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Abstract: The use of virtual learning environments (VLEs) is becoming increasingly common in
teaching. Nevertheless, analysis of how effective these prove to be for the learning of persons with
disabilities remains scarce. In this study, we work with a sample of 34 people aged between 16 and 44
(14 women and 20 men) who have Down Syndrome. The aims of the study were to (1) explore whether
there were any significant differences before and after teaching when using a VLE; (2) determine
whether the frequency of use and time spent on the VLE impacted learning outcomes; (3) examine
clusters vis a vis learning behaviour in the VLE; and (4) gauge perceived user satisfaction with the
use of the VLE. Significant differences in learning outcomes before and after teaching using a VLE
were found. The frequency and time spent using the VLE were seen to have no impact on learning
outcomes. Three clusters were identified in terms of VLE behaviour, and perceived user satisfaction
with the VLE was high. There is a need to increase the number of studies addressing the impact of
VLEs on learning in persons with different disabilities.

Keywords: virtual learning environment; educational data mining; Down Syndrome; monitoring;
personalised learning

1. Introduction

In recent years, the use of learning management systems (LMS)—or virtual learning
environments—has become a part of learning in all stages of both official as well as unoffi-
cial education [1]. This practice has intensified even further as a result of the worldwide
health crisis triggered by COVID-19 [2,3]. Specifically, the use of virtual learning envi-
ronments (VLEs) helps to monitor students during the learning process [3,4]. Amongst
other things, this follow-up helps to personalise learning [5], which in turn boosts student
motivation [6] and so aids self-regulated learning (SRL) [7,8], in addition to fostering the
use of cognitive and metacognitive strategies [9,10]. Nevertheless, if VLEs are to prove
effective in the learning process, they need to be well designed from the pedagogical and
technological standpoint [11]. The most effective VLEs include feedback for the user, which
provides them with information concerning their successes and failures as well as their
progress [12-14], and interactive material in a multichannel format (including information
through visual and auditory stimuli) [15,16]. These resources normally include the figure
of an avatar or assistant who accompanies the student during the learning process [17],
specifically in gamification-related tasks [18]. Furthermore, the use of a VLE enables the
student’s interactions with the activities, with the teacher and with other students to be
recorded [19]. In addition, analysis of these records through educational data mining (EDM)
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techniques allows each student’s learning patterns to be pinpointed [20-24]. Analysing
these patterns also provides teachers with information concerning the learning styles of
each of their students. This offers teachers the relevant information required to adapt
teaching material so as to personalise teaching and achieve the most efficient learning
possible for their students [25-27]. Moreover, the use of VLEs helps to pinpoint student
procrastination from the very start of the learning process, and so aids in correcting said
behaviour, thereby preventing academic failure [28,29]. Research into these topics has
developed over the last decade and has focused particularly on university students [30,31]
and on the education of adults in unofficial education [32], with one example being research
into massive open online courses (MOOCs) [33]. Yet, research in the field of education in
the case of adults who have special educational needs remains scant [34].

Applying VLEs in Environments for Persons with Special Educational Needs

In a recent study, Hurwitz et al. [35] reported that designing materials in virtual learn-
ing environments is key to achieving personalised learning. These authors also pointed to
the importance which the use of these learning environments and digital resources had for
users—in this instance, those with autism spectrum disorder—and for their families [36].
The authors also highlighted two aspects: adapting material to the characteristics of each
particular problem, and the need to train both teachers as well as users and their families in
the use of virtual tools and environments. In another study, Dos Santos Dourado et al. [37]
worked with individuals who had Down Syndrome (28 persons aged between six and
fifty-one), applying Sandplay augmented reality (AR) technology. The results of their
study showed that the use of digital resources in interactive learning environments boosted
sensorial integration and behavioural regulation amongst participants and led to reduced
costs in education. In another study, Ma et al. [38] reported that virtual reality technology
with gamification activities displayed enormous potential in the rehabilitation/recovery of
individuals with disabilities since, among other aspects, it aided the development of percep-
tive (visual and auditory) skills. In another study, Bonilla-Del-Rio and Sanchez Calero [39]
worked with 39 adults aged between 21 and 72—who had different kinds of disabilities
and who were enrolled at an occupational centre—and with families and educators. The
conclusions that emerged from this study indicated that the use of technology enhanced
the social, educational, and workplace inclusion of users at the occupational centre. The
authors also highlighted that the use of virtual learning environments (VLE) showed great
potential for the education of persons with disabilities, and with their families, although
these technological resources did need to be adapted to each user’s particular characteristics.
The authors also pointed out that much remains to be done in order to achieve the proper
implementation of technological resources in the education of people with disabilities. In
another study, Dharmarathne et al. [40] designed STEP-UP. This is a teaching system that
consists of four modules based on gamification aimed at people with autism spectrum
disorder, Down Syndrome, or low intellectual capacity. The goal was to foster motivation
and learning amongst users. In another work, Barron et al. [41] found that the use of a VLE
in face-to-face spaces could offer support to teachers, particularly when working with small
groups of students. This is because VLEs enable more efficient and effective teaching for
groups with disabilities. Finally, Reyes et al. [42] conducted a systematic review study of
teaching through VLEs in individuals with disabilities. Their study concluded that the use
of technology-based learning environments aided the inclusion of students with disabilities
when it came to their education and, therefore, their social inclusion. Nevertheless, these
authors emphasised the need for further research to explore teaching practices and the
development of learning in virtual environments in real-life situational use in greater depth.

In this context, it is also important to bear in mind that the use of virtual learning
platforms involves the recording of a lot of interaction data [43], and that the information
recorded needs to be processed using machine learning techniques [44]. The use of these
techniques facilitates the understanding of students’ learning patterns [43]. Finally, it is



Sustainability 2023, 15, 16404

3of 14

important to underline how educational work through the use of virtual learning platforms
is also proving to be highly effective in working with people with Down Syndrome [45].

The aim of this study was to analyse the usability of a virtual learning environment
that dealt with environmental sustainability in the learning of adults with Down Syndrome
through EDM, with the ultimate aim being to gauge its impact on learning amongst users.
Based on the previously mentioned studies, the research questions posed in this work were
as follows:

RQ1. Will there be significant differences in the learning outcomes in the concepts of sus-
tainability before and after the use of a VLE?

RQ2. Will there be significant differences in the learning outcomes in the concepts of sus-
tainability depending on students’ frequency of use of a VLE?

RQ3. Will there be significant differences in the learning outcomes in the concepts of sus-
tainability depending on the time students spend using a VLE?

RQ4. Will there be different clusters amongst students vis a vis their learning behaviour in
the VLE?

RQ5. What will be the perceived student satisfaction with the thematic content and the VLE?

This work is structured into the following sections: a description of the methodology
applied, the results found in relation to the research questions tested, the discussion, and
conclusions.

2. Materials and Methods
2.1. Participants

Work was carried out with 34 Down Syndrome students who had a serious intellectual
disability [41], a CPM percentile between 1 and 35, following the criteria of the American
Psychiatric Association (APA, 2014). Of the 34 students, 14 were women (Mage = 29 years
old; SDage = 7.75; Interval 16-42) and 20 were men (Mage = 29.7 years old; SDage = 8.18;
Interval 19-44). Participants were students at the Estela Special Education Centre and were
users of the Centre for Promoting Personal Independence (the Burgos Down Syndrome
Association, Spain). One person dropped out of the study during the course. Convenience
sampling was used in order to construct the sample.

2.2. Instruments

(a) Open access SusKids virtual learning environment https:/ /suskids.bjaland.co/en/
courses/ (26 November 2023). This platform was developed as part of the SusKids
project co-funded by the European Commission. It involves working with concepts
related to sustainable behaviour and is made up of four courses: Course 1. Environ-
ment, which in turn contains five thematic blocks (environment; air; the Earth and
mountains; water and the oceans; and animals and plants). Course 2. Waste, which
in turn contains three blocks (a description of waste; waste is a problem and what to
do with waste). Course 3. What to do with waste? This in turn contains seven the-
matic blocks (where does waste go?; incinerators; dumps; reducing; recycling; review
activities). Course 4. Construction and environment, which includes eight blocks
(buildings; rocks; bricks, tiles and ceramics; cement; concrete; mortar; construction
and environment; evaluation). Each course contains a progress bar.

A visual representation of the virtual learning environment (VLE) of the SusKids
project can be seen in Figure 1.

The VLE contains a progress bar which offers the student feedback on their progress
during each year. It also offers a function that displays the correct and incorrect answers
given when carrying out the proposed learning activities. An example of each of the
functionalities can be seen in Figure 2.


https://suskids.bjaland.co/en/courses/
https://suskids.bjaland.co/en/courses/

Sustainability 2023, 15, 16404

40f 14

DS Courses

SV

sk’
Ds
Progress
o
o o
Syllabus
Strand 1. THE Strand 2. RUBBISH
ENVIRONMENT > The environment
e Strand 1. THE
TR ENVIRONMENT

* Water and oceans

* Animals and The environment is everything around us
factories produce
gases

Everything that surrounds us including the air, water, earth, animals and
plants.
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Figure 2. Feedback and progress in the SusKids VLE.

(b)
(©

(d)

(e)

Initial test of their knowledge of sustainability. One test per year was applied.
Raven’s progressive matrices test [46]. Evaluation test of the G factor of intelligence.
Specifically, the Coloured Progressive Matrices Scale (CPM) was applied. This is
designed to evaluate children aged four to nine or people with an intellectual deficit.
The test has a test-retest reliability index of r = 0.82 and of « = 0.86

Adaptive Behaviour Assessment System II (ABAS-II) [47]. This scale evaluates the ev-
eryday functional skills required to operate independently in daily life. It analyses the
areas of communication, use of community resources, functional academic skills, life
in the home or life at school, health and safety, leisure, self-care, self-guidance, social,
motor, and employment. It also provides the Global Index of Adaptive Behaviour
(CAGQG). In its Spanish version, the test obtained an « = 0.91. In this study, the overall
reliability index was o« = 0.93.

Survey on perceived user satisfaction with the use of the VLE. An ad hoc questionnaire
was designed, consisting of 12 closed-response items measured on a scale of 1 to
3 (ranging from 1 = not at all satisfied to 3 = very satisfied), and open-response
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questions addressing the strengths and weaknesses of the VLE (see Appendix A). The
questionnaire obtained an « = 0.77 and () = 0.74 for the whole questionnaire, and an
interval of o« = 0.72- « = 0.78 and ) = 0.67- (3 = 0.76 for the remaining elements.

2.3. Procedure

Prior to commencing the study, a positive report was obtained from the University
of Burgos Bioethical Committee (No. IO 10/2022). We also sought the informed written
consent of the participants or their legal tutors. Before starting instructional intervention
on the VLE, teaching staff were given four weeks of training. All of the teaching staff
had at least ten years of experience working with Down Syndrome students. Students’
intellectual capacity (Raven test) [46] and adaptive behaviour was then tested (test ABAS-
I1[47]). A test of knowledge was previously conducted, after which learning the concepts of
environment sustainability within the SusKids VLE commenced. This programme consisted
of four courses (see tools section). Once the whole course had been completed, the test
of knowledge was repeated in order to evaluate the knowledge acquired. Instructional
teaching was given over one academic year, with approximately two hours being devoted
thereto each week. Figure 3 shows the procedure followed in the study.

Ethics

* Bioethics Committee
* Informed consent

Prior Instruction in
evaluation the VLE

* Evaluation of * The four
knowledge prior training courses
to intervention are conducted

Figure 3. Study procedure.
2.4. Data Analysis

Prior to commencing the study, we checked to see whether the students displayed
similar characteristics in terms of their results in the Raven test [46]. We also tested to see
whether the sample fulfilled the assumptions of normality with regard to the allocated
“age” variable. For this purpose, we used the Shapiro—-Wilk test (the Shapiro-Wilk test is
used to test the normality of a dataset), given that there were fewer than 50 participants
in the sample. In order to test RQ1, we applied the ¢ test for dependent samples, and to
measure the value of the effect, we used Cohen’s d test [48] and Hedges’ g (1981) [49],
where values between 0.2 and 0.3 indicate a low effect value, values between 0.5 and
0.8 indicate a medium effect value, and values above 0.8 indicate a high effect value. To
examine RQ2 and RQ3, we applied a one-factor fixed effect ANOVA (analysis of variance
is a statistical method used to ascertain whether the results of a test are significant, i.e., to
determine whether it is necessary to reject the null hypothesis or to accept the alternative
hypothesis) and the eta squared test (n?) to measure the value of the effect. We also applied
the Duncan-Tukey post hoc (DMS) test (used in ANOVA to create confidence intervals
for all pairwise differences between factor level means while controlling for the error rate
per family at a specified level) to assess the difference between groups. To test RQ4, we
applied the non-supervised k-means machine learning test (k-means clustering is a method
of vector quantization that aims to partition n observations into k clusters in which each
observation belongs to the cluster with the nearest mean (cluster centres or cluster centroid,
serving as a prototype of the cluster) as well as cluster visualization techniques. Analyses
were carried out using the SPSS v. 28 statistical package [50] and with Orange v. 3.32
software [51]. To examine RQ5, we applied a descriptive analysis (means and standard
deviations, cross-tabulation and contingency coefficient). Text mining analysis (text mining
involves techniques that can be subsumed under data mining. Data mining can be defined
as the mathematical analysis of data to deduce patterns and trends) was applied to study
the responses to the open questions. Atlas.ti v. 22 [52] qualitative analysis software was
used for this purpose.
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2.5. Design

Following Campbell and Stanley [53], we applied a quasi-experimental before-after
design without a control group. This design was used because the population sample was
very specific, and it was not possible to have a contrast sample (control group).

3. Results
3.1. Prior Analysis

We carried out a homogeneity analysis of participants with regard to the results
obtained in the g factor of intelligence measured with the CPM test [46] and of the ABAS
II CAG [47]. No significant differences were found in any of the scores (Raven [41] CPM
(F=1.81,p=0.20, 172 =0.13); ABAS CAG [42] (F=0.79, p = 0.39, 172 =0.06)). As regards
testing the sample distribution, the Shapiro-Wilk normality test provided a statistic = 0.97,
p = 0.39, such that distribution was assumed to be normal. We therefore used parametric
statistics for the hypotheses.

3.2. Analysis of Hypothesis Testing
3.2.1. Differences in Learning Outcomes Before-after Instruction in VLE (RQ1)

Significant differences were found between before and after the intervention in the
learning programme on sustainability concepts carried out in the SusKids VLE in favour of
the post-intervention stage (see Table 1). A medium effect size is observed for course 1 and
a high effect size is observed for courses 2, 3 and 4.

Table 1. T test for dependent samples and value effect.

Thematic Before After
Courses n=233 n=233

M(SD) M(SD) df t p d g
Course 1 68.09(21.02) 82.58(18.75) 32 —6.76 0.001 * 0.73 0.72
Course 2 45.90(20.95) 72.18(19.06) 32 —-9.63 0.001 * 1.31 1.30
Course 3 63.13(14.00) 81.71(19.29) 32 —8.29 0.001 * 1.10 1.09
Course 4 50.84(12.00) 64.51(15.97) 32 -7.14 0.001 * 0.97 0.96

*p <0.05. M = mean; SD = standard deviation; df = degrees of freedom; d = value of Cohen’s d; ¢ = value of
Hedges’ g effect—both in standardised format.

3.2.2. Influence of Frequency Use of the Automatic Reader of the VLE and Learning
Outcomes (RQ2)

Three groups were established in terms of frequency of use of the automatic reader of
the SusKids VLE platform: Group 1—low access interval (1-22 times); Group 2—medium
access interval (136-728 times); Group 3—high access interval (1660-9368 times). Significant
differences were found in terms of the frequency of use in the learning outcomes in Course
4 (see Table 2). In particular, these differences were found between Group 1 and Group 2
(difference of means = 12.91, p = 0.03) in favour of the former, and Group 3 and Group 1 in
favour of the former.

Table 2. Single-factor fixed-effect ANOVA (frequency of access to VLE) and value of the effect.

Thematic Group 1 Group 2 Group 3
Courses n=18 n=11 n=4

M(SD) M(SD) M(SD) df F p 7>
Course 1 88.46(16.03) 74.37(19.77) 76.21(23.32) (2,32) 231 0.12 0.13
Course2  76.65(17.55) 70.80(20.54) 57.13(18.92) (2,32) 1.83 0.18 0.11
Course 3  87.66(18.37) 74.13(20.68) 71.71(15.64) (2,32) 232 0.12 0.13

Course4  70.86(13.65)  57.95(16.14)  5221(1479) (2,32) 420  0.03* 0.22

*p <0.05. M = mean; SD = standard deviation; df = degrees of freedom; ;> = size of the eta squared effect.
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3.2.3. Influence of Student Time Spent on the VLE and Learning Outcomes (RQ3)

Three groups were set up based on the time that the student spent on the SusKids VLE
platform: Group 1—low time interval (4-11 h); Group 2—medium time interval (12-20 h);
Group 3—high time interval (21-32 h). Significant differences were seen to exist in the
learning outcomes obtained in Course 4. Specifically, these differences were found between
Groups 1 and 2 (difference of means = 16.86, p = 0.02, in favour of the former) (see Table 3).

Table 3. Fixed-effect factor ANOVA (time spent on the VLE) and value of the effect.

Thematic Group 1 Group 2 Group 3
Courses n=19 n=10 n=3

M(SD) M(SD) M(SD) df F p a
Course1l  82.58(19.23)  79.54(18.23)  88.28(28.13) (2,32) 0.24 0.79 0.02
Course2  70.00(19.59)  76.60(20.80)  80.88(15.38)  (2,32)  0.65 0.53 0.04
Course3  81.00(20.35)  77.35(20.01)  89.36(15.74)  (2,32)  0.42 0.66 0.03
Course4  69.62(15.16)  52.76(13.85)  65.27(13.58) (2,32)  4.35 0.02 % 0.24

*p <0.05. M = mean; SD = standard deviation; df = degrees of freedom; 112 = size of the eta squared effect. Note.
One participant dropped out during the course.

3.2.4. Cluster Analysis (RQ4)

Because of the results in RQ2 and RQ3, in which significant differences were found in
learning outcomes in Course 4 in favour of students who had accessed the SusKids VLE
less often and who had spent less time on it, a cluster analysis was carried out to determine
the groupings/clusters amongst students with no prior classification variable with regard
to the learning outcomes. The learning outcomes were analysed before and after teaching
on sustainability content in the SusKids VLE. Specifically, a k = 3 was applied, since three
groups had been found in RQ2 and RQ3. Significant differences were seen between the
three clusters before and after teaching in the VLE (see Tables 4 and 5).

Table 4. Centre of the clusters and ANOVA in the clusters of learning outcomes before the intervention.

Thematic Courses Cluster 1 Cluster 2 Cluster 3

n=14 n=10 n=9 df 3 P
Course 1 66.91 45.28 94.85 (2,30) 66.75 0.001 *
Course 2 42.55 25.84 73.34 (2,30) 53.48 0.001 *
Course 3 62.23 19.09 79.48 (2,30) 39.86 0.001 *
Course 4 50.16 40.18 61.16 (2,30) 19.27 0.001 *

*p <0.01; df = degrees of freedom.

Table 5. Centre of the clusters and ANOVA in the clusters of learning outcomes after the intervention.

Thematic Courses Cluster 1 Cluster 2 Cluster 3

n=9 n=10 n=14 df F p
Course 1 62.08 77.31 98.81 (2,30) 31.52 0.001 *
Course 2 49.40 75.73 86.67 (2,30) 27.97 0.001 *
Course 3 58.40 73.72 101.24 (2,30) 105.11 0.001 *
Course 4 45.65 62.99 77.21 (2,30) 29.88 0.001 *

*p <0.01; df = degrees of freedom.

Figures 4 and 5 show the position of each participant in each cluster before and after
receiving instruction in the VLE. The visual comparison provides information concerning
student progress after having been taught in the VLE.
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We then compiled a cross-tabulation to analyse agreement between participants’ posi-
tion in the clusters before-after intervention. Table 6 shows the results of this agreement.
We also obtained a coefficient of contingency of C = 0.71, p = 0.001 *, indicating a difference
between participants’ position before and after the intervention.

Table 6. Cross table of correspondences between students’ position in the clusters before and after
the intervention.

Cluster before

Cluster after 1 2 3 Total
1 1 8 5 14
2 8 2 0 10
3 0 0 9 9
Total 9 10 14 33

3.2.5. Perceived Student Satisfaction with the Usability of the VLE

Table 7 shows the descriptive study of student participant responses with regard to
their perceived satisfaction with the use of the VLE in the open questions. A high degree
of perceived satisfaction with the content and usability of the VLE is evident (interval of
2.45-2.88 out of 3). Students also pointed out that the appearance and aspect of the VLE
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did not need changing (1.74 out of 3). There was also low dispersion, which indicates a
high level of agreement amongst participants.

Table 7. Descriptive statistics of perceived satisfaction with the use of the VLE.

Items Mean Standard Deviation
1. Did you understand the content worked with in
the VLE? 2.52 0.73
2. Were the activities clear? 2.66 0.55
3. Were the activities easy? 2.45 0.75
4. Did you like the activities? 2.83 0.47
5. Was the work on the VLE easy? 2.71 0.65
6. Would you have liked to learn other things in the 271 0.60
VLE courses? ' '
7. Was it easy to stop in an activity? 2.64 0.64
8. Was it easy to move from one activity to another? 2.64 0.67
9. WE.iS it easy to return to an activity /do an 274 0.58
activity again?
10. Did you find the VLE attractive? 2.88 0.42
11. Did you find the VLE clear? 2.83 0.43
12. Would you like to change the appearance of
the VLE? 1.74 0.92

Appendix B shows the students” answers to the open questions “What did you like
most about the platform?” and “What did you like least about the platform?”. Text mining
analysis can be seen in Figure 6.

hi
- NOthing

work 9°°dvideos things environment rubbish fine understood
g a i especially difficult change know
last ease fun  bricks like construction goodread  bottom  exercises
todona get  clay go . : want  complicated exercise ke~ €Verything
explanatory I I ked nOthIng information .
contents s interesting things liked
interested . understand 2% errors
learning y h g
__everythin
intuitive recycling
x s new
navigation
none
Strengths of the VLE Weaknesses of the VLE

Figure 6. Analysis of text mining on student perception of the strengths and weaknesses of the VLE.

4. Discussion

The use of the SusKids VLE—which applies SRL and feedback techniques on learning
outcomes—has aided the learning of students with Down Syndrome [7,9,10,12,13,15]. The
use of VLESs, together with the application of EDM techniques, has enabled the personalised
follow-up of students [20-24]. All of this has benefitted a personalised understanding of
student learning behaviour [4,19,32]. Likewise, monitoring through non-supervised EDM
cluster analysis techniques and visualisation EDM techniques has enabled those students
who displayed greater procrastination behaviour to be pinpointed [28,29]. Moreover, the
best learning outcomes were not always seen to be linked to a greater use of or more
time spent on the VLE. Given that the students involved in this study exhibited similar
cognitive development, future studies will analyse what other variables might be influ-
encing enhanced performance. In addition, student participants expressed a high level
of perceived satisfaction regarding the functionality and usability of the SusKids VLE, as
well as a high degree of motivation for the work it involved. These aspects support the
findings of Dharmarathne et al. [40] and Ma et al. [38] concerning the functionality of use
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and motivation expressed in students who have certain disabilities when learning on a
VLE with supervised follow-up and monitoring.

In sum, the use of the SusKids VLE enables students to be monitored during the
teaching—learning process [3,32]. Said follow-up bolsters the personalisation of the learn-
ing [5] and boosts participant motivation [6]. Likewise, the design of the SusKids VLE
is referential, since the assistance provided through progress bars and feedback on the
answers then serves to support self-regulated learning [7,8,12-14] by applying a gamified
learning space [18]. Nevertheless, intervention was not equally effective in terms of im-
proved learning results. Significant differences were only found in year four, both with
regard to the frequency of access as well as the length of time spent on the VLE. This may
be due to the fact that participants gradually become skilled over time in the use of the VLE
and their understanding of how the VLE works. In this regard, a comparative analysis will
be carried out in future research. Furthermore, the use of automatic learning techniques
enabled us to pinpoint patterns of learning in each participant [20-24]. In this regard, the
use of non-supervised clustering learning techniques provided a great deal of information
concerning the grouping of participants in different clusters before vs. after instructional
intervention in the VLE. It is important to highlight that some participants were in different
clusters, whereas others were not. This opens the door to future inquiry exploring the
effectiveness of using VLESs in instructional methodology, since this data analysis technique
allows for the individualised follow-up of each participant throughout the instructional
process. All of this will help educators to gain an understanding of each student’s learning
process, which will then allow them to design personalised teaching programmes.

5. Conclusions

This study offers an approach to exploring how effective the use of a VLE in the learn-
ing process of persons with an intellectual disability—specifically with Down Syndrome—
can prove to be. The study also assesses perceived user satisfaction. Although satisfactory,
the results should be approached with caution due to the features of the sample and the
non-inclusion of a control group. As a result, future studies will seek to offset these hurdles
in an effort to enhance the generalisability of the findings. It should, however, be borne in
mind that this work is being carried out with very specific groups in which experimental
control of all the variables involved proves highly complex. This work has also embraced a
study into student learning behaviour in VLE and its link to learning outcomes.

Furthermore, the sample selection characteristics and the lack of a control group mean
that the results have to be approached with caution with regard to the generalizability
thereof. However, the main relevance of this work focuses on the use of a virtual platform
developed ad hoc in which a specific instruction programme aimed at people with Down
Syndrome has been implemented.

Future Lines of Work and Educational Implications

Future research will explore what impact that the use of these learning techniques has
on students’ social and workplace inclusion, in line with Reyes et al. [40]. Future studies
will also examine teacher perception of the use of VLE as a teaching support resource in
face-to-face classrooms, following Barron et al. [41]. An analysis will also be carried out of
how families perceive the functionality in the use of VLE in their children’s learning, in line
with the proposal put forward by Bonilla-Del-Rio and Sanchez-Calero [39].

In addition, analysis of students’ task behaviour in the platform with regard to each
activity will enable the teacher to know each student’s learning specificity. This knowledge
will make it easier for the teacher to personalise training, in line with the suggestions made
by Dharmarathne et al. [40] and Ma et al. [38].

This study has highlighted the relevance of developing ad hoc SusKids VLE platforms,
in this case for those with Down Syndrome. The results point to a high degree of group
involvement and enhanced learning outcomes. Future studies might therefore seek to adapt
the tool to people with other disorders (e.g., autism spectrum disorder, sensory disorders
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(visual, auditory), etc.). In addition, an attempt will be made to increase the sample size
and to apply a longitudinal design. It is also vital to consider the importance of using
machine learning techniques to analyse the learning behaviour of people using the VLE.
This is because processing the data reveals the learning patterns of each user, based on
which it is then possible to personalise learning proposals in the VLE.

Summing up, it can be concluded that further studies are required to address the
functionality of learning in VLESs, specifically amongst groups with different disabilities
and/or cognitive deterioration. The findings will help to improve both the VLE and
the virtual resources used therein, and will thereby enhance the quality of education
and the effective learning of those who belong to these groups, as well as boosting their
social inclusion.
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Appendix A

Items Scores

Closed questions

. Did you understand all of the content worked with in the VLE?
. Were the activities clear?

. Were the activities easy?

. Did you enjoy the activities?

. Was the work on the VLE easy?

. Would you have liked to learn other things in the VLE courses?
. Was it easy to stop inside an activity?

. Was it easy to move from one activity to another?

. Was it easy to return to an activity/do an activity again?

10. Did you find the VLE attractive?

11. Did you find the VLE clear?

12. Would you like to change the appearance of the VLE?

Open questions

13. What did you like most about the platform?

14. What did you like least about the platform?
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Appendix B
Appendix B.1. Answers to Question 13: What Did You Like Most about the Platform?

“The videos

The ease of navigation and how intuitive it is.

I liked learning more about compost, environment, and construction.

Iliked the last topic the most, because I like it, I'm interested and I'm going to work
with these things.

I liked everything.

Everything.

Some exercises about rubbish, because I don’t like where things go and I get blocked.

Nothing.

Nothing.

Nothing.

Very good, great fun.

Iliked it very much.

Everything.

Everything

I liked the explanatory videos very much.

The exercises.

“I really liked the bricks, tiles, and clay”.

The environment.

Everything.

All the contents: rubbish, pollution, air, water, construction.

Iliked everything in this new experience.”

Appendix B.2. Answers to Question 14: What Did You Like Least about the Platform?

“Nothing. Everything is good.

I liked everything, but I especially liked the last one a lot.

It was difficult and I didn’t understand the exercises.

Everything was fine.

Nothing. I understood everything.

The exercise at the bottom right was more complicated.

Nothing.

Nothing.

Nothing.

Nothing.

Nothing.

The errors.

Nothing.

I don’t know. I think it was all interesting, but the rubbish and the first two topics
could have had more information.

The rubbish
I didn't like to read.
Nothing.
The errors and that the internet didn’t work and that I want to change those things.”
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