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A UDL-based large-scale study on the needs of students with disabilities in
engineering courses

Abstract

Among all college students, students with disabilities are particularly at risk due to a high
percentage of underreporting. We conducted a survey across many undergraduate courses in
engineering and computing at the University of Illinois to identify course components that
engage students with and without disabilities. We were motivated to find not only opportunities
for future course improvements for all students but also greater equity for students with
disabilities. Therefore in the survey, we asked for both students’ disability and demographics
info and their usability and satisfaction with more than ten types of course modalities including
live Zoom lectures, recordings of lectures, small group discussions, instructor notes, transcripts
of lecture videos, discussion boards, etc. The study spanned 13 different departments with a total
enrollment of 1800 students during Fall 2020 and Spring 2021. Preliminary results from 303
responses from 49 different courses showed that students with disabilities preferred recorded
lectures videos with transcripts, course textbook and instructor notes/slides that they could
engage with offline, while students without disabilities were more satisfied with office hours and
lecture videos in addition to lecture notes. In addition, female students appeared to be less
satisfied with instructor Powerpoint slides, live Zoom lectures and discussion/lab sessions than
male students. These results demonstrated the importance of multiple resources, supporting
Universal Design Principles.

Introduction

This paper presents the findings from a UDL-based survey on the needs of students with
disabilities in engineering courses in Fall semester 2020 and Spring semester 2021 in the
University of Illinois at Urbana Champaign. The survey collected data about different learning
modalities including course textbooks, instructor handwritten notes, instructor lecture notes,
instructor Powerpoint slides, course lecture videos, video transcripts, videos with captions in
other languages, live Zoom lectures, and office hours. Students were asked about their usage of
course content modalities, satisfaction of course content modalities, MUSIC expectancy factors,
demographics of students, disability status and disclosure status. Statistical analysis was
conducted on the survey data to understand the differences in the needs of students with and
without disabilities. A statistical analysis also found significant differences based on gender for a
subset of modalities.

This paper is organized as follows. The background section provides a broad context of the work
presented in this paper: the current status of under-reporting of students with disability, an
introduction to the Universal Design for learning (UDL), and how UDL can help to promote



engineering education. The methods section gives details on the survey, data collection and
analysis. The results section presents findings on students’ needs, with a special focus on
students with disabilities and female students. We then discuss the implications and limitations
of the study, and conclude with possible future directions.

Background

Under-Reporting of Students with Disability

The National Center for Education Statistics reported 19% of undergraduates reported a physical
or cognitive disability (see Table 2-6 of [1]). Students with disabilities are those who reported
that they had one or more of the following conditions: blindness or visual impairment that cannot
be corrected by wearing glasses; hearing impairment (e.g., deaf or hard of hearing); orthopedic
or mobility impairment; speech or language impairment; learning, mental, emotional, or
psychiatric condition (e.g., serious learning disability, depression, ADD, or ADHD); or other
health impairment or problem. However most disabilities are not reported to the institution or
course instructors. For example, Previous research showed 75% underreporting of students with
a wide spectrum of disability, i.e. only a quarter of the respondents who reported a disability
chose to inform the instructor or the institution [2].

In 2019, the University of Illinois performed a senior exit-survey that was sent to all graduating
seniors on campus. The survey collected information on all aspects of campus life including
access to-, and satisfaction with-, disability resources. The results of the senior survey provided
similar preliminary evidence for the need to better support students in engineering with
disabilities both disclosed and undisclosed. Among the respondents, 8% students reported a
disability, among whom 27.8% replied that their disability needs were unmet. More than 56% of
the students with disability did not register for support services. Surprisingly, for most of the
“How well have you improved...” self-assessment questions in the survey, the students with
disability responded significantly (p=0.004 for response of “very well improved” and p=0.048
for “extremely well improved”) more positively than the majority. Moreover, the group of
students who transferred or the group of students who were international, we found these two
groups of non-majority students also gave more positive responses than the majority. We found
these three student groups shared a commonality: their common areas are the ability to
communicate and explore from viewpoints of more than one academic field. Lastly, greater
percentages of students with disability found “Course(s) outside my major”” had the most impact
on their improvement than students without disability. Similarly, greater percentages of students
with disability found “Informal interaction with other students” had the most influence on their
improvement than the students without disabilities. Such findings lead to our question: what
motivating factors are underlie the successes of students with disabilities?



Universal Design for Learning

Universal Design for Learning (UDL) is a conceptual framework and associated set of
educational principles and practices designed to improve learning outcomes for all students by
recognizing that single methods of delivery, assessment and engagement are insufficient and
may cause unnecessary hardships to minority students, especially students with disabilities. UDL
further posits that items and activities designed to assist specific disabilities and improve equity,
may further help all students to be better learners [3]. Briefly, the three principles of Universal
Design for Learning (UDL) are that a course should provide; 1) multiple methods of
representation that give learners a variety of ways to acquire information and build knowledge;
2) multiple means of student action and expression that provide learners alternatives for
demonstrating what they have learned; and 3) multiple modes of student engagement that tap
into learners’ interests, challenge them appropriately, and motivate them to learn. For this work
we focus on multiple representations of content i.e. the first principle of UDL.

Although research has found that students enjoy courses that adhere to UDL principles [4] and
that they perceive their instructor’s teaching abilities to be better [5], the impact on learning
outcomes has been mixed. For example, previous study found no significant difference in both
disabled and non-disabled students’ learning between a course taught using UDL principles
compared to a course taught in a regular manner [6]. Conversely, the introduction of searchable
video lectures in an undergraduate-level system programming course which complemented the
equivalent online book content caused an increase in course performance for all students [7].
Similarly in an introduction to electronics class, searchable translated class videos led to
improved course scores [8].

With the demonstrated (described in more details below) improved performance in these courses,
we are curious how this may generalize to other Engineering courses which have already used
multiple representations of content, such as video lectures, recorded videos and online course
book, lecture Powerpoint slides with or without handwritten notes, and the set of recitation
materials. Furthermore we want to investigate what dominant influences on the student
improvement in learning are and what specific learning pathway(s) is/are underlying the students
with disabilities so that we can help them flourish and succeed.

The element of choice is popular amongst students and also benefits the non-majority such
students with disabilities. Choice is often linked to motivation in engineering education
literature. In fact, modern expectancy-value theories argue that individuals' choice, persistence
and performance can be explained by their beliefs about how well they will do on the activity
and the extent to which they value the activity [9, 10]. For example, a student chooses to engage
with different course materials because they believe it will increase their performance or overall
understanding. Likewise, interest in a topic and empowerment to make choices in their learning
engagement can determine whether or not a student performs well in a course. To better



understand the expected value of different course materials, the project leveraged a popular,
validated survey methodology known as the MUSIC Inventory. The MUSIC Inventory measures
the five primary components of the MUSIC Model of Motivation: eMpowerment, Usefulness,
Success, Interest, and Caring (see Table 1). The components of the MUSIC model have been
used for the past decade in multiple contexts to identify factors that motivate students [9, 10].

Table 1. The MUSIC Model.
MUSIC Model Construct Definition

eMpowerment He or she has control or her learning environment in the course
Usefulness The coursework is useful to his or her near future

Success He or she can succeed in the coursework

Interest The instructional methods and coursework are interesting

The instructor cares about whether or not a student can succeed

Carin ) .
£ in coursework and cares about student well-being

Adoption of ClassTranscribe, a UDL tool, in Engineering Education at University of lllinois
In addition to standard modalities used to deliver content, 16 engineering classes at the
University of Illinois have adopted ClassTranscribe, a new accessible video platform based on
UDL principles, to provide students with multiple pathways to access video content. Using
ClassTranscribe, students can view and review recorded live content asynchronously (compared
to live lecture), optionally read the captions and live transcriptions, read transcriptions in
alternative languages, and search for relevant content across an entire course. Though captions
are beneficial to deaf students, the equivalent text representation of the audio stream benefited
the class as a whole. In recent semesters ClassTranscribe has been used in 38 classes across the
University of Illinois (18 classes in Spring 2020, of which 13 were in computer science).
Highlights of peer-reviewed course performance models and student feedback showed that
searching as a new modality is correlated with positive perceptions and improved student
performance [7, 8].

With the evidence described above on the success of UDL-based approaches, we aim to study
how students engage with course components with a focus on multiple representations of course
material and multiple ways of interacting with the representations. For the design of the survey,
we included the framework of expectancy value in order to determine the interplay between
cognitive and affective attribute influences on use of a given representation. Further, we tested
our hypothesis that providing multiple representations of course content in engineering courses,
can benefit all students, especially students with disabilities.



We conducted this research with the hypothesis that providing multiple representations of course
content in engineering and CS courses, can benefit all students and especially students with
disabilities. We asked the following research questions:
1. What are students’ usage, satisfaction, and MUSIC evaluation of different learning
modalities?
2. What is different in usage, satisfaction, and MUSIC evaluation towards modalities
between students with disabilities and without disabilities?
3. What is different in usage, satisfaction, and MUSIC evaluation towards modalities
between female students and male students?

Methods

Survey Design

The research team created a survey that used a motivation framework to collect information
about the usage of course content modalities, satisfaction of course content modalities. The
research team used the MUSIC® Model of motivation [9, 10]. The MUSIC Model’s emphasis on
the design and assessment of instructor-facilitated classroom activities makes it a good choice for
studying student motivation in the context of course modalities. Furthermore, the conceptual
basis of the MUSIC Model—that the actions of instructors have been shown in the literature to
influence student motivation to learn—reinforces the need to study UDL learning in the context
of teaching. For our study, we focused on the empowerment, usefulness, and success elements as
they related most closely to the course materials. The survey and study were approved by the
university IRB and a lottery incentive was used to recruit participants. At the end of the
collection period, the researchers used a random number generator to select five $100 gift card
winners.

Survey Sections
The survey consisted of 3 sections, described below.
1.Usage and satisfaction from for each modality: Course textbook, Course lecture notes,
Course Powerpoint slides, lecture notes, handwritten notes, Course lecture videos,
captioned videos, Live Zoom lecture, Piazza or other online discussion forums
resources, Information on Course website, Discussion/recitation, Office hour, etc.
2.MUSIC Survey elements for empowerment, usefulness, and success
3.Demographics (gender identity, international/domestic, disability disclosures,
anonymous disability service status)

At the end of the collection period, 303 undergraduate students from 49 different courses
completed the survey, with 48 (16%) students with disabilities and 255 students without
disabilities. Among the 48 students, 44 disclosed mental or cognitive disabilities and 4 with



physical disabilities. Table 2 shows the demographic statistics of disclosed gender and disability
status; students with disabilities (SWD) and students without disabilities (SWOD). Students had
the option to not disclose their disability status or gender. We consider the few students who
chose not to disclose their disability status as SWOD. The 7 students who didn't disclose gender,
were considered as female in the subsequent analysis.

Table 2. Demographic statistics of Disability Status and Gender.
SWD SWOD Female Male Female SWD |Total
48 (16%) 255 (84%) 127 (42%) 176 (58%) 32 (11%) 303

Data Analysis

Analysis was performed without personal identifiable information. Unfinished and duplicate
responses by the same participant were excluded. We checked the internal consistency of the
responses by calculating the Cronbach alpha. The MUSIC questions had the highest Cronbach
~0.93 and the satisfaction questions at ~0.72, and the usage questions at ~0.63. To test for inter-
group differences we conducted a chi-squared test for all the usages, satisfaction and MUSIC
questions between SWD and SWOD students. Using numerical codes for the Likert-scale
responses, we also conducted Wilcoxon tests to analyze the differences between the two groups
of students. The same analyses were performed between the female students and male students.
In this paper, when a p value is quoted without a name of test, the default will be the Wilcoxon
test. In addition, we calculated the correlation coefficients between the usage and satisfaction for
each of the modalities of course content. The visualization of the Likert-scale response data is
conducted using the R package “Likert”.

Results

Usage, Satisfaction, and MUSIC

In the survey, we asked students to evaluate their usage and satisfaction of different modalities,
such as instructor powerpoint slides, course lecture videos, live Zoom lectures, instructor lecture
notes, office hours, discussion/lab section, online discussion forum, course textbook, instructor
handwritten notes, ClassTranscribe/transcripts of videos, and caption in other languages. For
usage, students can choose from “Use always - weekly or more often”, “Use sometimes - a few
times during semester”, “Never use”, “Never use/Not available”, and “I wish this were available
in my course.” For satisfaction, students can choose from “Very satisfied - wish every class
offered it”, “Satisfied - will use it if available”, “Unsatisfied - consider it useless”, “Did not
use/Not available in this course.”



According to the survey results from all 303 undergraduate students from 49 different courses,
for usage of modalities (Figure 1), generally, students had a relatively high usage of course
lecture videos, instructor powerpoint slides, and live Zoom lecture, because more than 80% of
the respondents chose “Use always” or “Use sometimes.” More than 50% of the respondents
chose “Use always” or “Use sometimes” for instructor lecture notes, office hours, discussion/lab
section, online discussion forum, course textbook, and instructor handwritten notes. On the other
hand, less than 50% of the respondents reported often or sometimes usage of the transcripts of
videos/ClassTranscribe and captions in other languages. Most reported that such modalities were
not available or never used.

usage of modalities

Course lecture videos 14% 86%

Instructor PowerPoint slides 15% 85%

Live Zoom lectures 18% 82%

Instructor lecture notes 19% 81%

Online discussion forums 19% 81%
Discussions/Lab sections 22% 78%
Office hours 27% 73%
Course textbooks 36% 64%
Instructor handwritten notes 39% 61%

46%

Transcripts of videos 54%

Captions in other languages 91% I 9%
100 50 (I) 50 100
Percentage
Available in my course, but | never use
Not available in my course, and that's okay for me
Response Not available in my course, but | wish it was available

Use sometimes - a few times during semester

. Use always - weekly or more often

Figure 1. Usage of Modalities

For satisfaction of modalities (Figure 2), the same pool of respondents reported that course
lecture videos, instructor Powerpoint slides, and live Zoom lecture were the three most satisfied
modalities, with more than 75% of the participants choosing “Very satisfied” or “Satisfied”.
Whereas more than 50% of the respondents chose “Very satisfied” or “Satisfied” for office
hours, instructor lecture notes, online discussion forum, course textbook, and discussion/lab
section. On the contrary, a majority of responses indicated that Transcripts of videos
/ClassTranscribe and Captions in other languages were never used or not available in this course.



However, these modalities did exist in some of the courses that we surveyed, and we speculated
that students might be unaware of them.
satisfaction of modalities

Course lecture videos 20% 80%

Instructor PowerPoint slides 26% 74%

Live Zoom lectures 29% 71%
Office hours 29% 1%
Instructor lecture notes 31% 69%
Online discussion forums 34% 66%
Course textbooks 39% 61%

Discussions/Lab sections 42% 58%

Instructor handwritten notes 51% 49%

Transcripts of videos 67% 33%

Captions in other languages 92% I 8%
1
100 50 0 50 100

Percentage
Did not use/Not available
Unsatisfied - consider it useless
Response

Satisfied - will use it if available

. Very satisfied - wish every class offered it

Figure 2. Satisfaction of Modalities

In addition, students were asked to evaluate their course based on the MUSIC model we
discussed previously in this paper. We asked Likert-scale questions on students’ feeling of
eMpowerment, Usefulness, Success, Interest towards different modalities, where students rated
from “Strongly disagree” to “Strongly agree” (Figure 3). Results showed that students generally
evaluated the coursework high, with a slight exception for instructional methods 29% of the
respondents revealed that they did not agree that the instructional methods used in the course
held their attention.



MUSIC

| will be able to use the knowledge | gain in 10% 90%
this course. ° °
1
In general, the coursework is useful tome. 11% 89%
| find the coursework to be relevant to my 5 "
future. 2% 88%
| am capable of getting a high grade in this 15% 85%
course. ° °
The coursework is interesting to me. 16% 84%
| am confident that | can succeed in the o
coursework. | 7% 83%
The coursework holds my attention. . 17% 83%
| have the opportunity to decide for myself how 20% 80%
to meet the course goals. ° °
| have control over how | learn the course o o
content. | 2% 79%
| enjoy the instructional methods used in this 259 75%
course. ° °
1
The instructional methods used in this course o o
X 29% 71%
hold my attention.
1
100 50 0 50 100
Percentage
Strongly Disagree Disagree Somewhat disagree
Response
Somewhat agree Agree Strongly agree

Figure 3. MUSIC Evaluation

Students with Disabilities (SWD) vs. Students without Disabilities (SWOD)

We compared and contrasted survey responses in terms of usage, satisfaction, and MUSIC
evaluation for SWD and SWOD. We found significant differences in usage and satisfaction
towards different modalities (Figure 4-5). The analysis showed no significant difference between
the two student groups for all the MUSIC factors, which is an encouraging result.

For usage, given the large percentage of responses of “Never use/Not available” for some
modalities, we did the comparison between the two student groups by filtering those responses.
We found there is a difference for “Live Zoom Lectures” usage (p<0.07) and a significant
difference for “Transcripts of videos/ClassTranscribe” usage (p<0.002) between SWD and
SWOD. SWD used less live Zoom lectures (88% vs 92%) and used more ClassTranscribe (88%
vs 64%) . The top two most-used modalities in terms of percentages for SWD were “Instructor
powerpoint slides” and “Instructor lecture notes” while for SWOD “Discussion/Lab section” and
“Course lecture videos” were the top two. Both SWD and SWOD used Powerpoint slides and
lecture notes more than textbooks, and there was no significant difference between live Zoom
and recorded video lectures for both groups.



usage of available modalities SWD vs. SWOD

Captions in other languages

SWD 71% 29%
SWoD 86% 14%

Course lecture videos

sSwWD 7% 93%
SwobD 5% 95%

Course textbooks

SWD 16% 84%
SWoD 20% 80%

Discussions/Lab sections

SwWD 6% 94%
SWoD 4% 96%

Instructor handwritten notes

SWD 10% 90%
SWoD 16% 84%

Instructor lecture notes

SWD 5% 95%
SWoD 7% 93%

Instructor PowerPoint slides

SWD 2% 98%
SwWobD 6% 94%

Live Zoom lectures

SWD 12%
SwobD 8%

88%
92%

Office hours

SWD 21% 79%
SWoD 16% 84%

Online discussion forums

SWD 12% 88%
SWoD 7% 93%

Transcripts of videos
SWD 12% 88%
SWoD 36% 64%
100 50 0 50 100
Percentage

. Available in my course, but | never use

Response . Use sometimes - a few times during semester

. Use always - weekly or more often

Figure 4. Usage of modalities SWD vs SWOD after filtering out “not available” option



satisfaction of available modalities SWD vs. SWOD

Captions in other languages

SWD 20% 80%
SwoD 36% 64%

Course lecture videos

SWD 12% 88%
sSwobD 8% 92%

Course textbooks

94%
91%

Discussions/Lab sections

SWD 24% 76%
SWOD 22% 78%

Instructor handwritten notes

SWD 25% 75%
sSwobD 15% 85%

Instructor lecture notes

Instructor PowerPoint slides

SWD 10% 90%
SwobD 9% 91%

Live Zoom lectures

SWD 16% 84%
sSwobD 13% 87%

Office hours

83%
92%

Online discussion forums

SWD 13% 87%
SWOD 12% 88%

SWD 6%
sSwobD 9%

SWD 6%
sSwobD 7%

94%
93%

SWD 17%
SwobD 8%

Transcripts of videos
SWOD 19% 81%
100 50 0 50 100
Percentage

. Unsatisfied - consider it useless
Response  Satisfied - will use it if available

. Very satisfied - wish every class offered it

Figure 5. Satisfaction of modalities SWD vs SWOD after filtering out “not available”option



After we excluded “Not available” responses, there was an ~ 8% greater increase in usage of

ClassTranscribe and captions in other languages for SWD compared to SWOD, for example the
SWD usage of ClassTranscribe increased from 60% to 88% while SWOD usage of
ClassTranscrive increased from 44% to 64% .

The percentage of responses for satisfaction and the p-value of Wilcoxon tests comparing SWD
with SWOD are listed in Table 3. The top three modalities for satisfaction for SWD were
“Transcripts of videos/ClassTranscribe”, “Course textbook™ and “Instructor lecture notes” while
“Office hours”, “Instructor lecture notes” and “Course lecture videos” were most satisfactory for
SWOD. SWD were more satisfied with ClassTranscribe than SWOD (p<0.024, the test was done
with data of two levels of responses- “unsatisfied” vs “satisfied” & “very satisfied” combined).
Inclusion of “I wish to have " responses can strengthen this difference even more. There were no
unsatisfactory responses from SWD for ClassTranscribe. In addition, no significant difference
was found for satisfaction between live Zoom vs. recorded video lectures, or videos vs.
Powerpoint slides for both groups of students.

Table 3. Percentages of responses for satisfaction from SWD and SWOD and the Wilcoxon tests p-
value.
Percentages
. . . Wilcoxon
Satisfied with | Very satisfied i
Did not use/Not | Unsatisfied - atistie Wl. .ery SatIstie Wilcoxon p-value
. s Sy resource - will | with resource - | p-value
available in this consider it . . (remove
use it if wish every class| (remove i
course useless . . . unavailable;
available offered it unavailable) N
combined)
SWD |SWOD| SWD |SWOD| SWD |SWOD| SWD | SWOD
Course 1 33333133333 | 4.167 | 6275 | 45.833 | 41.176 | 16667 | 19216 | 0.9 0.568
textbooks
Instructor |, 083 | 25.49 | 4.167 | 5.008 | 58333 | 44.314 | 10.417 | 25.098 |  0.056 0.809
lecture notes
Instructor
PowerPoint | 18.75 | 19.216 | 8.333 | 7.059 |60.417 | 48.627 | 12.5 |25.098| 0.076 0.763
slides
Instructor
handwritten | 41.667 | 40.784 | 14.583 | 9.02 |33.333 | 35.686 | 10.417 | 14.51 | 0.214 0.206
notes
Courselecture | | 1171 12,041 | 10417 | 7.059 | 54.167 | 47.451| 25 |32.549| 0201 0.455
videos
T ipts of
rANSCrIPIS 01| 55 083 1 62.745 | 0 | 7.059 | 37.5 |21.569 | 10417 | 8.627 | 0251 0.024*
videos
Goms 1
Captionsin | o) 531 87,059 | 2.083 | 4.706 | 4.167 | 7.451 | 4167 | 0784 | 0.145 0.495
other languages




Live Zoom | ) 17| 17255 | 125 | 10.588 | 41.667 | 43.520 | 22.917 | 28.627|  0.486 0.574
lectures
Online
discussion | 18.75 | 2549 | 10.417| 9.02 |45.833|39.216| 25 |26275| 0.63 0.903
forums
Discussions/ | 5 o5 | 24314 | 16.667 | 16471 | 35.417 | 43.137 | 16.667 | 16.078 |  0.969 0.753
Lab sections
Office hours |27.083 | 21.569 | 12.5 | 5.882 | 37.5 | 51.373|22.917 | 21.176 | 0.745 0.066

Female Students vs. Male Students
On a separate note, we compared responses from female students and male students. Results
showed that for usage of modalities, female students have used instructors’ handwritten notes
(p< 0.017) and transcripts of videos (p<0.042) more than male students after we filtered out the
“not available” responses. In terms of satisfaction and MUSIC evaluation, female students
appeared to be less satisfied with instructor powerpoint slides (p< 0.059; p<0.010 if we use the
combined levels), live Zoom lectures (p<0.022) and discussion/lab sessions (p<0.028), and less
satisfied with the instructional methods used in their courses (p< 0.025) than male students

(Figure 6 - 8). The percentage of responses for satisfaction and the p-value of Wilcoxon tests

comparing female with male students are listed in Table 4.

Table 4. Percentages of responses for satisfaction from Female and Male and the Wilcoxon tests p-

value.
Percentages
. . . ilcoxon p-
Satisfied with | Very satisfied | wi W P
Did not use/Not | Unsatisfied - atistie Wl. .ery satistied | wilcoxon p value
. i ; . . resource - will | with resource - value
available in this consider it . . (remove
use it if wish every class (remove )
course useless . . unavailable;
available offered it unavailable) . ’
combined)
Female | Male |Female| Male |Female| Male |Female| Male
Course | 31 496 | 34.650 | 7.874 | 4.545 | 44.882 [39.773 | 15748 | 21.023 |  0.098 0.265
textbooks
Inst t
nstructor 29.134 | 23.295 | 5.512 | 4.545 | 48.031 | 45.455 | 17.323 | 26.705 0.102 0.588
lecture notes
Instructor
PowerPoint | 18.898 | 19.318 | 11.811 | 3.977 | 48.819 | 51.705 | 20.472 25 0.059 0.009*
slides
Instructor
handwritten | 39.37 | 42.045 | 10.236 | 9.659 | 38.583 | 32.955 | 11.811 | 15.341 0.436 0.971
notes




Course lecture

e 14173 | 11.364 | 7.874 | 7.386 | 48.819 | 48.295 | 29.134 | 32.955 |  0.585 0.813
T ipts of
ransenpis Ot | 57 48 | 63.636 | 5512 | 625 |27.559 |21.591| 9.449 | 8523 | 0812 0.529
videos
Captionsin | ¢ 2c1 | 85795 | 3.937 | 4.545 | 3.937 | 9.091 | 2362 | 0.568 | 0.716 0.708
other languages
Live Z
Ve LO0M 11181122727 | 15.748 | 7.386 | 48.031 | 39.773 | 24.409 | 30.114 |  0.022* 0.056
lectures
Online
discussion | 27.559 | 22.159 | 8.661 | 9.659 | 41.732 | 39.205 | 22.047 | 28977 |  0.419 0.92
forums
Discusei
iscussions/ | 3/ ca6 | 1875 | 18.11 | 15.341 | 37.795 | 44.886 | 9.449 |21.023| 0.027* 0.124
Lab sections
Office hours | 22.047 | 22.727 | 7.874 | 625 |48.819 |49.432 | 2126 |21.591| 0.752 0.595




usage of modalities female vs. male

Captions in other languages

female 91%

male | ot [

9%
9%

Course lecture videos

female  17% B 83%

Course textbooks

Discussions/Lab sections

female 30% 70%

O N 0 00

Instructor handwritten notes

Instructor lecture notes

female 20% . 80%

male | 18% || I 82%

Instructor PowerPoint slides

female 16% I 84%

Live Zoom lectures

male 20% 80%

Office hours

Online discussion forums

female  22% B 78%
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. Available in my course, but | never use
Not available in my course, and that's okay for me
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. Use sometimes - a few times during semester

. Use always - weekly or more often

Figure 6. Usage of Modalities FS vs. MS



satisfaction of modalities female vs. male
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Figure 7. Satisfaction of Modalities FS vs. MS
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MUSIC female vs. male
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Percentage
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Response
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Figure 8. MUSIC Evaluation FS vs. MS




Discussion

To understand the unique needs or students’ learning pathways especially for students with
disabilities (SWD), we surveyed the students’ perspectives on multiple course modalities. Our
survey included not only the usage, satisfaction but also the expectancy values through the
MUSIC model. Even if the work is still in progress and we have limited data from SWD
students, we could see some significant differences between SWD and SWOD in their usage and
satisfaction. We found SWD had the highest satisfaction for ClassTranscribe and textbook which
both included a text-based narrative. This result seems to lead to the impression that SWD is in
need of both video and text-based modalities. We also see the majority of students were satisfied
with lecture videos which ClassTranscribe provided as well. In addition, we found SWOD was
satisfied with office hours. Therefore, our study shows the needs of both video and text based
content delivery and other modalities in order to provide accessible content for everyone. Our
study also found that there was a significant difference between female and male on their
perspectives on instructor powerpoint slides, live zoom lectures and the discussion/lab section.
The female students tend to use more instructor’s handwritten notes and transcripts from video
than male students. Compared with male students, female students were less satisfied with live
zoom lectures and the discussion/lab section. Such a difference between gender seems to be not
entirely surprising given the data is from online learning during the COVID pandemic. Literature
has shown significant differences between female and male in online learning where female
students have different acceptance for E-Learning [11]. Our study helps identify the specific
differences in the area of live zoom or discussion/lab section of a course. In summary, using a
UDL based approach, we discovered the significant differences between SWD and SWOD in
their learning preferences and differences between different gender groups. Furthermore, our
data shows there is at least one student for every modality who responded that they wish such
modality, thus demonstrating that UDL aligns with students' needs. One specific
recommendation could be the inclusion of transcription-enabled lecture video for every
engineering course. Even if the COVID pandemic is under control, this is still very important for
students with disabilities based on our findings. More broadly, our findings also empirically
support the use of Universal Design for Learning as an appropriate educational framework by
new engineering educators to support inclusive and accessible education goals.

Limitations and future work:

Our study is in progress with the current data set from two semester’s responses. We need more
participants from SWD that have different types of disabilities. For example, currently we have
44 out of 48 SWD who responded to have Mental or Cognitive disabilities and 4 who reported to
have physical disabilities. For these SWD students, we asked if they had reported to the school or
instructors, but we have not analyzed if such a report status has correlation with their responses.
We also found there were significantly more percentages of female SWD than male SWD in the
survey (Chisq test p-value < 0.0004). We recognize that there are different adoption levels of



course modalities and the usage data is less consistent than other questions about satisfaction and
the MUSIC questions. We have reached out to more courses from 7 courses in Fall 2020 to 49
courses in Spring2021 and a larger pool of SWD students and will continue to modify our survey
to improve the consistency about usage responses for future surveys. We also plan to conduct
analysis regarding potential bias caused by the discrepancies in instructional tools. In addition,
we will analyze the results of semi-structured interviews, and conduct more detailed analysis of
the existing survey data. Furthemore, we will do follow up interviews to identify the factors that
could influence the gender differences. Finally, we will promote UDL in our institution and the
awareness of SWD's needs among our engineering faculty, especially new instructors.
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