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Abstract: Background: Young people with intellectual developmental disabilities have a persistent delay in the
development of executive functions. Virtual reality (VR) is increasingly being used as a cognitive intervention
tool, with significant effectiveness demonstrated in different types of populations. Methods: This pilot study
aims to investigate the impact of a cognitive training program utilizing VR on young adults diagnosed with
intellectual developmental disability (IDD). The participants (N=15) served as their own control group and
were assessed three times: weeks 0, 8 and 16, with a rest period (0-8 weeks) and an intervention period (8-16
weeks). The assessments included measures of cognitive function, provided by E-Prime®. Results: Overall, an
improvement in working memory and inhibitory control was found after the intervention, but not in sustained
attention. Conclusions: These findings suggest that VR-based cognitive training holds promise as an effective
intervention for enhancing cognitive abilities in young adults with intellectual developmental disability.

Keywords: intellectual developmental disability; virtual reality; cognitive training; serious games;
executive functions

1. Introduction

Intellectual developmental disability (IDD) is a neurodevelopmental disorder, characterized by
the presence of intellectual, functional and adaptative deficits in conceptual, social, and practical
domains [1]. IDD manifests itself during the developmental period and, generally, persists
throughout life, with different levels of cognitive impairment severity [1,2], being often associated
with other developmental disorders such as cerebral palsy, autism spectrum disorder, Down
syndrome, or fragile X syndrome [3].

Difficulties in functioning can be explained by problems in concentration, processing
information, memory, or self-regulation, thus, compromising their autonomy and independence in
daily life [1,4-7]. Prior research suggests that individuals with intellectual developmental disability
have a persistent delay in the development and a slower rate of acquisition of the executive functions
[8,9]. These are higher-order cognitive mechanisms, which include working memory, processing
speed, attentional control, planning, inhibitory control, solving problems that require decision-
making processes for the selection of a functional response, and cognitive flexibility as a response to
environmental contingencies [10-17]. It has been reported related deficits in working memory,
inhibitory control and verbal fluency [18], cognitive planning [11], processing speed [9], and attention
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and cognitive flexibility [9,11,18,19] in individuals with intellectual developmental disability. These
deficits contribute to difficulties in solving intellectual challenges crucial for daily autonomy [20].
Cognitive training seems to be crucial for addressing these issues, as it aims to improve executive
functions [21-23]. Traditional cognitive training involves several activities [24,25], but lacks real-time
feedback [23]. New technologies, such as computerized cognitive training, offer innovative
interventions that are adaptable to individual performance and can provide feedback immediately
after completing the activity. However, the screen-based nature of computerized cognitive training
may limit ecological validity and transferability to daily life [26].

Virtual reality (VR) has gained popularity in neuroscience and as an intervention approach,
proving to be effective for various deficits, especially in cognitive areas [15,21,26-32]. Immersive VR
systems, utilizing head-mounted displays, provide interactive, embodied experiences with
advantages such as non-invasiveness and real-time, controlled multisensory scenarios [26,33,34].
Immersive VR fosters a safe environment, promoting patient acceptance and calm skill practice
[33,35,36]. It offers insights into brain activity, efficient performance feedback [26], and motivation
through interactivity [37]. Also, immersive VR allows for the intervention to be more easily
programmed, objective and progressively graded [36,38] particularly in executive functions, serving
as both an intervention and assessment tool in ecologically relevant conditions [17,29,30,37].
Combining VR with serious games showed positive results in learning and skill improvement, as
serious games enable goal-oriented operations within an entertaining environment [39,40].

As effective cognitive interventions for IDD should prioritize motivation, task-complexity,
grading and acquisition assessment, it seems promising that greater sensory immersion might
enhance cognitive processing, suggesting that virtual environments may stimulate executive
functions in IDD [12]. Consistently, previous literature suggests the potential of serious games with
VR as a rehabilitation tool for individuals with intellectual developmental disability [29,35].
Nonetheless, existing VR cognitive training studies predominantly focus on patients with traumatic
brain injury, stroke, mild cognitive impairment, and dementia, with limited attention to individuals
with ID [23,38,41]. Also, while VR interventions for physical and daily life skills are explored [36],
research on executive function development in individuals with intellectual developmental disability
is scarce [542].. Therefore, this study aims to investigate the effects of cognitive training using
Immersive VR on executive functions, specifically working memory, sustained attention, and
inhibitory control, in young adults with intellectual developmental disability.

2. Materials and Methods

This study employed a quasi-experimental design with a one-group temporal series structure
(Figure 1). The study follow the TREND Statement Checklist for the reporting quality of
nonrandomized evaluations of behavioral and public health interventions [43]. Participants served
as their own control group, undergoing assessments before (two times, with an eight weeks period
without any intervention in between), and after the intervention [44,45].

NO INTERVENTION ENHANCE VR
(8 weeks) (8 weeks)

Figure 1. One-group temporal series structure.

TEST 1
TEST 2
TEST 3

2.1. Participants

A convenience sampling method was used and 15 individuals attending services at the Centro
de Atividades e Capacitacdo para a Inclusdo — APACI, were selected for the study. This institution,
located in Barcelos, functions as a center for activities and training for community inclusion.
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Inclusion criteria were (a) young adults diagnosed with mild or moderate intellectual
developmental disability, (b) aged between 18 and 35 years (c) ability to understand instructions
given in Portuguese, (d) previous experience using mouse and gamepads for gaming, and (e)
expressed motivation to participate in this study. Participants with (a) health conditions that could
interfere with the quality of the participants’ participation (e.g., epilepsy, severe vision and hearing
impairments, and motor deficits), (b) behavioral issues that could impede engagement, (c) difficulty
to understand the game mechanism, and (d) concurrent similar intervention were excluded.

2.2. Instruments

A sociodemographic questionnaire was used, covering age, sex, literacy, level of IDD, and
previous VR experience. Executive function variables were assessed using tests provided by E-
Prime®, a software package designed for psychological experiments and cognitive science [46—48]. E-
Prime® was operated on a computer running Windows 10, Intel® Core™ i7-6500U processor, 15-inch
screen, and a USB mouse. Tests for visual-spatial working memory, sustained attention, and
inhibitory control were conducted at an average distance of 50 cm from the participants’ field of
vision.

The process of participant randomization is described in the flowchart prepared according to
the CONSORT guidelines [49], present in Figure 2.

2.2.1. Corsi Block-Tapping Task

The Corsi Block-Tapping Task (CBTT) is a test that measures visuospatial short-term and
working memory. In this test, nine squares appear on a blue screen and light up in yellow, one by
one, in a variable sequence. After the stimulus presentation, participants must reproduce the
sequence by clicking on each of the squares that turned yellow. The test starts with a simple sequence
task that increases or decreases in complexity (varying between 2 and 8 elements) based on
participants’ performance [50,51]. The test used 20 sequences. A correct answer was considered when
all the numbers in the sequence were right, therefore using the number of correct answers as a
performance measure. The score varies between 0 and 20 and a higher score means a better
performance.

2.2.2. Simple Reaction Time Task

The Simple Reaction Time (SRT) is a test for sustained attention and processing speed [52,53]. In
this test, a single star-shaped stimulus is repeatedly presented at the same location on the screen and
participants must press the “1” key as quickly as possible. The time interval between stimuli varies
throughout the task [48]. The test used 60 trials. A correct answer was considered when it was
provided after the stimulus presentation, therefore using the number of correct answers as a
performance measure. The score varies between 0 and 60 and a higher score means a better
performance.

2.2.3. Stop Signal Task

The Stop Signal Task (SST) is a test designed to assess inhibitory control, involving a go signal
requiring a response and a stop-signal requiring a cancellation of a response [54,55]. Participants are

“u_ 1

instructed to quickly respond to a left or right arrow presentation using, respectively, the “q” and
“p” keyboard keys (go task). Periodically, stimuli appear surrounded by a red light during which
participants must withhold their action of pressing any key (stop task). Feedback is provided after
each attempt (Psychology Software Tools). Given the participants’ characteristics, keyboard keys
were labeled to match the direction of the response arrows — the “q” key with a left arrow (<) and
the “p” key with a right arrow (>). The test used 151 trials. A correct answer was considered when

the response was coherent with the stimuli direction, therefore using the number of correct answers
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as a performance measure. The score varies between 0 and 151 and higher score means a better
performance.

2.3. Procedures

This study received approval from the Ethics Committee of Escola Superior de Satde do
Politécnico do Porto (CE0109C/2022), and all procedures conformed to the principles in the
Declaration of Helsinki [56]. After approval by the APACI institution, participants were selected
during March 2023 and the first moment of assessment occurred. A second assessment occurred eight
weeks later, without any intervention, to establish a baseline (Figure 2). Before the intervention
moment, all participants underwent the benchmark session of the Enhance VR Games, receiving
explanations regarding the objectives and controls. Intervention started in May 2023, took place at
the APACI institution, and included 24 sessions. The third and final assessment was conducted in
July 2023. Data was collected in paper format for the sociodemographic questionnaire, and digital
format, through E-prime tasks, for the executive functions’ assessment. All data were coded to
maintain confidentiality and will be stored for 10 years by the principal investigator [57].

To promote adherence to the intervention, when the intervention was finished, the researchers
provided detailed information about the study and explained the benefits of their participation. A
close follow-up was given: the schedule was provided in a timely manner according to the
participant’s availability and ensuring that the session was rescheduled in case of absences, the
session would be rescheduled at a time convenient for both parties [58].

Assessed for
Eligibility (n=19) Excluded (n=4)
e Epilepsy (n=1)

e Difficulties
understanding the
instructions and

dynamics of the games
(n=2)

Experimental Group (n=15)
e First assessment
¢ Eight weeks without
intervention
e Second assessment
Lost during this period (n=0)

Intervention (n=15)

e Exposed to intervention:
tri-weekly, 20 minutes
sessions for eight
consecutive weeks

l
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Follow-up (n=15)
¢  Lost during follow-up
(n=0)
e Intervention discontinued
(n=0)

Analysed (n=15)
Excluded from the analysis (n=0)

Figure 2. CONSORT Diagram of Study Design.

2.3.1. Intervention Program: Enhance VR — Virtuleap

For cognitive training, three games available on the Enhance VR platform were used. Enhance
VR is an app consisting of a library of cognitive exercises developed by Virtuleap [26]. Games were
accessed through a Meta Quest 2 head-mounted display, Qualcomm snapdragon 835 processor, 4 GB
RAM, 128 GB internal memory, 1400 x 1600 resolution per eye in pixels, with a refresh rate of 72 Hz,
and motion controllers. The intervention protocol consisted of twenty-four 20-minute sessions, three
sessions per week for eight consecutive weeks. Games were played in the same sequence — React,
Memory Wall, and Whack-A-Mole — and mainly in a standing position. Sitting position was allowed
if participants felt tired, but only in the Memory Wall game, as it requires less movement. The same
researcher was present in all sessions. A brief overview of each game is provided next.

2.3.2. React

The React game was designed to train task switching and response inhibition skills and is based
on the mechanisms of the Wisconsin Card Sorting Test [59]and the Stroop Task mechanisms [60]. The
player needs to categorize approaching objects according to their shape and color, throwing them
into two portals, which only accept matching objects. During the game, players need to adapt to
dynamic contexts, as the portals can change their position and required objects during the levels. The
difficulty increases by introducing distractor objects that must be ignored [26].

2.3.3. Memory Wall

The Memory Wall game trains short-term visuospatial memory and was inspired by the Visual
Patterns Test [61]. Players need to memorize the positions of illuminated cubes that appear for three
seconds, in a three-dimensional grid in their field of vision, and then reproduce the pattern. Task
difficulty increases with each level, depending on the size of the grid and the number of cubes [26].

2.3.4. Whack-A-Mole

The Whack-A-Mole game focuses on sustained attention and was inspired by the Psychomotor
Vigilance Test [62]. Players need to hit moles that appear at random intervals and holes before they
disappear. Players need to react as quickly and accurately as possible. The difficulty increases as
speed increases and multiple moles can rise simultaneously [26].

2.4. Data Analysis

Data were exported to IBM SPSS Statistics (Version 28.0) for statistical analysis ([63], considering
a 0.05 significance level for all performed tests [64]. Descriptive statistics were used to characterize
the sample, namely mean (x) and standard deviation (sd), for continuous or discrete variables, and
frequencies (N; %) for nominal or ordinal data. The normality of variables was assessed through the
Shapiro-Wilk test or the examination of data distribution using threshold criteria for skewness and
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kurtosis, aiming for values less than 12.0] and 19.01, respectively [65]. One-way repeated-measures
ANOVAs were employed to compare pre- and post-test conditions. Sphericity was tested using
Mauchly’s test, with the Huynh-Feldt correction applied when this assumption was not met, and the
epsilon was higher than 0.57. In cases where this criterion was not met, the Greenhouse-Geisser
correction was utilized [65]. The Bonferroni test was used as a post-hoc measure to determine where
the actual differences between the three evaluation moments are located.

3. Results

This sample had 15 participants (Table 1), aged between 22 and 34 years (mean age = 28.07 +
3.97) and mostly males (66.70%). Participants had mild (53.30%) or moderate (46.70%) IDD level, and
eight (53.30%) were illiterate. None had previous experience with VR.

Table 1. Sample’s sociodemographic characteristics.

X+ SD N (%)
Age (years) 28.07 +£3.97
Male 10 (66.70)
Gender
Female 5 (33.30)
Mild 8 (53.30)
Levels of IDD
Moderate 7 (46.70)
Yes 7 (46.70)
Literacy
No 8 (53.30)
Previous experience with Yes 0 (.00)
VR No 15 (100.00)

IDD - Intellectual Developmental Disability; VR — Virtual Reality; x - mean; SD - standard deviation; N- Absolute
frequency; % - Relative frequency.

Results for the CBTT, SRT, and SST in the three moments of assessment (Table 2) show that there
were statistically significant differences in the scores of the working memory (pCBTT = .001) and
inhibitory control (pSST = .043), suggesting that the group’s performance improved with the
intervention. The attention test was not significantly different over time (pSRT = .101).

Table 2. Score differences in the three moments of assessment.

testl test2 test3
p-value Power
x'+ SD X £ SD x +SD

CBTT 1153+2.03 11.07+254 13.93+1.91 .001* .960
SRT 53.47 *

55.86 + 5.41 57.73 £3.57 101 373

11.21
SST 90.40 + 90.87 + 99.53 +
.043* 545
22.76 23.89 27.58

CBTT - Corsi Block-Tapping Task; SST - Stop Signal Task; SRT - Simple Reaction Time; x - mean; SD — standard
deviation; p-value - Within-subjects p-value;*p<.05).

A post-hoc test for score differences between the moments of assessment (Table 3) shows that in
CBTT (working memory) and SST (inhibitory control) there were no differences when comparing the
first and second moments (pCBTT=1.000; pSST=1.000), but when both are compared with the moment
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after the intervention the differences are statistically significant in working memory (testl vs test3 -
pCBTT=.004; test2 vs test3 - pCBTT=.002) and inhibitory control (testl vs test 3 - pSST=.010; test2 vs
test3 - pSS5T=.039).

Table 3. Score differences between moments of assessment.

CBTT SST
Mean a Mean a
difference p-value difference p-value
Testl vs. Test2 467 1.000 -.467 1.000
Testl vs. Test3 -2.400 .004* -9.133 .010*
Test2 vs. Test3 -2.867 .002* -8.667 .039*
CCBTT - Corsi Block-Tapping Task; SST - Stop Signal Task; *p-value - Pairwise Comparisons Bonferroni; *p-

value<.05).

The analysis of the influence of IDD levels on the results of the assessment results (Table 4) show
that there was a statistically significant difference between IDD levels in working memory (pcsrr
=.002) and inhibitory control (pssr=.032). The interaction between IDD level and sustained attention
does not have significant values.

Table 4. Score differences between moments of assessment.

IDD levels test1 test2 test3 p-value? p-value® powerd  power®

Mild 11.63+£2.26 11.25+3.28 14.50£2.33

CBTT .002* 418 .949 121
Moderate 11.43+£1.90 10.86+1.57 13.29+1.11
Mild 55.25+5.44 56.88+4.58 56.88+4.58

SRT 112 .818 .352 .055
Moderate 56.57+5.71 57.00+3.32 58.71+1.80
Mild 99.63+7.46 98.75+8.16  103.38+ 10.00

SST .032* .168 .605 272

Moderate 79.86+7.98 81.86+8.72  95.14+10.69

xmean; o— standard deviation; p-value? - Within-subjects p-value; p-value® Interaction p-value; power? —
Within-subjects; power®- Interaction; CCBTT - Corsi Block-Tapping Task; SST - Stop Signal Task; SRT - Simple
Reaction Time; IDD - Intelectual Developmental Disability; *p-value<.05).

A post-hoc test for score differences between the three moments of assessment when the level of
ID is taken into account (Table 5) shows that in CBTT (working memory) and SST (inhibitory control)
are no differences between the first and second moments (pCBTT=.450; pSST=.786), but the
differences are statistically significant when both moments were compared with the third assessment
in both levels of IDD (test1 vs test 3 - pCBTT=.002; pSST=.032; test2 vs test 3 - pCBTT=.001; pSST=.009).

Table 5. Score differences between moments of assessment considering intellectual disability level.

Level of IDD
CBTT SST
Mean difference Mean difference
p-value? p-value?
+sd +sd
Testl vs. Test2 A7+ 61 450 .56 +2.03 .786

Testl vs. Test3 -2.37 + .61 .002* 9.52 +3.95 .032*
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Test2 vs. Test3 -2.84 + .69 .001* 8.96 + 2.93 .009*

CCBTT - Corsi Block-Tapping Task; SST - Stop Signal Task; IDD — Intellectual Developmental Disability; p-value?
- Pairwise Comparisons Bonferroni; *p-value<.05.

4. Discussion

This study aimed to assess the effectiveness of an immersive VR cognitive training intervention,
using serious games, on working memory, sustained attention, and inhibitory control in young adults
with intellectual developmental disability. Overall, an improvement in working memory and
inhibitory control was found, but not in sustained attention, both in the whole group and considering
IDD level. Although not in all the variables, the positive result in executive functions is in line with
previous studies that have used similar cognitive training interventions [35,39,42,66,67]. In fact,
despite the literature being scarce, a recent systematic review about the effects of computerized task-
based cognitive training programs in a game environment proved to be helpful for people with
intellectual developmental disability [42]. They reported multiple studies with significant positive
effects across different cognitive domains, such as visual working memory and attention, especially
in adults with intellectual developmental disability [42]. Also, Giachero, Quadrini, Pisano, Calati,
Rugiero, Ferrero, Pia and Marangolo [35], divided fourteen subjects in three groups according to
different levels of IDD and found a greater performance in executive functions tasks — attention and
short and long-term spatial memory — in all groups after the treatment, especially in the mild IDD
group. Thus, using computerized cognitive training appears to be an effective strategy for improving
executive functions of young people with intellectual developmental disability. Specifically, about
immersive VR training in rehabilitation programs, it seems that it further provides the advantage of
practicing sensory-motor, cognitive, behavioral, and adaptive functions in a safe, close-to-real-world
simulation. Positive changes in working memory following the intervention were found. As there
were no differences between the first and second moment (i.e., before the intervention), it is
reasonable to conclude that these changes were caused by the Enhance VR games. These results are
consistent with previous studies that, equally, reported working memory improvements after a
computerized cognitive training program for people with intellectual developmental disability.
Roording-Ragetlie, Spaltman, de Groot, Klip, Buitelaar and Slaats-Willemse [67] examined the impact
of CogMed Working Memory Training on children with intellectual developmental disability in a
blind randomized trial, observing improvements in working memory tasks in the group undergoing
cognitive training. Another study [66] found that verbal short-term memory improved in teenagers
with mild to borderline intellectual developmental disability, after a 5-week intervention, three 6-
minute computerized cognitive training sessions per week. Kim and Lee [68] employed a 24-session
game-based cognitive training program (30-minute sessions, biweekly, for three months) with
children with intellectual developmental disability and discovered that the experimental group
improved in working memory performance.

Significant improvements in inhibitory control following the intervention were found, although
to a lesser extent than working memory. As far as the authors know, there is little research on
inhibitory control intervention for people with intellectual developmental disability. McGlinchey, et
al. [69] conducted a quasi-experimental study to investigate the influence of a cognitive training
program on executive functions in people with Down syndrome who had mild to moderate
intellectual developmental disability. Intervention included 20 minutes of Scientific Brain Training
Pro, five days a week, for eight weeks. Post-intervention findings showed significant gains on
inhibition control and working memory.

Inhibitory control was reported in the literature to have a medium to large deficit in people with
intellectual developmental disability, particularly in behavioral inhibition and interference control
[70], which are believed to be more deliberate types of inhibition. According to the inhibition
taxonomy proposed by Nigg [71], these two subtypes of executive inhibition — defined as the
“processes for intentional control or suppression of responses in the service of higher-order goals”
(p- 238). In Danielsson’s study [72], inhibitory control responses were much lower in the IDD group
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compared to the other two groups — with identical chronological age and identical mental age. These
difficulties may have to do with the fact that they had to recruit other cognitive skills linked to mental
age, such as working memory (for example, keeping the rules of the task constantly updated) to carry
out the task. This seems to be consistent with our own findings — where working memory and
inhibitory control improved together —, and earlier research conducted by Thorell et al. [73], which
suggested that these two components of executive functions are interrelated, with the functioning of
one influencing the functioning of the other. Thus, working memory training may lead to gains in
inhibitory tasks and vice versa, enhancing the possibility of improvement in these components. Thus,
this relationship can potentially explain our findings, where these two variables improved together
following the intervention program, but not sustained attention.

No significant changes were found in sustained attention between pre- and post-treatment
assessment. As with inhibitory control, research on sustained attention in people with intellectual
developmental disability is scarce, but our findings are consistent with a previous randomized
control study that aimed to assess the efficacy of a computerized attention training program in
children with intellectual developmental disability [74]. They concluded that, despite observed
improvements in selective attention, none were observed regarding sustained attention.

Several studies found that people with intellectual developmental disability have a lower
performance in reaction time [75-77] compared to controls with typical development, but not in visual
sustained attention [76,78,79]. This means that the absence of improvement in our sample could have
been influenced by the motor component of the task that was used to assess sustained attention.
Indeed, it has been shown that individuals with intellectual developmental disability present longer
premotor time [80], which could influence the motor component of reaction time. Vogt, et al. [81] also
reported that the SRT remained unchanged following a self-selected 30-minute running exercise in
individuals with intellectual developmental disability. However, several other authors have reported
improvements in reaction time after programs that include physical exercise, such as the games
chosen for this intervention. For example, Ringenbach, et al. [82] reported that the reaction time
improved in individuals with Down syndrome after assisted cycling at 80 revolutions per minute but
remained unchanged after voluntary cycling at the participant’s self-selected rate. The authors
explained this result based on the difference of pace, as in the assisted cycling intervention
individuals with intellectual developmental disability cycled at a rate 49.3% greater than the mean
self-selected rate in the voluntary cycling intervention. Chen and Ringenbach [83] showed that 20
minutes of walking on a treadmill at a moderate intensity improved reaction time in individuals with
Down syndrome. Affes, Borji, Zarrouk, Sahli and Rebai [75] suggested that low to moderate running
exercises improve reaction time in people with intellectual developmental disability, and that low-
intensity exercise, rather than moderate, could be more appropriate to enhance reaction time. So, this
discrepancy with our results might be due to the difference of exercise intensity, which could be
insufficient to produce any reaction time improvement. The design of studies with longer or more
intensive interventions could change these results.

An improvement in working memory and inhibitory control independent of IDD level was
found, but performance differences between IDD levels have been reported, where children [84-86],
adolescents and adults [35,70] with mild intellectual developmental disability had fewer problems in
executive functions domains than those with moderate IDD. Nonetheless, the fact that no statistically
significant differences in performance were found is consistent with other studies. Giachero,
Quadrini, Pisano, Calati, Rugiero, Ferrero, Pia and Marangolo [35], reported that all participants
showed a better performance in a VR gardening task (twice a week for fourteen weeks), regardless
of IDD level. Actually, their sample also performed better in working memory and inhibitory control
after the program sessions. However, Giachero, Quadrini, Pisano, Calati, Rugiero, Ferrero, Pia and
Marangolo [35] found that the three IDD groups improved equally in attention and short- and long-
term spatial memory tasks, concluding that the VR videos trained not only the participants’
gardening skills but also had a significant impact on tasks requiring executive functions, attentional,
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and spatial skills, that were closely related to the observed procedures. Perhaps this variability in
results stems from the inherent heterogeneity of IDD itself.

Using VR-based interventions targeting executive functions as working memory, sustained
attention, and inhibitory control in individuals with intellectual developmental disability is not new
but is not extensively explored in the literature. Only in the past decade has it re-emerged as a
promising adjuvant treatment strategy for cognitive rehabilitation [87,88], so there is still interest in
continuing studies that explore different approaches, populations, and results. In this study it was
used an innovative platform — Enhance VR — which uses various cognitive training games, accessed
through a head-mounted display. It allows for higher level of immersion and a strong sense of
presence, given the simultaneous motor, visual, and proprioceptive systems integration, which is
effective for enhancing motor and cognitive skills [21,89,90] in several populations. Also, other
studies suggest that VR-based approaches are stimulating and allow more immediate feedback on
performance, promoting more motivation and adherence to treatment [23,91].

This study has limitations worth mentioning. First, the convenience sample was small, not
allowing it to be divided into experimental and control groups. However, as we used the group as
its own control, it was possible to compare the first and second moments (without intervention) with
the third moment (after the intervention). That given, most likely the changes seen were due to the
intervention program, as it was the only change introduced during this period. An argument in favor
of the program efficacy is related to the fact that the skills of people with intellectual developmental
disability tend be progress slower in time when compared to typically developing people (for a
longitudinal study, see [92], hence the improvement might be due to our 24-session program. On the
other hand, an argument against this is that people with intellectual developmental disability tend to
have less skill-based activities when compared to typically developing people ((for an observational
study, see [93], hence the improvement we saw might be due simply by an added training activity.
Either argument is in favor of the efficacy of this program — that we argue that could be related to
its VR-based design, as discussed above, and consistently with a recent meta-analysis that reported
the effectiveness of serious games on social and cognitive skills of children with intellectual
developmental disability [94]. Replicating our study, or other VR-based intervention, with larger
samples and a control group is recommended. Also, a follow-up assessment after the end of the
intervention was not carried out. Thus, it is not possible to know whether the effects obtained
immediately after the intervention were maintained in the sample subjects and, even more so,
whether they were successfully applied in their daily performance, demonstrating whether there was
generalization of the results acquired. Study designs that address a follow-up assessment are
recommended.

5. Conclusions

VR as a therapeutic approach for individuals with intellectual developmental disability is still
uncommon and requires further investigation. This study presents promising results that seem to
support this intervention for improving cognitive performance. However, it should be recalled that
the goal of an intervention is to transfer the new acquired skills to daily living activities and
community participation, which was not covered in this experiment. IDD is characterized by multiple
limitations and compromised functionality that hinders participation in the community. VR is an
innovative tool that allows a virtual immersion, providing a highly customizable training context that
could lead to unprecedented simulated-based interventions in a safe and controlled environment for
people with intellectual developmental disability. Further large-scale studies are warranted to
validate these preliminary finding and explore the long-term effects and practical implementation of
VR-based interventions with clinical populations.
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