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ABSTRACT

The study presents results from the use of a 3D simulation for teaching functional
skills to students with learning, attentional, behavioral, and emotional disabilities,
attending regular schools. An A-B single-subject study design was applied. The
participating students (eight eight-to-nine years old) explored the simulation (a
virtual school), encountered situations in which they observed how they are expected
to behave, and had to demonstrate what they have learned. Each student attended a
total of four two-hour sessions. Data were collected by means of observations and
semi-structuredinterviews. All students demonstrated improved functional skills both
in terms of the number of behaviors they acquired and in terms of those that were
retained and manifested in the real school environment. On the basis of the results,
it can be argued that 3D simulations are a promising tool for teaching functional
skills to students with disabilities.
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Using a 3D Simulation for Teaching Functional Skills to Students
INTRODUCTION

The Salamanca Statement paved the way for the inclusion of children with special
needs in regular schools (Unesco, 1994). The fundamental goal of inclusion is to
avoid social discrimination by offering opportunities for students with disabilities
to learn together with their non-disabled peers in typical classrooms. Students
with special needs studying at regular primary schools represent a variety of
disabilities, including -but not limited to- learning difficulties, social, emotional,
and communication deficits, physical and mental disabilities (Espelage, Rose, &
Polanin, 2016; O’Brennan, Waasdorp, Pas, & Bradsow, 2015). As a result, the
idea of inclusion is not free of problems. For example, the disadvantaged students
find it difficult to communicate with others and engage in a debate, while their
interpersonal relationships constitute a stress factor. Their imagination may be
limited and their participation in games is passive or dysfunctional. Their academic
progress is inconsistent with that of their peers and quite often they exhibit severe
weakness, for example, in mathematics or spelling (Wagner, 1995). Their emotional
immaturity, their inability to be aware of or understand the emotions of others, leads
to non-functional social relationships, isolation, outbursts of anger, and, in general,
problems in understanding everyday situations (Nye, Gardner, Hansford Edwards,
Hayes, & Ford, 2016; Vlachou, Stavrousi & Didaskalou, 2016). Finally, their deficits
in focusing attention on a given task or situation and the neglect of the self, are
factors that increase the likelihood of being victimized or manifesting undesirable/
unacceptable behaviors (Thompson, Whitney, & Smith, 1994).

In order to improve students’ well-being, additional help is provided through
structured school programs, aiming to support their academic performance and
improve their everyday functional skills, both within and outside the school
environment (Rose, Shevlin, Winter, & O’ Raw, 2015). Such programs try to enhance
their emotional (e.g., Domitrovich, Cortes, & Greenberg, 2007), behavioral (e.g.,
Espelage et al., 2016) and communication skills (e.g., Blandon, Calkins, Grimm,
Keane, & O’Brien, 2010). Despite the fact that such programs exist and as far as
students with mild disabilities (with learning difficulties, attentional, behavioral,
and emotional disabilities) are concerned, it seems that the emphasis often lies in
structuring the environment to accommodate their academic needs, while issues
regarding their social adjustment are neglected (Office of Special Education and
Rehabilitative Services, 2015). What is more, the relevant literature suggests that
there is a need for intervention studies examining strategies for enhancing their
social skills (Garrote, Dessemontet, & Opitz, 2017).
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Using a 3D Simulation for Teaching Functional Skills to Students

Needless to say, educational technology plays an important role in the above
interventions. One such technology is 3D simulations, which is an umbrella term for
a family of technologies such as virtual reality and extended reality. 3D simulations
are realistic representations of a situation through the computer and users interact
with the virtual objects in a lifelike way (Freina & Ott, 2015). Moreover, users
can get emotionally involved as they feel the senses of presence and immersion
(Portman, Natapov, & Fisher-Gewirtzman, 2015). In general, 3D simulations are
considered effective teaching tools (Merchant, Goetz, Cifuentes, Keeney-Kennycutt,
& Davis, 2014), because they offer safe and controllable environments as well as
the context in which knowledge is applied (Marshall, 2014). In addition, users can
practice their social skills (Didehbani, Allen, Kandalaft, Krawczyk, & Chapman,
2016), skills of self-care and self-protection (Kalyvioti & Mikropoulos, 2014), and
also express their emotions (Lorenzo, Lledo, Pomares, & Roig, 2016). Due to the
above, simulations can be used to teach students with special educational needs new
skills, reduce unacceptable behaviors, and prepare them to manifest the appropriate
behaviors in real life.

Taking into account that: (a) more studies are needed in order to establish effective
strategies for enhancing the social skills of students with learning, attentional,
behavioral, and emotional disabilities and (b) 3D simulations can be an effective
teaching tool, a short research project was designed and implemented in order to
study exactly this. The skills/behaviors were related to how students are expected
to function in the school environment. The rationale, methodology, and the results
of the project are presented and analyzed in the coming sections.

BACKGROUND

Several studies have used simulations for teaching functional living skills to students
with special educational needs such as learning and mental disabilities, developmental
disorders, psychological or emotional disorders, and motor or sensory impairments
(Lanyi, Geiszt, Karolyi, Tilinger, & Magyar, 2006). For example, Wuang, Chiang,
Su, and Wang (2011) tried to improve the motor skills of children with Down
Syndrome. Language skills were the objective in another study (Lan, Hsiao, & Shih,
2018). On the other hand, it seems that most of the research targets students with
autism spectrum disorders (ASD). The core problem in students with ASD is the
impairment of social communication and social relations (Ames, McMorris, Alli,
& Bebko, 2016). Given that, Stichter, Laffey, Galyen, and Herzog (2014) tried to
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improve the social performance of students with ASD through a virtual environment.
Wang, Laffey, Xing, Galyen, and Stichter (2017) used a 3D multi-user simulation with
the same objective. In another study, researchers implemented an intervention using
Opensimulator with the objective to advance the problem-solving skills of students
with ASD (Volioti, Tsiatsos, Mavropoulou, & Karagiannidis, 2014). Researchers also
tried to teach social and emotional skills to children with ASD, through problematic
situations presented in a virtual world (Craig, Brown, Upright, & DeRosier, 2016).

Students with ASD are also confronted with severe difficulties in everyday
school life (Vasquez, Marino, Donehower, & Koch, 2017). As a result, simulations
of school environments have been (effectively) used for enhancing skills like social
perception, interaction, and communication (e.g., Cheng & Ye, 2010; Ke & Im,
2013; Ke & Moon, 2018; Stichter et al., 2014). Cheng, Huang, and Yang (2015)
tried to teach students with ASD social understanding through an immersive virtual
environment that included two conditions: in a bus and in the classroom. Didehbani
et al. (2016) used Second Life for presenting different settings like a classroom, a
school dining room, and a schoolyard, in order to teach students with ASD how to
make friends, confront someone who harasses them, deal with social dilemmas, and
advise afriend. Teaching interaction and communication skills to students with ASD
was the goal in another study; it was implemented during school time and regualr
students participated as well (Parsons, 2015).

Far fewer studies targeted students with other (milder) disorders, such as
attention-deficit/hyperactivity disorder (ADHD) and tried to improve skills like
socializing, problem-solving and self-protection (e.g., Didehbani et al., 2016). The
use of a virtual environment also significantly improved the social problems and
psychosomatic behavior of children with ADHD (Shema-Shiratzky et al., 2018).
With respect to difficulties in working memory, executive function, and attention in
children with ADHD, the findings of other studies indicated that simulations can be
very helpful to assess and improve these conditions (e.g., Rose, Brooks, & Rizzo,
2005; Schwebel, Gaines, & Severson, 2008). As simulations facilitate action-based
answers, they can be used for reducing the behavioral symptoms and problems
of children with ADHD (e.g., Dehn, 2011; Wang & Reid, 2011). Other studies
indicated that 3D virtual environments can improve memory functionality, sensory
processing, and attention, in individuals with ADHD (e.g., Schwebel et al., 2008).
Then again, none of the above studies was conducted in the school environment
nor did the applications they used simulate a school environment. Thus, it can be
concluded that even though there are studies that used simulations, targeted students
with mild disorders, and tried to teach or train them in life functional skills (e.g.,
social, communicational, and emotional skills), few illustrated specific and plain
behaviors that are anticipated in school conditions, for example, during lessons,
breaks, or a school event.
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DEVELOPMENT AND EVALUATION OF THE 3D SIMULATION

On the basis of what was presented in the preceding section, it was considered
worth examining if a 3D simulation can help students with mild disorders (i.e.,
learning, attentional, behavioral, and emotional disabilities) to understand how
they are expected to function in the school environment. The study employed a
single-subject design with a baseline and a treatment phase (A-B design). In this
type of research, participants serve as their own controls. Data are collected multiple
times during the baseline phase (A phase) until stability is reached. The treatment
is introduced during the intervention phase (B phase) and data are, once again,
collected for multiple times. The researcher then seeks for changes in level or trend
in the dependent variable (i.e., behaviors/performances before the intervention
are contrasted with those that occurred during or after the intervention) (Engel &
Schutt, 2012; Wong, 2010).

This type of research design is commonly employed in the field of special
education as an alternative to group designs and constitutes the most feasible type
of experimental design for individuals with disabilities (Engel & Schutt, 2012;
Parker, Grimmett, & Summers, 2008). In special education, a significant problem
is that large sample sizes are, most of the times, not achievable. An advantage of the
single-subject design is that research can be conducted with just one, or, typically,
with three to eight participants (Horner, Swaminathan, Sugai, & Smolkowski, 2012).
It has to be noted that a withdrawal design (A-B-A) was also considered but could
not be implemented, as the study involved skills and behaviors which are impossible
to un-learn (Ledford & Gast, 2009).

As the study sought to examine the impact of simulations on students’ behavior in
the school environment, one has to consider what constitutes a school environment.
In essence, a student has to function properly in the classroom (i.e., during lessons),
in the schoolyard (i.e., during breaks and when playing), and when all students are
gathered for an event (i.e., during a school play, a speech, and a ceremony). The
above conditions, which require certain skills/behaviors, provided the basis for
the design of the simulation and also for the formulation and testing of the study’s
research hypothesis, namely: 3D simulations can help primary school students
with learning, attentional, behavioral, and emotional disabilities, attending regular
schools, to understand how to function/behave in the school environment, during
lessons, breaks, or a school event.
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Participants and Sample Size

As the study’s target group was primary school students with learning, attentional,
behavioral, and emotional disabilities, a major problem was the proper selection
of participants, because the terms “learning, attentional, behavioral, and emotional
disabilities” are used for describing a wide range of conditions and there is always
the chance that the sample may not be homogeneous. Thus, a set of selection
criteria was applied, in order to avoid selecting extreme cases or cases that differed
significantly. Following three months of observations of students with learning,
attentional, behavioral, and emotional disabilities attending typical classes in a
number of public schools in Athens, Greece, eight students were recruited (five
boys and three girls, aged between eight and nine). All (i) were Greeks, (ii) had a
similar social and family background, (iii) did not have sensory-motor disabilities,
(iv) their mental abilities were normal as assessed by the Greek version of Wechsler
Intelligence Scale for Children, (v) their disorders were formally diagnosed by a
public assessing institution and fall into the “learning, attentional, behavioral, and
emotional disabilities” category, (vi) they attended regional public regular schools,
and (vii) were supported, on a daily basis, by a special education teacher, each
according to their diagnosis needs. More importantly, all had problems (to a varying
extent) in their functional skills regarding the school environment. Detailed data for
the extent of these deficits are presented in the “Results” section. The participants’
profiles were as follows:

e XS (boy, 8y 2m). Diagnosed with ADHD and learning disabilities. He is
often distracted to the point of not remembering the correct order of simple
instructions. Because of this lack of functional attentional focus, he does not
manifest appropriate or expected social behaviors.

e  NF (boy, 9y 2m). Diagnosed with social-emotional and learning disabilities
(SELD). He hardly focuses on lessons. The lack of concentration leads to an
apparent indifference to social conventions or sometimes ignorance of the
expected acceptable behaviors.

e LR (boy, 8y 6m). Diagnosed with ADHD and behavioral problems. He has
trouble following rules; often gets involved in fights with his classmates; he
is indifferent to social conventions; refuses to respect and follow commonly
accepted rules; and often breaks out in bouts of anger.

e DA (boy, 8y 6m). Diagnosed with SELD. He faces severe concentration
difficulties and often has outbursts of anger and denial. He also refuses to
comply with rules or engages in socially unacceptable activities. He is usually
the leader of a team or a group; however, his aim is to negatively influence the
decisions and actions of the team.
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e KB (boy, 8y 11m). Diagnosed with SELD and ADHD. He is intensely
hyperactive and impulsive. His actions are careless and he often engages in
inappropriate behaviors. Because he does not process or make sense of the
social stimuli, he is unable to choose the correct behavior. The non-functional
focus of his attention prevents him from manifesting the desired behaviors.

e DB (girl, 8y 10m). Diagnosed with ADHD and learning disabilities. She has
a limited repertoire of attitudes and skills, she is highly introvert, and has a
generalized weakness in social interactions. Her poor mnemonic skills allow
the manifestation of inappropriate behaviors.

e MG (girl, 8y 10m). Diagnosed with ADHD and learning disabilities.
She appears not to be able to revoke and use the desired behaviors in the
appropriate contexts. She is also easily distracted and disorganized.

e AL (girl, 8y 11m). Diagnosed with SELD. She is highly introvert, has low
self-esteem, intense insecurities, and introspective behavior. She is often
isolated. Depending on the circumstances, she hesitates or avoids to manifest
the required behaviors.

It has to be noted that since minors were the study’s target group, approval from
the University’s ethical committee was granted prior to the beginning of the project.
Moreover, since it was necessary to have access to students’ school performance,
psychological evaluations, and diagnoses, their parents were contacted and their
written consent was obtained. The schools’ headmasters and teachers were also
informed of the study’s objectives and procedures.

Materials

The simulation was developed by the researcher using OpenSimulator (http://
opensimulator.org/) and represented a school complex with classrooms, an
assembly hall, and a schoolyard (Figure 1). Around fifty hours were required for
its development. It was then installed in laptops, as a stand-alone, single-user
application, as there was no need for multiple users to be simultaneously present
at the same simulation. Programming scripts implemented basic interactions (e.g.,
controls for opening or closing doors) and all areas could be visited without any
restrictions. While the virtual environment was pretty minimalistic in its design, it
was populated with non-playable characters (NPCs) who acted (i) as students and
(i) as guides/teachers. The latter were placed at the entrance of the classrooms, the
schoolyard, and the assembly hall. When students entered these areas, they were
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Figure 1. Screenshots from the simulation

greeted by the teacher-NPCs who made a brief presentation of what behaviors are
expected in the given area. Following that, both teacher- and student-NPCs, using a
combination of pre-defined paths and animations, demonstrated how students were
expected to behave. In addition, media screens in each area provided further details
regarding the desired behaviors (using videos, texts, and images). All NPCs’ actions
could be re-run for as many times as the students/participants liked. In addition, by
controlling their avatars, they could intervene and either follow the NPCs or block
their actions (e.g., block their paths and push them around). If the latter was the case,
as the NPCs were not programmed to avoid obstacles or correct their paths, students
could cause havoc to the simulation; in essence, they could see the consequences
of “inappropriate” behavior.

Procedure

The single-variable rule in A-B designs recommends that, following the baseline phase,
only one variable/treatment can be introduced and studied during the intervention
phase. After this cycle is complete, another variable can be introduced (McMillan,
2004). Consequently, the project was organized as follows: (i) for establishing the
baseline, the participating students were observed for a period of two weeks (two
observation sessions per week, each observation lasting for the whole duration of
the school day), (ii) students used the simulation and one of the three conditions was
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introduced to them (i.e., how to behave during lessons, during breaks, and during a
school event), and (iii) intervention observations were conducted, again, for a period
of two weeks. The above procedure was repeated three times as there were three
conditions. It has to be noted that there was an introductory session, prior to the
beginning of the project, in which the participating students familiarized themselves
with the simulation and how to control their avatars.

Each condition was introduced during a two-hour session on an individualized basis
(one session per student). Video-modelling is an instructional technique commonly
used in special education, in which the modeled behaviors/skills are presented in a
video clip and then the child practices them (Miltenberger & Charlop, 2015). The
principles of video-modeling, as well as other teaching guidelines frequently applied
in special education, provided the basis for the study’s instructional method (Ashman
& Conway, 2017; Norwich & Lewis, 2001): (i) the objectives were explicitly stated,
(i1) the learning material was broken into small and understandable segments and
presented gradually, (iii) the teacher oversaw the whole process and draw student’s
attention on what was relevant, and (iv) the teacher encouraged the display of the
desired skills/behaviors. In detail, the teaching method was as follows:

° At the beginning of the session, the researcher welcomed the student, and
through discussion tried to establish what he/she already knew for the given
condition and the behaviors/skills he/she was supposed to exhibit.

e  Using a laptop, the student entered the simulation’s area in which the given
condition was presented. He/she could follow the teacher-NPC, watch the
NPCs interact, and read, at will, the media screens. As already mentioned, the
student could also intervene in such a way so that the NPCs stop functioning
properly. When this was the case, the simulation was reset and rerun.

e After the simulation was explored for at least fifteen minutes, the researcher
and the student engaged in a discussion, in order for the former to develop
an outline of what the latter understood. Also, the NPCs behavior when they
were “derailed” and the consequences provided a good starting point for a
discussion. The researcher then summarized key-points and drew the student’s
attention to them. These key-points are presented in the “Instruments” section.

e  Following that, the simulation was explored for a second time. During this
part, either the researcher or the student could stop exploring the simulation
and discuss the key-points established in the previous step.

° A final round of discussions followed. This time, a “What will you do
if...” game was played. The researcher presented hypothetical situations
(related to the condition that was the session’s theme). For example, the
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researcher presented a situation in which another student sitting right behind
the participating student was constantly annoying/harassing him/her. The
participating student was then asked to “act” how he/she would behave or
what would his/her responses might be. The student was also encouraged to
visit the area of the simulation in which a similar situation was presented and
elaborated even further on the reasoning behind his/her course of actions.

e  The last two steps were repeated if the teacher deemed it necessary.

Instruments

Data were collected using an observation protocol and semi-structured interviews.
As already mentioned, there was a three-month period during which students with
learning, attentional, behavioral, and emotional disabilities attending various public
schools were observed. During this period, twelve behaviors/functional skills were
detected, four for each condition, in which students faced significant problems:

e  Functional skills/behaviors during lessons. I enter the classroom and sit down
calmly; I take my books out and I wait for the lesson to begin; I raise my hand
if I want to participate or if I want to answer a question; and I wait for my
turn before I speak.

e  Functional skills/behaviors during breaks. I walk calmly in the schoolyard;
I play with my schoolmates following the rules of our game; if I have a
disagreement with my classmates, I talk to them about it; and if I can’t find a
solution to the disagreement I ask for the teacher’s help.

e  Functional skills/behaviors during a school event (e.g., during a school play, a
speech, and a ceremony). I enter the assembly hall before the event starts and
I sit down; during the event I watch/listen carefully, during the event I try to
be quiet; and at the end of the event I clap or cheer; and I leave the assembly
hall calmly.

The above conditions and target behaviors/skills formed the observation protocol.
Observational data (the number of times the desired behavior was evident) were
collected simultaneously by two teachers in both the study’s baseline and intervention
phases. Both were trained prior to the beginning of the project (by observing the
behavior of normal students) and during the baseline phase. An interrater reliability
analysis using Cohen’s kappa coefficient was performed to determine the consistency
among raters. The interrater reliability was found to be x = .90 (p < .001), 95%
CIL.88, and .92), which was considered very good (Landis & Koch, 1977).
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In addition, semi-structured interviews were used on three occasions: at the
beginning of each session, at the end of each session, and at the end of the project.
Their objective was to examine what students knew, learned, and retained of the
desired behaviors and skills.

Results

To test the study’s research hypothesis, two instruments were used: semi-structured
interviews and observations. The semi-structured interviews recorded students’
knowledge regarding the desired skills and behaviors prior to the intervention,
after the intervention, and at the end of the project. The interviews were transcribed
verbatim on paper, viewed and re-viewed by the two raters, and the correct responses
were summed. Table 1 and Figure 2 present the results of this procedure and clearly
illustrate that, in terms of knowledge acquisition, there was a significant change in
all participants. More importantly, all were able to retain a considerable portion of
this knowledge at least until the end of the project.

A prerequisite of A-B designs is to achieve stability of the results during the
baseline phase, before proceeding to the intervention phase. The observations’ results,
as presented in Table 2 and Figure 3, indicate that this requirement was met. Thus,
any changes in the intervention phase can be attributed to the intervention per se.
Indeed, as data indicate, there was a considerable positive change in all students’
behavior and in all three conditions. In detail and taking into account the results of
all students: (i) on average, there were 39.67 correct behaviors during the baseline
phase for the “during breaks” condition and after the intervention there were 74.75

Table 1. Participants’ knowledge of the desired behaviors and skills

Condition During break During lesson During an event
Prior | After | Retention | Prior | After | Retention | Prior | After | Retention
XS 2 5 4 4 7 4 1 5 3
NF 1 4 3 6 3 1 3 2
LR 4 7 5 5 8 6 0 4 3
DA 0 4 3 0 4 4 0 4 3
Participant
KB 1 4 3 2 6 5 1 3 2
DB 3 7 6 2 6 6 2 3 3
MG 2 6 7 3 7 7 2 4 3
AL 3 7 6 3 7 7 2 4 2

Note: Although the desired skills and behaviors which were examined were 4 for each condition (12 in total),
in a number of occasions, students were able to name more.
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Figure 2. Number of correct answers for all conditions per participant
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correct ones (88.45% change), (ii) for the “during lessons” condition the averages
were 38.67 and 80.17 respectively (107.33% change), and (iii) for the “during a school
event” condition the averages were 45.00 and 88.67 respectively (97.04% change).

Given that the data indicate a significant change both in knowledge acquisition
and behaviors, the study’s hypothesis can be accepted. It seems that 3D simulations
do help primary school students with learning, attentional, behavioral, and emotional
disabilities, attending regular schools, to understand how to function/behave in the
school environment.

SOLUTIONS AND RECOMMENDATIONS

The purpose of the study was to examine whether simulations can help students
with mild special educational needs (i.e., with learning, attentional, behavioral, and
emotional disabilities) to learn and manifest functional living skills common in the
school environment. Twelve such behaviors/skills were selected, falling into three
conditions, namely, during lessons, during breaks, and during a school event. Four
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Table 2. Number of correct behaviors per observation session and per participant

Observation session
Baseline phase Intervention phase
Subject Condition 1 2 3 4 5 6 7 8
A 433 | 633 | 6.00 | 6.00 8.67 8.33 6.67 8.33
XS B 433 | 333 | 400 | 4.33 8.33 8.67 8.33 7.33
C 533 | 533 | 533 | 533 10.33 | 10.00 10.33 9.33
A 4.00 | 3.67 | 3.67 | 3.33 10.00 | 9.67 8.67 9.00
NF B 2,67 | 2.67 | 2.67 | 2.67 9.67 9.00 9.33 9.33
C 3.00 | 3.00 | 3.00 | 3.00 10.00 | 9.67 9.67 9.33
A 433 | 433 | 433 | 433 7.67 7.67 7.67 7.67
LR B 6.67 | 633 | 5.67 | 5.33 10.67 | 10.00 8.00 7.33
C 8.67 | 8.00 | 7.00 | 5.67 11.33 | 11.00 11.33 10.33
A 733 | 733 | 733 | 7.33 9.67 9.00 8.00 8.00
DA B 5.00 | 5.00 | 433 | 4.33 8.67 7.67 8.00 7.67
C 433 | 433 | 433 | 433 1233 | 11.67 12.00 | 12.00
A 333 | 333 | 333 | 333 7.67 8.00 8.33 8.00
KB B 2,67 | 2.67 | 2.67 | 2.67 10.67 | 10.33 8.33 9.33
C 433 | 433 | 433 | 433 10.67 | 10.33 10.00 | 10.33
A 533 | 5.00 | 533 | 5.67 10.00 | 9.67 9.67 8.00
DB B 5.00 | 6.00 | 5.67 | 6.00 11.00 | 11.67 11.33 11.33
C 733 | 6.67 | 7.33 | 8.00 12.67 | 12.00 11.33 12.00
A 5.00 | 5.00 | 6.00 | 6.67 12.67 | 13.33 13.00 | 13.00
MG B 533 | 533 | 6.00 | 6.00 13.00 | 12.33 12.67 12.67
C 5.00 | 6.00 | 6.33 | 6.67 12.00 | 11.67 11.33 13.00
A 4.00 | 433 | 433 | 4.67 11.00 | 10.67 9.67 11.67
AL B 6.67 | 7.00 | 7.67 | 8.00 11.67 | 11.33 12.67 12.33
C 6.33 | 833 | 7.67 | 7.00 12.67 | 11.00 11.33 11.67

Notes: The numbers in cells are the average of the two raters’ number of observations; Condition A = during
breaks; Condition B = during lessons; Condition C = during a school event

two-hour sessions were conducted with eight participating students. The teaching
method was formulated in accordance with the pedagogical guidelines frequently
applied to special education: (i) the objectives to be explicitly stated, (ii) the learning
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Figure 3. Cumulative number of correct behaviors per observation session
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material to be gradually presented in small and understandable steps, (iii) the teacher
to oversee the whole process, ensuring that students focus their attention on what is
relevant, and (iv) the teacher to encourage the display of the desired skills/behaviors
(Ashman & Conway, 2017; Norwich & Lewis, 2001).

Each of the participating students had a different starting level, though all had
severe or, at least, noteworthy problems in knowing, understanding, and exhibiting
behaviors that would allow them to function properly in the school environment.
The results, as presented in the preceding section, demonstrated that, at the end
of the project, all students had a significant positive change both in terms of the
knowledge they acquired and of the behaviors/skills they were able to display in real
school conditions (see Tables 1 & 2). In this respect, the study’s results are in line
with previous research. Indeed, according to the existing literature, in the context
of special education, 3D simulations are considered ideal for life functional skills’
training (Wilson, Foreman, & Stanton, 1997). Moreover, relevant research suggested
that simulations do contribute to the improvement of behaviors/skills related to the
school environment (e.g., Cheng & Ye, 2010; Didehbani et al., 2016; Ke & Im,
2013; Ke & Moon, 2018; Lan et al., 2018; Stichter et al., 2014; Wang et al., 2017),
although most of these studies involved children with ASD.

A number of reasons related to the use of a simulation and the teaching method
might have contributed to the study’s positive outcomes. First, simulations provide
students with special needs a controlled, realistic, secure, and rich environment,
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in which they have no fear of failing (Raskind, Smedley, & Higgins, 2005) and, at
the same time, it is easier to transfer the behaviors they have learned in the virtual
environment to real life situations (Blume, Hudak, Dresler, Ehlis, Kiihnhausen,
Renner, & Gawrilow, 2017; Freina & Ott, 2015; Vasquez et al., 2017). Second, it is
suggested that the skills/behaviors to be taught through simulations have to be linked
with skills/behaviors that are part of situations individuals experience in their daily
life and with ones that they can be practiced relatively promptly and regularly (Gregg
& Tarrier, 2007; Rizzo et al., 2011). This also applies to interventions in special
education; the tool has to be related to real conditions and to allow students to learn
how to manifest and adapt their behaviors. Furthermore, students have to be given
the chance to test this new knowledge in the (real) situations it applies, to further
practice it, and, ideally, to generalize it in similar circumstances (Blume et al., 2017,
Freina & Ott, 2015; Vasque, et al., 2017). The above guidelines were followed in
the present study. While exploring the simulation, the participants faced plausible/
realistic conditions in which they recognized elements from their daily school life.
They were able to see how they are expected to function and they were encouraged
to focus their attention on NPCs’ actions and the relevant material presented to
them. They were then asked to apply and demonstrate the target behaviors/skills,
and, also, to further elaborate on the matter with their teacher.

The literature also suggested that 3D simulations are effective because they
motivate students with special educational needs to be actively involved in the
learning process, resulting in better understanding and knowledge gains (Blume
et al., 2017; Didehbani et al., 2016; Freina & Ott, 2015; Ramachandiran, Jomhari,
Thiyagaraja, & Mahmud, 2015; Vasque et al., 2017). This, in turn, gives them
a sense of fulfillment and satisfaction (Rix, Hall, Nind, Sheehy, & Wearmouth,
2009). In addition, by seeing that they can master skills important to their social,
emotional, and behavioral status in school life, their self-esteem and self-image are
improved and they also gain more confidence (Craigetal.,2016; Sakiz, Sart, Borkan,
Korkmaz, & Babiir, 2015). As they become more confident, they feel that they can
be more independent, which encourages them to manifest even more behaviors that
are acceptable by others (Lan et al., 2018).

The above chain of knowledge-behavior transformations can be confirmed through
the study’s results. From Table 1 and Figure 2, it can be inferred that almost all
participants had limited initial knowledge regarding all conditions. Right after each
intervention, there was a peak in the results, indicating significant knowledge gains.
Although at the end of the project there was a decline in the results, the retention
of knowledge was still significant. Moreover, from Table 2 and Figure 3, it can be
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inferred that during the baseline phase the limited knowledge of correct behaviors
was not the most crucial problem; students manifested a limited number of acceptable
behaviors as well (again in all conditions). As the results in the intervention phase
indicate that the number of correct behaviors was almost doubled, it can be concluded
that knowledge was “transformed” into actual skills/behaviors. More importantly,
as data were recorded not in a single point in time but multiple times during a span
of two weeks, this indicates that students mastered these skills/behaviors and that
they became more confident.

Finally, an issue that has to be addressed is whether it is feasible to integrate 3D
simulations in special education, given that the availability of such applications is
limited and they are not that easy to develop. As already mentioned, although the
simulation was rather simplistic, it took the researcher around fifty hours to develop.
Moreover, the researcher was, by no means, an expert programmer. The reason for this
approach was to test whether a special education teacher can undertake such a task.
One might argue that because the application was “amateurish”, it was ineffective,
and, quite possibly, its weaknesses had a negative impact on the results. Then again,
it is questionable whether a large number of such applications can be professionally
developed. That is because students with special educational needs present a great
number of diverse problems and disabilities; thus, an application suitable for a set
of problems, quite possibly, is not suitable for another set. In addition, Stichter et
al. (2014) argued that applications developed by the special education teachers
are better aligned with the needs of their students, as they are developed for their
specific needs. It seems that the issue cannot be easily resolved as both sides present
equally valid arguments. A plausible solution is to develop software tools that make
the whole process of developing simulations much more efficient and appealing to
non-experts (Scacchi, 2012).

FUTURE DIRECTIONS

While the results were interesting, there are limitations to the study that should be
acknowledged but that also provide several avenues for future research. The sample
size, although acceptable for a single case study with a baseline and intervention
phase, raises concerns regarding the generalizability of the results. This is a weakness
of all studies dealing with individuals with special educational needs. Also, due
to restrictions imposed by the schools’ timetables, there was a limited number of
interventions and the number of observations was also limited (although within the
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suggested number of observations for abaseline and an intervention phase). Thus, one
might question whether they were enough either for the establishment of behavioral
changes or their accurate recording. The long-term retention of knowledge and skills
is also unknown. In future research, the target group can encompass students from
different age groups and with other special needs and compare the results. More
observations and interviews will allow an in-depth understanding of the impact of
simulations. Professionally developed applications can also be used to examine
whether there is a significant variation in the results. Finally, an interesting research
path is to use multiuser simulations, the target group to be both regular and special
needs students and examine if and how inclusion works in virtual environments.

CONCLUSION

In sum, despite the aforementioned limitations, the study provided an idea about
how 3D simulations might prove useful to students with mild disabilities. What is
more, it contributes to the relevant literature by providing evidence that, through
3D simulations, students with learning, attentional, behavioral, and emotional
disabilities can: (i) learn and retain knowledge related to how they are expected to
function in the school environment and (ii) apply this knowledge and significantly
change their behavior in real-life conditions. In conclusion, the study’s findings
might prove useful to researchers and teachers in understanding and effectively
utilizing 3D simulations in special education.
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KEY TERMS AND DEFINITIONS

3D Simulation: A three-dimensional computer-generated imitation of a real-
world process or environment.

Attention-Deficit/Hyperactivity Disorder (ADHD): A brain disorder marked
by an ongoing pattern of inattention and/or hyperactivity that interferes with normal
functioning or development.

Autism Spectrum Disorder (ASD): A developmental disorder affecting
communication and behavior. Symptoms generally appear in the first two years of life.
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Learning Disabilities: Neurologically-based processing problems interfering
with learning basic skills (e.g., reading, writing, and math) and/or higher-level skills
(e.g., abstract reasoning, long-/short--term memory, and attention).

Non-Playable Character (NPC): Any character in a game not controlled by a
player.

OpenSimulator: An open-source server platform for hosting virtual worlds.

Single-Subject Design (A-B design): A two part or phase research design
composed of a baseline (A phase) with no changes, and a treatment or intervention
(B phase). If changes are found, then the treatment had an effect.
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