projects Stakeholder Team
Member

Voting <0.001* 0.001* 0.004* 0.446

Sympathy 0.470 0.118 0.043* 0.096

Vulnerability 0.560 0.555 0.695 0.348

Fear 0.597 0.244 0.879 0.335

Uncertainty 0.248 0.621 0.752 0.639

Coping 0.033* 0.927 0.797 0.671

Discomfort 0.646 0.671 0.509 0.208

Awareness 0.228 0.014* 0.014* 0.846

Knowledge 0.003* <0.001* <0.001* <0.001*

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.
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Figure 6.1: Distribution of Composite Change Scores (post-pre) by Measure
and Condition
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6.3.1 Voting Scenario Questions

As discussed in Chapter 4, the voting scenario questions were scored

dichotomously depending on whether students considered accessibility within

their response.

Comparing Pre and Post Scores

We observed a significant difference between the pre and post voting scenario

scores for students in the lectures, project, and stakeholder condition (↵=0.05).

As shown in Table 6.3, students more frequently considered individuals with a

disability when prompted with the voting scenario question at the end of the

semester. There was no significant difference for students in the team member

condition, where the pre and post score distributions were approximately equal.

Note that as previously noted, the p-values presented in Table 6.3

correspond to the top row p-values shown in the summary Table 6.2. This

also holds true for p-values shown in later tables of this chapter which have

been previously summarized in Table 6.2.
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Table 6.3: Wilcoxon Signed Rank Test Results for the
Voting Scenario Question Comparing Pre and Post Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 66 0 (0.5) 0.5 (0.5) -3.63 <0.001*

Project 84 0.25 (0.5) 0.5 (1) -3.02 0.001*

Stakeholder 94 0 (0.5) 0.5 (0.5) -2.63 0.004*

Team Member 63 0 (0.5) 0 (0.5) -0.136 0.446

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

Comparison Between Conditions

To identify whether the teaching conditions led to significant differences in

students’ change scores, we conducted a Kruskal Wallis H test. There was no

significant difference between the voting scores of students in the lectures,

project, and stakeholder conditions (X2(2)=1.913, p=0.384). This can be

observed in Table 6.3, whereby the pre and post medians and inter-quartile

ranges for the conditions were very similar.
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6.3.2 Awareness of Accessible Technologies

Students’ awareness of accessible technologies was assessed through eight

questions on technologies used by individuals with a disability (refer to:

Chapter 4). Students received a score of 0 to 2 for each question.

Comparing Pre and Post Scores

On the awareness questions, only students who completed a project on

accessibility or had a stakeholder with a disability, obtained significantly

higher scores on the post interval. The range of scores for students in the

project condition, for example, was greater at the pre collection

(range=0.125-1.875) than the post (range=0.375-2).

Students in the stakeholder condition had a smaller interquartile range at

the post interval (IQR=0.375) than the pre (IQR=0.594). That is, post scores

for students in the stakeholder condition were clustered around the median.

In general, both students in the project and stakeholder condition indicated

significantly greater awareness of accessible technologies at the post collection

period. The medians and interquartile ranges for all the conditions are included

in Table 6.4.
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Table 6.4: Wilcoxon Signed Rank Test Results for the
Awareness Questions Comparing Pre and Post Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 62 1.12 (0.375) 1.12 (0.375) -0.745 0.228

Project 83 1.12 (0.312) 1.12 (0.5) -2.20 0.014*

Stakeholder 90 1.12 (0.594) 1.12 (0.375) -2.21 0.014*

Team Member 65 1.12 (0.375) 1.12 (0.375) 1.02 0.846

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

Comparison Between Conditions

We did not observe a significant difference in the pre and post distribution

scores of students in the project and stakeholder conditions for the awareness

questions (U=3820, p=0.795, r=0.062, two tailed).

6.3.3 Knowledge of Accessible Technologies

The knowledge questions inquired about web design principles, web

programming methods, and software implementation, providing a holistic

measure of students’ accessibility knowledge.
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Comparing Pre and Post Scores

Students in all conditions indicated a significant increase in their knowledge

of accessibility-related programming techniques (↵=0.05). Chapter 8 of this

dissertation includes a qualitative analysis of students’ project reports to

understand how students apply their knowledge.

Table 6.5: Wilcoxon Signed Rank Test Results for the
Awareness Questions Comparing Pre and Post Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 64 1.08 (0.635) 1.21 (0.462) -2.66 0.003*

Project 85 1 (0.769) 1.23 (0.423) -5.56 <0.001*

Stakeholder 91 0.962 (0.5) 1.12 (0.423) -5.19 <0.001*

Team Member 65 1.15 (0.423) 1.23 (0.538) -3.11 <0.001*

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

Comparison Between Conditions

A Kruskal Wallis H test indicated that there were no significant differences

among the knowledge score distributions of the conditions (X2(3)=5.712,
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p=0.126). This may suggest that all methods are similarly effective at

increasing students’ knowledge.

6.3.4 Attitudes towards Individuals with a Disability

The Interactions with Disabled Persons Scale (IDP) contained 20 attitude

questions pertaining to six factors: discomfort, uncertainty, fear, coping,

vulnerability, and sympathy [40, 45]. Lower scores on the IDP scale indicated

more ease in interacting with individuals with a disability [40].

Comparing Pre and Post Scores

Wilcoxon Signed Rank tests were conducted for each condition and IDP

measure. Only two IDP scale measures yielded significantly different results:

sympathy and coping. Students in the stakeholder condition (n=91 ) obtained

significantly more prosocial sympathetic attitudes (W =1760, Z=-1.72

p=0.043, two-tailed) at the post collection period (mdn=4.5, IQR=1) than

the pre (mdn=4.75, IQR=0.875). All other conditions did not yield

significant differences in the sympathy IDP questions (refer to Appendix G).

For the coping subscale, only students in the lecture condition showed

significantly different responses at the post and pre collection period

(W =733, Z=-1.83 p=0.033, two-tailed). Students in the lecture condition
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showed more prosocial coping results at the post collection period (mdn=2.5,

IQR=1.5) than the pre (mdn=3, IQR=1.5).

Term Min Q1 Mdn Q3 Max

Pre 1 2 3 3.5 6
Post 1 2 2.5 3.5 5.5

Figure 6.2: The distribution of pre and post coping scores for students in the
lectures conditions were similar. The median was lower at the post interval,
and there was one outlier in the pre interval, with a maximum score of 6.

It is possible that the coping subscale yielded significant results for the

lectures condition due to an outlier. As shown in Figure 6.2, there was one
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respondent in the lecture condition who obtained a high score on the pre

collection period (score=6), as calculated through the distributions’

inter-quartile range (identified as: Q3+(1.5⇥IQR)). Indeed, when this data

point was removed from analysis, the coping scores for the lecture condition

were no longer significant: W =348, Z=-1.616 p=0.053, two-tailed. While we

do not believe this data point should be removed, we note this to highlight

the need for additional investigation into the lecture condition and coping

measure in the future.

Comparing Between Conditions

No between-conditions testing was conducted for the IDP subscales as there

were no competing conditions that yielded significant paired differences for the

IDP subscale questions.

6.4 Discussion and Conclusion

The results of this study indicated that when students interacted

with stakeholders or end users with a disability, they had the

opportunity to obtain gains in four of the nine measures: Voting

scenario, sympathy, awareness, and knowledge. Projects and lectures
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contributed to significant paired changes in three of the measures, while team

member interactions only contributed to significant changes in knowledge.

Based on related work discussed in Chapter 2, we hypothesized that

students with exposure to a stakeholder with a disability would yield higher

knowledge, awareness, and attitude scores when compared to students in

other conditions. Interacting with stakeholders for instance, had been found

to increase students’ empathy and awareness of accessibility. This hypothesis

was also consistent with our prior work [78], where we found that students

who had exposure to an individual with a disability gained more prosocial

sympathetic attitudes, increased scores on the voting scenario questions, and

increased knowledge of accessibility implementation techniques.

This study affirms our hypothesis and delineates the exposure category

more concretely. It suggests that:

• Lectures were effective at increasing students’ consideration of

individuals with a disability when given a voting scenario question.

Lectures also contributed to increased knowledge of accessibility

implementation techniques and may be attributed to more prosocial

coping attitudes towards accessibility.
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• Projects on accessibility provided an additional benefit to the lectures

by increasing students’ first-hand awareness of accessible technologies.

While the lectures included simulations and instructions for using a

screen reader, for instance, it appeared that students did not seek

additional experiences to further their awareness of accessible

technologies.

• Stakeholder or end user interactions contributed to more prosocial

sympathetic attitudes among students. These findings are consistent

with prior instructors who have observed that although lectures

contribute to higher knowledge of accessible implementation

techniques, they do not impact students’ attitudes towards individuals

with a disability [99, 100,108,109].

To further understand student’s learning, this dissertation includes an

analysis of students’ project reports (Chapter 8) and longitudinal learning

(Chapter 7 and 10).



Chapter 7

Longitudinal Evaluation of
Efficacy with Questionnaires

7.1 Introduction

As outlined in Chapter 2, prior work on accessibility instruction in computing

disciplines focused on a short-term evaluation of teaching efficacy. Long-term

studies related to accessibility primarily focused on the broader evaluation of

websites [47, 71, 76, 106], without a focus on computing education. In this

chapter, we discuss an analysis of the long-term impact of the teaching

conditions discussed in Chapter 3 and 6.

99
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7.1.1 Research Question

We evaluated whether the short term changes observed in Chapter 6 were

sustained by a subset of students 12-18 months after instruction on

accessibility:

RQ 2. Does the Human-Computer Interaction course contribute to

statistically significant changes in students’ long term learning?

7.1.2 Hypothesis

It was hypothesized that the measures that yielded significant results in the

short-term would continue to do so in the 12-18 month interval. That is,

students would retain the lessons from the course as they would have future

opportunities to reapply these insights in consequent course projects. As

discussed in Chapter 6, the measures that yielded significant findings in the

short-term were: knowledge, awareness, voting, coping, and

sympathy. Students in all conditions gained an increased knowledge of

accessibility implementation techniques. Students in the lectures condition

gained more prosocial coping scores. Projects contributed to an increased

awareness of accessible technologies, and interactions with stakeholders

contributed to more prosocial sympathetic attitudes.
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7.2 Methods

Similarly to the pre and post collection of surveys, Information Technology

(IT) and Software Engineering (SE) students were recruited through in-class

announcements, course websites, emails, and flyers. All students were in the

final year of their degree and had completed an HCI course with accessibility

instruction 12-18 months prior. Questionnaire responses were collected

throughout the academic year and each student was compensated with $20.

For each of the four conditions, we conducted a Wilcoxon Signed Rank

test comparing the pre and senior questionnaire responses. By treating the

pre response as a baseline measure, we were able to calculate whether the

conditions were associated with any sustained changes in students’ voting

scenario questions, IDP subscale, awareness, and accessibility knowledge.

If a significant difference was observed between students’ paired scores,

we proceeded by conducting a comparison among the subset of conditions

that had a significant difference between the "pre" vs. "senior" responses. A

Mann-Whitney U Test was used to identify whether the scores associated with

the conditions had significantly different results. Both the Mann-Whitney
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U and Wilcoxon Signed Rank tests were conducted using the Stats package

(version 3.6) of the R programming language [102].

7.3 Results

In an analysis of 65 students’ pre and senior questionnaire responses, we found

that students who had a project on accessibility or a team member with

a disability sustained significant changes in their knowledge scores. No

other conditions or measures, however, yielded significant changes at the 12-18

month interval. The 65 students represented the eligible population with an

approximate 95% confidence interval and a 7.2% margin of error, based on

the Cochran’s formula for finite populations. This is a conservative estimate;

it is likely that the 65 students represented a larger portion of the eligible

participants (refer to Chapter 5).

Table 7.1 includes a summary of all significant results. Consequent sections

will provide more detail into the results of each Wilcoxon Signed Rank test,

including the corresponding IQR and test statistic values.
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Table 7.1: Summary Wilcoxon Signed Rank Test p-values
for Longitudinal Responses of Accessibility Knowledge,
Awareness, and Attitudes

Lectures Projects Stakeholder Team
Member

Voting 0.429 0.669 0.589 0.790

Sympathy 0.832 1 0.150 0.823

Vulnerability 0.151 0.566 0.137 0.315

Fear 0.297 0.576 0.436 0.274

Uncertainty 0.186 0.478 0.108 0.801

Coping 0.247 0.249 0.324 0.788

Discomfort 0.721 0.860 0.538 0.259

Awareness 0.620 0.554 0.421 0.975

Knowledge 0.208 0.002* 0.859 0.041*

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

7.3.1 Voting Scenario Questions

There were no significant differences between the pre and senior voting scenario

responses of students in any of the conditions. As shown in Table 7.2, the

distribution of the responses remained similar in the pre and senior interval.
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Table 7.2: Wilcoxon Signed Rank Test Results for the Voting
Scenario Question Comparing Pre and Senior Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Senior
Mdn
(IQR)

z p-value

Lectures 14 0 (0.5) 0.25 (0.5) -0.179 0.429

Project 24 0.5 (0.625) 0.5 (0.5) 0.438 0.669

Stakeholder 11 0.5 (0.5) 0.5 (0.5) 0.224 0.589

Team Member 15 0.5 (0.5) 0 (0.5) 0.805 0.790

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

7.3.2 Awareness of Accessible Technologies

Similarly to the voting scenario questions, there were no significant differences

in the awareness responses at the pre and senior interval. As shown in Table

7.3, students’ scores were generally centered at a similar median during the

pre and senior collection period.
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Table 7.3: Wilcoxon Signed Rank Test Results for the
Awareness Questions Comparing Pre and Senior Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Senior
Mdn
(IQR)

z p-value

Lectures 12 1.12 (0.188) 1.12 (0.25) 0.306 0.620

Project 23 1.12 (0.562) 1.12 (0.50) 0.136 0.554

Stakeholder 11 1.12 (0.375) 1.25 (0.312) -0.20 0.421

Team Member 15 1.12 (0.438) 1.12 (0.375) 1.958 0.975

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

7.3.3 Knowledge of Accessible Technologies

In an analysis of students’ knowledge of accessibility, we found that students

under the project (W= 36, Z= 3.66, p= 0.002) and team member (W= 19.5, Z=

-1.737, p= 0.041) condition sustained significantly different knowledge scores

12-18 months after instruction (↵= 0.05). All other conditions (lectures and

end user with a disability) did not yield significant long-term changes (↵=

0.05, two-tailed). Table 7.4 outlines all knowledge results for the Wilcoxon

Signed Rank Tests. It was surprising that students in the stakeholder and

lectures conditions did not sustain their short-term knowledge scores (refer

to: Chapter 6).
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Table 7.4: Wilcoxon Signed Rank Test Results for the
Knowledge Questions Comparing Pre and Senior Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Senior
Mdn (IQR)

z p-value

Lectures 14 0.962 (0.981) 1.29 (0.269) -0.813 0.208

Project 24 1.33 (0.663) 0.962 (1.10) -2.876 0.002*

Stakeholder 11 1.15 (0.442) 1.65 (0.731) 1.075 0.859

Team Member 14 1.02 (0.317) 1.27 (0.308) -1.737 0.041*

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

Figure 7.1 delineates the distribution of pre and post knowledge scores:

students who completed a project on accessibility had higher knowledge

scores after instruction (Mdn= 1.33, IQR= 0.663) than before (Mdn= 0.962,

IQR= 1.10). Students who had a team member with a disability also had

higher knowledge scores after 12-18 months after instruction (Mdn= 1.27,

IQR= 0.308) than before (Mdn= 1.02, IQR= 0.317).
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Condition Min Q1 Mdn Q3 Max

Project Pre 0.038 0.327 0.962 1.423 1.692
Senior 0.038 0.962 1.308 1.615 1.769

Team Member Pre 0 0.865 1.019 1.183 1.538
Senior 0.115 1.135 1.231 1.5 1.769

Figure 7.1: The students who were under the conditions of either a project on
accessibility or a team member with a disability, sustained higher knowledge
scores 12-18 months after instruction. The magnitude of the senior-pre
difference was not significantly different, when comparing these two conditions.
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Differences Between Conditions

Next, we conducted a Mann-Whitney U Test to assess whether there was

a significant difference in the knowledge scores of students who completed

projects on accessibility and who had a team member with a disability. We

compared the change scores of the two samples by subtracting each students’

senior score from their pre score. The results indicated that there were no

significant differences in the distribution scores of students who completed

projects on accessibility and who had a team member with a disability (U=

185, r= 0.269, p= 0.955).

7.3.4 Attitudes Towards Individuals with a Disability

Wilcoxon Signed Rank tests were also completed for each of the Interactions

with Disabled Persons (IDP) scale subfactors. When comparing the pre and

post responses per condition, there were no significant differences. All IDP

subfactor results are delineated in Table 7.6.
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7.4 Discussion and Conclusion

In this chapter, we conducted a longer-term evaluation of students’ survey

responses to answer the research question, ‘Does the Human-Computer

Interaction course contribute to statistically significant changes in students’

long-term learning?’. We found that two out of the four teaching conditions

were associated with an increase in students’ knowledge of accessibility:

completing a project on accessibility and having a team member with a

disability. No other measures (awareness, attitudes, voting scenario) yielded

sustained changes in the long-term.

Overall, we found that few of the significant short-term effects

(refer to Chapter 6) were sustained in the long-term. It is possible that

the lack of emphasis on accessibility within the curriculum impacted students’

retention of accessibility-related information. Without reinforcement of the

content within the curriculum for example, procedural nor semantic memory

may have sustained in the long-term. Instead of making a conscious effort

to retain this information, it is possible that students focused on developing

skills emphasized in the curriculum. Prior work, for example, has indicated

that students may deprioritize accessibility topics in computing due to such
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reasons [96]. In Chapter 10 of this dissertation, we discuss semi-structured

interviews with senior-level students. These interviews provide insights into

which factors dissuaded students from furthering their skills in accessibility.



Chapter 8

Qualitative Analysis of Project
Reports

8.1 Introduction

As discussed in Chapter 2, researchers have used qualitative coding to assess

computer accessibility knowledge [117, 118]. Qualitative coding was used in

this dissertation to identify whether students applied their accessibility

knowledge in project reports, and if so, how 1. While we found in Chapter 6

that all students who were enrolled in the HCI course gained more first hand

experience with accessibility implementation techniques, we were unsure if

students applied this knowledge in their projects. The survey did not allow

us to fully capture students’ learning through a combination of closed and
1
Findings discussed in this chapter were previously published at the ACM Special Interest

Group in Computer Science Education (SIGCSE 2018) [78]

112
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open-ended questions. As such, both the questionnaires and project reports

were beneficial to understanding students learning and consequent behaviors.

8.1.1 Research Question

Similarly to Shinohara et al. [118] and Dong et al. [35], the project reports were

analyzed through an inductive qualitative coding process. The two research

questions addressed in this work were:

RQ 3.1 Do teams consider the needs of individuals with a disability at the

onset of the project?

RQ 3.2 Do the four teaching conditions report significantly different tendencies

in their consideration of individuals with a disability?

RQ 4 What sources of information do student teams use to justify their

decisions related to accessibility?

8.1.2 Hypothesis

As discussed in Chapter 1, it was hypothesized that the majority of students

would not consider accessibility within their projects. Teams that did consider

accessibility, were hypothesized to choose target audiences with a visual or

motor impairment [101].
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In regards to the sources of information used, we hypothesized that

students would primarily seek insights from individuals outside the team.

Prior researchers reported automated accessibility evaluations, conference

proceedings, and guidelines to be time-consuming to

interpret [60, 66, 130, 144]. Automated accessibility evaluation tools were also

found to result in false positives [49, 130]. It was possible that if students

identified these shortcomings, they would be less willing to rely on secondary

sources of information that summarized accessibility best practices.

8.2 Methods

All student-submitted project reports were collected from instructors at the

conclusion of the HCI course, as approved by the RIT Institutional Review

Board (Refer to Appendix B).

A total of 755 project reports (nwords=1,077,235) from 138 student teams

(nstudents=635) enrolled in the Human-Computer Interaction (HCI) course

were qualitatively analyzed to identify patterns by which accessibility was

considered. The 755 project reports were collected throughout seven

semesters (spring 2016-2019) from seven unique professors.
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To gather insights from the data, we developed inductive nodes that

categorized major steps or themes in the data. These category nodes also

contained subnodes to categorize the findings by the populations students

considered in their work. The creation and assignment of these nodes will be

discussed in the next subsections.

8.2.1 Node Creation

Ten nodes were used for qualitative coding, as described in Table 8.1. The

nodes were created through an inductive process, whereby researchers

independently identified themes in the documents and iteratively created

appropriate tags. This section discusses the node revision history.

Node Revision History

Nine initial nodes were created by Miller [90] in spring 2016, through an

analysis of one semester of data. These nodes included themes regarding

software development processes, sources of information, and target

audiences [90]. In summer 2017, an additional two semesters of data (spring

2016-2017) were coded. Once emergent themes in the documents were

identified, the raters reconvened to compare notes.
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Table 8.1: Qualitative Coding Nodes

Code Sample

A person not on the
team made a suggestion

"Upon questioning it was found that users are
unaware of features such as presentation view and
popped window, but only use them on small screens or
to make up for visual impairment"

A person on the team
made a suggestion

“[The addition of] a settings button (color blind mode,
disable/enable bottom menu, order homepage feeds,
font size)”

A person not on the
team pointed out a
concern

“He described how joint pain and arthritis sometimes
makes it difficult to use certain devices and expressed
interest in the option for voice commands”

A person on the team
pointed out a concern

“The environment in this room during the first time
observing was not very conducive to those that may
be hard of hearing as it was very loud in the room...”

Accessibility considered
but not adressed

“Physical abilities: [user must be] physically and
mentally capable of using Android applications and
understand the information it provides”

Original design of
software included
inherit accessibility
components

“Accessibility considerations we kept in mind while
developing were users who would be using screen
readers”

Revising of software to
consider accessibility

"Added images to Events to signify extra features
(handicap symbol, hands for interpreter)"

Site customization
allows for accessibility

“Included on each page will be a slider that will
change the font size of the screen content so that it is
easier for people to see if default font size is too
dificult to read”

Students explicitly
discuss accessibility
guidelines

“Have text and background [meet] WCAG 2AA
constrast ratio thresholds”

Target market includes
a group requiring
accessibility

“When creating an app for locating healthy food on
campus our group decided to take into account
individuals who experience motor impairment”
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Similar themes were observed as Miller [90]; the reports were organized

in a procedural manner, explaining the steps students took to arrive at their

design rather than their motivations or inspirations. For this study, professors

were expected to integrate accessibility modules into their courses but we were

unable to dictate all the deliverables of the course. Furthermore, a targeted

deliverable on accessibility could have biased future results, overriding the

naturalistic nature of this part of the study.

A total of 10 nodes were created to describe the decisions teams made

regarding accessibility. The nodes also described how teams came to a decision,

such as ‘A person not on the team pointed out a concern’ or ‘Students explicitly

discuss accessibility guidelines’. All nodes were reviewed by three additional

researchers to further ensure node clarity. Changes were made to the phasing

of the nodes, but the overall themes persisted. Each node included multiple

population sub-nodes: Deaf or hard of hearing, learning or cognitive disability,

mental health disability, mobility or dexterity disability, older adults, visual

impairment (refer to: Table 8.1).
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8.2.2 Qualitative Coding Procedure

New design decisions were coded if accessibility was considered by students.

When students considered accessibility, the goal was to identify what prompted

the decision, who the target users were, and where in the project process the

decision took place (refer to: Figure 8.3). One text excerpt could be assigned

multiple nodes.
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All raters independently coded the text excerpts and later reconvened to

calculate their inter-rater reliability. When raters reconvened, they identified

all coded text excerpts without revealing the node assignment(s). To reduce

the likelihood of raters missing a code, each rater independently recoded the

union of the text excerpts and revealed their complete node assignments. By

removing the opportunity for raters to miss a text excerpt, we were able to use

the Jacquard Index for our inter-rater reliability measure. Other measures,

such as Krippendorff alpha and Cohen’s kappa were incompatible with our

data as they held the assumption that all nodes were equally likely to occur:

some nodes such as, ‘Accessibility considered but not addressed’ occurred less

often than other nodes.

8.2.3 Inter-Rater Reliability

Since project report documents were collected from student teams during

three years (from spring 2016 to 2019), the individual members of the

annotation team changed during the multi-year project. To ensure

consistency in annotation, a training procedure for annotators was created,

including asking new annotators to label a common set of 20 project reports

(which had previously been annotated by prior annotators on the project), to
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determine whether each individual annotator had sufficient inter-annotator

agreement. The work of new annotators on these 20 documents was not

actually used for the analysis in our study. Instead, these 20 documents were

only used as a practice set of documents, to help new annotators learn about

the annotation process. The activity of labeling these 20 documents,

comparing their labels to the prior set of existing labels for these documents,

and finally discussing their labels with another annotator who had already

been working on the team, was used to help new annotators become

acclimated to the project.

During training, differences in IRR scores were seen when annotators did

not: consider the context of the text excerpts, know about different campus

resources, or use descriptive nodes. For context of text excerpts, some

annotators coded summaries of user responses as gathered by the team rather

than sourced from a person outside the team. Another annotator did not

know that the National Technical Institute for the Deaf (NTID) was

predominately for deaf and hard of hearing students. Lastly, the final

annotator used the code ‘Original design included inherit accessibility

components’ for instances where other codes were more descriptive, such as
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relating to end users or site customizations. These insights were used to

improve training documentation, such as noting that the format of the report

should be reviewed before assigning labels to text excerpts.

We calculated the IRR scores for the 20 pre-coded reports that were used

to train four researchers: 80%, 74.7%, 67.5%, and 77.9%. After this training,

the raters began qualitative coding on uncoded reports. The labels for the

new data were used to calculate the final inter-rater reliability. The reader

should consider these initial lower IRR scores as the ‘starting point’ for a

new annotator who joined the team and who had merely read the annotation

guide, without receiving any feedback. The annotators work on these training

documents was discarded at the conclusion of the training procedure.

Traditional measures of inter-rater agreement often assume that

agreement is being compared on a per-word or per-sentence basis throughout

a text, but this may not be suitable for annotation projects in which a

majority of the text does not receive a node label. For projects such as this,

an alternative inter-annotator agreement statistic referred to as the

cumulative Jacquard Index is used instead. This metric only considers the set
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of texts that have received any label by any annotator, and the agreement

among annotators is calculated upon this set.

To calculate the Jacquard Index for our project, we first asked annotators

to label segments of text, then across all annotators for a document, a union

of all texts that had been labeled was collected. All annotators were asked to

consider this union of text segments and to assign a label (or determine that

they did not believe any label should be added to a specific segment of text).

Finally, the Jacquard Index score was calculated.

In total, a set of six annotators worked on the project during the years 2016

to 2019. In total, they annotated 755 documents from student teams in the HCI

course. Each individual project report document was independently annotated

by at least one human annotator, and some documents were independently

labeled by as many as two human annotators.

Across all 755 project reports (nteams=138) from spring 2016 to spring 2019

semesters, the cumulative Jacquard Index was 93.6%, where a score of 100%

indicated perfect agreement. A total of 89 out of 138 student teams (64.5%)

mentioned accessibility in their project reports, generating 472 codes.
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There were only 14 disagreements between the researchers who conducted

qualitative coding. A sample disagreement was for the excerpt ‘The vending

machine would recognize a user with visual disability when they approach the

vending machine and say ‘Activate Voice Commands’. This was initially

assigned ‘Original design included inherit accessibility components’ by one of

the raters, but upon discussion, the raters agreed that ‘Customization allows

for accessibility’ was more descriptive. In a similar way, for all cases of

disagreement among annotators, a consensus meeting was held, in which two

annotators discussed a code, to determine how it should be labeled in the

final annotation dataset.

8.3 Findings

An overview of the team conditions and mentions of accessibility are outlined

in Table 8.2. Team’s mention of accessibility did not differ by the type of

teaching condition they were exposed to (X 2(3, n=138)=3.096, p=0.378). A

teams’ mention of accessibility could be positive or negative, e.g., students

could indicate that they explicitly did not want to make their product

accessible. Such mentions were tracked under the philosophy that the

students indicated a minimum level of awareness or consideration of
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accessibility. While all prior chapters included an analysis of students

learning in each of the four conditions, this chapter considers all of the

student teams in the HCI course, regardless of which of the four conditions

they experienced.

Table 8.2: Number of teams per condition who mentioned
accessibility in project reports

Condition No mentions of
accessibility

Mentioned
accessibility

Lectures 19 33
Project 15 23
End user 11 16
Team member 4 17

8.3.1 Choosing a User Group with a Disability

Student teams incorporated accessibility within their projects in one of two

ways: creating a product to address a need for a wide audience (e.g.,

communication, finance, etc.) or directly choosing individuals with a

disability as a target user group and prioritizing their needs. Of the 138

teams, 89 teams (64.5%) mentioned accessibility in their project reports: 15

teams did not choose a user group with a disability (instead they designed for

a specific need and made it broadly available), 68 teams chose to design for a



CHAPTER 8. QUALITATIVE ANALYSIS OF PROJECT REPORTS 128

user group with a disability, and 6 teams explicitly excluded individuals with

a disability. Teams that chose to design for end users with a disability

reported considering accessibility earlier in the process. This section discusses

the target user groups that the 68 teams considered.

The proportion of teams that mentioned accessibility and chose a target

audience with a disability can be seen in Table 8.3. There were no significant

differences between the teaching conditions teams were exposed to and their

selection of a target audience with a disability (Fisher’s Exact Test, p=0.430,

two-sided).

Table 8.3: Number of teams who mentioned accessibility and
chose a target audience with a disability

Condition Chose a target
audience with

disability

Didn’t choose a
target audience
with disability

Lectures 25 8
Project 15 8
End user 14 2
Team member 14 3

Among the 68 teams that chose a target audience with a disability, 30

teams chose two or more target audiences with a disability. Overall, the most

commonly considered end users were individuals with a mobility impairment,
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who were deaf or hard of hearing, and who had a visual impairment.

Learning or cognitive impairments, in addition to, mental health disabilities

were considered less often. The presence of the National Technical Institute

for the Deaf may have motivated students to consider individuals who were

deaf or hard of hearing. As one team explained,

“[We] mainly focused on deaf and hard of hearing students at

Rochester Institute of Technology who have difficult times [when]

ordering food when the server has no knowledge of American Sign

Language”

When comparing teams that designed for a wide audience versus those

who designed for a specific group of people with a disability, a major

difference was observed in their consideration of features that went beyond a

person’s capabilities. One team considered their users’ communication with

family members:

“Once the most essential requirements were achieved, the most

desirable requirements were looked into, such as the addition of

family profiles with custom reminders, companion health products
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like blood sugar readers, and customization for accessibility such

as changeable fonts and colors”

Similarly, another team who prioritized the needs of individuals who were

deaf or hard of hearing choose input modalities that best fit their users’

preferences. This decision went beyond a simple solution that avoided audio

output, to providing greater flexibility for the user. The teams’ decisions

showcased their understanding of the individual preferences which could vary

among people who are deaf or hard of hearing:

“To meet this goal we designed a chat system that has the option

to screen-share and will have the option of video relay. Initially

we were thinking that just chat would be sufficient but after our

discussions we determined that having an option for video relay

would be the best way to support NTID students. Video relay is

essentially an interpreter that can be used over video, providing the

comfort of being able to use ASL in a conversation over this chat

program.”

These findings suggested that students benefited from committing to a

target audience with an accessibility use case. It increased students’
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consideration of user needs beyond accessible functionality and allowed them

to customize the technology for different contexts of use. It is possible that

choosing a target audience with a disability allowed teams more time to

address topics related to social participation, individual preferences, and user

privacy.

Mentioning Accessibility but not Addressing it

During the analysis of the project reports, we also encountered cases in which

teams mentioned an accessibility issue, but they did not actually do the work

of addressing this challenge in their design or implemented system. One team

identified technical difficulties that could not be resolved before the completion

of the course:

“Decided against keyboard shortcuts. Not very useful and would

conflict with OS keyboard shortcuts.”

An additional team was unable to implement voice functionality within the

device, possibly due to technical challenges:
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“We also had plans to design for the completely blind by

implementing voice commands and displaying information in a

screen-reader friendly fashion.”

Among the 138 student teams, we found that six teams specifically

discussed in their project reports that they decided to exclude people with

disabilities from the use of their technology. Three teams excluded either

individuals with motor, visual, or learning impairments. The remaining two

teams excluded all individuals with a disability. No reasoning was provided

for exclusion:

“[users must be] physically and mentally capable of using the

Android application and understanding the information that it

provides.”

Another team who excluded individuals with a disability did not provide

accessible features, instead requiring users to adapt to the website:

“Does not account for disabilities. User must accommodate for their

disabilities prior to using the site.”
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Ensuring that students can advocate for the end user is an important

component to advancing mainstream accessible technologies [127].

8.3.2 Sources of Information Used by Teams

Student teams reported using a variety of primary and secondary sources to

inform the design of their projects. We refer to primary sources as original

sources of information - gathered directly through a user’s account in

interviews, personal journals, etc. Secondary sources are summarized

information gathered by an external party, such as accessibility guidelines or

user test reports. A total of 35 out of 138 teams reported using primary

sources of information to justify their decisions. Consulting with individuals

outside the team was the most common, with 31 teams noting such insights.

Only six teams mentioned referencing accessibility guidelines.

Insights From Individuals Outside The Team

The 35 teams that reported applying insights gained from individuals outside

the team used interview, usability studies, and intercept methods. Interacting

with individuals with a disability allowed students to identify unmet needs,

users’ mental models, and workarounds. For instance, one team interviewed

Deaf and hard of hearing students to understand their needs:
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“[The participant] talked about how he wished that NTID had more

tutors. There was only one tutor running by the hour. He said that

having one more tutor would help answer students’ questions much

faster.”

Based on these insights, the team designed an online tutoring service with

customized communication features for American Sign Language and spoken

or written English.

Four of the 35 teams interviewed individuals who worked with individuals

with disabilities. Proxy users included caretakers, doctors, interpreters, and

therapists, who provided context of the broader needs of individuals with and

without disabilities. One team created a website that allowed access to health

information. Although the product was initially designed for individuals with

a disability, the team shifted their attention to other family members:

“Some loved ones feel powerless and uninformed about their

associated patients’ health and wellbeing. How can we provide

loved ones with helpful and appropriate information about a

patient’s health?”
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The teams who interacted with proxy users focused on an individuals’ lack

of ability. This finding is consistent with prior work which highlights how proxy

users may contribute to a limited understanding of disability [113,120].

Insights From Accessibility Guidelines

Six teams explicitly discussed the use of accessibility guidelines. Teams

primarily referenced color guidelines for contrast ratios and tones, to support

individuals with color blindness and visual impairments:

“Text and background need to meet WCAG 2AA contrast ratio

thresholds.”

8.4 Discussion and Conclusion

A review of the inter-rater reliability of the dataset suggested that the nodes

and processes were reliable among different raters and document topics. Over

time, we refined the training documentation to support future study

replication. Our high inter-rater reliability scores were challenging to obtain,

but were achieved through a well documented process with consistent

evaluation. The methodical decision-making process for assigning new nodes

further ensured a systematic assignment of qualitative nodes.
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Through a coding of the project reports, we were able to gather contexts

by which students considered accessibility. While this analysis provided a

description of students’ learning, it also arose a new set of questions regarding

students’ motivation. The results of the project reports were polarized; 89 out

of 138 (64.5%) of teams mentioned accessibility and less than half of those

teams (35/89, 39.3%) cited information sources to justify their decisions (end

users, guidelines, etc.). This section discusses the results in context of the

research questions.

RQ 3.1. Do teams consider the needs of individuals with a

disability at the onset of the project?

Of the 138 student teams, only 68 teams chose to consider the needs of

individuals with a disability at the onset of their project. While modern

definitions of disability consider factors beyond a persons’ abilities

(social stigmas, environment, etc.) [148] - our findings indicate that

students are not likely to consider these factors when they do not

commit a target user group with a disability. Teams that simply

created mainstream accessible technologies, without an explicit consideration
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of individuals with a disability, excluded factors that contributed to modern

definitions of disability.

In regards to the selection of target audiences, the results were consistent

with our hypothesis. The majority of teams did not consider individuals with

a disability nor mention accessibility in their project reports. This is

consistent with research indicating how accessibility and usability topics are

often considered an afterthought [96, 117]. Teams who did consider

individuals with a disability, primarily considered individuals with low vision,

motor impairments, and who were deaf or hard of hearing. This suggests that

professors may need to provide additional emphasis on topics related to

cognitive impairments and mental illness.

RQ 3.2. Do the four teaching conditions report significantly

different tendencies in the consideration of individuals with a

disability?

When testing the frequencies by which teams considered individuals with a

disability at the onset of the project, we found that there was no significant

differences between the conditions (p=0.430, two-sided). Overall, few teams

applied accessibility in their projects (n=89/138, 64.5%) and fewer teams
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considered individuals with a disability as part of their target user group

(n=68). Chapter 9 discusses interviews with senior level students to further

understand why students did not apply accessibility.

RQ 4 What sources of information do student teams use to justify

decisions related to accessibility?

A total of 35 out of 138 teams cited sources of information (end users,

guidelines, etc.) to justify their decisions. Consulting with people outside the

team was the most common. Only six teams referenced accessibility

guidelines. While prior research has indicated several limitations of

guidelines [60, 66, 144], the project reports did not reveal whether this was

caused by motivation or resources available.

The reason why a qualitative analysis had been conducted among

students’ written work was that it was a way to understand their thinking

and decision-making about accessibility without explicitly engaging in a

discussion of these topics among students in the course, since engaging in

such a discussion would risk influencing the results of the longitudinal survey

of these students two years later. The goal was to understand as much as

possible about the student’s thinking about accessibility without interfering
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with the natural execution of their HCI course. However, this analysis has

opened several logical questions which could not be answered through

analysis of these written project reports alone.



Chapter 9

Senior-Level Student Interviews

9.1 Introduction

In Chapter 6 we found that in the short-term, all teaching conditions

contributed to a statistically significant increase in students’ knowledge.

Although all conditions were associated with an increase in students

knowledge of accessibility implementation techniques, only 89 out of 138

teams (64.5%) reported applying that knowledge in project reports (refer to:

Chapter 8). Upon review of students’ longer-term knowledge, we found

that only a subset of the conditions (project and team member) contributed

to sustained knowledge gains (refer to: Chapter 7). To further understand

students’ learning and motivations, we conducted interviews with senior-level

140
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students. All students had completed the HCI course and been exposed to

varying teaching conditions.

9.1.1 Research Question

Sixteen senior-level students were interviewed to understand which educational

experiences influenced their learning of accessibility:

RQ 5. In interviews about their educational experience during their

university career, what factors do students believe have influenced their

accessibility knowledge?

9.1.2 Hypothesis

From a practical standpoint, students have been reported to face challenges

in participant recruitment [80], accessibility testing [62], and requirements

elicitation [77, 117]. Social and extrinsic factors have also been highlighted as

influencing students’ and professionals’ motivation to learn new computing

topics. In a thematic analysis of 17 semi-structured interviews, McCarthy et

al, found that computing students were motivated to further their knowledge

of computing topics if there was a strong peer or social influence: wanting to

belong to a group who was perceived to have specific skills, fear of appearing

ignorant on a topic, or the desire to learn hip new concepts [86]. Similar
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findings were also observed by Jenkins [55], whereby students were motivated

to learn programming topics if the content was associated with their career

goals. While prior work did not focus on students’ motivation to learn about

accessibility, we hypothesized that similar social or extrinsic influences would

be mentioned by students.

Social and extrinsic factors have also been found to influence computing

professionals: an inclusive company culture and supportive top-level

management increased computing professionals’ commitment to creating

accessible technologies [13, 46]. In contrast to industry efforts for a more

inclusive culture [146], many computing degree programs have been reported

to not be inclusive of underrepresented groups, including women and

minorities [5, 145]. An interview study allowed us to understand how

students’ shape their knowledge of accessibility, and whether they identify

any external factors as motivating or dissuading them from learning more

about accessibility.

9.2 Methodology

Sixteen 45-minute semi-structured interviews were conducted with

senior-level students in a conference room from October 2018 to February
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2019. A total of 11 questions were asked to participants pertaining to their

background knowledge, exposure to diverse users, barriers in computing

education, and their overall education at Rochester Institute of Technology

(RIT). All interviews were audio recorded for transcription.

9.2.1 Participant Recruitment

Students were recruited through emails and in-class announcements. The

inclusion criteria included: enrollment in a Software Engineering or

Information Technology undergraduate degree program, in the final year of

their degree, completion of a co-op in their field, and completion an HCI

course with accessibility instruction. A total of 16 students participated in

the interviews and they were compensated with $20 cash. Three out of 16

participants were female, consistent with the gender ratio of the

university [92]. The majority of participants had been exposed to the lectures

condition (n=9 ), followed by project (n=3 ), team member (n=3 ), and

stakeholder/end user condition (n=1 ). All interviews were conducted after

the senior-level questionnaires were administered (refer to: Chapter 7).



CHAPTER 9. SENIOR-LEVEL STUDENT INTERVIEWS 144

9.2.2 Interview Questions

The semi-structured interview questions were organized into four sections:

background, exposure to diverse users, barriers in computing education, and

accessibility education at RIT.

Background

Three background questions inquired on students’ experience with usability.

The first question was, ‘Would you describe yourself as a beginner,

experienced, or very experienced in addressing usability issues in software?,

Why?’. Omitting the term ‘accessibility’ allowed the researcher to understand

students’ frame of reference and to adapt probing questions accordingly. As

discussed in Chapter 2, accessibility is often interpreted as a usability

consideration that bolsters experiences for all users or a compliance-focused

specialization that benefits few users. If students perceived accessibility as a

synonym of usability, it may have been difficult for them to express

considerations that only applied to individuals with a disability.
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Exposure to Diverse Users

Three additional questions focused on participants’ exposure to diverse end

users. One question asked, ‘When was the first time that you considered

creating software for individuals with different abilities from your own?’. This

question purposely omitted the term ‘disability’ to provide students an

opportunity to discuss diverse users who could broadly benefit from

accessibility considerations. For example, students could reflect on instances

when they created software for children and referenced accessibility guidelines

regarding literacy levels.

Challenges in Computing Education

Three questions focused on RIT courses and the challenges faced by students.

Probing questions focused on students’ consideration of accessibility, their

motivations, and the course descriptions. One important question was, ‘Is

there anything the professor could have done to help you implement

accessibility?’. The goal of this question section was to understand the

challenges students faced, and to gather a list of recommendations for

improving accessibility instruction.
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Accessibility Education at Rochester Institute of Technology

The last set of questions focused on students’ awareness of accessible

technologies and their perceived preparedness in creating accessible

technologies. The first question asked, ‘Can you recall a time when you saw

someone using an accessibility feature or technology that you were not exposed

to?’. The purpose of the question was to prompt a discussion of students’

exposure to accessible technologies. It was possible for instance, that

students would identify the use of captionists at RIT.

Students were also asked about the sources of information they would

need to feel prepared to create accessible technologies. These questions

helped reveal students’ motivations and indicated how difficult they perceived

accessibility topics to be. Finally, the last question asked, ‘How has RIT’s

focus on accessible education, such as interpreters and flipped classrooms,

changed the way you think about computing?’. This leading question was

added to the end of the interview to provide students one final opportunity to

identify areas of their education that may have implicitly impacted their

knowledge of accessibility.
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9.2.3 Qualitative Analysis Procedures

We used the Grounded Theory method of Corbin and Strauss [26], conducting

interview sessions in conjunction to analysis. Two stages of analysis were

conducted beginning with open and axial coding, followed by selective coding.

All stages of analysis were conducted by three researchers.

During open and axial coding, researchers independently reviewed 2-3

batches of transcribed interviews. They assigned in vivo categorical labels to

concepts present in the transcripts and reconvened to compare their

individual labels and field notes. A constant comparison method was used to

establish the relationships between the labeled concepts, thereby commencing

axial coding. In axial coding, all relationships were established, including

contexts, co-occuring labels, and causes. A literature review was also

conducted during axial coding to review the theoretical support, or

contradiction, of the findings.

During the last stage of coding, selective coding, the researchers divided

the interviews among themselves and reviewed them to ensure accuracy in

the final axial codes. After this, one researcher reviewed all of the interviews,

annotating which participants were exposed to what condition and whether
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or not they expressed the high-level concepts gathered during the analysis.

Multiple efforts were made to maintain unbiased results:

• In vivo codes were used to avoid labeling texts based on preconceived

ideas or assumptions. In vivo codes required that category labels were

generated as closely as possible to the participant’s language.

• Each researcher on the team had a diverse background with distinct

domain knowledge. The researchers had completed different degrees

(psychology, design, and computer engineering) at varying universities

(Rochester Institute of Technology, Shanghai Normal University, and

University of California Santa Cruz). This ensured that the data was

not analyzed based on homogeneous ideas.

• All researchers independently developed their own labels and field notes.

Furthermore, all discussions, memos, and interpretations were carefully

documented throughout the analysis to assist in the constant comparison

of participants and their developed categories.
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9.3 Qualitative Findings

In interviews, students identified three extrinsic factors that dissuaded them

from considering accessibility in their work: a learn-it-on-your-own approach,

a lack of accessibility content in the curriculum, and a perception that

accessibility was not important to their careers. Only two out of 16 students

were self-motivated to learn more about accessibility.

9.3.1 Learn-it-on-Your-Own Approach

Students described an implicit expectation to learn new content on their own,

and that this approach made them hesitant to learn new content related to

accessibility. They described professors and managers as ‘hands-off ’ and whose

‘primary role [was] to give requirements’. P3 explained:

I think kind of the culture is that professors are very hands-off for

the most part. That is how I’ve always seen it. Even in some

experiences that I’ve had, it’s been like, ‘well you can look for it

on your own, I don’t have the time, I don’t have to tell you the

solution’. Like the solution may be somewhere that you just have

not looked.
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Instead of approaching professors to learn new content, students relied on

online resources to meet an assignments’ requirements. P11 expressed

discomfort and embarrassment in asking professors for help:

I try to learn it on my own first... I think most of the time, I

am embarrassed that I don’t know it and so I try to get as much

information as I can before asking professors. But whereas, with my

colleagues, like my student peers, I would probably just ask them...I

would Google it, and Google it, and Google it... and then maybe ask

a close peer and then a professor.

Similar findings were also observed in workplace environments, where

students relied on online resources to complete their tasks. When P16 was

asked how they acquired the skills to complete on-the-job tasks, they

mentioned the use of online resources due to their manager’s unavailability:

Google, really. Our mentor wasn’t available to help us all that much,

but they were like, ‘you have to have this done by a certain date’

so, we spent a lot of time on Google.
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In addition to avoiding professors and managers, students also expressed

hesitance in interacting with individuals with a disability. P15 shared that

they were interested in the communication between students who were hearing

and hard of hearing, but that doing a project on the topic would be difficult

because of the unknown etiquette:

Knowing, I don’t really know how to label how deaf is that person.

What do I talk to them about? How would I communicate with

them?... So, kind of on that level. If I need to take out my phone

to write a message to them, or if I need to mouth words, if they can

read lips really well, then sometimes things like that we can work

out... I guess I would want to know how comfortable the deaf or

hard of hearing person would feel in that case.

In addition to a learn-it-on-your-own approach, students were dissuaded by

a lack of accessibility topics in educational and workplace settings, as will be

discussed in the next section.

9.3.2 Not Required to Consider Accessibility

Students explained that they only considered accessibility when it was

required of them. They noted that person-centric topics, such as accessibility
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and usability, were not prevalent in the curriculum, nor was accessibility

explicitly mentioned in any software development process (e.g., agile,

waterfall). They observed courses primarily focusing on functional

requirements and satisfying the needs of stakeholders rather than the needs of

end users. This lead to a decreased motivation to address accessibility needs:

Well, I’m going to do the requirements for the class project and I’m

not going to try to go super above and beyond. Like, it’s not going

to matter. Just as long as you get the A, a 96 or a 99, it doesn’t

matter either way.

Participants’ focus for meeting functional requirements continued into

workplace environments. Students did not create accessible technologies

unless it was explicitly required of them. In total, only 7 out of 16 students

considered accessibility during their internships, all of which were required to

do so. When P14 was asked what motivated them to consider accessibility in

their internship, they replied, ‘it was my job’, and that they had to follow

their manager’s orders. P16 also explained how they created an accessible

website during their internship because they had to meet U.S. 508

compliance [131]:
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We had to create a website with 508 compliance in mind which is

like dealing with screen reader technology.

When accessibility was not required, students expressed that they tended

to think about users similar to themselves. P1 explained that accessibility was

not a topic that they commonly thought about:

Probably because we just don’t really think of [accessibility]. When

we are going to create those applications, it’s easy to have tunnel

vision with what you know. Like, I don’t have disabilities, so I don’t

think about it. I feel like that is the main issue, that a lot of people

don’t think about the situation of others.

P3 self-disclosed as having a disability and also shared a similar view:

Well I know because I am color blind, like red green deficient, I do

look out for those things only because it helps me also.

Without direct requirements, students were not in the habit of

considering the usability or accessibility of their software. We note that the

curriculums within this study follow computing guidelines and that the

Software Engineering curriculum is also ABET accredited [2]. In the next
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section, we elaborate on the workplace and educational contexts that

contributed to students perceiving accessibility as non-essential to their

careers.

9.3.3 Not Seeing Accessibility as Important for a Computing
Profession

The last major factor that dissuaded 14 out of the 16 participants from

considering accessibility in their work was that they did not perceive the

topic as being essential for their career. In particular, twelve out of 16

participants expressed that accessibility was necessary in select front-end

development roles or domains, e.g. healthcare, government, or access services:

Probably not, only because there is a lot of people who have a

strong focus on backend implementation. While there are minor

implementations of accessibility within the backend, it tends to be

a front-end focused discipline. At least that is my view.

Participants also indicated that they did not think that accessibility

would be a priority in startup companies or industry sectors where they

anticipated few users with a disability. When P3 was asked whether they
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foresaw themselves applying accessibility in their future career, they

explained that they expected to only if it was specifically asked for:

I would say yes, but only when it is specifically asked for or

necessary. In terms of cost of a project, when it comes to time

and how it relates to money, the core requirements are usually

going to be to get the project done first, and secondary would

always be the accessibility to it. If it was designed specifically for a

type of user, then it would be designed to be dedicated for that

specific user.

Students who were required to incorporate accessibility in their

internships also shared similar statements. Seven out of 16 students were

required to apply accessibility during their internship, and only one of

these students stated that accessibility skills would be needed by all

computing professionals. The remaining students were dissuaded by the

lack of importance their company and co-workers placed in accessibility skills.

P5 described that their co-workers did not know how to use screen readers:
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I had to Google it because all the other coworkers on my team were

like, ‘I don’t know, we just Google it every time we need to do it

too’.

Participants also mentioned a lack of established processes or guidance for

applying accessibility:

First was learning about compliance. Everyone kept throwing this

[word] around, but they didn’t really tell us what it was about, so

[another intern and I] read up on 508 [compliance] and some of the

other laws surrounding that too.

Overall, students observed that accessibility was not necessary to

complete many on-the-job tasks and neither their co-workers nor their

companies appeared to place a high value in developing processes for

ensuring accessibility. Instead, the process of learning or implementing

accessibility was an isolating process.

9.3.4 Motivations for Computer Accessibility: Exception
Cases

Two out of 16 participants (P8, P9), indicated that they were motivated to

continue their learning of accessibility after the HCI course. The two students
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were motivated by their meaningful interactions with individuals with a

disability and the mentorship they received from managers or professors.

Both participants had meaningful interactions with individuals with a

disability. P8 interacted with Deaf individuals and observed that some had

limited fluency in English which contributed to fewer professional

experiences. P8 was inspired to design an application that could help Deaf

individuals improve their English:

Seeing that a lot of Deaf people have potential but are limited by

their English. Because of that, they are not given a shot, even

though it has nothing to do with their English. This app is a way

to help them to move up somehow.

Similarly, P9 grew up around individuals with disabilities and was driven

to create accessible technologies:

I grew up in an environment that had people from many different

backgrounds and disabilities. I wasn’t told [to do it] but thinking

about them now, makes me want to make sure that I can account

for them.
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Both students were also motivated to continue their learning of

accessibility due to positive mentorship experiences. P8 completed a

Research Experiences for Undergraduates (REU) summer research program

sponsored by the U.S. National Science Foundation (NSF) where accessibility

was required. The program matched them with faculty research mentor(s)

who guided them through the process. At the conclusion of the program, P8

was provided additional support from the college to continue implementing

the project, including support for pairing with other students. This

additional support from the university reinforced the importance of

accessibility within the computing domain.

P9 was required to complete an independent-study course when they

transferred into the major. They were matched with a professor who had

experience in accessibility and who highlighted the role of accessibility within

software development. This experience made them more interested in the

experiences of individuals with low vision:

I have actually tracked a few academic papers but those primarily

talk about interactive braille pad, which is still not perfected. . . I

have kept an eye on it though. I hope that it gets produced.
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These experiences highlight the role that an educational culture can have

in shaping students’ self-motivation to learn about accessibility. Mentorship

experiences for example, not only counter a learn-it-on-your-own approach but

also expose students to professionals who apply accessibility in their work.

9.3.5 Recommendations for Computing Education

The last portion of the interview regarded students’ recommendations for how

courses could promote accessibility. We directly asked them, ‘Is there anything

the professor could have done to help you create accessible technologies for

individuals with a disability?’. This question was posed at the end of the

interview to allow students to reflect on the information resources, educational

experiences, and training that was previously discussed.

We gathered 21 recommendations from students that could be categorized

into three areas: Topics for learning accessibility, Resources, Course

structure. The 21 recommendations are itemized below:

• Topics for learning accessibility: Gathering software requirements

related to accessibility, disability etiquette, incorporating accessibility in

the software development cycle, Deaf culture, accessible technologies or
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devices, authoring website content, testing software for accessibility, and

communication preferences of different individuals with a disability

• Resources: Examples of accessible technologies, APIs or

programming frameworks with accessible features, books or websites on

accessibility, list of professors that specialize in accessibility, guest

speakers with a disability, accessibility guidelines and regulations,

automated software accessibility evaluation tools, online courses or

tutorials, list of organizations that support individuals with a disability.

• Course structure: Add accessibility requirements within existing

course work and classes, add a required accessibility course for my degree,

create an elective course that counts towards my major, and ability to

take courses outside the college that will count towards my major.

To prioritize these recommendations, we conducted a survey with a broader

population of computing students. This survey is discussed in Chapter 10.

9.4 Discussion and Conclusion

Through interviews with senior-level students, we sought to answer the

research question, In interviews about their educational experience during
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their university career, what factors do students believe influenced their

accessibility knowledge? We hypothesized that students would continue to

apply accessibility after the HCI course and that their success in doing so

would be dependent on the challenges they faced in projects.

The semi-structured interviews and Grounded Theory approach allowed us

to discover that there were no specific project factors that detracted

students from implementing accessibility. Instead, students did not tend

to think about accessibility from the onset, even if they had been exposed to

varying teaching conditions 12-18 months prior. The only temporary change

to this phenomenon were requirements on the topic.

Social and extrinsic factors influenced students’ motivation to continue

their learning of accessibility. Students expressed discomfort in approaching

professors and managers with questions, indicating an implicit expectation to

learn content on their own. Furthermore, they expressed discomfort in

communicating with individuals with a disability. Computing students

experiencing discomfort when interacting with individuals with a disability

has also been found in prior work [77,117].
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Teaching strategies that countered a learn-it-on-your-own approach, such as

with one-on-one instruction and meaningful interactions with individuals with

a disability, appeared to motivate students to learn more about accessibility. It

is possible that these methods contributed to social and extrinsic motivators,

such as the desire to meet authoritative figures’ expectations which has been

found to be influential in industry settings [13, 46].

In addition to the social detractors in a learn-it-on-your-own approach,

participants expressed that they did not see accessibility as an essential skill

in preparing them for their careers. They indicated that accessibility was a

specialization that would be used in select industry sectors. This aligned with

students’ experiences in co-ops: coworkers and companies appeared to place

a low value in memorizing accessibility-related skills and there were minimal

processes in place to ensure accessibility was implemented. This also aligned

with students’ educational experiences where accessibility was not a main focus

of the curriculum. In the next chapter, we discuss a survey of senior-level

students which prioritizes the recommendations provided during interviews.



Chapter 10

Student Prioritization of
Educational Methods

10.1 Introduction

In Chapter 9, we found that students did not consider accessibility in their

work, and that this phenomenon was influenced by extrinsic factors, such as

not being required to consider accessibility in the curriculum nor in work

experiences. These results made us wonder which teaching methods could

best address the concerns expressed by students. To build on prior work

which had identified possible interventions via surveying professors [100, 119],

we conducted a survey of students to evaluate a list of initiatives that in

retrospect, could have better prepared students to consider accessibility.

163
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While the students in our interviews in Chapter 9 had identified some

possible educational interventions that may have benefitted them, in a small

interview study, it was not possible to prioritize these recommendations

according to students’ level of interest. For this reason, the current chapter

describes a follow-up study conducted using a survey methodology.

Specifically, the 21 recommendations from students in our interview study

(Chapter 9) were:

• Topics for learning accessibility: Gathering software requirements

related to accessibility, disability etiquette, incorporating accessibility in

the software development cycle, Deaf culture, accessible technologies or

devices, authoring website content, testing software for accessibility, and

communication preferences of different individuals with a disability.

• Resources: Examples of accessible technologies, APIs or

programming frameworks with accessible features, books or websites on

accessibility, list of professors that specialize in accessibility, guest

speakers with a disability, accessibility guidelines and regulations,

automated software accessibility evaluation tools, online courses or

tutorials, list of organizations that support individuals with a disability.
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• Course structure: Add accessibility requirements within existing

course work and classes, add a required accessibility course for my degree,

create an elective course that counts towards my major, and ability to

take courses outside the college that will count towards my major.

10.1.1 Research Question

To better prioritize these recommendations, we conducted a survey of a larger

set of senior-level students to answer the research question:

RQ 7. What educational resources or instructional methods do students wish

they would have had, to better prepare them to create accessible technologies?

10.1.2 Hypothesis

Related work suggested that computing degree programs tended towards

introverted learning behaviors [22], whereby information was primarily gained

through online resources and factual information rather than other

people [18]. Furthermore, prior studies highlighted how computing students

regularly acquired knowledge through self-directed learning [86] and the

Internet [37]. As such, it was hypothesized that students would primarily

request resources that could support them in this style of learning, such as

through automated evaluation tools and programming libraries.
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10.2 Methodology

In creating the questionnaire, we piloted a combination of Likert-scale and

ranking questions. During six pilot studies, we found that participants ranked

and scored items differently. For instance, students assigned high Likert-scale

scores for multiple items, but would only include a subset within their top

ranked choices. As such, our analysis included a triangulation of students’

Likert scale responses, ranked questions, and open-ended responses.

• Likert-scale items: Students were asked to assign Likert-scale

agreement scores to each recommendation within the three categories

(topics for learning accessibility, resources, course structure).

The statement for the three overall questions was, ‘I believe this

[Topic/Resource/Course structure] would be important in preparing me

to create accessible technologies in my career.’. The Likert scale

response options ranged from from 1=strongly disagree, 3=neither agree

nor disagree, and 5=strongly agree. To minimize ordering effects, all

suggestion items were randomized per participant.
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• Ranked questions: After each category of recommendations, students

were asked to indicate their top three choices. A total of three questions

were asked, ‘Please indicate the top three items above that you believe

would best prepare you in creating accessible technologies in your career’.

• Open-ended questions: After each category of Likert-scale responses

and ranked questions, students were asked, ‘Please explain why you chose

the three items above’.

10.2.1 Participant Recruitment

Participants were recruited through email and in-person events where they

were compensated with $10 for participation. To be eligible for participation,

students had to be in an undergraduate computing program with less than one

year remaining to complete their degrees. Each electronic questionnaire took

approximately 10 minutes to complete. A total of 114 undergraduate senior

students from Rochester Institute of Technology completed the survey during

March and April 2019. Of the 114 students, 96 were male, 16 were female, and

2 were non-binary.
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10.2.2 Quantitative Analysis

As discussed in Section 10.2, the survey included a triangulation of

Likert-scale, ranked, and open-ended questions. We determined students’

top-ranked choices through a weighted average of the responses. In the

ranked questions, students were able to select their top three choices for each

category. As such, the lowest ranking was assigned a weight of one and the

highest a weight of three. The possible ranges for the weighted scores could

be a minimum of zero and a maximum of three.

Next, we determined whether students’ selections were significantly

different from one another. We conducted a Kruskal-Wallis H test for each

category (Topic, Resources, Course structure) of Likert-scale responses. If a

significant difference was observed, we conducted a follow-up pairwise Dunn’s

post hoc test, with Bonferroni correction, to isolate which recommendations

were scored significantly different from one another.

Finally, four researchers qualitatively coded the open-ended responses in

pairs. They independently assigned descriptive annotations [111] to each

response and reconvened to share their findings. The analysis of the

open-ended responses allowed us to further understand students’ preferences.
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10.3 Results

In an analysis of students’ Likert scale responses, we found that all categories

had at least one pair of items with significant differences (refer to Table 10.1).

We discuss the results of each category in the subsections below. The weighed

average rankings of all categories will be discussed in the following subsections.

All raw rankings are included in Appendix H.

Table 10.1: Kruskal-Wallis H test indicated that all categories contained at
least two items with significant differences (↵=0.05)

Category Test Statistic p-value
Topic X2(7)=76.004 p<0.001*
Resources X2(8)=197.740 p<0.001*
Course structure X2(3)=62.692 p<0.001*

Asterisk (*) indicates significance at ↵ = 0.05.

10.3.1 Topics for Learning Accessibility

There were eight topic suggestions: Gathering software requirements related

to accessibility, disability etiquette, incorporating accessibility in the software

development cycle, Deaf culture, accessible technologies or devices, authoring

website content, testing software for accessibility, and communication

preferences of different individuals with a disability. When calculating the
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weighted average for the rankings of these topics, the top three selections

were: Testing software for accessibility (x̄=1.377), gathering software

requirements related to accessibility (x̄=1.298), and incorporating accessibility

in the software development life cycle (x̄=0.833).

A post-hoc Dunn’s test of the Likert-scale responses indicated that the

top-ranked choice, testing software for accessibility, was significantly different

from all other Topic choices, except for the second-ranked item, gathering

software requirements related to accessibility.

In the open-ended question, students explained that they preferred

‘practical learning’ tools instead of fully understanding the reasoning behind

accessibility practices. Students wanted ‘vetted tools’ that they could directly

use. One survey participant explained:

As important as understanding disability background and culture

is, software engineers need to rely on development tools to create

technology that the disabled can use. It is easier to follow

specifications than to understand the reasons behind the inclusion

of said specifications.
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Students also explained that lower-ranked Topic choices would be

‘unnecessary and unproductive’, because they can be ‘learned outside the

classroom’ and would not produce tangible results. These findings

corroborate interview findings, whereby students identified a lack of detailed

guidance in educational and work environments on what would be necessary

to directly create accessible technologies.

10.3.2 Resources

There were nine resource suggestions gathered during interviews that were

further prioritized in the surveys: Examples of accessible technologies, APIs

or programming frameworks with accessible features, books or websites on

accessibility, list of professors that specialize in accessibility, guest speakers

with a disability, accessibility guidelines and regulations, automated software

accessibility evaluation tools, online courses or tutorials, list of organizations

that support individuals with a disability. A calculation of the weighted

average of the responses resulted in three top choices: APIs or programming

frameworks with accessible features (x̄=1.535), examples of accessible

technologies (x̄=1.246), and accessibility guidelines and regulations

(x̄=0.877). With exception of automated software accessibility evaluation
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tools, students rated all top three choices significantly different than the five

lower-rated choices, when tested through a Dunn’s test.

In open-ended questions, students stated that they preferred resources

that they could independently use. They preferred quick solutions, such as

‘built-in accessibility’ within APIs or programming languages, ‘online

simulators’, guidelines, and automated evaluation tools. Participants stated

that such resources could help diminish ‘the need of having someone with a

disability there to evaluate it for you’.

In addition, participants viewed lower-ranked items as secondary or back-up

resources. They did note that the lower-ranked, human-centric, resources were

‘good and important to have’ but that ‘students [would] not use them or not

be as interested in them’ preferring to ‘learn by example and documentation,

as well a having online validators.’

10.3.3 Course Structure

The Course structure category contained four choices: Add accessibility

requirements within existing course work and classes, add a required

accessibility course for my degree, create an elective course that counts

towards my major, and ability to take courses outside the college that will
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count towards my major. The top three ranked items, identified through their

weighted average, were: Create an elective course that counts towards my

major (x̄=2.266), add accessibility requirements within existing course work

and classes (x̄=1.706), and ability to take courses outside the college that will

count towards my degree (x̄=1.422).

In Likert-scale responses, the top-ranked option, create an elective course

that counts towards my major, was significantly different than all other options.

In open-ended responses, participants explained that the option for an elective

course was ideal because it would allow those who were ‘truly interested’ in

accessibility to take the course. Students did not want to be ‘forced to learn

more about it’. Furthermore, survey respondents explained that accessibility

was ‘irrelevant to their majors’, such as one participant who explained that

elective courses were preferred over requirements for accessibility:

Requirements get iffy, personally I don’t like required courses when

they are absolutely irrelevant to my degree/major. However, if

someone was passionate about creating accessible technologies, and

it was within the scope of the field they want to work in, they

would “want” to take these courses.
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Opting-in to accessibility education would be preferred because not

everyone would be using the information in their careers:

As important as accessibility is, not everyone is planning to work

in fields that work with accessibility technologies, so I would err

on the side of making the course materials an elective rather than

required.

10.4 Discussion and Conclusion

A unexpected finding from the surveys was that respondents were largely

unmotivated to learn more about accessibility regardless of the

recommendations proposed by their peers. Elective courses in the course

structure category were the most preferred as students did not want

required courses on the topic. This was in accordance with the results of the

interviews in Chapter 9, in which students indicated that they were

unmotivated to further their learning after the HCI course. In that prior

interview based study, students mentioned a number of reasons for not

pursuing further study of accessibility, including not seeing accessibility as an

essential skill to all computing career paths (refer to: Chapter 9).
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Again, in this survey-based study in the current chapter, we found that

students preferred resources that did not rely on human interactions (e.g., a

participant noting that online resources are preferred as they diminished ‘the

need of having someone with a disability there to evaluate it for you’ ) and

topics that could be readily applied within their course projects. Topics

regarding etiquette, communication preferences, and Deaf culture were seen

as less necessary (e.g., a participant noting that ‘It is easier to follow

specifications than to understand the reasons behind inclusion of said

specifications.’ ). Students indicated that the preferred resources and topics

were practical as they could directly support them in their class projects.

A preference for online sources was further deliniated in open-ended

responses (e.g., participants noting the need for ‘built-in accessibility APIs’

and ‘online simulators’ ). Preferences for online resources have also been

observed in related work [18, 22, 87] and were further corroborated during our

interviews where students described a learn-it-on-your-own approach to

computing (refer to: Chapter 9). While online resources may be useful for

other computing topics, related work has indicated that accessibility
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guidelines and automated testing tools can be unreliable or difficult to

interpret [126,130,152].

Overall, the findings from the survey reinforce the general results of the

interview discussed in Chapter 9: instructors must first address extrinsic

factors that motivate the need for accessibility. Whereas prior researchers

have highlighted the need to appeal to intrinsic

motivators [32, 110, 112], our findings suggest that extrinsic factors

must be addressed first (e.g., survey participant noting ‘As important as

accessibility is, not everyone is planning to work in jobs or fields that work

with accessibility technologies.’ ).



Chapter 11

Conclusions and
Future Directions

11.1 Conclusion

While preparing future computing professionals in accessibility is important

to the development of equitable and innovative technologies, prior work did

not discern which educational methods were most effective [100]. This

dissertation provides a systematic cross-sectional and longitudinal evaluation

of students’ learning when exposed to one of four conditions: lectures,

projects, stakeholders, or team members. Our mixed methods study involved

hypothesis testing, qualitative coding, and grounded theory to holistically

understand what factors inside and outside the classroom influenced

students’ learning of accessibility. We evaluated students’ learning

177
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throughout three years (spring 2016-2019), resulting in a review of the four

conditions throughout 14 courses and seven distinct professors. While

existing literature includes an analysis of computing students’ learning of

accessibility in one or two courses, this dissertation outlines a systematic

analysis across multiple courses and instructors. To the best of our

knowledge, this is the first systematic evaluation of accessibility instruction

within a computing degree program.

In our short-term analysis, which compared students’ survey responses

immediately before and after the HCI course, we found that students who

had stakeholder interactions obtained the greatest number of significant

changes at the short-term: prosocial sympathy, awareness, knowledge, and

consideration of individuals with a disability. In the long-term, when

surveying students again 12-18 months after the course, we found that only

students who had completed a project or had a team member with a disability

sustained significant changes in their knowledge of implementation

techniques. All other observations from the short-term, such as the

stakeholder condition yielding greater awareness, were no longer observed in

the long-term.
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The analysis of the interviews, surveys, and project reports provided

context for the longitudinal results in Chapter 7. Students were largely

unmotivated to continue their learning of accessibility due to: not being

required to consider accessibility, not seeing it essential to a career in

computing, and challenges amid a learn-it-on-your-own computing approach,

which is common in the computing field. Much current computing education

research has focused on ways to increase students’ intrinsic motivations and

empathy towards individuals with a disability, however, our findings suggest

that educational interventions must first address external factors in order to

engage students on the topic. That is, educational interventions must

reinforce the expectation that a computing profession requires consideration

of inclusion and accessibility. To overcome challenges of a

learn-it-on-your-own approach, instructors must actively engage and mentor

students on the topic.

An understanding of what teaching methods are most effective is crucial

to the future integration of this content within curricula. The knowledge

contributions presented in this dissertation can be used to directly inform

university budgets and curriculum initiatives. Future avenues for this work
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focus on understanding the impact of classroom instruction, in conjunction

with, the external factors discovered in 1-on-1 interviews.

As discussed in Chapter 1, the main contributions of this work also

included the documentation of the data collection and analysis methods to

support study replication. The appendices of this document contain all the

appropriate information for replication of this study. This includes all

teaching and evaluation materials. Continued systematic evaluations and

replications of computing education research are necessary: In a review of

computing education research from 2009 to 2019, Hao et al., were unable to

identify any systematic evaluation of accessibility computing efficacy [48]. By

outlining all of our processes, we hope that this document will serve as a

point of comparison for future endeavors.

11.2 Possible Future Steps

There are many questions motivated by this dissertation that may be

explored by future researchers and later stages of this NSF-funded project.

Possible future steps can include the continued data collection of senior-level

students and students within the lectures and team member condition. There

are also three additional initiatives that can build upon this dissertation
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work: researching the extrinsic factors that influence students’ perceptions of

accessibility, investigating how accessibility can be taught throughout the

curriculum, and replicating the study at other universities.

11.2.1 Research of Extrinsic Factors

In the research outlined in this dissertation, we found that extrinsic factors

were important to students when determining which computing topics to

further their learning on. Given the importance of these factors, it would be

appropriate for a future study to specifically investigate the potential of

interventions that may address students’ extrinsic motivations. For example,

interventions that counter a learn-it-on-your-own computing approach can be

selected. This may include participation in a project mentorship activity

(e.g., NSF Research Experiences for Undergraduate Students) or interactions

with computing professionals who apply accessibility knowledge in their

career. During interviews, students identified these experiences as motivating

them to maintain their knowledge of accessibility (refer to: Chapter 9).

11.2.2 Accessibility Education Throughout the Curriculum

This dissertation has specifically investigated the potential impact of several

educational interventions which were focused upon a single HCI course
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delivered to students in computing majors. However there are other ways in

which such educational interventions or changes could be implemented

throughout the curriculum. For instance, Waller et al., proposed a method

for incorporating accessibility throughout a computing curriculum [140].

A future avenue for this work could involve the investigation of how

accessibility can be integrated throughout a curriculum and whether this can

promote students to regularly consider accessibility throughout their work.

As discovered in Chapter 9, students’ build their career expectations based

on the curriculum and these perceptions remain beyond initial work

experiences (e.g., with seven out of 16 students being required to apply

accessibility during internships, but only one of these students indicating it

would be necessary for all computing professionals). Future initiatives for

integrating accessibility from the curriculum can be informed by the results

of students’ prioritized topics and methods discussed in Chapter 10.

11.2.3 Replicating the Study at Other Universities

Finally, future work can help identify whether the educational interventions

discussed in this dissertation can be replicated at another university, and

whether they would result in a similar efficacy. As a first step, before
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expanding the study to another university, researchers could begin by

investigating this question by evaluating Computer Science students at

Rochester Institute of Technology (RIT) who do not receive exposure to the

teaching conditions. An analysis of Computer Science students’ learning

could reveal the magnitude of changes that arise from the environment at

RIT. In Chapter 8 for instance, we found that students were more likely to

consider individuals who were deaf or hard of hearing than have been

reported in existing literature [101]. An evaluation of students’ learning

outside the conditions, may help reveal whether any lessons may be implicitly

gained through the RIT environment.

Next, a logical step would be to implement the educational interventions

discussed in this dissertation within the context of a Computing course at

another university. The simplest first step would be to evaluate students’

short-term changes (pre vs. post) when exposed to the stakeholder condition.

Such a study would help determine whether the impact of the interventions

measured at RIT would be generalizable to a different university context.
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11.3 Summary

The consideration of accessibility and inclusion is a core component of

computing professionals’ role. Through the development of accessible

technologies, computing professionals mediate the widespread availability of

vital information and services, e.g., health, economic opportunities, and

personal security. In Chapter 2, we also discussed various mainstream

accessible technologies which have lead to disruptive innovations that have

redefined the way we interact with technology under various permanent,

temporary, and situational impairments, e.g., voice-first technologies and

video captioning.

The empirical research outlined in this dissertation measures the efficacy

of various teaching interventions to help guide future educational initiatives.

These findings may be useful for organizations such as the Association for

Computing Machinery and Accreditation Board for Engineering Technology,

which develop curriculum guidelines informed by computing professionals’

code of ethics. The findings contained within this dissertation may also be

useful for broader organizations advocating for additional accessibility

education within the computing curriculum. Furthermore, our systematic
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evaluation of teaching interventions can provide guidance for future

instructors who wish to add accessibility content within their courses.
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Appendix A

Questionnaire

A questionnaire developed by Huenerfauth et al. [2015] [54] is the basis of the

quantitative dataset of this dissertation. The questionnaire by Huenerfauth et

al. contains 13 sections to assess students’ accessibility awareness, knowledge,

and attitudes.
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Survey

A team of faculty members at [university name] ([faculty names]) are investigating how to improve courses on human computer

interaction and related topics. The purpose of this survey is to help us understand student's awareness of the needs of users of

technology. This voluntary survey is confidential and will not affect your course grade in any way.

Please note that once you start the survey, you will not be able to go back.

1. Enter your first and last name.  This survey requests that you provide your name and identity so that

results can be analyzed over time; however, your name and identify will remain confidential (only available

to the investigators on the research team)

2. What is your [university name] email ID?  This will help identify you in case of multiple students having

the same name.

For the following questions (Questions 3 and 4), refer to the following scenario:

 

In order to meet recently revised federal legislation, the state of New York has charged your organization with the task of developing

new electronic voting kiosks.  In the past, all voting was conducted in person or via mail-in ballot.  

 

Each registered voter was mailed a voting card.  The card was presented when the voter goes to the designated voting precinct for in-

person voting.  No ballots were given to voters without their voting cards.  These voting cards will continue to be used with the new

kiosks. 

 

The new system focuses on in-person voting.  Each registered voter who wishes to vote in-person must be able to do so

independently.  The new system needs to be very secure in terms of making sure that each person can vote no more than once, that

their votes are accurately counted, and that the votes are archived securely.  Also only the precinct officials and any other general

election officials should have access to the results at any time. Each person’s ballot must be formatted in a consistent manner, which

conforms to state ballot format standards.  After the voter finishes voting, the kiosk prints the ballot, which is submitted to the precinct

official for archiving.  Only in-person voting is supported in the new system.

The kiosks need to respond quickly to the voting selections made by the voters.  Also the vote count reports need to be well organized

and clearly formatted.  The voting official (at the precinct) must verify the vote counts at his/her station by double-checking the totals

from all voting kiosks three times.  For all 3 times, the totals must be the same.  If there is a discrepancy, then the precinct official must

count the votes by hand, and submit the results to the county voting office in person.

3. If you are to design the user interface for the system, what are the key points that you need to keep in

mind in terms of the task of voting itself?



4. What potential voters will you test the kiosk prototype with in order to gain feedback on the new kiosk

design?



 
Agree very

much

Agree pretty

much Agree a little Disagree a little

Disagree pretty

much

Disagree very

much

It is rewarding when I am

able to help

It hurts me when they

want to do something

and can’t

I feel frustrated because

I don’t know how to help

Contact with a disabled

person reminds me of

my own vulnerability

I wonder how I would

feel if I had this disability

I feel ignorant about

disabled people

I am grateful that I do not

have such a burden

I try to act normally and

ignore the disability

I feel uncomfortable and

find it hard to relax

I am aware of the

problems that disabled

people face

I can’t help staring at

them

I feel unsure because I

don’t know how to

behave

I admire their ability to

cope

I don’t pity them

5. Listed below are a number of statements that are said to describe what people think about different

disabled people.  Usually, what we think about individuals depends on how well we know them.  However,

we would like to know what you think in general.  Please read each statement carefully and circle what

response best describes how you usually feel.   If you’re not sure about an item, go ahead and answer it to

the best of your ability. If there are items you would rather not answer, just leave those blank, or write a

comment about those items at the bottom of the page.



After frequent contact, I

find I just notice the

person not the disability

I feel overwhelmed with

discomfort about my lack

of disability

I am afraid to look at the

person straight in the

face

I tend to make contacts

only brief and finish them

as quickly as possible

I feel better with disabled

people after I have

discussed their disability

with them

I dread the thought that I

could eventually end up

like them

 
Agree very

much

Agree pretty

much Agree a little Disagree a little

Disagree pretty

much

Disagree very

much

6. Please enter any comments that you have here regarding any of the statements in Question 5.  This is

optional.



 I have knowledge of this I have personal experience with this

People who have low

vision

People who are blind

People who are deaf or

hard of hearing

People with autism

People with learning

disabilities

People with intellectual

disabilities

People with motor or

movement disabilities

Older people

7. For various reasons, it can be difficult for some people to use current computing technology.  You may

have personal experience with this (such as through a family member or friend) or you may be aware of

this through other means.  Please indicate whether you are familiar with some specific challenges that

people have when using computers, mobile devices, and the web – or whether you or someone you know

well has personal experience with this -- for the following people:

8. If you answered “I have personal experience with this” to any of the items in Question 6, please explain:



 I have heard or read about this I have done this before

People who have low

vision

People who are blind

People who are deaf or

hard of hearing

People with autism

People with learning

disabilities

People with intellectual

disabilities

People with motor or

movement disabilities

Older people

9. I know how to design websites and software to ensure that it is accessible for the following people:



 I’m familiar with this issue

I have taken this issue into account to make the site

more accessible for people with disabilities

The use of cascading

style sheets (CSS)

The use of alt text for

images

The use of headings for

tables

The labels on elements

of forms

The content of the

underlined text of

hyperlinks

The use of captions for

videos or sounds

The use of headings

(H1, H2, etc.)

The use of event

handlers (e.g., onFocus)

The use of different

colors on a page

The use of diagrams or

images to accompany

text

10. I understand how the following aspects of website design affect people with disabilities:



 I’m familiar with this issue

I have taken this issue into account to make it more

accessible for people with disabilities

Ensuring compatibility of

the user-interface with

screen reader

technology

Supplying higher

resolution or vector

graphics to support

magnification or

enlargement

Providing information

content redundantly

through both visual and

audio channels

Providing access to all

elements of the user

interface via keyboard

commands

Limiting the complexity

of text information

content on the user-

interface

Avoiding the use of

messages that require a

response from the user

in a fixed time limit

11. I understand how the following aspects of software or mobile-app design affect people with disabilities:

12. I have previously been involved in the design/development of websites or software.

Yes

No



13. When I worked on the design/development of a website or software, I considered issues of users with

diverse abilities in my work:

Yes

No



Appendix B

Institutional Review Board

This research was approved by the Institutional Review Board. This includes

three IRB Form C approvals: one for the initial analysis of the courses, an

amendment for recruitment of Computer Science students through flyers, and

an interview study of senior students.
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Appendix C

Senior Semi-Structured
Interviews

Semi-structured interviews will be conducted with senior students to identify

the longitudinal efficacy of the teaching conditions and the barriers to

existing methods for teaching accessibility. The interviews contain nine

questions regarding usability concepts, experiences working with diverse

users, barriers in existing courses, and students’ preparedness for addressing

accessibility barriers in their careers.
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PAGE 4 OF 7          
SCREENER 

 

 

 

 

 
 

If participant selects the 
highlighted items, they 
are redirected to the 
disqualification page. 
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PAGE 5 OF 7          
SCREENER: continued 
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PAGE 6 OF 7          

SCREENER: DISQUALIFICATION PAGE 
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PAGE 7 OF 7          
SEMI-STRUCTURED INTERVIEW QUESTIONS 

 
 

BACKGROUND 
1. What steps do you take to improve the usability of software?  

a. Would you describe yourself as a beginner, experienced, or very experienced in addressing 
usability issues in software? Why? 

b. What skills do usability experts have? 
c. What courses or activities have you done to gain experience in usability?  

 
EXPOSURE TO DIVERSE USERS 
2. What target markets have you developed software solutions for? 
3. Is there a specific target market that you have enjoyed working with? Why? 

a. How did you gain access to [target market]? 
4. When was the first time that you considered creating software for individuals with different abilities from your 

own? What motivated you to consider [the solution]? 
 
BARRIERS IN COMPUTING EDUCATION 
5. Are you currently enrolled in a Senior Project course? 

a. What is your project topic? 
b. What challenges have you faced thus far? 
c. What are your projects’ target markets? How do their characteristics differ from your own? 
d. Have you considered features to improve the accessibility for individuals with disabilities? 

6. What additional team projects have you completed during your time at RIT? 
a. Have any of the projects included features targeted at individuals with disabilities? 
b. What made you consider these features? OR What dissuaded you from considering individuals 

with disabilities? 
c. Can you describe the course? 
d. Is there anything the professor could have improved upon to help you achieve your initial goals? 

 
ACCESSIBILITY EDUCATION AT RIT 
7. Can you recall a time when you saw someone using an accessibility feature or technology that you were not 

exposed to? How did the tool help them achieve their goals? 
8. Do you feel prepared to address accessibility barriers in computing once you graduate? Why? 

a. What type of accessibility barriers could you address, and how? 
b. Are there any accessibility barriers you wish you knew how to address? What type of information 

would you need to feel prepared to address [the barrier]? 
c. Have any of your courses at RIT increased your knowledge of accessibility? 
d. Have you participated in any activities at RIT that increased your knowledge of accessibility? 

9. How has RIT’s focus on accessible education, such as interpreters and flipped classrooms, changed the way 
you think about computing?  



Appendix D

Accessibility Lecture Content
Slides

The accessibility lecture content slides are provided to instructors at the start

of the semester. The slides are designed to span one week of the course and

are split into three sections.
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Appendix E

Project Report and Video
Requirements

Sample project requirements are provided to instructors at the start of the

semester. These requirements outline content for students to incorporate

within their project videos and reports. In addition, the file includes a

tutorial for students to caption their videos.
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ISTE-260: Designing for the User Experience, EXERCISE 7 

Exercise 7 consists of 1-page report and a short video your group will create to summarize your 
entire semester-long project, in which you have focused on a proposed website, software, or 
application.   

 

VIDEO: Each group should prepare a 3-5 minute video that includes the following topics: 

o Explain what the basic idea of your proposed website, software, or application is.   

o Explain what it would do.  Explain briefly how it would work or would look.  Explain who 
the target audience of the product would be.   

o Explain why people want/need it.  You might share an anecdote from your observations 
or interviews at the beginning of the semester, if this helps to explain why you think this 
product is needed.   You should try to be convincing here: Imaging that you are seeking 
investors for your product. 

o You should produce an updated prototype of your system, to reflect some small 
improvement to the design, based on something that you learned from the heuristic 
evaluation and usability test.   You should show your updated prototype in the video.    

 

REPORT: Your group should also prepare a 1-page “Final Report” document to be uploaded to 
Dropbox.  It should address the following topics: 

o Summarize one thing that you learned from the Heuristic Evaluations of your design that 
were conducted in Exercise 5 part 2.  This should be understandable. 

o Summarize one thing that you learned from doing your usability test during Exercise 6.   

o Explain how you updated or adjusted your final prototype version based on this. 

o Explain how your design is well-suited to the users that you are focused on. 

 

TEAM EVALUATIONS: You will be asked to individually upload answers to questions about the 
work of your teammates during the semester. 

 

Requirements: 

o You will show this video to the class during the Final Exam period.  You must produce a 
version of your video with English subtitles displayed; it should be hand-corrected text, 
not the automatically produced captions from youtube, which include many errors. 

o Your entire team should be present so that you can answer questions about your work. 

o Your team should verbally mention how the results from your heuristic evaluation and 
the usability text influenced your design. 

Submission: 

Please note that you will submit something to the GROUP dropbox and something to the 
INDIVIDUAL dropbox. 



 
 

o On the GROUP Dropbox named “Exercise 7” on myCourses, you will submit: 

o The one-page written report 

o Your video BEFORE you added English subtitles  

o An .srt captioning file containing all of the words spoken in the video. (This is 
something that you will naturally produce when creating the subtitles for your 
video. See the instructions included on pages 3 to 6.) 

 

o On the INDIVIDUAL Dropbox named “Team Evaluations” on myCourses, each member 
of your team will submit a Word document that answers the following questions: 

1. Did some people on your team do an amazing job in general? 
2. Did some people on your team do a bad job in general? 
3. If there were any teamwork problems that you encountered during the semester, 

please describe any steps your team took to discuss or address them. 
4. Please describe (about 1 sentence) the role you played in Group Exercise #2 “Visual 

Variables”. 
5. How much cooperation was there between members of the group for this project? 

Was there a good division of labor?  Did some people do too little? Too late? Did 
some people take charge? Take over (in a bad way)? Was everyone's work good 
quality? Were they reliable? Easy to get in touch with?  (One sentence per team-
member is sufficient if things went well.) 

6. Please describe (about 1 sentence) the role you played in Group Exercise #3 
“Contextual Inquiry and Interview.” 

7. Discuss cooperation of the members of the group for Group Exercise #3 (all those 
questions I asked above).  (One sentence per team-member is fine if all went well.) 

8. Please describe (about 1 sentence) the role you played in Group Exercise #4 
“Persona and User Scenario.” 

9. Discuss cooperation of the members of the group for Group Exercise #4 (all those 
questions I asked above).  (One sentence per team-member is fine if all went well.) 

10. Please describe (about 1 sentence) the role you played in Group Exercise #5 part 1 
“Initial Prototype: Storyboarding.” 

11. Discuss cooperation of the members of the group for Group Exercise #5 (all those 
questions I asked above).  (One sentence per team-member is fine if all went well.) 

12. Please describe (about 1 sentence) the role you played in Group Exercise #6 
“Usability Testing.” 

13. Discuss cooperation of the members of the group for Group Exercise #6 (all those 
questions I asked above).  (One sentence per team-member is fine if all went well.) 

14. Please describe (about 1 sentence) the role you played in Group Exercise #7 
“Presentation.” 

15. Discuss cooperation of the members of the group for Group Exercise #7 (all those 
questions I asked above).  (One sentence per team-member is fine if all went well.) 

16. Any other comments about your team experience? 

Please note:  The Team Evaluations should be uploaded to your INDIVIDUAL dropbox 
on myCourses entitled “Team Evaluations.”  Do NOT post it in the GROUP area, or all of 
your team members will see it!    

Taking the time to submit these evaluations is part of your grade for Exercise 7. 
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How to upload videos to YouTube and add captions 
If you don’t have one already, you should create a YouTube account.  You can learn more 
about the basics of YouTube here: https://support.google.com/youtube#topic=4355266  
 

1. Upload the video to YouTube  

• Sign into YouTube, then click the Upload button at the top of the page. 

 
• Select the video you'd like to upload from your computer. 
• As the video is uploading, you can edit the basic Info and the Advanced Settings: 

o On the Basic Info area, you can set the video as “unlisted” if you prefer that 
people do not see it in search results.  

 
o On the “Advanced settings” area, you should set the “Caption certification” to 

“This content does not consist of full-length video programming” and set the 
“Video language” to English. 

 
• Click “Done” when finished. 
• Please remember the URL for the video so that you can find it later or display it during 

class. 



 
 

 

2. Add Captions 
Follow the instructions below or watch this tutorial video: 
https://www.youtube.com/watch?v=LCZ-cxfxzvk  
 

1. Go to your Video Manager by clicking your account at the top right of the YouTube 
website, and click “Creator Studio” > “Video Manager” > “Videos.” 

                
2. Next to the video where you want to add captions or subtitles, click the drop-down menu 

next to the “Edit” button.   Select “Subtitles and CC”. 

 
3. Click the “Add new subtitles or CC” button.  Choose “English” from the list of languages. 
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4. You will need to select how you would like to add captions.  Please select the “Create 
new subtitles or CC” button. 

 
5. On the new page that appears, you will see the video on the left and some area where 

you can type captions on the right.  Click the play button to start the video.   

 
6. When you get to the part of the video where you want to add something, type the 

content into the box on the right and press Enter.  Don't forget to add text describing 
other sounds happening in the video. For example, you can add sounds like applause or 
thunder as [applause] or [thunder] so viewers know what's going on in the video. 

7. If you need to, adjust when the caption starts and ends by dragging the borders around 
the text under the video. 

 



 
 

8. Repeat this process for all the spoken words in the video. If you don't have time to finish 
the whole video, your changes will be saved in your drafts and you can pick up again 
later.  To speed up your work, you can also use these keyboard shortcuts: 

• Enter: Add the subtitle. 
• Shift + space: Pause or play the video. 
• Shift + left arrow: Seek back five seconds.  

9. When you're done, select Publish. 

 
 
3. Save the Transcript file to your computer 

• Click the “English” button next to the video. 

 
• On the “Actions” menu, under the “Download” area, select: .srt 

 
• The .srt file will download to your computer.  Note: If you are using Safari on a Mac, 

sometimes this download doesn’t work.  You’ll need to use a different browser. 



Appendix F

Curriculums for Information
Technology and Software
Engineering Students

The two curriculums for undergraduate Information Technology (Web and

Mobile Computing degree) and Software Engineering students include the

required courses studied in this dissertation. Accessibility training is

incorporated during both Human-Centered Requirements and Design and

Designing the User Experience.
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Programs of Study
Software Engineering
Bachelor of science degree

Naveen Sharma, Chair
585-475-2472, naveen@se.rit.edu

http://www.se.rit.edu/

Program overview
As software becomes ever more common in everything from airplanes to appliances, there is an increasing demand for engineering
professionals who can develop high-quality, cost-effective software systems. The software engineering major combines traditional
computer science and engineering with specialized course work in software engineering.

Students learn principles, methods, and techniques for the construction of complex and evolving software systems. The major
encompasses technical issues affecting software architecture, design, and implementation as well as process issues that address project
management, planning, quality assurance, and product maintenance. Upon graduation, students are prepared for immediate
employment and long-term professional growth in software development organizations.

Plan of study

An important component of the curriculum is complementary course work in related disciplines. As with other engineering fields,
mathematics and the natural sciences are fundamental. In addition, students must complete courses in related fields of engineering,
business, or science. Two engineering electives, plus a three-course sequence in an application domain, enable students to connect
software engineering principles to application areas. A required course in economics or finance bridges software engineering with the
realities of the business environment.

Students also complete general education courses in the liberal arts to develop a sense of professionalism and social responsibility in the
technical world.

Electives

Engineering electives

Students may choose engineering electives from software engineering, computer science, or majors in the Kate Gleason College of
Engineering. Additional rules and restrictions are listed on the department website.

Application domain courses

An application domain is a set of three courses that expose students to an area in which software engineering is often applied. There are
standard predefined application domains and students are free to suggest a customized domain. Example application domain areas
include: artificial intelligence, bioinformatics, business applications, computational mathematics, computer engineering, computing
security, economics, entrepreneurship, industrial and systems engineering, interactive entertainment, public policy, scientific and
engineering computing, statistics, or usability.

Senior design project

A two-course senior design project helps students synthesize and apply the knowledge and experience they have gained in classes and
on co-op assignments to an industry-sponsored project. Organizations with challenging technical problems frequently contact faculty
seeking assistance in defining a solution. Many of these issues find their resolution via the work of the senior project teams.

In the first course students organize themselves into teams, based on the number and complexity of the projects available. The bulk of
the semester is devoted to requirements elicitation and architectural design, but also may include detailed design, prototyping, and even
production, depending on the nature of the project. In addition, teams are responsible for assigning specific roles to team members and
developing a project plan that includes scheduled, concrete milestones. In the second course, students work on the tactical issues of
development and deployment. Teams complete the construction and integration of their project, conduct testing, and demonstrate the
final outcome to faculty and the sponsoring organization.

Organizations that have sponsored senior projects include Wegmans, Paychex, Moog, Northrup Grumman Security Systems, Intel Corp.,
Webster Financial Group, Oracle, Nokia, IBM Thomas Watson Research, PaeTec Communications, Alstom Signaling Inc., RIT Information
and Technology Services, Harris Corporation (RF Communications Division), the Air Force Research Laboratory, Excellus Blue Cross Blue
Shield, Telecom Consulting Group NE Corp. (TCN), and Videk.

Cooperative education

Directories Search RIT



Students are required to complete 40 weeks of cooperative education prior to graduation. Students typically begin co-op in their third
year of study, alternating semesters of study on campus with co-op blocks. To ensure that co-op is integrated with the curriculum,
students must complete their final co-op block prior to taking Software Engineering Project I (SWEN-561).

Accreditation

The bachelor of science in software engineering is accredited by the Engineering Accreditation Commission of ABET,
http://www.abet.org.

Curriculum

Software engineering, BS degree, typical course sequence

Course Sem. Cr. Hrs.

First Year

CSCI-141 Computer Science I 4

CSCI-142 Computer Science II 4

MATH-181 LAS Perspective 7A: Project-based Calculus I 4

MATH-182 LAS Perspective 7B: Project-based Calculus II 4

SWEN-101 Freshman Seminar 1

MATH-190 Discrete Mathematics for Computing 3

SWEN-250 Personal Software Engineering 3

ACSC-010 Year One 0

 LAS Perspective 1 (ethical) 3

 LAS Perspective 2 (artistic) 3

 First Year Writing 3

 Wellness Education* 0

Second Year

PHYS-211 LAS Perspective 5 (natural science inquiry): University Physics I 4

PHYS-212 LAS Perspective 6 (scientific principles): University Physics II 4

SWEN-220 Mathematical Models of Software 3

COMM-253 Communication (WI) 3

SWEN-261 Introduction to Software Engineering 3

STAT-205 Applied Statistics 3

SWEN-256 Software Process and Project Management 3

SWEN-262 Engineering of Software Subsystems 3

 LAS Perspective 3 (global) 3

 LAS Perspective 4 (social) 3

 Cooperative Education (summer) Co-op

Third Year

CSCI-261 Analysis of Algorithms 3

SWEN-444 Human-Centered Requirements and Design 3

 SWEN Process Elective 3

 Math/Science Elective 3

 LAS Immersion 1 3

 Cooperative Education (spring) Co-op

Fourth Year



SWEN-440 Software Engineering System Requirements and Architecture (WI) 3

SWEN-331 Engineering Secure Software 3

CMPE-240 Engineering Fundamentals of Computer Systems 4

 Math/Science Elective 3

 LAS Immersion 2 3

 Cooperative Education (spring) Co-op

Fifth Year

SWEN-561 Software Engineering Project I 3

SWEN-562 Software Engineering Project II 3

 Engineering Electives 6

 Professional Elective 3

 SWEN Design Elective 3

 LAS Immersion 3 3

 Free Electives 9

Total Semester Credit Hours 125

Please see General Education Curriculum–Liberal Arts and Sciences (LAS) for more information.
(WI) Refers to a writing intensive course within the major.
* Please see Wellness Education Requirement for more information. Students completing bachelor's degrees are required to complete two different Wellness courses.

Accelerated dual degree options

Accelerated dual degree options are for undergraduate students with outstanding academic records. Upon acceptance, well-qualified
students can begin graduate study before completing their BS degree, shortening the time it takes to earn both degrees. Students
should consult an academic adviser for more information.

Software engineering, BS/MS degree, typical course sequence

Course Sem. Cr. Hrs.

First Year

CSCI-141 Computer Science I 4

CSCI-142 Computer Science II 4

MATH-181 LAS Perspective 7A (mathematical) 4

MATH-182 LAS Perspective 7B (mathematical) 4

SWEN-101 Freshman Seminar 1

MATH-190 Discrete Mathematics for Computing 3

SWEN-250 Personal Software Engineering 3

ACSC-010 Year One 0

 First Year Writing 3

 LAS Perspective 1 (ethical) 3

 LAS Perspective 2 (artistic) 3

 Wellness Education* 0

Second Year

PHYS-211 LAS Perspective 5 (natural science inquiry): University Physics I 4

PHYS-212 LAS Perspective 6 (scientific principles): University Physics II 4

COMM-253 Communication (WI) 3

SWEN-256 Software Process and Project Management 3

SWEN-261 Introduction to Software Engineering 3



STAT-205 Applied Statistics 3

SWEN-220 Mathematician Models of Software Engineering 3

SWEN-262 Engineering of Software Subsystems 3

SWEN-488 Software Engineering Cooperative Education (summer) Co-op

 LAS Perspective 3 (global) 3

 LAS Perspective 4 (social) 3

Third Year

SWEN-444 Human-Centered Requirements and Design 3

CSCI-261 Analysis of Algorithms 3

SWEN-722 Process Engineering 3

SWEN-488 Cooperative Education (spring) Co-op

 Math/Science Elective 3

 LAS Immersion 1 3

Fourth Year

SWEN-440 Software System Requirements and Architecture (WI) 3

CMPE-240 Engineering Fundamentals of Computer Systems 4

SWEN-331 Engineering Secure Software 3

 Math/Science Elective 3

 LAS Immersion 2 3

 Cooperative Education (spring) co-op

Fifth Year

SWEN-561 Senior Project I 3

SWEN-562 Senior Project II 3

SWEN-749 Software Evolution and Reengineering 3

SWEN-640 Research Methods 3

 SWEN Design Elective 3

 Professional Elective 3

 LAS Immersion 3 3

 Free Electives 9

Sixth Year

SWEN-790 Thesis 6

SWEN-799 Software Engineering Independent Study 3

SWEN-755 Software Architectures and Product Lines 3

 Graduate Electives 9

Total Semester Credit Hours 155

Please see General Education Curriculum–Liberal Arts and Sciences (LAS) for more information.
(WI) Refers to a writing intensive course within the major.
* Please see Wellness Education Requirement for more information. Students completing bachelor's degrees are required to complete two different Wellness courses.

Software engineering, BS degree/Computing security, MS degree, typical course sequence

Course Sem. Cr. Hrs.

First Year

CSCI-141 Computer Science I 4

CSCI-142 Computer Science II 4



MATH-181 LAS Perspective 7A (mathematical): Calculus I 4

MATH-182 LAS Perspective 7B (mathematical): Calculus II 4

SWEN-101 Freshman Seminar 1

MATH-190 Discrete Mathematics for Computing 3

SWEN-250 Personal Software Engineering 3

ACSC-010 Year One 0

 LAS Perspective 1 (ethical) 3

 LAS Perspective 2 (artistic) 3

 First Year Writing 3

 Wellness Education* 0

Second Year

PHYS-211 LAS Perspective 5 (natural science inquiry): University Physics I 4

PHYS-212 LAS Perspective 6 (scientific principles): University Physics II 4

COMM-253 Communication (WI) 3

SWEN-261 Introduction to Software Engineering 3

STAT-205 Applied Statistics 3

SWEN-256 Software Process and Project Management 3

SWEN-220 Mathematical Models of Software Engineering 3

SWEN-262 Engineering of Software Subsystems 3

 LAS Perspective 3 (global) 3

 LAS Perspective 4 (social) 3

Third Year

CSCI-261 Analysis of Algorithms 3

SWEN-444 Human-Centered Requirements and Design 3

 SWEN Process Elective 3

 LAS Immersion 1 3

 Math/Science Elective 3

 Cooperative Education Co-op

Fourth Year

CMPE-240 Engineering Fundamentals of Computer Systems 4

SWEN-331 Engineering Secure Software 3

SWEN-440 Software System Requirements and Architecture (WI) 3

 Math/Science Elective 3

 LAS Immersion 2 3

 Cooperative Education Co-op

Fifth Year

SWEN-561 Senior Project I 3

SWEN-562 Senior Engineering Project II 3

CSEC-731 Web Server and Application Security Audits 3

CSEC-733 Information Security and Risk Management 3

CSEC-742 Computer System Security 3

 LAS Immersion 3 3



 SWEN Design Elective 3

 Engineering Electives 6

 Professional Elective 3

Sixth Year

CSEC-601 Research Methods and Proposal Development 3

CSEC-603 Enterprise Security 3

CSEC-604 Cryptography and Authentication 3

CSEC-790 Computing Security Thesis 6

 Computing Security Graduate Electives 6

Total Semester Credit Hours 155

Please see General Education Curriculum–Liberal Arts and Sciences (LAS) for more information.
(WI) Refers to a writing intensive course within the major.
* Please see Wellness Education Requirement for more information. Students completing bachelor's degrees are required to complete two different Wellness courses.

Software engineering, BS degree/Computer science, MS degree, typical course sequence

Course Sem. Cr. Hrs.

First Year

CSCI-141 Computer Science I 4

CSCI-142 Computer Science II 4

MATH-181 LAS Perspective 7A (mathematical): Calculus I 4

MATH-182 LAS Perspective 7B (mathematical): Calculus II 4

SWEN-101 Freshman Seminar 1

MATH-190 Discrete Mathematics for Computing 3

SWEN-250 Personal Software Engineering 3

ACSC-010 Year One 0

 LAS Perspective 1 (ethical) 3

 LAS Perspective 2 (artistic) 3

 First Year Writing 3

 Wellness Education* 0

Second Year

PHYS-211 LAS Perspective 5 (natural science inquiry): University Physics I 4

PHYS-212 LAS Perspective 6 (scientific principles): University Physics II 4

COMM-253 Communication (WI) 3

SWEN-261 Introduction to Software Engineering 3

SWEN-220 Mathematical Models of Software Engineering 3

STAT-205 Applied Statistics 3

SWEN-256 Software Process and Project Management 3

SWEN-262 Engineering of Software Subsystems 3

 LAS Perspective 3 (global) 3

 LAS Perspective 4 (social) 3

Third Year

CSCI-261 Analysis of Algorithms 3

SWEN-444 Human-Centered Requirements and Design 3



 SWEN Process Elective 3

 LAS Immersion 1 3

 Math/Science Elective 3

 Cooperative Education (fall) Co-op

Fourth Year

CMPE-240 Engineering Fundamentals of Computer Systems 4

SWEN-331 Engineering Secure Software 3

SWEN-440 Software System Requirements and Architecture (WI) 3

 Math/Science Elective 3

 LAS Immersion 2 3

 Cooperative Education (spring, summer) Co-op

Fifth Year

SWEN-561 Software Engineering Project I 3

SWEN-562 Software Engineering Project II 3

CSCI-664 Computational Complexity 3

 Graduate Computer Science Foundation Course 3

 Engineering Electives 6

 LAS Immersion 3 3

 SWEN Design Elective 3

 Free Elective 3

 Professional Elective 3

Sixth Year

CSCI-712 Computer Animation: Algorithms and Techniques 3

CSCI-631 Foundations of Computer Vision 3

CSCI-711 Global Illumination 3

CSCI-799 Computer Science Graduate Independent Study 3

CSCI-641 Advanced Programming Skills 3

CSCI-788 Computer Science MS Project 3

 Computer Science Graduate Courses 6

Total Semester Credit Hours 155

Please see General Education Curriculum–Liberal Arts and Sciences (LAS) for more information.
(WI) Refers to a writing intensive course within the major.
* Please see Wellness Education Requirement for more information. Students completing bachelor's degrees are required to complete two different Wellness courses.

Engineering electives

 Any software engineering (SWEN) elective course

 Any course offered through the College of Engineering (exceptions apply)

CSCI-331 Introduction to Intelligent Systems

CSCI-344 Programming Language Concepts

CSCI-351 Data Communications and Networks I

CSCI-352 Operating Systems

CSCI-420 Principles of Data Mining

CSCI-431 Introduction to Computer Vision

CSCI-442 Language Processors



CSCI-462 Introduction to Cryptography

CSCI-510 Introduction to Computer Graphics

Software engineering design electives

SWEN-342 Engineering of Concurrent and Distributed Software Systems

SWEN-343 Engineering of Enterprise Software Systems

SWEN-344 Engineering of Web-based Software Systems

SWEN-563 Real Time and Embedded Systems

SWEN-564 Modeling of Real Time Systems

SWEN-565 Performance Engineering of Real Time and Embedded Systems

SWEN-567 Hardware Software Co-design for Cryptographic Applications

SWEN-549 Software Engineering Design Seminar

Software engineering process electives

SWEN-350 Software Process and Product Quality

SWEN-352 Software Testing

SWEN-356 Trends in Software Development Processes

SWEN-559 Software Engineering Process Seminar

Professional electives

BLEG-200 Business Law I

DECS-310 Operations Management

INTB-225 Global Business Environment

MGMT-215 Organizational Behavior

MGMT-350 Entrepreneurship

MGMT-420 Managing Innovation and Technology

MKTG-230 Principles of Marketing

Math/Science electives*

BIOL-101 General Biology I

BIOL-102 General Biology II

CHMG-141, 145 General and Analytical Chemistry I with Lab

CHMG-142, 146 General and Analytical Chemistry II with Lab

CSCI-262 Introduction to Computer Science Theory

ENVS-101 Concepts of Environmental Science

IMGS-111 Imaging Science Fundamentals

IMGS-112 Astronomical Imaging Fundamentals

ITDS-280 Designing of Scientific Experiments

MATH-219 Multivariable Calculus

MATH-231 Differential Equations

MATH-241 Linear Algebra

MATH-251 Probability and Statistics I

MATH-351 Graph Theory



MATH-367 Codes and Ciphers

PHYS-220 University Astronomy

Admission requirements

Freshman Admission
For all bachelor’s degree programs, a strong performance in a college preparatory program is expected. Generally, this includes 4 years
of English, 3-4 years of mathematics, 2-3 years of science, and 3 years of social studies and/or history.

Specific math and science requirements and other recommendations

4 years of math including pre-calculus required
Requires chemistry or physics and strongly recommends both.
Computing electives are recommended

SAT (EBRW+M)
1280 -1450

ACT Composite
29-34

Transfer Admission
Transfer course recommendations without associate degree

Courses in computer science, calculus, liberal arts; calculus-based physics, chemistry, or biology

Appropriate associate degree programs for transfer

AS degree in computer science, engineering science, or liberal arts

Additional information

Laboratories

Equipped with the latest technology, the software engineering department’s facilities include three student instructional studio labs, a
specialized embedded systems lab, and a collaboration lab. In addition, freshmen are encouraged to take advantage of the department’s
mentoring lab. Staffed by advanced software engineering students, this lab offers new students an environment where they can learn
from those who have successfully fulfilled most of the major's academic requirements.

Students enrolled in software engineering courses also can use any of the department’s eleven team rooms. Equipped with a computer
and projector, network connections, a meeting table, seating for six, and generous whiteboard space, these rooms support the
department’s commitment to teamwork, both inside and outside the classroom.

Effective fall 2013, RIT converted its academic calendar from quarters to semesters.

View this program's information from the retired quarter calendar

Log in with RIT Computer Account



Programs of Study
Web and Mobile Computing
Bachelor of science degree

Stephen Zilora, Chair
585-475-7645, Steve.Zilora@rit.edu

http://wmc.rit.edu/

Program overview
Web and mobile computing explores ubiquitous application development with a firm focus on the end user experience. Students have an
interest in the technology of today (and tomorrow), but they’re also interested in how people use that technology. The Web and mobile
computing major is about combining people and technology to bring out the best in both.

What truly sets our graduates apart is their ability to see the world through the eyes of the user. Creating an impactful App begins with
solid code and good design, but understanding user expectations is the cornerstone of that process. In the Web and mobile computing
major, students learn a user-centric approach to application creation. That, coupled with a robust developer skillset, enables them to
produce applications that connect with multiple users across varied environments.

The curriculum is structured with this in mind. Students learn how to integrate the back end code with the front end UI, and will be able
to do it across several languages and platforms. This comprehensive knowledge enables students to impact the App design process at
all levels, making them incredibly valuable to employers seeking today’s application developers. Students can also specialize on one of
four areas, which provides students with the knowledge they need to pursue a professional or personal aspiration.

Plan of study

A defining aspect of the web and mobile computing curriculum is the depth of study. Students learn a wide variety of languages and
platforms so that they can meet the demands of industry and the public. For example, students don’t just learn about web services, they
learn how to use existing web services, how to create different types of web services, and how to do it in a variety of languages. And
that’s just part of what they’ll learn in one of their courses (ISTE-341 Server Programming). After establishing this strong foundation,
students can further their skills by choosing two of the following concentrations: Web Application Development, Mobile Application
Development, Geographic Information Systems, and Wearable and Ubiquitous Development.

Cooperative education

The major requires students to complete two blocks of cooperative education. Students may begin their co-op requirement after
completing their second year of study.

Curriculum

Web and mobile computing, BS degree, typical course sequence

Course Sem. Cr. Hrs.

First Year

ISTE-120 Computational Problem Solving in the Information Domain I 4

MATH-131 LAS Perspective 7A (mathematical): Discrete Mathematics 3

ISTE-121 Computer Problem Solving: Information Domain II 4

ISTE-140 Web and Mobile I 3

ISTE-240 Web and Mobile II 3

ISTE-230 Introduction to Database and Data Modeling 3

NMDE-111 New Media Design Digital Survey I 3

ACSC-010 Year One 0

 First Year LAS Elective 3

 LAS Perspective 1 (ethical) 3
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 First Year Writing 3

 Wellness Education* 0

Second Year

MATH-161 LAS Perspective 7B (mathematical): Applied Calculus 3

ISTE-260 Designing the User Experience 3

ISTE-330 Database Connectivity and Access 3

ISTE-222 Computer Problem Solving: Information Domain III 3

SWEN-383 Software Design Principles and Patterns 3

ISTE-252 Foundations of Mobile Design 3

ISTE-340 Client Programming 3

NSSA-290 Networking Essentials for Developers 3

ISTE-099 Second Year Seminar 0

 LAS Perspective 2 (artistic) 3

 LAS Perspective 3 (global) 3

 Cooperative Education (summer) Co-op

 Wellness Education* 0

Third Year

ISTE-341 Server Programming 3

ISTE-422 Application Development Practices 3

 WMC Concentration Courses 6

 LAS Immersion 1 3

 LAS Perspective 4 (social) 3

 LAS Perspective 5‡ (natural science inquiry) 3

 Free Electives 9

 Cooperative Education (summer) Co-op

Fourth Year

ISTE-500 Senior Development Project I 3

ISTE-501 Senior Development Project II (WI) 3

 WMC Concentration Courses 6

 LAS Immersion 2, 3 6

 LAS Perspective 6 (scientific principles) 3 

 Free Elective 3

 LAS Electives 6

Total Semester Credit Hours 126

Please see General Education Curriculum–Liberal Arts and Sciences (LAS) for more information.
(WI) Refers to a writing intensive course within the major.
* Please see Wellness Education Requirement for more information. Students completing bachelor's degrees are required to complete two different Wellness courses.
‡ Students satisfy this requirement by taking either a 3 or 4 credit hour lab science course. If a science course consists of separate lecture and laboratory sections, students
must take both the lecture and the lab portions to fulfill the requirement.
§ Students satisfy this requirement by selecting one of the following four credit options: General Biology (BIOL-101) and General Biology Lab (BIOL-103); General and
Analytical Chemistry (CHMG-141) and General and Analytical Chemistry (CHMG-145); or College Physics (PHYS-111).

Concentrations

Web Application Development

Course

ISTE-442 Secure Web Application Development



ISTE-444 Web Server Development and Administration

Mobile Application Development

Course

ISTE-454 Mobile Application Development l

ISTE-456 Mobile Application Development ll

Wearable and Ubiquitous Development

Course

ISTE-358 Foundations of Wearable and Ubiquitous Computing

ISTE-458 Advanced Topics in Wearable and Ubiquitous Computing

Project Life Cycle

Course

NSSA-370 Project Management

ISTE-430 Information Requirements Modeling

Database 

Course

Choose two of the following:

   ISTE-432    Secure Web Application Development

   ISTE-438    Web Server Development and Administration

   ISTE-470    Data Mining and Exploration

Admission requirements

Freshman Admission
For all bachelor’s degree programs, a strong performance in a college preparatory program is expected. Generally, this includes 4 years
of English, 3-4 years of mathematics, 2-3 years of science, and 3 years of social studies and/or history.

Specific math and science requirements and other recommendations

3 years of math are required and pre-calculus is recommended
Requires chemistry or physics and strongly recommends both.
Computing electives are recommended

SAT (EBRW+M)
1280 -1450

ACT Composite
29-34

Transfer Admission
Transfer course recommendations without associate degree

Courses in computer science, calculus, liberal arts; calculus-based physics, chemistry, or biology

Appropriate associate degree programs for transfer

AS degree in computer science, engineering science, or liberal arts

 

 

Additional information

Global opportunities



The web and mobile computing degree is offered at RIT's main campus, in Rochester, NY, and at RIT Croatia's campuses in Dubrovnik
and Zagreb. Because the same curriculum is offered in all three locations, students may spend a semester abroad learning about the
Croatian culture without any negative impact to their schedule of studies. Furthermore, in their senior year all students take Senior
Development Project I,II (ISTE-500, 501), a year-long course in which teams are composed of students from RIT's main campus and both
RIT Croatia campuses. Whether students choose to study abroad or remain in Rochester, they will be working side-by-side with their
peers from across the world.

Effective fall 2013, RIT converted its academic calendar from quarters to semesters.

View this program's information from the retired quarter calendar

Log in with RIT Computer Account
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Programs of Study
Computing and Information Technologies
Bachelor of science degree

Stephen Zilora, Chair
585-475-7645, Steve.Zilora@rit.edu

http://cit.rit.edu/

Program overview
Students in the computing and information technologies major are characterized by their hands-on approach to technology. They are
designers and builders, but primarily they’re enablers. Students approach complex problems and create custom solutions that help users
meet their goals. They play an integral role in any modern organization, often working behind the scenes to deploy technology where it’s
needed most.

That versatility is the core principle of our major. People are interacting with computers more than ever before. With that comes a need
for professionals that have the broad practical skills to facilitate those interactions across a variety of sectors. Not only do computing and
information technology students learn to implement complex systems, but they become well versed in their management as well. Every
day, more companies are realizing the benefits that IT professionals bring to the table.

Plan of study

A defining aspect of the computing and information technologies curriculum is the breadth of technologies and the focus on integration.
Students learn how to solve problems and find ways to make it work. Course work prepares students to be not just technical wizards,
but also communicators and facilitators, enabling them to be successful throughout their career. Building on the core courses, students
can further their skills in two separate areas or establish even greater depth in a single area. Possible areas of concentration include web
administration, database, networking and communications, web development, and enterprise administration.

Cooperative education

The major requires students to complete two blocks of cooperative education. Students may pursue co-op placements after completing
their second year of study.

Curriculum

Computing and information technologies, BS degree, typical course sequence

Course Sem. Cr. Hrs.

First Year

ISTE-120 Computer Problem Solving: Information Domain I 4

NSSA-102 Computer System Concepts 3

MATH-131 LAS Perspective 7A (mathematical): Discrete Mathematics 3

ISTE-121 Computer Problem Solving: Information Domain II 4

CSEC-102 Information Assurance and Security 3

MATH-161 LAS Perspective 7B (mathematical): Applied Calculus 4

COMM-142 Introduction to Technical Communications 3

ASCS-010 Year One 0

 First Year Writing 3

 LAS Perspective 1 (ethical) 3

Directories Search RIT



12/8/18, 5(07 PMComputing and Information Technologies bachelor of science degree | RIT Programs of Study

Page 2 of 4https://www.rit.edu/programs/computing-and-information-technologies-bs

 LAS Perspective 3 (global) 3

 Wellness Education* 0

Second Year

NSSA-241 Introduction to Routing and Switching 3

NSSA-220 Task Automation with Interpretive Languages 3

ISTE-230 Introduction to Database and Data Modeling 3

NSSA-221 System Administration I 3

STAT-145 Introduction to Statistics I 3

ISTE-140 Web and Mobile I 3

ISTE-240 Web and Mobile II 3

ISTE-099 IST Second Year Seminar 0

 LAS Perspective 2 (artistic) 3

 LAS Perspective 5 (natural science inquiry) 3

 LAS Elective (WI) 3

 Wellness Education* 0

 Cooperative Education (summer) Co-op

Third Year

ISTE-260 Designing the User Experience 3

ISTE-430 Information Requirements Modeling 3

 CIT Concentration Courses 9

 LAS Perspective 4 (social) 3

 LAS Perspective 6 (scientific principles) 4

 LAS Immersion 1 3

 Free Electives 6

Fourth Year

ISTE-500, 501 Senior Development Project I, II (WI) 6

 CIT Concentration Courses 9

 LAS Immersion 2, 3 6

 Free Electives 9

Total Semester Credit Hours 126

Please see General Education Curriculum-Liberal Arts and Sciences (LAS) for more information.
(WI) Refers to a writing intensive course within the major.
* Please see Wellness Education Requirement for more information. Students completing bachelor's degrees are required to complete two different Wellness courses.

Concentrations

Database applications

Choose three of the following:

ISTE-330 Database Connectivity and Access

ISTE-432 Database Application Development

ISTE-434 Data Warehousing

ISTE-436 Database Management and Access
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ISTE-438 Contemporary Databases

ISTE-470 Data Mining and Exploration

Enterprise administration

Required courses

NSSA-320 Configuration Management

NSSA-322 Systems Administration II

Choose one of the following:

   NSSA-244    Virtualization

   NSSA-370    Project Management

   NSSA-422    Storage Architectures

   NSSA-423    Scalable Computing Architectures

   NSSA-425    Data Center Operations

   NSSA-427    Scalable Web Services Architectures

Networking and communications

Required course

NSSA-245 Network Services

Choose two of the following:

   NSSA-242    Wireless Networking

   NSSA-370    Project Management

   NSSA-441    Advanced Routing and Switching

   NSSA-443    Network Design and Performance

   NSSA-445    Mobile Ad-Hoc and Sensor Networks

Web development

ISTE-340 Client Programming

ISTE-341 Server Programming

SWEN-383 Software Design Principles and Patterns

Admission requirements

Freshman Admission
For all bachelor’s degree programs, a strong performance in a college preparatory program is expected. Generally, this includes 4 years
of English, 3-4 years of mathematics, 2-3 years of science, and 3 years of social studies and/or history.

Specific math and science requirements and other recommendations

3 years of math are required and pre-calculus is recommended
Requires chemistry or physics and strongly recommends both.
Computing electives are recommended

SAT (EBRW+M)
1280 -1450

ACT Composite
29-34



12/8/18, 5(07 PMComputing and Information Technologies bachelor of science degree | RIT Programs of Study

Page 4 of 4https://www.rit.edu/programs/computing-and-information-technologies-bs

Transfer Admission
Transfer course recommendations without associate degree

Courses in computer science, calculus, liberal arts; calculus-based physics, chemistry, or biology

Appropriate associate degree programs for transfer

AS degree in computer science, engineering science, or liberal arts

 

 

Additional information

Global opportunities

The computing and information technologies degree is offered at RIT's main campus, in Rochester, NY, and at RIT Croatia's campuses in
Dubrovnik and Zagreb. Because the same curriculum is offered in all three locations, students may spend a semester abroad learning
about the Croatian culture without any negative impact to their schedule of studies. Furthermore, in their senior year all students take
Senior Development Project I,II (ISTE-500, 501), a year-long course in which teams are composed of students from RIT's main campus
and both RIT Croatia campuses. Whether students choose to study abroad or remain in Rochester, they will be working side-by-side with
their peers from across the world.

Effective fall 2013, RIT converted its academic calendar from quarters to semesters.

View this program's information from the retired quarter calendar

Log in with RIT Computer Account



Appendix G

IDP Pre and Post Findings

This section details the Wilcoxon Signed Rank test results for each measure

and condition.

Table G.1: Wilcoxon Signed Rank Test Results for the
Sympathy IDP Questions Comparing Pre and Post Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 67 5 (0.75) 4.75 (0.875) -0.075 0.47

Project 87 4.75 (0.875) 4.75 (1) -1.18 0.118

Stakeholder 91 4.75 (0.875) 4.5 (1) -1.72 0.043*

Team Member 65 4.75 (1) 4.5 (1.25) -1.3 0.096

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.
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Table G.2: Wilcoxon Signed Rank Test Results for the
Vulnerability IDP Questions Comparing Pre and Post
Responses (Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 67 3.5 (1.5) 4 (1.5) 0.152 0.560

Project 87 4 (1.25) 4 (1.5) 0.139 0.555

Stakeholder 91 3.5 (1) 3.5 (1) 0.511 0.695

Team Member 65 4 (1.75) 3.5 (1.25) -0.391 0.348

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

Table G.3: Wilcoxon Signed Rank Test Results for the
Fear IDP Questions Comparing Pre and Post Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 65 4 (1) 4 (1.5) 0.245 0.597

Project 87 4 (1.5) 4 (1.5) -0.692 0.244

Stakeholder 90 4 (1.38) 4 (1.5) 1.17 0.879

Team Member 65 4 (1.5) 3.5 (1.5) -0.425 0.335

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.
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Table G.4: Wilcoxon Signed Rank Test Results for
the Uncertainty IDP Questions Comparing Pre and Post
Responses (Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 67 3 (1.33) 3 (1.33) -0.681 0.248

Project 87 3 (1.33) 2.67 (1.33) 0.307 0.621

Stakeholder 91 3 (1.67) 2.67 (1.33) 0.682 0.752

Team Member 65 2.67 (1.33) 2.33 (1.67) 0.355 0.639

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.

Table G.5: Wilcoxon Signed Rank Test Results for the
Coping IDP Questions Comparing Pre and Post Responses
(Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 67 3 (1.5) 2.5 (1.5) -1.83 0.034*

Project 87 3 (2) 3 (1) 1.46 0.927

Stakeholder 91 2.5 (1.5) 2.5 (1.5) 0.832 0.797

Team Member 65 2.5 (2) 2.5 (2) 0.444 0.671

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.
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Table G.6: Wilcoxon Signed Rank Test Results for
the Discomfort IDP Questions Comparing Pre and Post
Responses (Two-Tailed)

No.
Part.

Pre Mdn
(IQR)

Post Mdn
(IQR)

z p-value

Lectures 66 2.25 (1.25) 2.25 (1.5) 0.376 0.646

Project 86 2.25 (1.44) 2.25 (1.5) 0.443 0.671

Stakeholder 90 2 (1.19) 2.25 (1.25) 0.024 0.509

Team Member 65 2.25 (2) 2 (1.5) -0.813 0.208

Note. Asterisk (*) denotes significance at ↵=0.05, two-tailed.



Appendix H

Student Prioritization of
Methods

This section details the student-ranked educational methods proposed during

the interview study. The educational methods included resources, methods,

and course structure options for teaching accessibility. These results are

discussed in Chapter 10.
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Table H.1: Student-ranked resources by weighted average

Rank 1 Rank 2 Rank 3 x̄

APIs or programming
frameworks with accessible
features

38 24 13 1.535

Examples of accessible
technologies

34 13 14 1.246

Accessibility guidelines and
regulations

10 24 22 0.878

Automated software accessibility
evaluation tools

8 14 23 0.658

List of professors that specialize
in accessibility

9 16 12 0.623

Online courses or tutorials 9 10 14 0.535

Books or websites on
accessibility

3 5 8 0.237

Guest speakers with a disability 2 4 6 0.175

List of organizations that
support individuals with a
disability

1 4 2 0.114
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Table H.2: Student-ranked topics by weighted average

Rank 1 Rank 2 Rank 3 x̄

How to test software for
accessibility

25 28 26 1.377

Gathering software requirements
related to accessibility

29 23 15 1.298

Incorporating accessibility in the
software development life cycle

13 19 18 0.833

Accessibility devices 12 13 7 0.605

Authoring website content 12 7 18 0.596

Disability etiquette 8 12 14 0.544

Communication preferences of
different individuals

9 8 10 0.465

Deaf culture 6 4 6 0.281

Table H.3: Student-ranked course structure by weighted
average

Rank 1 Rank 2 Rank 3 x̄

Create an elective course on
accessibility that counts towards
my degree

48 40 23 2.266

Add accessibility requirements
within existing coursework and
classes

32 26 38 1.706

Ability to take courses outside
my college that will count
towards my major

20 33 29 1.422

Add a required course for my
major

14 13 19 0.798



Appendix I

Course Schedules and Rubrics

This section contains course schedules and rubrics delineating how

accessibility was integrated within the two required courses on

Human-Computer Interaction (Human-Centered Requirements and Design

and Designing the User Experience).
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file:///C:/Users/rbk/Documents/RIT/SE-444/repo/public_html/02/index.html 1/2

Project Description

Week Topics Readings Activity* Project Deliverables*

1

1/14

Introduction to UX

Syllabus

Project Introduction

UX and Software

Eng. 

UX Life Cycle

Ch. 1, 2 

Brainstorm project ideas and problem

selection

Practice Web App

Project teams, project startup 

Project Description

Project Status Report Template

Project Grading Rubric

2

1/21

No class 1/21

Contextual Inquiry

Contextual Analysis

Ch 3, 4

Accessibility Panel Events

Write a system concept statement

and then conduct interviews

#0 Project selection, set up team status repo

for contextual inquiry and later user testing (1/27

Interactive Design Requirements Template

3

1/28

Contextual Analysis

(cont)

Research Paper

Design

Requirements

Ch 5

Work roles and work flow

Work Activity Notes 

WAAD 

#1 Contextual Inquiry and Analysis (2/3)

Research Paper  

Research Paper Rubric

4

2/4

Design Modeling Ch 6 WAAD (cont)

Requirements extraction

Social model 

HTA modeling

#2 WAAD Diagram and Requirements (2/10)

5

2/11

Design Thinking

Conceptual Design

Ch 7, 8 Design modeling (cont)

Construct a persona

Ideation, Sketches, Storyboarding 

Research Paper proposal (2/13)

#3 Design Models (2/17)

Practice Web App (First class of the week)

6

2/18

Design Production

Prototyping

Exam 1 (2/21 or

2/22)

Ch 9, 11 Ideation, Sketches, Storyboarding (cont)

Intermediate design

Interactive Design Template

#4 Conceptual and Intermediate Design (2/26

7

2/25

No class 2/27

Evaluation

Introduction

Cognitive

Walkthrough

Ch 12, 13 Cognitive Walkthrough Worksheet

Project Cognitive Walkthrough (3/3)

8

3/4

Affordances

Design Guidelines

Ch 20,21,22

Design Patterns

Design Principles and Guidelines 

Mid Term Team Peer Review (3/6)

Research Paper Beta (3/8)
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DATE WILL APPEAR ON PUBLISH

9

3/11

Spring Break #5 Detailed Design (3/19)

10

3/18

Design Guidelines

(cont)

Heuristic Evaluation

Ch 22

See myCourses: "Ten Usability

Heuristics"

Web, Mobile, Responsive

Design

Practice Heuristic Evaluation (3/20) Recruit four more users for usability testing

Heuristic Evaluation Worksheet

#6 Heuristic Evaluation Notes (3/24)

11

3/25

User Testing

Evaluation Analysis

and Reporting

Ch 10, 14, 15, 16

Descriptive and Inferential

Methods

Quantitative Data Analysis (3/31)

Accessability Panel Event (3/28)

Test Plan Template

Informed Consent Form

#7a Test Plan (3/31) 

12

4/1

Color

Icons

Text

Grouping

Exam 2  (4/4 or 4/5)

Color-Icon-Text-Grouping 

Begin user testing

#7b Programmed Prototype (beta) (4/3)

Research Paper (4/7)

13

4/8 Information

Visualization

Universal Usability

Internationalization

See myCourses:

Readings: Cultural

factors, accessibility links +

video

Principles of Universal Design

 

W3 Web Accessibility

Start informal research paper talks as

time permits

Continue user testing

#8 Raw Test Results, Consent Forms, Data A

14

4/15

Non-Traditional

Interfaces

#9 Presentation, Final Prototype (4/21)

15

4/22

Project

Presentations
Final Team peer review (4/28)

16

4/29

Course Review and

Reflection 

The final exam: Section 01: Tuesday 5/7/19, 10:45am - 1:15pm in GOL 1520/30

Section 02: Friday 5/3/19, 10:45am - 1:15pm in GOL 1550

* Dropbox submissions are due at 11:59PM on the due date unless otherwise indicated by the instructor.



Total 0 of 750 

Style (5 pts) 

Conveyed message/info clearly, prepared, 
professional, time used effectively, answered 
questions appropriately 

Evaluation and reporting - discuss significant 
formative evaluation findings, your usability testing 
data analysis and findings, changes made as a 
result of usability testing 

Project reflection 

Discussion of design evolution and rationale from 
concept to detailed design 

Task based system demo, trace to requirements, 
how were usability requirements met, (30 pts) 

System concept summary 

Design and usability requirements 

Presentation (50 pts) 

Content (45 pts) 



 ISTE-260 Designing the User Experience 
Matt Huenerfauth 

matt.huenerfauth@rit.edu 
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Syllabus Calendar and Course Outline  (subject to change)   
 
Week Topics Assignments 
1  M Jan 25 
 
    W Jan 27 
 

Intro to Human Computer Interaction 
 
Norman: Affordances, Signifiers, Mapping, 
Feedback, Constraints, Visibility, Conceptual 
Models, Seven Action Steps 

 
Read Norman chapters 1-4 
 
Assign: Exercise 1 (due 3W) 
 

2  M Feb 1 
 
    W Feb 3 
 

Completing surveys 
 
Human Abilities 
  

Read Dix, ch 1 
 
Read materials on myCourses. 
 

3  M Feb 8 
     
 
    W Feb 10 

Vision: Perception  
 
Vision: Gestalt Principles of Grouping 
 
Vision: Bertin’s Visual Variables, Info Graphics 
 

Read Johnson, ch 1+2 
 
 
Due Feb 10: Exercise 1 
Read Johnson, ch 3+4+5 
 

4  M Feb 15 
 
 
 
    W Feb 17 
 
 

Teams: Group development, brainstorming, 
consensus, groupthink, bias, Active listening, 
hidden agendas, team formation 

 
Data Gathering: Ethnographic observation, 

field notes, contextual inquiry, questionnaires 

Read materials on myCourses. 
 
 
 
Read Dix: 9.1-2, 9.4-6, 13.3.5 
 

5  M Feb 22 
 
 
 
    W Feb 24 
 

In-class presentations of Exercise 2 
Discussing expectations for Exercise 3 
 
Conducting Interviews with Users, Focus 
Groups 

Due Feb 22: Exercise 2 (in-class 
presentation by the group) 

 
Read materials on myCourses. 
 

6  M Feb 29 
 
    W Mar 2 
 

Interaction Styles, WIMP, Navigation Design 
 
Input: Text Entry, Positioning/Pointing 
 

Read Dix, ch 2+3+4 (optional: ch 8) 
 

7  M Mar 7 
 
 
   W Mar 9 
 

Output: Displays, 3D, Controls, Paper,  
Eye Tracking Technology and Methods 
 
Design Rules: Principles and Heuristics  
 

Due March 7: Exercise 3 
 
Read Dix, ch 7 
 
 

8  M Mar 14 
 
    W Mar 16 
 

Design Rules: Standards and Guidelines, 
Guidelines for Good Graphic Design  

 
Representing Data: User Profiles, Personas, 
User Scenarios 

Read Dix, ch 5 
 
 
Read materials on myCourses. 

 
Spring Break 

 

 
Spring Break 

 

 
Spring Break 

9  M Mar 28 
 
 W Mar 30 
 

User Centered Design (UCD) process  
 
Prototyping: Introduction and Techniques 

Read Dix, ch 6 
 
Read materials on myCourses. 
Due March 30: Exercise 4 
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10  M Apr 4 
 
 W Apr 6 
 

Evaluation in HCI, Heuristic Evaluation 
 
Humans: Attention, Errors 
 

Read Dix, 7.5 and 9.3 
 
Read Johnson, ch 7+8+9 
Due April 6: Ex. 5, Part 1 (group) 
 

11  M Apr 11 
 
      W Apr 13 
 

Humans: Memory 
 
How to Conduct a Usability Test 
 

Read Johnson 10+11+12 
 
Read Dix, 9.4 

Due April 13: Ex. 5, Part 2 
(individual assignment) 

 
12  M Apr 18 
 
      W Apr 20 
 

Empirical Evaluation: Experiment Design 
 
Empirical Evaluation: Statistical Analysis 
 

Read materials on myCourses. 
 
 
 

13  M Apr 25 
 
      W Apr 27 
 

Students run Usability Testing, first pass 
 
Students run Usability Testing, second pass 
 

(Be ready for your usability test; 
this is Exercise 6, Part 1.) 

 

14  M May 2 
 
      W May 4 
 
 

Predictive Evaluation 
 
Hierarchical Task Analysis 
(Teams may have in-class time to work.) 

Read Johnson, ch 13+14 
 
Read Dix, ch 15.1-3 

15  M May 9 
 
      W May 11  

Universal Design, Accessibility Terms, Laws, 
Web Accessibility, Access Technologies  

 
Course Wrap Up, Surveys 

Read materials on myCourses. 
Due May 9: Exercise 6, Part 2 
 

 
FINAL EXAM  
WEEK 
 

 
Final Presentations 

 
Due on Final Exam Day:  

Exercise 7 (video in class) 

 
This calendar is tentative. Changes will be announced on myCourses. 

 
Writing Skills 
 
Students must demonstrate proficiency in use of the English language. University-level organization 
spelling, grammar, and clear expression of ideas presented are expected in all assignments submitted. 
The professor will not provide remedial assistance in these areas. Students needing help in basic writing 
skills may contact the Academic Support Center Reading and Writing Lab, at 
http://www.rit.edu/studentaffairs/asc/  
 
Form and style of writing are of particular importance in business and scholarly writing. The following 
resources may be useful throughout your work as your writing abilities progress:  

• Style: Lessons in Clarity and Grace, Williams, J.M., and Bizup, J. (Eleventh edition). 
• On Writing Well, Zinsser, W., (25th anniversary edition). 
• Bugs in Writing, Dupre, L., (Second edition). 

 
 
Academic Integrity Policy 
 



Questions Perfect
STEP3: Did they submit a document 2-3 (or 4) page document? (0=no, 1=yes, 
0.5=borderline)

1

STEP3: Summarizes the observation notes of the individual team members?  (0=no, 
1=yes, 0.5=borderline)

1

STEP3: Explains why you selected those environments/settings to observe?  (0=no, 
1=yes, 0.5=borderline)

1

STEP3: Explains what you noticed during the observation?  (0=no, 1=yes, 
0.5=borderline)

1

STEP3: Explains what questions this suggested to you?  (0=no, 1=yes, 0.5=borderline) 1

STEP3: Explains what problems or challenges people might currently face (that you 
could help with)?  (0=no, 1=yes, 0.5=borderline)

1

STEP3: Identifies a list of “research questions” of things you want to answer?  (0=no, 
1=yes, 0.5=borderline)

1

STEP3: Includes a list of interview questions that your team members can use in Step 
4.  (list of interview questions not part of the page limit)   (0=no, 1=yes, 
0.5=borderline)

1

STEP3: Include, as appendices, copies of each team members’ field notes from the 
observation (with the team member’s name on each).  (0=no, 1=yes, 0.5=borderline)

1

STEP5: Did they submit a 3-4 (or 5) page document?  (0=no, 1=yes, 0.5=borderline) 1

STEP5: Summarizes the interview process (e.g., what kind of people you included)?  
(0=no, 1=yes, 0.5=borderline)

1

STEP5: Mention what task you asked the interviewee to perform during the 
interview?  (0=no, 1=yes, 0.5=borderline)

1

STEP5: Summarize the main themes of what you observed, grouping thematically the 
“commonalities” between what the interviewees said?  (0=no, 1=yes, 
0.5=borderline)

1

STEP5: Includes some quotes from the interviews.  (0=no, 1=yes, 0.5=borderline) 1

STEP5: Identifies key challenges, current problems or frustrations, hopes/desires for 
how things could be better?  (0=no, 1=yes, 0.5=borderline)

1

STEP5: Identifies level of interest in a new app/website/technology or initial 
impressions of how they would like it to work?  (0=no, 1=yes, 0.5=borderline)

1

STEP5: Include, as appendices, copies of each team members’ interview notes (with 
the team member’s name on each).  (0=no, 1=yes, 0.5=borderline)

1

FORMAT:  Each file (step 3 and step 5) should be a single, cohesive document, with 
consistent formatting throughout.  Please submit the written assignment as a MS 
Word or PDF.    (0=no, 1=yes, 0.5=borderline)

1

FORMAT: Was one file called Exercise3_Step3_GroupName.pdf ?   (0=no, 1=yes, 
0.5=borderline)

1

FORMAT: Was the other file called Exercise3_Step5_GroupName.pdf ?    (0=no, 
1=yes, 0.5=borderline)

1

FORMAT: Is the line-spacing, font, and margins correct?    (0=no, 1=yes, 
0.5=borderline)

1

FORMAT: Did they use figure captions and correct use of "See Fig. 1" etc. ?    (0=no, 
1=yes, 0.5=borderline)

1

BONUS: Did the group use photos or drawings effectively?  (0=none, 1=not_well, 
2=wonderful)

2

SCORE (out of ten, possible to get higher) 10.4



Questions Perfect
User Profile Table is included 1
 - Selected appropriate characteristics 1
 - Selected appropriate user groups (at least 3) 1
 - Shows good detail 1
 - Seems well supported by data 1
Persona (name of author is given) 1
 - Based on data from field 1
 - include interview data to support it 1
 - picture and attractive layout 1
 - age, gender, education, experience, skills, occupation, ethnicity, language 1
 - context (when, where, how) 1
 - what want to achieve (goals, roles, purpose, expectations) 1
 - Motivation (attitude, response to pressure) 1
 - Robustness (timid/aggressive, error phobic/tolerant) 1
Activity Scenario (name of author is given) 1
 - High level discussion of using system 1
 - Use a persona as a character 1
 - rich in detail, enough to allow for analysis 1
FORMAT:  Single, cohesive document, with consistent formatting throughout.  Please 
submit the written assignment as a MS Word or PDF.    (0=no, 1=yes, 0.5=borderline)

1

FORMAT: Was it called Exercise4_GroupName.pdf ?   (0=no, 1=yes, 0.5=borderline) 1
FORMAT: Is the line-spacing, font, and margins correct?    (0=no, 1=yes, 
0.5=borderline)

1

SCORE (out of ten, possible to get higher) 5.5
ASSIGNED SCORE:

Comments from 2015:



Rubric Perfect
Bonus: Did they do any extra work to improve their team's storyboard from 
Ex5p1?

1
Your document should look professional, with a consistent format 1
Problem 1: Say the SPECIFIC heuristic guideline that justifies your analysis 1
Problem 1: Explain the problem so that it is clear. 1
Problem 1: if appropriate, include a screenshot to explain the problem. 1
Problem 1: Give the severity rating for this problem. 1
Bonus: Problem 1: you may optionally suggest a quick solution for this problem. 0.5

Problem 2: Say the SPECIFIC heuristic guideline that justifies your analysis 1
Problem 2: Explain the problem so that it is clear. 1
Problem 2: if appropriate, include a screenshot to explain the problem. 1
Problem 2: Give the severity rating for this problem. 1
Bonus: Problem 2: you may optionally suggest a quick solution for this problem. 0.5
Problem 3: Say the SPECIFIC heuristic guideline that justifies your analysis 1
Problem 3: Explain the problem so that it is clear. 1
Problem 3: if appropriate, include a screenshot to explain the problem. 1
Problem 3: Give the severity rating for this problem. 1
Bonus: Problem 3: you may optionally suggest a quick solution for this problem. 0.5
Bonus: Did they discuss more than three problems? 0.5
Name and page number in header of file 1
Correct line spaceing, font, and margins 1
All photos have a caption, and the text refers to "Figure 1," etc. (triple points) 1
Did they follow the file naming conventions 1

AUTOMATIC SCORE (out of 10, higher possible) 11.76471 0
MATT'S SCORE

COMMENTS

I appreciate that you discussed each of the ten heuristics, but for grading purposes, I really focused on the first three items, since I had asked students to focus on three main problems.  
While you provided a copy of your storyboard at the end, you did not identify individual images to support the specific arguments that you were making in the document.  
While you provided three images from the storyboard at the beginning, it was difficult to see what you were discussing inside your report.  It would have been more effective to show images "zoomed in" to the region under discussion, close to where you were discussing each of the problems.  This is how the example shown in class used images to support the heuristic evaluation.  
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