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Abstract

The study presents the results of a comparative study in which videos and a 3D
virtual environment were used for teaching school-related functional skills to
students with ADHD or developmental dyslexia, displaying challenging behaviors.
The participating students (sixteen 8 to 9 years old) were divided into two groups.
To the first, videos were used and the second used the virtual environment. To both,
a school environment was presented, students observed how they were expected to
behave, and had to demonstrate what they have learned. Each student attended a
total of three two-hour sessions. Data were collected by means of observations. The
results indicated that students in the second group significantly improved their
functional skills in terms of the number of behaviors that were retained and
manifested in the real school environment. Thus, it can be argued that virtual
environments are a promising tool for teaching functional skills to students with
ADHD or developmental dyslexia, displaying challenging behaviors. Implications for
research and practice are also discussed.
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Introduction
The objective of the inclusion of children with special educational needs in mainstream

primary schools is to prevent social discrimination. Then again, this initiative is not

free of challenges, especially for the students in need of special care. Not only their

academic performance is inconsistent with that of their peers, but they may present a

wide spectrum of incapacities, such as health issues, cognition deficits, impaired social

and emotional dexterities, and mental impairments (Espelage et al. 2016). Inevitably,

these often lead to challenging situations in their everyday school life, isolation, out-

bursts of anger, and non-functional social interactions (Nye et al. 2016; Vlachou et al.

2016). The chances of students with special educational needs to manifest undesirable
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behaviors are high, as are the chances of being victimized (Thompson et al. 1994).

Structured interventions or holistic programs aiming to support their well-being and

academic performance, as well as their everyday functional skills (within and outside

the school environment), are the norm (Rose et al. 2015). Such programs try to en-

hance their behavioral, emotional, and communication skills (e.g., Blandon et al. 2010;

Domitrovich et al. 2007; Espelage et al. 2016).

While the focus of special education is on students facing severe issues, there is an-

other category of students with special educational needs that receives considerably

lower attention. This category includes students with minor or mild impairments, for

example, with attention-deficit/hyperactivity disorder (ADHD) or developmental dys-

lexia. Programs trying to accommodate the needs of such students are far fewer and

the emphasis often lies in their academic needs; issues regarding their social adjustment

are neglected (Office of Special Education and Rehabilitative Services 2015) and the

same applies to interventions trying to enhance their social skills (Garrote et al. 2017).

Among the most commonly used tools in special education are videos, through the

practice of video-modeling, which, essentially, is the utilization of videos for teaching

students with impairments the targeted behaviors/skills (Mason et al. 2013). Indeed, a

significant number of studies still provide support for the use and efficacy of this tool.

For example, videos were used for supporting students’ behavior (Mason et al. 2013;

Wang et al. 2011) and for fostering their social skills (Hirsch et al. 2019; Kennedy and

Swain-Bradway 2012), even to the ones with multiple difficulties (Kanfush and Jaffe,

2019). The foundations of this instructional technique lie in the principles of observa-

tional learning (Miltenberger and Charlop 2015). The anticipated behaviors/skills (the

ones that are modeled) are presented in a video clip, the child watches it, and then has

the opportunity to practice them. This constitutes the basic video modeling, which is

the simplest form. In video prompting, the video presenting the desired behavior/skill

is broken into small segments/steps, a single step is presented, and the individual is

prompted to perform this step before continuing to the next one (Kellems and Edwards

2016). Another form is group video-modeling. As the term implies, a group of individ-

uals is engaged in the desired behavior (e.g., a group of students moving quickly and

quietly from one classroom to another) (McNiff et al. 2019).

Although videos are commonly used for behavioral modification or for teaching func-

tional skills to students with special educational needs, other technological tools are

used as well. One such tool is 3D virtual environments (VEs), an umbrella term for a

family of technologies such as virtual reality and extended reality. In short, VEs are

realistic representations of an imaginary or real environment in which users can inter-

act with the virtual objects in a lifelike manner (Freina and Ott 2015). Because of VEs’

verisimilitude, users feel the senses of presence and immersion; in essence, they lose

track of reality and consider the VEs as real (Portman et al. 2015). As will be presented

in the coming section, VEs are used quite extensively in special education.

Taking into account that: (i) effective strategies for enhancing the functional living

skills of students with mild impairments (i.e., students diagnosed with ADHD or devel-

opmental dyslexia) need to be further explored and (ii) VEs can be an effective teaching

tool, a project was designed and implemented. Its objective was to compare VEs and

videos in an effort to determine whether the former are more effective than the latter

in terms of modifying the behaviors/skills of students diagnosed with ADHD or
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developmental dyslexia. The skills/behaviors were related to how students are expected

to function in the school environment. The rationale, methodology, and results of the

project are presented in the coming sections.

Background
Students with milder impairments (such as ADHD or developmental dyslexia) receive

less attention in terms of organized interventions aiming to accommodate their needs

and are mostly focused on improving their academic performance. Then again, as it will

be further elaborated in the coming paragraphs, they face quite a lot of functional,

emotional, and social challenges due to their impairments’ secondary consequences.

Not only that, but their behavior is often challenging, rendering their adjustment to the

school environment rather challenging.

Although the exact etiology of ADHD still remains unclear, its mean prevalence

(worldwide) is estimated to be around 2.2% (Fayyad et al. 2017). Individuals with

ADHD display a variety of symptoms all related to attentional problems and excessive

activity. They might have challenges in paying attention, focusing on a task, or follow-

ing instructions; they may be easily distracted and/or forget easily; they tend to lack

persistence or they get easily bored when an activity requires cognitive involvement;

they tend to jump from one activity to another (without competing either); they are

often disorganized, inattentive, impulsive, and hyperactive (International Statistical

Classification of Diseases and Related Health Problems 2016). Moreover, adolescents

with ADHD seem not to take into account the consequences of their behavior, which

is often disruptive and inappropriate for their age (American Psychiatric Association

2013). Their emotional awareness is often limited (Factor et al. 2016) and, in general,

they may have trouble regulating their emotions (Faraone et al. 2019). Due to the

above, they often have disciplinary trouble, as they unthinkingly break the rules. Sec-

ondary complications may include antisocial behavior and low self-esteem resulting ei-

ther in isolation or in being unpopular among their fellow classmates (International

Statistical Classification of Diseases and Related Health Problems 2016). Impaired cog-

nitive functions and developmental delays in language are alarmingly frequent (Dyck

and Piek 2014).

Individuals with dyslexia mainly have trouble with reading despite having normal

intelligence (Siegel 2006). The term “developmental dyslexia” is used for describing

the form of dyslexia probably caused by genetic factors, in contrast to “acquired

dyslexia” or “alexia” which can occur due to brain damage during an individual’s

life. In developmental dyslexia, all skills related to reading might be affected (e.g.,

reading comprehension, word recognition, spelling, and oral reading). Around 3-7%

of the population is affected by dyslexia (Peterson and Pennington 2012). Emo-

tional disturbances are associated with dyslexia and are common during one’s

school age. Besides challenges in academic achievements, anxiety, depression, anger,

low self-esteem and confidence, and behavioral issues are commonly reported (e.g.,

Boyes et al. 2016; Daderman et al. 2014; Mammarella et al. 2014; Parhiala et al.

2014). In fact, individuals diagnosed with developmental dyslexia are found to dis-

play three times more challenging behaviors compared with individuals without

(Mugnaini et al. 2009). Also, an increased number of ADHD incidents were re-

ported (Germanò et al. 2010; Margari et al. 2013).
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Coming to VEs, their value as educational tools is well established (Merchant et al.

2014). They offer safe and controllable settings in which knowledge is applied (Mar-

shall, 2014), social skills can be practiced (e.g., self-care and self-protection) (Didehbani

et al. 2016; Kalyvioti and Mikropoulos 2014), and emotions can be expressed (Lorenzo

et al. 2016). Due to these advantages, VEs are used in special education for teaching

new skills or for enhancing others, for behavioral modification, and for fostering the

manifestation of appropriate behaviors in real life.

As for why VEs are considered effective in the context of special education, re-

searchers have hypothesized that training in realistic VEs can foster the acquisition of

skills as well as the transfer and application of these skills to real-life (Blume et al.

2017; Ke and Moon, 2018). In fact, realist VEs were found to produce equally good re-

sults with therapies exposing participants to real-life conditions, as both expose subjects

to similar sensory stimuli such as visual impressions and sounds, eliciting similar psy-

chological responses (Bohil et al. 2011). In this context, given that individuals with aut-

ism spectrum disorders (ASD) are visual learners, the intrinsic appeal of VEs in

individuals with this impairment is easily explained (Mitchell et al. 2007). Another ad-

vantage of VEs is that they offer a safe environment in which one can learn how to

cope with emotions, by experimenting with various solutions without any real danger

(Freina and Ott 2015). Not only that, but since in VEs there is no limit on how many

times one can practice, the transfer of the learned skills or behaviors to real-life is sig-

nificantly eased (Rizzo et al. 2011). This is probably the reason for using VEs, besides

special education, for the treatment of conditions such as phobias, anxiety, depression,

motor impairments, and stress management (Botella et al. 2017; Laver et al. 2017; Zeng

et al. 2018). In the context of individuals with cognitive impairments (especially the

ones with ASD), the opportunity of unlimited rehearsals removes their fear of making

social mistakes and the anxiety they feel in their face-to-face interactions with others

(Didehbani et al. 2016; Maskey et al. 2014). Quite logically, there is a positive impact

on social interactions with peers, self-esteem, self-efficacy, self-image, and confidence,

leading to the reduction of social isolation (Craig et al. 2016; Sakiz et al. 2015). Motiv-

ation is also a key feature of VEs. Individuals with special needs find the use of VEs a

motivating as well as a rewarding experience (Didehbani et al. 2016; Ke and Moon

2018), thus, a cycle of continuous use and practice is initiated. The enjoyment they feel

also adds to the above (Ke and Moon 2018; Lan et al. 2018).

Indeed, several studies used VEs for teaching functional living skills to students with

special educational needs, diagnosed with an assortment of challenges such as motor or

sensory impairments, learning and mental disorders, developmental impairments, and

psychological or emotional disorders. For example, in children with Down Syndrome,

VEs were used for improving their motor (Wuang et al. 2011) or language skills (Lan

et al. 2018). Children with ASD were the target group in many studies utilizing VEs, in

an effort to improve their social skills, as this is one of the core challenges they face

(e.g., Stichter et al. 2014; Wang et al. 2017). The advancement of their problem-solving

skills (Volioti et al. 2014) or the enhancement of their social and emotional skills (Craig

et al. 2016), were the objectives of other studies. Students with ASD also face severe

challenges in their everyday school life. As a result, VEs simulating school environ-

ments have been effectively used for enhancing communication and social perception

skills (e.g., Ke and Moon 2018; Stichter et al. 2014), social understanding (Cheng et al.
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2015), how to make friends, confront abusers/bullies, and deal with social dilemmas

(Didehbani et al. 2016). The development of communication skills was the goal of an-

other VE in which typical students collaborated with students with ASD (Parsons

2015).

Students with ADHD or developmental dyslexia were the target group in far fewer

studies using VEs. Nevertheless, with regard to such students, VEs also proved to be

useful for easing their social difficulties (Shema-Shiratzky et al. 2018), improving their

working memory, executive functions, and attention (e.g., Schwebel et al. 2008), and for

reducing their behavioral issues (e.g., Wang and Reid 2011). To the best of the authors’

knowledge, there are no studies in which VEs were used for demonstrating to these

students how they are expected to function or behave in the school environment.

From this brief literature review, a number of essential conclusions can be drawn

with regard to the needs of students with special educational needs in the context of

the school environment: (i) studies mostly focused on examining how to provide an en-

vironment that can accommodate the academic and social needs of students with con-

siderable impairments, fewer studies explicitly examined issues related to their

adjustment in the school environment, (ii) the same applies when VEs were used, and

(iii) even though there are studies that used VEs, targeted students with mild impair-

ments, (i.e., ADHD or developmental dyslexia) and tried to teach or train them in life

functional skills (e.g., social, communicational, and emotional skills), none were found

that tried to illustrated specific and plain behaviors that are anticipated in school condi-

tions. Given the above, the following research hypothesis was set forth:

Compared to videos, VEs have a more positive impact on the functional skills and

behaviors related to the school environment of students with ADHD or

developmental dyslexia, displaying challenging behaviors.

Method
Research design

A single-subject design with a baseline and an intervention phase (A-B design) was

employed. An advantage of this type of research is that participants serve as their own

controls. During the baseline phase (A-phase), data are collected multiple times. When

stability is reached (meaning that the data do not fluctuate much), the treatment is in-

troduced (intervention, B-phase) and another set of data collection follows. Conclusions

can be drawn by examining changes in level or trend in the dependent variable (i.e., be-

haviors/performances during the A-phase are contrasted with behaviors/performances

that occurred during or after the B-phase) (Engel and Schutt 2012; Wong 2010). Prob-

ably the most significant advantage of the A-B design is that it does not require large

sample sizes. Research can be conducted with just one subject (thus, the term “single-

subject”) or, typically, with three to eight subjects (Horner et al. 2012). This is very use-

ful for research in special education, as in this type of research large sample sizes are al-

most impossible to achieve. Indeed, many argued that it constitutes the most feasible

type of experimental design for individuals with impairments (e.g., Engel and Schutt

2012; Parker et al. 2008). Given that the study sought to compare two tools (VEs and

videos), the A-B design was applied twice (discretely for each tool).
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Participants

As already mentioned, the target group was students diagnosed with ADHD or devel-

opmental dyslexia. Sample selection was probably the most significant challenge the

study faced, as the inclusion of students with two different attentional, social, emo-

tional, and learning impairments dictated the application of a rather extensive set of

criteria for the proper selection of participants. The overall objective was to achieve a

sample that included students diagnosed with the above impairments but, at the same

time, to face considerable issues in school as a result of their limited functional skills

and socially unacceptable behaviors. Not only that, but given that VEs were to be com-

pared with videos, this necessitated the formation of two groups of students. Thus, a

second concern was to form two as-much-as-possible equal groups. In order to prop-

erly recruit students, an initial set of selection criteria was applied. Students should: (i)

be of similar age, (ii) have similar socioeconomic backgrounds, (iii) not have sensory or

motor impairments, (iv) attend public mainstream schools, (v) have been formally diag-

nosed with ADHD or developmental dyslexia by a public assessing institution and in

accordance to ICD-10 version 2016 (International Statistical Classification of Diseases

and Related Health Problems 2016), (vi) be within the normal range of mental abilities

(as assessed by the Greek version of Wechsler Intelligence Scale for Children), and (vii)

display challenging behaviors and their school-related skills to be dysfunctional, render-

ing their adjustment to the school environment challenging.

A round of visits to schools in Athens, Greece, resulted in the initial selection of

forty-two students. As the most important selection criterion was students to present

severe (or at least noticeable) challenges in their functional skills regarding the school

environment and to display challenging behaviors, the shortlisted students were then

observed for a period of three months (two observations per week) and their teachers

were interviewed. Besides assessing the extent of the issues these students faced, an

additional objective of both the interviews and the observations was to establish that

these issues uniformly affected most and not just a narrow range of in-school activities

and tasks that the students had to perform on a daily basis. As a result, sixteen students

(eight boys and eight girls, aged 8 to 9) were finally selected and were split into two

groups as presented in Table 1. Students 1 to 8 were assigned to Group1 (videos) and

students 9 to 16 were assigned to Group2 (VE).

The following measures were taken in order to comply with the rules for conducting

research with minors: (i) approval from the University’s ethical committee was sought

and granted, (ii) access to students’ school performance, psychological evaluations, and

diagnoses was granted by their parents and (iii) the schools’ headmasters and teachers

were informed of the study’s objectives and procedures and their consent was granted.

Materials

As the study’s theme was behaviors/skills in the school environment, one has to reflect

on what constitutes a school environment. It can be supported that students have to

function properly in the classroom (i.e., during lessons), in the schoolyard (i.e., during

breaks and when playing), and during an event (i.e., a school play, a speech, and a cere-

mony). The above conditions, that require certain skills/behaviors, provided the basis

for the design of the VE, which was developed by the authors using Opensimulator

(http://opensimulator.org/). Following its development and testing, it was installed in
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laptops as a stand-alone application. In essence, the VE represented a fictional school

complex with classrooms, an assembly hall, and a schoolyard (Fig. 1) while the partici-

pating students, using their avatars, could freely explore it (Fig. 2). Details were added

for making the VE more realistic. For example, most doors and lockers could be

opened, bells were ringing, and sounds, commonly heard in a school, were recorded

and auto-played. Basic interactions (e.g., the controls for playing sounds, displaying im-

ages, and opening or closing doors) were implemented using programming scripts.

Though the VE was rather minimalistic in its design, it was populated with several types

of non-playable characters (NPCs) who acted either as students or as teachers. The pro-

gramming of these puppeteered characters was a rather laborious task. That is because

NPCs were programmed to follow pre-defined paths, change their animation sequences,

and converse with each other, in order to demonstrate how one is supposed to behave

during lessons, breaks, and school events. Moreover, as students while exploring the VE

could accidentally avoid going to areas of interest, certain NPCs, around four to six in

each condition/area of the VE, could “sense” the proximity of an avatar, follow it, and

prompt students to navigate their avatars where the other NPCs were demonstrating the

desired behaviors. Finally, in each area of the VE, a “teacher” NPC was placed. The role of

these NPCs was quite important, as they partially substituted the real teacher. They could

greet students and could converse with them (through text), responding to a limited set of

Table 1 The study’s participants

Subjects Classification/diagnosis* Notes/behavioral related symptoms

1 and 9 F90.0, Disturbance of activity
and attention/ADHD

Severe distraction, lack of functional attentional focus,
limited manifestation of expected social behaviors,
denial to comply with rules, responds with anger and
verbal violence when instructed to follow rules

2 and 10 F90.0, Disturbance of activity
and attention/ADHD

Introversion, generalized weakness in social interactions,
unable to follow simple rules, indifferent to social
conventions, disorganized, verbally violent

3 and 11 F90.0, Disturbance of activity
and attention/ADHD

Intensively hyperactive and impulsive, failure to manifest
the desired behaviors in their appropriate contexts, often
engages in inappropriate behaviors, verbally violent

4 and 12 F81.0, Specific reading
disorder/developmental dyslexia

Hardly focuses on lessons, apparent indifference to
social conventions, ignorance of acceptable behaviors,
constant denial to comply with rules

5 and 13 F81.0, Specific reading
disorder/developmental
dyslexia

severe concentration difficulties, outbursts of anger
and denial, often gets involved in fights with classmates
(verbal and physical), denial to comply with rules, often
engages in socially unacceptable activities

6 and 14 F81.0, Specific reading
disorder/ developmental
dyslexia

Introversion, low self-esteem, limited repertoire of
attitudes and skills, often bullied but responds with
outbursts of anger, physical, and verbal violence

7 and 15 F90.0, Disturbance of activity
and attention/ADHD

Severe behavioral issues, trouble following rules,
aggressiveness, often gets involved in fights with
classmates (verbal and physical), indifference to
social conventions

8 and 16 F90.0, Disturbance of activity
and attention/ADHD

Impulsiveness, engagement in inappropriate
behaviors, lack of functional attentional focus,
responds with anger when instructed to follow rules,
often violent when playing with classmates

*Classification and diagnosis according to the Greek system for assessing students with special educational needs and to
ICD-10 version 2016 (International Statistical Classification of Diseases and Related Health Problems 2016). Further details
for the number of acceptable/desirable behaviors and functional skills of the participating students are provided in Table
4, first column—baseline phase
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Fig. 1 Screenshots from the application

Fig. 2 Screenshots from the sessions
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inquiries. More importantly, following the naturalistic intervention principle (Rao et al.

2008), they could prompt students (verbally and non-verbally through animation se-

quences and postures), supplementing the naturalistic prompting, tasks, and scenarios

presented by the teacher (see “Procedure” section). For example, their prompting ranged

from repeating a request or question, to instructive or modeling cueing (using phrases like

“I think that…” or “Let me explain/show you…”). An interesting aspect of the VE was that

the NPCs were intentionally not programmed to correct their paths or animations when

the user blocked them or pushed them around. Consequently, students could cause havoc

to the VE; in essence, they could see the consequences of “inappropriate” behaviors. Fi-

nally, media screens (presenting videos, texts, and images) were placed in each area pro-

viding further details regarding the desired behaviors.

Three short videos (ten to fifteen minutes each) were filmed at a school (with real

teachers and students). Scenarios (including dialogues) were written, for guiding students

and teachers on how to act. The first part of these videos presented challenging situations/

behaviors in the three conditions (during lessons, breaks, and school events), while the sec-

ond half illustrated how students were supposed to behave/function during the above con-

ditions. For example, in a scene, a student was constantly harassing the student sitting right

in front of him. In the first part, after a while, the second student retaliated and a quarrel

started, while both ignored their teacher's efforts to stop them. In the second part, the sec-

ond student instead of striking back decided to raise his hand and call for the teacher’s help.

Although these scenarios might be considered a bit unsophisticated, the age of the target

group had to be taken into account (ages eight to nine), as well as the necessity to clearly

present the challenging situations. Several shootings of a scene were required for finalizing

it, because student-actors tended to overact their roles, reducing the believability of the

situation they were trying to illustrate. As in the VE, the teachers acted as guides and ex-

plained which behaviors were wrong or right and why. For that matter, several additional

scenes were recorded with just the teachers and were added during the video editing

process. Finally, as in the videos the principles of observational learning (Miltenberger and

Charlop 2015) were applied; a 3- to 5-s pause was added to certain key scenes. The object-

ive was the teacher/researcher to be able to draw the participant’s attention on what was

about to happen (e.g., when a student in the video was about to misbehave).

Procedure

The single-variable rule in A-B designs recommends that, following the baseline phase,

only one variable can be introduced and studied during the intervention phase. After

this cycle is complete, another variable can be introduced (McMillan, 2004). Conse-

quently, the project was organized as follows: (i) the baseline was established by observ-

ing the participating students for a period of two weeks (two observation sessions per

week, each observation lasting for the whole duration of the school day), (ii) one condi-

tion was introduced to students (either using the VE or the videos), and (iii) interven-

tion observations were conducted, again, for a period of two weeks. The above

procedure was repeated three times as there were three conditions.

Each condition was administered during a 2-h session, on an individualized basis

(one session per student). The teaching method utilized video-modeling techniques (as

presented in the “Introduction” section) as well as teaching guidelines frequently ap-

plied in special education (Ashman and Conway 2017): (i) the objectives to be explicitly
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stated, (ii) the learning material to be gradually presented in small and understandable

segments, (iii) the teacher to oversee the whole process, drawing students’ attention on

what is relevant, and (iv) the teacher to encourage the display of the desired skills/be-

haviors. In detail, the teaching method was as follows:

� At the beginning of the session, the researcher welcomed the student, discussed

and asked questions in order to establish what he/she already knew for the given

condition and the behaviors/skills he/she was supposed to exhibit.

� Using a laptop, depending on the group the student belonged to (video group or

VE group), either the relevant video was played or the student entered the VE’s

area in which the given condition was simulated. If the latter was the case, the

student 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 to stop functioning properly. In this case, the VE was reset

and rerun.

� After the end of the video or after the VE was explored for at least fifteen minutes,

the researcher and the student engaged in a discussion, in order to develop an

outline of what the latter understood. The researcher summarized key-points and

draw the student’s attention to them. These key-points are presented in the “Instru-

ment” section.

� A second round of video watching or use of the VE was the next step. During this

part, either the researcher or the student could pause the video or stop exploring

the VE and discuss the key-points established in the previous step.

� A final round of discussions followed. This time, a “What you have to do if…” game

was played. The researcher presented hypothetical situations (related to the

condition that was the session’s theme). For example, the researcher presented a

situation in which a football game in the schoolyard went terribly wrong because a

student took the ball and refused to give it back (or constantly made hard faults).

The participating student was then asked to “act” how he/she would behave or

what would his/her responses might be. He/she could also search the video or go to

the area of the VE in which a similar situation was presented, and elaborate even

further on the reasoning behind his/her course of actions.

� If necessary, the last two steps were repeated.

Instrument

An observation protocol was used for data collection purposes. This protocol was ini-

tially assembled on the basis of the finding of a previous study (Cheng et al. 2015). It

was then refined and extended during the 3-month period prior to the beginning of the

project, in which students were observed for possible inclusion to the project. Out of

the challenging behaviors/functional skills that were noted during this period, the

twelve most commonly manifested were finally selected. Table 2 presents these behav-

iors for each condition (Condition A = during breaks, Condition B = during lessons,

and Condition C = during a school event).

Observational data (the number of times the desired behavior manifested) were collected

simultaneously by two individuals (one teacher and one researcher) in both the study’s base-

line and intervention phase. The two raters were trained prior to the beginning of the project
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(by observing the behavior of students without impairments) and during the baseline phase.

The consistency among them was assessed using Cohen’s kappa coefficient. The interrater

reliability using the Kappa coefficient of agreement was found to be very good [κ = .90, p <

.001, 95% CI (.88, .92)] (Landis and Koch 1977).

Results analysis

For analyzing the data, the raters’ observations in each observation session and for each

participant were averaged. The averages were then summed in order to compare the re-

sults of the baseline and intervention phases. Table 3 presents descriptive statistics for

both groups, while Table 4 presents the results in detail. Moreover, Fig. 3 is a graphical il-

lustration of both groups’ cumulative observations. A prerequisite of A-B designs is to

achieve stability of the results during the baseline phase, before proceeding to the inter-

vention phase. This requirement was met, as it can be inferred from Table 4 and Fig. 3.

Thus, changes in the intervention phase can be attributed to the intervention per se. In-

deed, considerable positive changes can be noted in all students, in all three conditions,

and in both groups (see Table 3).

Condition A = during breaks; Condition B = during lessons; Condition C = during a

school event

For examining whether the differences between the two groups, as illustrated in the

above tables and figure, were statistically significant, one-way ANOVA tests were

Table 2 Functional skills and behaviors for the three conditions (during breaks, lessons, and school
events)

Condition Skills/behaviors

A. 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.

If I can’t find a solution to the disagreement, I ask for the teachers’
help.

B. 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.

I wait for my turn before I speak.

C. Functional skills/behaviors during
a school event

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.

At the end of the event I clap or cheer, and I leave the assembly hall
calmly.

Table 3 Means and standard deviations per group and per condition

Condition A Condition B Condition C

M SD M SD M SD

Baseline phase observations Group1 19.31 5.15 18.88 6.60 23.19 8.03

Group2 20.13 5.26 19.25 6.77 22.75 6.47

Intervention phase observations Group1 28.75 4.73 30.19 7.32 34.69 7.90

Group2 37.13 7.18 40.13 7.06 44.44 3.81
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Table 4 The number of acceptable behaviors per observation session and per participant

Subject Condition Observation session

Baseline phase Intervention phase

1 2 3 4 5 6 7 8

Group1—video

1 A 6 6.5 5.5 5.5 6.5 6 6.5 6.5

B 4.5 3.5 3.5 3.5 5.5 5.5 5.5 5.5

C 5.5 5.5 5 5.5 7.5 7.5 8 7.5

2 A 3.5 3.5 4 3.5 6.5 6 6.5 6.5

B 2.5 2.5 3 2.5 5.5 5.5 5.5 5.5

C 2.5 3.5 2.5 2.5 5.5 4.5 4.5 4.5

3 A 3.5 3.5 4.5 3.5 5.5 5.5 5.5 5.5

B 6.5 6.5 6 5.5 7 7.5 7 7

C 6.5 7.5 7 6.5 9.5 10 10 10

4 A 7 7.5 6.5 7 7.5 7.5 7.5 7.5

B 4.5 5.5 4.5 4.5 7.5 7.5 7.5 7.5

C 4.5 4.5 4.5 4 9.5 9 9.5 9.5

5 A 3.5 3.5 3 3.5 6 6.5 6.5 6.5

B 2.5 2.5 2.5 2.5 6.5 6 5.5 6

C 4 4 3.5 4.5 7.5 7 7.5 7.5

6 A 5.5 5.5 6 5.5 8.5 8.5 8.5 8.5

B 5 6 5.5 5.5 10 10 9.5 9.5

C 8 7.5 7.5 8.5 10 10.5 10.5 10.5

7 A 5 4.5 5.5 5.5 8.5 8.5 8 8.5

B 5.5 5 5.5 5.5 9.5 9.5 9.5 9.5

C 6.5 6.5 6.5 7 9.5 9.5 9 9.5

8 A 3.5 4.5 4.5 4.5 8.5 8.5 8.5 8.5

B 6.5 7 7.5 7.5 9.5 9.5 9.5 9.5

C 8.5 9 8 8.5 10.5 10.5 10.5 11

Group2—VE

9 A 4.5 6.5 6 6 8.5 8.5 6.5 8.5

B 4.5 3.5 4 4.5 8.5 8.5 8.5 7.5

C 5.5 5.5 5.5 5.5 10.5 10 10.5 9.5

10 A 3.5 3.5 3.5 3.5 10 9.5 8.5 9

B 2.5 2.5 2.5 2.5 9.5 9 9.5 9.5

C 3 3 3 3 10 9.5 9.5 9.5

11 A 4.5 4.5 4.5 4.5 7.5 7.5 7.5 7.5

B 6.5 6.5 5.5 5.5 10.5 10 8 7.5

C 8.5 8 7 5.5 11.5 11 11.5 10.5

12 A 7.5 7.5 7.5 7.5 9.5 9 8 8

B 5 5 4.5 4.5 8.5 7.5 8 7.5

C 4.5 4.5 4.5 4.5 12.5 11.5 12 12

13 A 3.5 3.5 3.5 3.5 7.5 8 8.5 8

B 2.5 2.5 2.5 2.5 10.5 10.5 8.5 9.5

C 4.5 4.5 4.5 4.5 10.5 10.5 10 10.5

14 A 5.5 5 5.5 5.5 10 9.5 9.5 8
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conducted for all three conditions. The data were suitable for this type of testing as the

two groups had an equal number of participants, there were no outliers, the data distri-

bution was normal, and the homogeneity of variance was not violated. It was found

that: (i) in the baseline phase, the two groups had no statistically significant differences

and (ii) in the intervention phase, Group2 outperformed Group1 with statistically sig-

nificant differences in all three conditions (Table 5). Given that, the study’s hypothesis

was confirmed; compared to the use of videos, the use of VEs can improve significantly

more the functional skills and behaviors related to the school environment of students

with ADHD or developmental dyslexia.

Discussion
The study examined whether a VE can help students with ADHD or developmental

dyslexia to further develop their functional living skills related to the school environ-

ment. Twelve such behaviors/skills were selected (see Table 2), falling into three

Table 4 The number of acceptable behaviors per observation session and per participant
(Continued)

Subject Condition Observation session

Baseline phase Intervention phase

1 2 3 4 5 6 7 8

B 5 6 5.5 6 11 11.5 11.5 11.5

C 7.5 6.5 7.5 8 12.5 12 11.5 12

15 A 5 5 6 6.5 12.5 13.5 13 13

B 5.5 5.5 6 6 13 12.5 12.5 12.5

C 5 6 6.5 6.5 12 11.5 11.5 13

16 A 4 4.5 4.5 4.5 11 10.5 9.5 11.5

B 6.5 7 7.5 8 11.5 11.5 12.5 12.5

C 6.5 8.5 7.5 7 12.5 11 11.5 11.5

The numbers in cells are the average of the two raters’ number of observations

Fig. 3 Cumulative observations for the three conditions
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conditions (i.e., during lessons, during breaks, and during a school event). Three 2-h

sessions were conducted with the eight participating students and data were compared

with another group of eight students who used videos. The results, as presented in the

preceding section, demonstrated that all students (in both groups) significantly in-

creased the number of the desired behaviors/skills they were able to display in real

school conditions. In this respect, it can be supported that both tools (videos and VEs)

were effective. Then again, further analysis of the results provided evidence that the VE

was more effective than videos. Thus, the study’s findings provide additional support to

previous research which suggested that VEs do contribute to the improvement of be-

haviors/skills related to the school environment (e.g., Didehbani et al. 2016; Ke and

Moon 2018; Lan et al. 2018; Stichter et al. 2014; Wang et al. 2017). On the other hand,

most of the above-cited studies targeted children with ASD. Therefore, the study’s find-

ings expand the relevant literature, by providing support to the view that VEs are also

effective when the target group is students with ADHD or developmental dyslexia.

The results can be attributed to the teaching method that was followed, as well as to

the VE per se. As far as students with special educational needs are concerned, VEs can

provide controlled, realistic, secure, and rich environments, in which it is easier to

transfer the behaviors they have learned in the VEs to real-life conditions (Blume et al.

2017; Freina and Ott 2015; Vasquez III et al. 2017). Second, it is suggested that the

skills/behaviors learned through VEs have to be linked with skills/behaviors applicable

to students’ everyday life, preferably with ones that can be practiced relatively promptly

and regularly (Rizzo et al. 2011), so as students to be able to generalize them in similar

circumstances (Blume et al. 2017; Freina and Ott 2015; Vasquez III et al. 2017). The

above suggestion was followed, almost word for word, in the present study. Students

explored the VE, encountered plausible/realistic conditions (related to ones they en-

counter in their daily school life), they were able to see how they are expected to func-

tion, and they were asked to apply and demonstrate the target behaviors/skills.

Motivation is one of VEs’ key advantages. Students with special educational needs are

motivated to be actively engaged in the learning process, resulting in knowledge gains

and better understanding of concepts (Blume et al. 2017; Didehbani et al. 2016; Freina

and Ott 2015; Vasquez III et al. 2017), followed by the senses of fulfillment and satis-

faction (Rix et al. 2009). Self-esteem, self-image, and confidence are positively influ-

enced, as students can see that the above lead to an advancement of their social,

emotional, and behavioral status in school (Craig et al. 2016; Sakiz et al. 2015). Confi-

dence then leads to independence, encouraging them to manifest more behaviors that

are acceptable from their peers and teachers (Lan et al. 2018). On the basis of the

study’s results, this chain of knowledge-behavior transformations was confirmed. In-

deed, from Table 3 and Fig. 3 it is clear that during the baseline phase students mani-

fested a limited number of acceptable behaviors (in all three conditions). Contrary to

that, the results during the intervention phase indicated that the number of desired

Table 5 Results of one-way ANOVA tests

Condition A Condition B Condition C

F(1, 14) p F(1, 14) p F(1, 14) p

Baseline phase 0.097 .760 0.013 .912 0.014 .906

Intervention phase 7.599 .015 7.640 .015 9.882 .007
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behaviors was almost doubled in the VE group (compared to a 50% increase in the vid-

eos group). Thus, it is quite safe to assume that what was practiced in the VE and dis-

cussed with the researcher/teacher was “transformed” into actual skills/behaviors. More

importantly, as data were recorded multiple times during a span of two weeks, this in-

dicates that, up to a certain point, students mastered these skills/behaviors and that

they became more confident.

Implications for research and practice

The study’s implications for research are related to the research question which

sought to examine. Indeed, the relevant literature regarding the use of VEs in spe-

cial education, while not limited, is rather fragmented across diverse disciplines

and settings. What is more, research on children presenting rather mild attentional,

social, emotional, and learning impairments (e.g., with ADHD or developmental

dyslexia) are not the focus of many studies, as researchers have paid more atten-

tion to more severe impairments, such as ASD. The study at hand chose to exam-

ine the effects of VEs on students with ADHD and dyslexia, displaying challenging

behaviors. In addition, the content (and the context) of the VE was related to the

school environment. Again, this research path is relatively uncharted. On the basis

of the results, it can be supported that the use of VEs for the behavioral modifica-

tion of children with learning, attentional, behavioral, and emotional impairments,

is a research path worth exploring.

The study’s findings have also implications for the educators in special education, as

well as for the developers of VEs. The VE was developed by the authors. Although they

were capable of developing such applications, they were by no means experts in this

field. Given its simplicity, one might argue that the VE was amateurish and that its

flaws might have had a negative impact on the results. Although these concerns are, up

to a certain point, valid, one has also to take into account the fact that professionally

developed VEs that could suit the study’s needs are non-existent. Moreover, it is ques-

tionable whether a sufficient number of such applications can be professionally devel-

oped. Considering that students with special educational needs present a large variety

of challenges and impairments, applications suitable for a set of issues are probably not

suitable for another set. This is why Stichter et al. (2014) argued that applications de-

veloped by the special education teachers are better aligned with their students’ needs.

Thus, a plausible solution is software experts to equip educators with tools that make

the whole process of developing VEs much more efficient and appealing to them (Scac-

chi 2012).

Limitations and future work

There are limitations to the study that bear mentioning but also provide avenues

for future research. While the small sample size may raise concerns, it has to be

stressed that it was more than adequate for an A-B research design. In addition,

research in special education, in terms of sample sizes, has many restrictions, as

the target population is smaller than the general one and one has to be extremely

careful not to select cases that differ a lot from each other. Although all students

in the sample displayed notable to severe behavioral issues related to the school

environment, the inclusion of different types of attentional, social, emotional, and
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learning impairments might be viewed as a problem. Nevertheless, it has to be ac-

knowledged that due to the above, the generalizability of the study’s results is lim-

ited. The schools’ timetables proved to be rather inflexible; the limited availability

of time also limited the number of interventions that could be realized. Although

the number of observations was enough for establishing the results’ stability (and

within the suggested number of observations for an A-B study), more of them

would have increased the findings’ credibility. Moreover, the long-term retention of

behaviors and skills is unknown. Future research can target students from different

age groups and with other special needs and compare the results. Interviews will

allow an in-depth understanding of the impact of both videos and VEs. Finally,

professionally developed VEs can also be used for examining whether there is a

significant variation in the results.

Conclusion
In sum and considering both the aforementioned results and limitations, the study pro-

vided an idea about how VEs might deliver additional support to students with atten-

tional, social, emotional, and learning impairments, in order to overcome the

challenges they face in the school environment. What is more, the study makes a

(small) contribution to the relevant literature, by providing evidence that, through the

use of VEs, students with attentional, social, emotional, and learning impairments, can

positively change their behaviors and acquire skills that, in turn, can be applied in real-

life conditions. In conclusion, the study’s findings might prove useful to researchers

and educators in understanding and effectively utilizing VEs in special education.
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