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ABSTRACT

This paper deals with the identification and interpretation of seg-
ments of students with disabilities at the University of Ljubljana.
The data on which this segmentation is based are the students’
responses to a dedicated questionnaire created through an op-
erationalization process according to the selected aspects and
objectives of the segmentation.

The segmentation aimed to identify homogeneous groups of
students with disabilities in order to 1. improve the understanding
of students’ needs, 2. prepare reliable data for the selection of
technological support for students and 3. create the basis for
a subsequent project on ICT-based support for special needs
students.

Through the operationalization process, we identified five
areas (aspects), namely 1. Technology and overcoming study
barriers, 2. Technology and study outcomes, 3. ICT and Study
Obligations, 4. ICT and Study Skills, and 5. Opportunities to
use ICT technology. Based on student responses, we identified
segments for the first three areas, with all three areas well covered
by three segments each. We identified three segments in each
area: 1. Technology Enthusiasts (accept everything), 2. Skeptical
Users (reject everything but the exceptions), and 3. Picky Users
(accept almost everything but the exceptions). From the second
and third segments, we extracted the main characteristics by
technology and by activity. The results are applicable for the next
steps in technology support for students with special needs.
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1 INTRODUCTION

Effective technological support for students with special needs is
crucial for modern teaching and learning at universities. Over the
last decade, the landscape of teaching and learning has changed
rapidly [17].On the other hand, the rapid development of in-
formation and communication technologies [6] and studies on
technological support for students [4] has added a variety of
new support options. There is no effective technological support
without prior knowledge of the needs of the users - in our case,
the specific needs of our students.

In this paper, we present the operationalization of the segmen-
tation instrument (aspects and questions) and the results of the
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segmentation of students with disabilities at the University of
Ljubljana (UL). The initial goal of segmentation is to plan and
implement effective and needs-based support for students with
disabilities at UL.

We have concluded that this study does not require ethical re-
view. The study is fully consistent with the purpose of collecting
data from students with disabilities and its results will be used
for the direct benefit of the population.

1.1 Aims of the student segmentation

The main aim of the segmentation is to learn about the main
groups of students with disabilities in relation to the opportuni-
ties for technological support for their studies provided by the
university. The sub-objectives are:

(1) Identify the groups of students with disabilities at UL along

with their basic characteristics.

(2) Identify meaningful groups of active students with disabil-

ities.

To achieve the goal ad 1. we designed a questionnaire. The
design of the questionnaire resulted in 12 questions, with 5 main
sub-questions and a larger number of sub-questions.

To achieve objectives ad 2, we conducted an extensive data
analysis (see Sec. 4) and consulted domain experts.

2 STATE OF THE ART

2.1 User segmentation

User segmentation is the process of dividing users into different
groups or segments based on common characteristics. It was
developed in the field of business and management. An organiza-
tion can segment users by language preference, product version,
geographic region or user personality [1]. A similar segmentation
has been successfully applied to other areas, e.g. to the users of
ICT and also to the area of ICT in special education [6].

Data mining techniques entered the field quite early on [21].
Machine learning-based techniques are the most important ap-
proach to user segmentation today [2].

Successful segmentation methods lead to homogeneous sub-
groups of users. A necessary next step is to understand these
segments, i.e. to define and understand their typical represen-
tatives. Such a representative is called a persona, and to clearly
understand the part of their behavior that is relevant to them,
they are described as a living person [20]. A persona is therefore
a fictional character whose characteristics and goals best fit the
segment.

2.2 Operacionalisation

Operationalization is a process of 1. selecting relevant aspects
of the designed instrument (set of questions) and 2. selecting an
initial set of questions representing the selected aspects. There
is a long history of research on this approach [16]. It is based
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on human expert judgment. The aim of operationalization is to
construct a measurement instrument that is used in data collec-
tion [12]. The validity and reliability of the resulting instruments
are of central importance and the research community has devel-
oped strict guidelines on how to achieve and ensure this [3]. In
our case, we have focused on relevant aspects of technological
support for students with special needs.

2.3 Unsupervised clustering for user
segmentation

User segmentation is a subfield of the highly developed field
of customer segmentation. Machine learning techniques found
their way into customer segmentation decades ago [19]. From
various data mining approaches [21], the focus shifted to neural
networks [18] and deep learning [15].

Unsupervised clustering with visualization of the cluster hier-
archy is a necessary step in customer segmentation [11]. In the
case of this study, understanding the user segments obtained is
very important. The technique of explainable customer segmen-
tation is discussed in [14].

3 MATERIALS AND METHODS

3.1 Operacionalisation and existing
instruments

The operationalization procedure of this research focused on the
existing support for students with special needs at our and other
universities. Theoretical knowledge and practical experiences
in supporting students with special needs were also taken into
account. This is crucial to achieve good validity and reliability of
the resulting instrument in fewer iterations.

To incorporate existing measurement instruments related to
the use and benefit of assistive technologies, we also examined
available measurement instruments. As early as 1996, the authors
of [7] developed a scale "Quebec User Evaluation of Satisfaction
with Assistive Technology (QUEST)”. The instrument contains
18 items and two dimensions. The construct was later reviewed
in [8], where 12 items were further selected.

A scale called the Psychosocial Impact of Assistive Devices
Scale (PIADS) was developed by the authors of [13]. The PIADS
is a 26-item self-report questionnaire to assess the impact of
an assistive device on functional independence, well-being and
quality of life. The construct is three-dimensional and includes 1.
competence (measures feelings of competence and effectiveness),
2. adaptability (indicates willingness to try new things and take
risks) and 3. self-esteem (indicates feelings of emotional health
and happiness).

The authors Dijcks et. al developed a scale (one-dimensional
construct) to assess the quality of service delivery in the provi-
sion of assistive technology (KWAZO) [9]. It aims to assess the
quality of the provision of assistive devices from the customer’s
perspective. The instrument consists of seven questions relating
to accessibility, knowledge, coordination, efficiency, flexibility
and user influence. The reliability of the scale is rated as very
good.

As a result of all considerations, we decided to include the
following aspects:

(1) Technology and overcoming study barriers
(2) Technology and study outcomes

(3) ICT and Study Obligations

(4) ICT and Study Skills
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(5) Opportunities to use ICT technology

To cover these five aspects, we also constructed, selected and
modified questions that led to the final instrument (not listed
here for space reasons).

3.2 Participants and data collection

The selected population is all UL students with disabilities. Given
the estimated number of 700 to 800 such students, the entire
population was included in the sample.

The data collection was carried out by the University of Ljubl-
jana (UL) administration services. They provided us with a list
of all students with special needs at ULat UL. We then manually
screened this list with the baseline descriptions and selected 723
respondents.

The inclusion criteria for selection were self-selected cate-
gories of special needs selected by the students at the time of
enrolment. They covered general special needs, and deficits from
disabilities (hearing, vision, speech, physical, emotional, mental
health). There were no exclusion criteria for selection into the
sample.

3.3 Unsuprvised clustering for user segment
determination

We applied the unsupervised clustering technique K-Means with
dendrogram visualization [5]. The feature space was a space of
participant responses, no dimensionality reduction or location-
dependent transformation [10] or similar was used. The Eu-
clidean distance is used for K-means clustering. Other distances
lead to similar clusters. Since all responses were on the same Lik-
ert scale, no prior scaling was performed. We used elbow curves
to determine the optimal number of segments and basic statistics
to determine the most important characteristics of the selected
segments. The initial number of clusters was set to k = 12.

4 EXPERIMENTAL RESULTS
4.1 Student data

The sampling method chosen was to send emails to the e-mail
addresses provided by the students with disabilities at the time
they obtained their special education student status. The inclu-
sion and exclusion criteria were specified in subsection 3.2. The
questionnaire was administered via the web-based system 1ka
(https://www.1ka.si/d/sl) and the questionnaire with response
categories is available on request. Invitees received an email with
explanations and instructions.
The invitations were sent out in three phases

(1) First invitation: by e-mail from the university e-mail ad-
dress;
(2) Second invitation: via the Disability representatives at the
faculties and academies;
(3) Third invitation: via the Association of Students with Dis-
abilities
The invitation was sent to 733 people. A total of 18 (3.4%)
responses to the first invitation were received within one week,
next 7 to the second invitation and next 18 to the third invitation,
altogether 43 (5.9%). At the time of study design, we estimated
that the response rate of respondents would be around 10%. We
did not formally identify the reasons for this low response rate,
but we did gather some opinions. These can be grouped as fol-
lows:
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(1) There is enough freely available technology that I can use
myself and I do not need any special support from the
university;

(2) In the responders’ mind, the university does not have
enough technical support to help individuals;

We present the results of the segmentation according to the
criteria specified in Subsec. 3.1 identified aspects.

4.2 Basic statistics

The breakdown of the 43 respondents by gender can be found in
Fig. 1 (top left), where NA indicates those who did not wish to
state their gender.

Basic statistics.

Age Special needs

Num.

0.0
NA 20 21 22 23 24 25 27 29 44 55
age

Study level

NA P1L P2 P3 P4 P5 P6 P7 PB
Special needs

University

Bachelor Master
Level of study University

uL

Figure 1: Response of participants: by gender (top left), age
(second row left), special needs (second row right), study
style (third row left) and university (third row right), where
UL stands for the University of Ljubljana and UMB for the
University of Maribor

The histogram by age is shown in Fig. 1 (center left), where NA
denotes those who did not want to reveal their age. Respondents
aged 44 and 55 were excluded from the analysis. The responses
by special needs are shown in figure 1 (middle right), where the
meanings of the special needs are as follows:

P1: "Deficits in certain areas of learning (dyslexia, dysgraphia,
dyscalculia ...)’,

P2: "Physical disability’,

P3: ’Partial or total hearing loss’,

P4: ’Partial or total loss of vision’,

P5: *Speech-language difficulties’,

Pé6: "Emotional and behavioral disorders’,

P7: ’Long-term or chronic illness’,

P8: ’Autism spectrum disorder’,

In terms of university, one student was from the University
of Maribor and 18 students did not specify their university. We
assume that most of the students were from the University of
Ljubljana.

As there are not enough complete responses for aspects Q4
and Q5 (less than 15) to draw more reliable conclusions, we only
report the results for the first three aspects Q1: Technology and
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overcoming study barriers, Q2: Technology and study outcomes
and Q3: ICT and Study Obligations.

The interpretation of the identified segments is based on man-
ual inspection of identified clusters’ specifics such as frequency
of answers etc. Due to lack of space, we cannot reproduce these
figures here.

4.3 Aspect Q1: Technology and overcoming
study barriers

The main question was: "Please indicate how important each

of the ICT assistive technologies listed is to you in overcoming

the challenges you face in your studies due to your own specific
needs.

Seg. Qla Qib Qlc Qid Qle Qif
1 4.3 4.0 5.6 6.2 59 6.2

2 44 39 29 2.5 23 29
3 4.1 3.6 5.0 5.2 48 6.2

Qlg Qth Q1i Q1j Qik Qil
1 59 41 61 55 49 60

2.2 35 4.0 3.6 32 34
3 5.3 3.6 35 3.8 39 53

N

Table 1: Aspect Q1: Averages of answers per segment.

According to the inertia curve and the dendrogram of the
development of the segments, the number of identified segments
can be set to 3 or 5. In line with the segment structure, we have
opted for three segments.

The observed characteristics by segment are:

Seg. 1: The answers to all questions are the highest, i.e. all tech-
nologies are rated as very important. These are technology
enthusiasts.

Seg. 2: Most questions are answered with low values. These
are technology sceptics. Little importance is attached to most
technologies, with the exception of e-materials, e-environments
and multimedia content. This segment therefore scores well
for e-materials, but not for content conversion tools, etc.

Seg. 3: Importance varies considerably on average. These are
those who believe in and use some technologies but not others.
They rate most technologies well, with the exception of visual
and design customization tools.

4.4 Aspect Q2: Technology and study
outcomes

The guiding question was: "Please indicate how important each
of the ICT support services listed is to you in overcoming the
challenges you face in your studies due to your own specific
needs."
The number of segments was determined by combining the
dendrogram and the "inertia" curve". We decided on 3 segments.
The observed characteristics by segment are:
Seg. 1: Technologies are of varying importance. These are criti-
cal users. They rate most technologies well, with the exception
of audio-to-sketch, dictation, e-interpreting and audio-to-text
tools.
seg. 2: They rate all technologies as very important. This is
technology Enthusiasts, the first segment from a segmenta-
tion into two segments.
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Seg. Q2a Q2b Q2c Q2d Qe Qof

1 34 30 34 26 31 43

2 44 60 49 62 63 58

3 15 15 10 1.0 10 1.0
Q2 Q2h Q2 Q2 Q2

1 41 39 43 30 63

2 50 50 53 57 62

3 25 15 15 25 20

Table 2: Aspect Q2: Averages of answers per segment.

Seg. 3: All technologies are classified as unimportant. These
are technology sceptics. They classify most technologies as
unimportant, with the exception of electronic communication
and customized hardware.

4.5 Q3:ICT and Study Obligations

The guiding question was: "Please indicate to what extent you
consider the use of ICT support important to fulfil the study
requirements listed below."

Seg. Q3a Q3b Q3¢ Q3d Q3e Q3f Q3g

1 4.2 36 24 22 44 22 5.4
2 4.2 45 5.0 4.9 50 49 5.9
3 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Table 3: Aspect Q3: Averages of answers per segment.

The number of segments was determined by combining the
dendrogram and the "inertia" curve". We estimate that a reason-
able number of segments is again 3.

The observed characteristics by segment are:

Seg. 1: The technologies are characterized by different appli-
cability. These are Critical Users, which are Segment 1 of a
two-segment segmentation. All technologies are classified as
useful, with the exception of ICT to support independent work,
to support group work and to support examination require-
ments.

Seg. 2: In this segment, all technologies are rated as very useful.
This is Technology Enthusiasts, which is virtually identical
to segment 2 of the two-segment segmentation.

Seg. 3: Here, the majority of respondents consider the technolo-
gies to be of little use. These are technology . They describe all
technologies as not very useful, with the exception of support
for direct distance learning.

5 CONCLUSIONS AND DISCUSSIONS

The student response rate was relatively low (5.8%, total N =
43). For the first three aspects listed in subsection 3.1, we found
meaningful segmentations (for the last two aspects, there was not
enough data to create segments). We did not find any common
segments between the aspects. Obtained segments were expected
and it was confirmed a useful grouping of students is doable.
Further investigation of the segments would require at least 10
new responses in the first three aspects. In the near future, we
will study the usage patterns of these students based on carefully
designed case studies.
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