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ABSTRACT People with different capacities, such as the deaf and blind, have problems accessing educa-
tional content due to lack of accessible technology. Accessibility and usability are closely related concepts
that share the goals for a satisfactory user experience. Existing literature establishes a direct relation between
accessibility and usability, and reports that there are problems with both in learning platforms, and more
generally with most websites. The objective of this paper is to evaluate the accessibility and usability of a
learning platform by interrogating its participants. Three groups of students with different capacities (blind,
deaf and deaf-blind) used an accessible learning platform prototype to assess the accessibility and usability
of the platform and its contents. This article presents a comparative study of the perception and attitude
of blind and deaf students towards the use of a learning platform adapted to their personal needs. Results
showed that their attitude to the adaptation was very positive but there were differences in the perception of
the ease of use of the application and with the level of difficulty to access the learning content. This work
contributes to the body of knowledge by showing the effects that adaptations have on learning contents for
blind and deaf students in terms of accessibility and ease of use through the analysis of the perceptions of
participants. Future work may consider increasing the sample of students, as well as developing and testing
new technologies and approaches that address other forms of functional diversity.

INDEX TERMS Accessibility, accessible content, attitudinal test, blind, deaf, educational technology,
learning platforms.

I. INTRODUCTION
We consider the following definition of e-learning introduced
by Young et al. [1] in 2012, which is based on the opinion of
experts from around the world:
E-learning is an approach to teaching and learning,
representing all or part of the educational model
applied, that is based on the use of electronic media
and devices as tools for improving access to training,
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communication, and interaction and that facilitates the

adoption of new ways of understanding and developing

learning. (p. 152)
This definition establishes a direct relationship between
e-learning and new technologies, which reinforces the idea of
an online Learning Platform (LP) as a conducive environment
for improving accessibility in education [2] through advan-
tages such as access to information from a distance and the
ease of converting data to different types of formats (visual,
textual or auditory) [3]. Dahlstrom-Hakki et al. [4] suggest
that online learning can improve learning outcomes of people
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with different capacities because it allows personalization
for their individual needs. All these kinds of features can be
integrated into LPs adapted to the personal needs and prefer-
ences of the students (PNP) [5] that allow users to enter their
accessibility profiles and teachers to upload materials adapted
to each learning object. When a student selects a learning
object, the platform will show it in the format appropriate
to their accessibility profile [6]. International standardization
organizations work to define technical requirements neces-
sary for the successful adaptation of LPs as well as update
them continuously following the evolution of technology.
Accessibility in e-learning presents an increasingly
expanding value [7], [8] due to its intrinsic relationship
with new technologies as mentioned above. This requires
resources, research, and development that facilitate a higher
level of accessibility, as described by a study of e-learning
environments websites in eleven Middle East countries [9].
Some LPs are adapted to different capacities [10] following
different versions of the standards. However, the adaptation
is not always successful for people with different physical
capacities [11] that have to struggle with a lack of technol-
ogy [12] compared to people with different vision and hearing
capacities. In this context, different specific applications
exist, mostly offering alternatives to the use of the mouse [13],
[14]. One particular Moodle LP has been adapted through
the mutual interaction of a scanner and large push buttons,
although its current version is not supported by standards.
Regarding the concept of accessibility, which does not have
a precise definition in this context [15], there are many works
pointing to the connection between the terms accessibility
and usability [2], [15]-[19]. Different definitions of usability
highlight concepts like user experience, interaction or con-
text of use [20]. The Web Accessibility Initiative, WAI [21]
establishes the differences as well as the possible advantages
of addressing both. In terms of the differences, it points out
that accessibility only affects people with disabilities while
usability affects all users, and that accessibility addresses
the technical requirements of the code of applications while
usability has a broader context of application. In terms of
the advantages of combining them, WAI states both that
accessibility can benefit from usability as the latter focuses
on the interaction with the user, while many accessibility
requirements also impact usability. In both cases, it is impor-
tant that practitioners comply with recommendations set by
standards. Burgstahler ez al. [2] outline that usability can
help to improve accessibility using technology. Iwarsson
and Stahl [16] describe accessibility as the integration of
a personal and an environmental component, and therefore,
suggest that accessibility should be replaced, in part, by the
more complex term of usability, since it introduces an activity
component. In the opinion of Petrie and Kheir [15], the def-
inition of accessibility proposed by the World Wide Web
consortium [22], could be called a “usability for people with
disability” or a “‘usable accessibility” (p.1). The latter term
is also used by Di Blas et al. [17]. Waddell et al. [23] describe
accessibility as a subset of usability and comment that there
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exists a more complex relationship between both by affirming
that usability problems affect all users equally, while accessi-
bility problems make access to the information difficult only
for people with different capacities, and therefore put them
at a disadvantage. Shneiderman [18] reports on ‘“‘universal
usability” (pp. 1, 2, 6) as a term including both usability and
accessibility. Leporini and Paterno[19] suggest that acces-
sibility and usability are two intertwined aspects that must
be integrated appropriately so that access to information by
people with different capacities is not threatened.

Our objective is to compare the opinions of two groups
of students (blind and deaf) about an adaptation of Moodle
LP to the students’ Personal Needs and Preferences (PNPs)
by considering accessibility and usability aspects. This paper
is structured in 5 sections: Section 2 describes the state of
the art, standardization, related projects, and presents the
foundations for this study, section 3 describes the adapted LP
and how to use it, and section 4 presents the methodology.
We present results in section 5, and discussion and conclu-
sions follow in section 6.

Il. BACKGROUND

Accessibility in education has made considerable progress
in the last decade. Various studies took into account diverse
techniques for improving access to education for students
with different abilities such as people with vision prob-
lems using haptic feedback technology [24], or using the
Listening-to-Complexity system that provides synchronous
auditory streams [25], or deaf people using a specialized
designed sound lab [26]. Research from different perspectives
about e-learning includes the study by Zafra et al. [27] on
the effectiveness of e-learning, and by Kiget et al. [28] who
evaluated the usability of e-learning systems at various uni-
versities. The use of MOOCs (Massive Open Online Course)
and online courses is also increasing [29], [30]. They aim at
consolidating e-learning as a key piece in future education,
at the same time providing support to people with different
capacities, although many authors acknowledged difficulties
in this respect [31].

Besides previously mentioned research on educational
websites, several studies have addressed accessibility in edu-
cation. Freire et al. [32], and Lewthwaite and Sloan [33] intro-
duced accessibility in engineering studies; Seale et al. [34]
and Dowrick et al. [35] demonstrated that in UK and USA
respectively, students with different capacities had difficul-
ties with technical environments in higher education; the
accessibility of different LPs has been analyzed including
Blackboard [36] or Moodle [37], or compared like in the
study of the accessibility between open source (Moodle)
and proprietary (Sakai) LPs [38]; a study of 399 universities
analyzed the relationship between web content quality and
web accessibility in 16 countries [39]. The study concluded
that Anglo-Saxon countries pay more attention to web acces-
sibility, while Germanic countries pay more attention to web
content. However, in Latin countries there is a positive rela-
tionship between both factors. So, universities that pay more
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attention to web accessibility, also pay attention to the quality
of web content; Acosta et al. [40] proposed a methodology
for assessing the accessibility of online content publishers,
taking into account the guidelines developed by international
initiatives regarding accessibility; Brajnik et al. [41] used
the Barrier Walkthrough method to demonstrate that user
expertise affects the outcome when assessing web accessi-
bility. Besides, Arrue et al. [42] presented a tool to assist
researchers in designing remote experiments and analyz-
ing results. Nacheva-Skopalik and Green [7] described an
open-source toolkit for assessing the level of understanding
and skills of students regardless of their different capaci-
ties. Campoverde-Molina et al. [43] introduced a systematic
review to analyze the empirical methods of evaluating acces-
sibility of educational websites concluding that they did not
meet any version of the guidelines advised by standards [44].
International organizations for standardization and acces-
sibility associations are then playing an important role in
developing technical specifications to build accessible LPs.

Diverse publicly funded research projects have applied
international standards. Many initiatives and organizations
have emerged with the aim of collaborating in the improve-
ment of accessibility in education. For instance, the G3ict
(Global Initiative for Inclusive Information and Commu-
nication Technologies) initiative [45] was created by the
United Nation Global Alliance for ICT and Development in
cooperation with the Convention on the Rights of Persons
with Disabilities (CRPD) [46]. G3ict promotes the digital
accessibility and assistive technologies for learning and other
areas. Another examples are the European Agency for Special
Needs and Inclusive Education organization [47] that col-
laborates in the field of special needs in education, and the
initiative of the U.S. Department of Education [48] assisting
educational centers (as schools, colleges, universities, etc.)
to build accessible websites and programs for people with
different capacities. Currently, government institutions have
launched new research projects to facilitate the development
of accessibility. The following examples give an idea of the
direction followed in this field.

« ECOMODE project (2015-2018) [49] lasted 4 years
and developed innovative technology to allow the use
of mobile communication devices for blind and elderly
people.

o Easy Reading project (2018-2020) [50] built a soft-
ware application that facilitates the reading of web-
sites to people with different cognitive capacities by
accommodating the structure and design of the websites
and explaining the web content with symbols, videos,
or images.

o InLife project (2016-2018) [51] developed a platform
to transform daily activities in educative games using
intelligent sensors and rewarding users for their actions
or behavior, depending on the educational goal.

o WAI-guide project (2019-2021) [52] objective was the
elaboration of open curricula on web accessibility

99970

stressing on quality programs and scalable accessibility
training.

o WADcher project (2018-2020) [53] built a platform and
a set of tools to help with accessibility assessment, mon-
itoring, and reporting. Moreover, it supports the creation
of accessible websites and applications. The project also
includes observatory tools for monitoring accessibility
in the long term.

In addition to these projects, we wish to highlight research lit-
erature referring to the adaptation of virtual learning environ-
ments. Mirri ef al. [10] adapted the aTutor platform following
the IMS Access for All v1.0 [54] and ISO/IEC 24751 [55]
standards. Laabidi er al. [56] proposed the adaptation of the
Moodle platform according to the IMS Access For All v2.0
specification [57]. Both works showed how different forms
had to be filled out by students and teachers. In a user expe-
rience study Rodriguez-Ascaso et al. [58] reported different
problems when learners with different capacities handled
accessibility profiles and learning objects adapted according
to ISO/IEC 24751-1-2 standard. Another study [59] presented
an adaptation of the Moodle learning platform according to
IMS Access For All v3.0 specification [60] reporting the
forms used and a list that included the adaptations, like audio
description, detected for a student with vision problems.

Furthermore, complementary research has been conducted
on accessibility in e-learning. One example is the Moodle
platform-based t-learning system for people with different
capacities that connects TV with Internet [61]. Another sig-
nificant development was the DIAS tool [62] that simulates
visual, auditory, physical and cognitive impairment. This
application facilitated experimentation and testing in envi-
ronments for users with different capacities, increasing devel-
opers’ awareness of possible deficiencies so that they could
create more efficient accessibility systems. Acosta et al. [63]
proposed novel techniques to guide authors, designers, pro-
grammers, and testers in the publication of accessible and
inclusive multimedia on the web. Raptis and Kakoulidis pre-
sented a tool [64] that improved the accessibility for blind
students by means of converting online educational content
into highly intelligible, near-natural synthetic speech. The
EduRank algorithm [65] personalized educational content
by combining a collaborative filtering system with a social
voting method using a preference classification. The tool
Torino [66] was useful for teaching computational thinking
to children with different visual capacities.

The practical conclusion of this review of the current
situation is that accessibility in educational systems is still
underdeveloped. Reported evidence suggests that besides
access to platforms and contents, it is necessary to provide
a satisfactory learning experience to students with different
capacities. The most significant problem reported is the lack
of accessibility resources for the wide range of functional
variety in people that needs to be addressed. Particularly,
there is a lack of technical information on how to develop an
accessible learning platform for different physical capacities.
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FIGURE 1. Procedure and actors involved in adaptation process.

Another concern comes from the dispersed nature of the
available information. It is therefore impossible to address all
functional diversity issues in a single approach. Furthermore,
some types of functional diversity are less well-known or
studied. Regarding different cognitive capacities, a distinct
and novel methodology would be required to assess the
adapted learning platform, while for deaf and blind students,
it is only required to adapt contents and the learning plat-
form. Given these difficulties, we chose to create an applica-
tion that provided educational support through e-learning for
people with visual or hearing functional diversity, or both.
The adapted platform was designed in compliance with the
latest version of the current standards presenting a simple
architecture to facilitate the inclusion of other types of dif-
ferent capacities if needed just by adding new accessibility
metadata descriptors. This study contributes to the literature
by empirically comparing the opinion of two groups of stu-
dents (blind and deaf) about the effectiveness and usability
of the platform. This research is motivated by lack of evi-
dence on the impact of adaptations based on the opinion of
participants. This study stresses the necessity to assess and
improve accessibility in education by exploring the percep-
tions of visually- and hearing-impaired learners when using
the adapted learning platform model as recommended by
existing standards and recommendations. We do not know of
similar studies in accessibility in education. Existing studies
focus on the design and implementation of platforms and
contents. However, results that report testing with real users
and compare their opinions and experiences are scarce [67].

1Il. ADAPTED LEARNING PLATFORM

An accessible learning object (LO) is composed of the orig-
inal LO, its adaptations and the accessibility metadata of
both the original LO andits adaptations. One example of an
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original LO could be a video, which includes visual and audi-
tory access, while examples of its possible adaptations would
be an audio description of the images (for blind people),
subtitles (for deaf people), or a lengthy description of the
images for conversion into audio by a screen reader (for deaf-
blind people), etc.

The process for using an adapted LO involves the following
steps. Teachers must upload the accessible LOs to the adapted
platform. Students must create their PNPs when registering.
PNPs describe the sensorial access mode, preferred language,
or possible health risks of the LOs. Students get the adapta-
tions that meet their PNPs when they click on a resource since
the adapted LP prototype runs then a previous search return-
ing the compatible adaptations. Fig. 1 shows the procedure.

The procedure to adapt the LP consists of three stages [59],
which correspond to the three previous steps performed by
the actors involved in the learning process. The following
subsections describe each stage.

A. DIGITAL RESOURCES DESCRIPTION (DRD)

The teacher or content author must upload the original LO
and its adaptations to the adapted platform, together with
their accessibility metadata. Our prototype offers all the
functionality needed to upload the adapted LOs. It initially
requests the following three metadata: type and language of
the adaptation, and hazard for health. It aims to make the
process easy for content authors who may not be familiar
with the standard. The remaining metadata are automatically
filled in by the prototype based on an internal table. Each
metadata item has its own set of possible values. For example,
“adaptation type” can take one or several of the following
values: ‘“‘alternative text”, “‘audio description”, “captions”,
“e-book”, ‘“haptic”’, “high contrast”, “long description”,
“sign language” and “‘transcript”. Furthermore, the name of
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FIGURE 2. PNPs selected by a deaf student.

each metadatum clearly expresses its functionality. For exam-
ple, “hazard” indicates the possibility that a LO component
could impact negatively on student’s health (i.e., inducing
seizures). The same names are used in the student PNP to
ensure that search in the prototype is reliable. Besides basic
metadata, the content author can input more additional meta-
data by selecting the advanced DRD editing button. Exam-
ples of these extra metadata include the educational level of
the LO or additional details about the nature of the adaptation.
Student DRDs are stored as XML files that can be exported
for reuse in other systems.

B. PERSONAL NEEDS AND PREFERENCES (PNP)

Students must enter their PNPs during the registration process
so that the required adaptations of the LOs are presented. The
application shows to the students a form which is used to build
their PNPs. Fig. 2 shows an example of a PNP configuration
for a deaf student. The student has selected textual and visual
as access modes, alternative text and captions as adaptation
types, and English and Spanish as preferred languages. Sign
language and long descriptions have also been selected for
the adaptation type (not shown in the figure).

Students use a simple form that facilitates the use of the
adapted platform, although there is also the possibility of
accessing a more detailed description of PNPs. Nevertheless,
initially, the remaining options are filled with default values.
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Moreover, to improve even more the ease of use, students
have the chance to build their PNP profiles using a template
that includes all profile features, such as blindness or deaf-
ness. PNPs are stored in XML files that can be exported and
reused in other systems. An adapted LP can be used not only
for students with different capacities but also for everybody
in a challenging environment, such as a very noisy room or an
environment with poor lighting. Thus, multiple PNPs can be
provided for each student, although only one of them can be
active at a given moment. Students activate the appropriate
PNP depending on the environment where they are located
when accessing the adapted platform.

C. SEARCH OF ADAPTED LEARNING OBJECTS

After completing the first two stages, a student is ready to
access the adapted course resources. When students select a
resource, the prototype (1) extracts data from the active PNP
in their user profile; (2) then it searches for adapted LOs that
meet the PNP; and (3) displays a list of all the adapted LOs
found. Fig. 3 presents an example of a search query.

Fig. 4 shows a screenshot displaying the list of oscillo-
scope resources adapted for blind students and offered on the
adapted platform. These resources include a long description
of the images, a long description of the images and sound, and
an audio description of the images together with the sound of
the video.
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SELECT DISTINCT
drd_ressource.drd ressource_id As DRDID,
drd ressource.drd ressource name As DRDName,
drd_ressourcel.drd ressource name As OriginalName,
drd_ressourcel.drd ressource_id As OriginallD,
pnp_profile.pnp profile id As ProfilelD,
pnp_profile.pnp profile name As ProfileName

FROM drd_ressource

Inner Join

FIGURE 3. Sample of the search code for adapted LOs.

Active PNP profile: PNP-CEGUERA
Access mode required: Array { [0] == auditory [1] => textual }
Adaptation Types ui

Languages required: Amay { [0] == Spanish }

ired: Amray | [0] =+ alternativeTesxt ) Armray | [0] =+ audioDescription ) Amray | [0] §

AFA Resource selected: Osciloscopio

Here is the alternative(s) found based on your active personal needs & preferences f

Osciloscopio_adapt_J_longDesc_Imagen

Download the resource as an AFAv3 package

View the file included (whenever possible)

Access mode forthese files: texual

Access mode of the original resource that is adapted: visual

How has been it adapted from the original access mode to the new: longDescription
Language: Spanish

Osciloscopio_adapt_4_longDesc_Imag& Sound

Download the resource as an AFAv3 package

Wiew the file included (whenever possible)

Access mode forthese files: textual

Access mode of the original resource that is adapted: visual

How has been it adapted from the original access mode to the new: longDescription
Language: Spanish

Osciloscopio_adapt_5_audioDescription

Download the resource as an AFAVS package

Yiew the file included (whenever possible)

Access mode forthese files: auditory

Access mode of the ariginal resource that is adapted: visual

How has been it adapted from the original access mode to the new: audioDescription
Language: Spanish

Other alternatives to this resource found in the AFA central

Hame Language
Yiew installed Osciloscopio_original Spanish hitp:iles
View installed Osciloscopio_adapt_0_signLanguage Spanish hitp:iies
View installed Osciloscopio_adapt_1_captions Spanish hitp:iles

FIGURE 4. Oscilloscope video tutorial adaptations shown for blind students.

IV. METHOD this paper is to compare the results of two groups of students
The research method was designed to assess the attitude of (blind and deaf) concerning the satisfaction with usability
the students who use the adapted LP prototype. The aim of and usefulness of the adapted LP; therefore, we formulated
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the following research question: ‘““Is student’s perception
of satisfaction with learning experience (accessibility and
adaptability) and usability of the platform (ease of use and
usefulness) influenced by adaptation of learning contents?”

We answered the research question through the analysis of
student responses to a questionnaire.

A. PARTICIPANTS

The number of participants with different capacities who took
part in the study was 23: 10 blind, 10 deaf, and 3 deaf-blind.
It was challenging to obtain a large study sample because only
a part of the population is affected by functional diversity,
and this segment is not integrated into society. There were
3 blind women and 4 deaf women in the sample. The par-
ticipants’ age ranged from 24 to 55. From the 23 students,
22 were teachers in organizations for blind and deaf people.
One participant was a computer expert and had a substantial
experience using computers. Another 5 participants used a
computer frequently, but the rest of the participants were
infrequent computer users. All participants were informed
and gave consent to participate in the experiment. This
research gathered personal data of participants following the
European regulation. Participants were informed about their
rights to opt-out of the experiment and to access, rectify or
cancel their personal data. Data was anonymized for analysis.
The protocol, consent and information sheet for participants
were approved by the ethical committee of the project.

B. MATERIALS

The Moodle platform was chosen for adaptation considering
the advantages reported by a study [68] that contrasted a
wide range of factors on the existing LPs. Our prototype
was programmed in PHP, which is the working programming
language of Moodle, and used the MySQL database to store
PNPs and DRDs.

The topics selected for creating the educational materials
were “‘use of an oscilloscope” and ‘‘communication net-
works”’, which are related to technical courses. We chose
these content topics because of the accessibility problems that
experimental learning materials usually present, such as the
use of the oscilloscope. The learning content was presented
using trial short course consisting of two video tutorials and
their adaptations, which included visual and auditory infor-
mation and presented the use of an oscilloscope as well as
the topology and operation of communication networks.

Figs. 5 and 6 show the subtitles created for the oscilloscope
video adaptation and the subtitles and sign language used to
adapt the communication networks video. Fig. 5 represents
the oscilloscope. An arrow points the button while the teacher
explains its function, and the subtitles summarize the expla-
nation: ‘“With this button, we can modify the wavelength”.
Fig. 6 shows a computer network. In this case, the teacher
explains the classification of different computer networks,
and talks about LAN networks: “Computer networks are
classified according to their range as local area networks or
LAN”.
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FIGURE 5. Oscilloscope video subtitles inserted in adapted LOs.

Segun su alcance se clasifican en
redes de area local o LAN

FIGURE 6. Computer network video subtitles and sign language inserted
in the adapted LOs.

We generated the following set of adaptations for the
videos so that students could access visual and auditory infor-
mation:

1. Audio description

2. Captions

3. Sign language

4. Long description of images, which is reproduced as
audio speech by a screen reader.

5. Long description of images and audio for deaf-blind
students, which is transcribed to braille by a
screen-reader and a braille device.

Figs. 6 and 7 show the images of the video tutorial providing
visual information about communication.

The English translation and full description of fig. 8 are
as follows: The picture shows the seven layers of the OSI
(Open System Interconnection) model and it is divided into
two parts located on the left and right sides of the illustration.
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FULL DUPLEX

FIGURE 7. Image in the video showing a type of communication.

7 CAPAS DEL MODELO OSI
TRANSMISION RECEPCION
¥ ¥
APLICACION [ APLICACION
PRESENTACION | | PRESELNL'FACION |
v 'y
SESION | | SESION |
TRANSPORTE | | TRANSPORTE |
RED | [ RED |
<
4
ENLACE | | ENLACE |
Fisico | Fisico |
physical link

FIGURE 8. Image in the video showing a reference model for
communication protocols.

The text 7 layers of the OSI model” is shown in the center
at the top of the image, and the words ‘““Transmission” and
“Reception” are written at the top of the left and right-
hand sides of the illustration. Each layer is represented by
a rectangle (on the two sides of the image) which also shows
the direction of the data flow. Every rectangle has the name of
the layer written down. These are: Application, Presentation,
Session, Transport, Network, Data Link and Physical. The
left-hand side depicts the data transmission process from
the moment the user enters the data, to the physical layer. The
right-hand side is the counterpart of the left-hand side, and
displays the data reception process, from the physical layer
to the user. An arrow at the bottom of the picture connects
the transmission side to the reception side and bears the word
“physical link™.

C. PROCEDURE
The empirical study was run during the fall term of 2014.
Preparatory stages included analyzing the usability aspect of
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the Moodle LP. We found that students and teachers were sat-
isfied with Moodle LP [69], reporting an acceptable starting
level of usability concerning ease of use and efficiency [70].
We also carried out an expert review of Moodle usability [71]
which was conducted by a professional on blind accessibility.

The first step of the experimental procedure consisted
on the reviewing of computers, assistive technology (screen
reader and braille device), and the Internet connection. The
study was supervised by four specialists, who tutored the
learning action and were available to help students if they had
questions about the learning process or if they experienced
technical problems with the computer. We instructed tutors
about the actions to be performed so students were able to
complete the learning process and answer to the attitudinal
questionnaire. The initial steps included:

1. Registration of the students on the LP using a username
and password.

2. Creation and activation of their PNP profiles.

3. Selection of the course.

Students accessed the LOs through the platform without
adaptation, and after that, they accessed the LOs through
the adapted platform (using assistive technologies in both
cases), so students could clearly experience the difference
between both [11]. The procedure was explained to the stu-
dents at the beginning of the session. They were allowed to
ask any questions or express any concern they might have,
as well as to make suggestions to improve the application.
Finally, students answered a 7-item questionnaire that gath-
ered their opinions about the ease of use and usefulness
of the adapted platform. The assessment instrument was a
five-points Likert-scale from 5 (strongly agree) to 1 (strongly
disagree). Students’ answers were anonymous. The survey
was designed considering previous works by [71] and [72]
focusing on the adaptations. It included the next questions:

Q1. I was satisfied with the experience.

Q2. Using the adapted Moodle platform was easy.

Q3. I was satisfied with the adaptations to the LP.

Q4. I was able to access all the visual and auditory infor-
mation of the videos.

Q5. The information was shown in an easy and intuitive
way.

Q6. The degree of usefulness of the application is high.

Q7. This was a worthwhile learning experience.

V. RESULTS

This section reports the attitude of students towards the use
and usefulness of the adapted LP prototype by analyzing
the answers to the questionnaire. Most students rated ques-
tions between 3 to 5 (table 1 and fig. 9), which suggests
a general positive attitude towards the adapted Moodle LP.
The question that returned the lowest score was question 5.
The reason for blind and deaf-blind students could be that
they got the information without any reference to its posi-
tion on the screen. Scores of deaf students may suggest an
improvement in terms of the presentation of information.
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FIGURE 9. Answers to the attitudinal test for blind, deaf and deaf-blind students.

TABLE 1. Results of the attitudinal survey for the three groups.

Blind Deaf Deaf-blind
Question
Mean SD Median Mean SD Median Mean SD Median
Q1 460 0.70 5 490 032 5 433  0.58 4
Q2 4 0.82 4 470 048 5 433 058 4
Q3 430 0.82 4.5 5 0.00 5 4.67 0.58 5
Q4 470 048 5 460 052 5 433  0.58 4
Q5 330 0.82 3 3.80 0.63 4 3 0.00 3
Q6 460 0.52 5 460 0.52 5 4.67 0.58 5
Q7 480 042 5 470 048 5 5 0.00 5
Average 433  0.65 - 4.61 0.42 - 3.62 041 -

Overall results werehomogeneous since the variability of
the scores was low as shown by the average standard devi-
ations (0.65, 0.42 and 0.41), which were less than 20%
of the means (4.33, 4.61 and 3.62 respectively). Although
variability was small, it was larger for the group of blind
students than it was for the group of deaf students, except
for questions 4 and 7 (table 1 and fig. 10). This could also
be explained by the loss of perspective, although it cannot
be generalized for all of the blind students since students
with practice in computers can compensate it partly. Results
returned a higher score for deaf students in all questions
except Q4 and Q7 when compared with the blind group.
Also, the question that the deaf students scored lowest was
Q5. This suggests that deaf students found that information
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was presented in a more suitable form for their needs, and
somehow that adaptations failed to convey information in
an easy and intuitive way to blind students. Results of the
deaf-blind group were not conclusive due to their small sam-
ple (3 students), although we want to point the low score for
questions 1, 4 and 5.

We now present a statistical comparative analysis of the
responses provided by the groups (blind and deaf) to the
attitudinal survey. This study included seven continuous vari-
ables represented by the seven questions (quantified by a
Likert scale that is considered continuous since it is supposed
a subjective continuous scale materialized in an ordinal pref-
erence scale) and a categorized factor with two levels (blind
and deaf).
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FIGURE 10. Box-plot diagram of the scores grouped by different type of different capacity.

TABLE 2. Results of the Kruskal-Wallis test comparing the blind and deaf groups.

Test Statistics™®

Q1 Q2 Q3 Q4 Q5 Q6 Q7

. 1.29 4.12 6.20 0.20 2.56 0.00 0.25
Kruskal-Wallis H 7 3 9 9 0 3

poval 0.25 0.04 0.01 0.64 0.10 1.00 0.61
value 5 2 8 9 0 5

a. Kruskal Wallis Test

b. Grouping Variable: Different capacity

Shapiro-Wilk normality test indicated a non-normal distri-
bution of the sample, implying that ANOVA analysis could
not be used, so we took into account non-parametric tests.
Results of a Kruskal-Wallis test (table 2) showed that the
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p-values of questions 2 and 3 (0.042 and 0.013 respectively)
were less than 0.05 which demonstrated that there was a
difference in these questions between groups. P-values of the
rest of the questions were over 0.05 concluding that there
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was no difference between the two groups in the answers to
the rest of the questions. The difference in the answers to
question 2 (“Using the adapted Moodle platform was easy)
could be supported by the fact that eyesight is the only mean
that can be used to navigate the LP. The difference in answers
to question 3 (“I was satisfied with the adaptations to the
LP”) may be related to the criticism that blind students made
to the audio-description of the resources. They suggested that
descriptions were too long describing every small detail and
making difficult to keep focus on the learning objective [73].

A gender analysis of the data showed that there were no
significant differences in any of the questions between men
and women (table 3). When considering the combination of
gender and functional diversity factors, no differences were
found either (table 4).

We used Cronbach’s alpha reliability coefficient to assess
the consistency of the scale used to measure the satisfaction
of students with the adaptations. The generally agreed-upon
lower limit for Cronbach’s alpha is 0.7, although it may
decrease to 0.6 in exploratory research [74]. When con-
sidering the data provided by the individuals in the two
groups studied (blind and deaf), Cronbach’s alpha was 0.649.
We also computed the Cronbach’s alpha deleting each item
to assess whether all the items in the questionnaire measure
the same construct. Table 5 shows the change in Cronbach’s
alpha when each question is omitted. Only deleting Q1 could
improve the coefficient, but in such a short amount that it is
better to keep Q1 in the scale.

VI. DISCUSSION AND CONCLUSION

Accessibility and usability are two interacting features that
can impact each other when specific technical aspects are
addressed. The adaptations of LPs present the potential to
notably improve accessibility in education. The following
factors should be considered when adapting an LP: LOs, their
adaptations, accessibility metadata for both LOs and adapta-
tions, student PNPs, and the search mechanisms employed
to locate adapted LOs that meet student PNPs. There are
also challenging environments such as noisy or poorly lighted
rooms, where the adapted LP would be useful for everyone.
Using an adapted LP requires that the content creator or
teacher generates and uploads the LO adaptations to the plat-
form with their accessibility metadata. In addition, students
should store their PNPs in their profile.

In order to answer the research question: *“Is student’s
perception of satisfaction with learning experience (accessi-
bility and adaptability) and usability of the platform (ease
of use and usefulness) influenced by adaptation of learning
contents?”, students, after using the platform and the adapted
LOs, completed a questionnaire to assess their experience
with the adapted LP prototype and the LOs. All the questions
got a high average score (between 4 and 5) in a 5-point Likert
scale, except question 5 (“The information was shown in an
easy and intuitive way’’). This indicates that students had a
very positive attitude indeed towards the adapted platform.
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They also pointed out to the significant improvement that the
application would bring to their learning experience.

Results of the comparative statistical analysis of the ques-
tionnaire enable us to answer the research question. We can
affirm that there was no difference between blind and deaf
students in answers to questions 1, 4, 5, 6 and 7, meaning
that (1) all students had a similar level of satisfaction with the
experience considering it a valuable training; (2) they could
get all the visual and auditory information; (3) they had a
uniform opinion on the design of the interface’ application
perceiving an improvement in the way contents were pre-
sented, and (4) they felt a substantial level of effectiveness
and usefulness of the adapted LP. However, we observed
differences in answers to questions 2 and 3. For question
2 differences may occur because hearing is not used when
interacting with the LP. In addition, blind students heartily
concurred that the visual descriptions provided should only
contain information relevant to learning, since (as in the case
of the network videos) excessive information was confus-
ing and distracting. This finding is consistent with the fact
that people without vision problems, when presented with
visual information like images, overlook irrelevant informa-
tion focusing on the important content.

The observed bias in the blind group reflected in the better
scores given to questions by the blind student with more
expertise in computers reveals that the main obstacle to access
the information through the adapted platform for blind stu-
dents may be the lack of practice with computers.

We also observed during the study that at least half of the
students faced problems when signing on the platform and
asked for help to input the LP. Only after dealing with these
issues students were able to access the course LOs. We real-
ized by talking with them, observing considerable differences
in the time taken to access to the platform which were related
to their background and experience in using computers.
We noticed that students experienced more problems when
trying to log into the platform, which had no adaptation, than
when interacting with the adapted LOs. This emphasizes the
positive results obtained from the use of the adapted LP and
also substantiates the usefulness of the adaptation. Despite
the possible accessibility problems during log in, which can
difficult the start of the learning process, students perceived
that the use of the adapted platform and the adapted LOs
was as a complete learning experience. No significant gender
differences were found across all questions, either grouping
participants by functional diversity or not.

Results of the attitudinal survey then suggest that accessi-
ble online education helps deaf and blind students, positively
influencing their attitude towards learning positively. The
main question about the validity of this study is the number
of students in the sample. In our opinion, 23 students are
a sufficient sample for an accessibility setting where it is
difficult to find students with different capacities. It is also
close to 30 which is a sample size accepted by the accessibil-
ity research community. However, as there were only three
participants in the deaf-blind group, this group would require
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TABLE 3. Results of the Kruskal-Wallis test comparing the female and male.

Test Statistics*®

Ql Q2 Q4 Qs Q6 Q7
Kruskal-Wallis H 0.323 0.153 0.393 0.186 1.561 1.253 1.740
Asymp. Sig. 0.570 0.696 0.531 0.666 0.212 0.263 0.187

a. Kruskal Wallis Test

b. Grouping Variable: Gender

TABLE 4. Results of the Kruskal-Wallis test grouping by the combination of gender and different capacity.

Test Statistics™

Ql Q2 Q4 Qs Q6 Q7
Kruskal-Wallis H 4'38 4 1; 6.499 2098 4600 1470  1.990
Asymp. Sig. O'Zi 0'2‘3‘ 0.090 0552 0204  0.689  0.574

a. Kruskal Wallis Test

b. Grouping Variable: Gender-Capacity

TABLE 5. Item analysis of the questionnaire omitting each item (Alpha Cronbach 0.649).

Question

Cronbach's Alpha if Item Deleted

Q1 (Satisfaction with the experience)

Q2 (Ease of use of the platform)

Q3 (Satisfaction with the adaptations)
Q4 (Ability to access all the information)

Q5 (Information showed in an intuitive way)

Q6 (High degree of usefulness)
Q7 (Worthwhileness of the experience)

0.655
0.533
0.613
0.649
0.583
0.626
0.604

further research [75]. We used Cronbach’s alpha reliability
coefficient to assess the consistency of the attitudinal survey.
Cronbach’s alpha calculation, considering blind and deaf stu-
dents together, was 0.649, which is acceptable for exploratory
research. Removing specific questions yielded only marginal
or no improvements, suggesting that the instrument was reli-
able for the given sample.

The results of our attitudinal survey are aligned with the
results of studies that test different applications for people
with functional diversity. For instance, T-learning, which is
a Moodle-based system specially adapted for people with
special needs by combining TV with Internet worlds [61],
gives similar results. T-Learning assessed the ease of read-
ing, the textual context, the visualization of different media
contents, the quality of the videos, and the accessibility and
ease of use of the assessment tools. Findings show that all of
them improve the learning ability of students.

Although the study was conducted in 2014, we believe
that results are valid today. Firstly, the adaptation of the
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platform is based on current international standards. Recent
investigation in accessibility also points to accessibility meta-
data as a key enabling factor. Schema.org, the community
responsible for creating, maintaining, and promoting meta-
data schemas for structured data published on internet [76],
defined a set of accessibility metadata, based on IMS AFA
3.0, to describe digital resources. This schema was endorsed
by W3C in 2015 and it is currently used by Google, Yahoo,
Bing and Yandex among others [77]. This supports the cur-
rent validity of our results, which are based on standard
accessibility metadata while our adaptation is also prepared
to accept other accessibility metadata if needed. We also
argue that results of this study are still valid because learn-
ing platforms have mostly undergone technical updates in
the last few years, so only minor software updates would
be necessary, which we also addressed when our tool was
developed. Finally, although we think that adapted standard-
ized approaches motivate students to use learning platforms
and contents, there are no similar accessibility studies [67]
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that test and compare students’ perceptions with a prototype
learning platform adapted to multiple different capacities
(blind and deaf in this study) and that is also compliant with
current recommendations.
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