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Effectiveness of a holistic neuropsychological rehabilitation
program using virtual reality

Eficacia de um programa de reabilitagao neuropsicologica holistica
usando realidade virtual
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ABSTRACT

Acquired brain injury (ABI) is associated with severe functional consequences at several levels:
personal, psychological, social, physical, economic, and systemic. The main objective of the present
study is to show the potential of applying virtual reality (VR) in neuropsychological rehabilitation
and the consequent psychological and cognitive improvement of the person with ABI. A total of 27
participants of both sexes with moderate or severe ABI participated in an investigation in a clinical
trial-type design with pre-test and post-test. Participants in the experimental group (n = 8) underwent
a remote holistic neuropsychological intervention program supported by a VR platform: the Virtual
Centre for the Rehabilitation of Road Accident Victims (VICERAVI). The experimental group
results were compared with a first control group (n = 10) that underwent a conventional holistic
neuropsychological intervention face-to-face program; and with a second control group that did not
have any neuropsychological intervention (n = 9). We conclude that the VR-based neuropsychological
rehabilitation program (NRP) at a distance produces better cognitive results in general cognitive
functioning, learning, memory, and executive functioning than the conventional face-to-face NRP.
Still, at the psychosocial level, the conventional NRP obtained results similar to those of the VR-
based NRP, which did not produce significant improvements. Thus, the study results suggest that the
development of VR-based holistic NRPs may benefit the autonomy of people with ABIL
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RESUMO

A lesdo cerebral adquirida (ITB) estd associada a graves consequéncias funcionais a varios niveis:
pessoal, psicoldgico, social, fisico, econdémico e sistémico. O objectivo principal do presente estudo
¢ mostrar o potencial da aplicagdo da realidade virtual (RV) na reabilitagdo neuropsicolégica e a
consequente melhora psicolégica e cognitiva da pessoa com ITB. Um total de 27 participantes de ambos
os sexos com I'TB moderado ou grave participaram de uma investigagdo com um desenho do tipo ensaio
clinico com pré-teste e pos-teste. Os participantes do grupo experimental (n = 8) foram submetidos
a um programa de intervencao neuropsicoldgica holistica remota apoiado por uma plataforma de RV:
o Centro Virtual de Reabilita¢gdo de Vitimas de Acidentes de Transito (VICERAVI). Os resultados do
grupo experimental foram comparados com um primeiro grupo de controle (n = 10) que foi submetido
a um programa de interven¢ao neuropsicoldgica holistica convencional face a face. Um segundo grupo
de controle nio teve qualquer intervencio neuropsicolégica (n = 9). Concluimos que o programa de
reabilita¢cdo neuropsicolédgica baseado em RV (NRP) a distancia produz melhores resultados cognitivos
no funcionamento cognitivo geral, aprendizagem, meméria e funcionamento executivo do que o NRP
convencional face a face. Ainda assim, o NRP convencional obteve resultados semelhantes aos do NRP
baseado em VR, que ndo produziu melhorias significativas no nivel psicossocial. Assim, os resultados
do estudo sugerem que o desenvolvimento de NRPs holisticos baseados em RV pode beneficiar a
autonomia das pessoas com ITB.
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Virtual reality (VR) is an emerging tech-
nology whose benefits in research, treatment,
and rehabilitation have been evidenced in
recent decades (Schultheis & Rizzo, 2001). VR
can be implemented in an immersive or non-
-immersive way. Immersive VR gives the user
the sensation of inclusion or presence because
they feel inside the virtual environment, where
they can interact with the various elements
that make up the scenario through specific
devices, such as viewing helmets, gloves, and
headphones. In non-immersive VR, the user
does not have the sense of inclusion, as it only
allows the viewing and handling of 3D images
through a computer (Rose et al., 1999).

Currently, there are open-source non-
-immersive environments (e.g., OpenSimu-
lator) online where users are represented by
avatars (virtual characters customizable by
the user that allow them to move around the
virtual environment and interact with objects
or other characters in that environment).
Besides being often used to teach competen-
cies (e.g., skills, knowledge), these platforms
allow for simulations applicable to clinical and
social areas (Jarmon et al., 2008; Riva, 2009).
By enabling avatars to establish verbal and
non-verbal communication (gestures, facial
expressions) with other users, these scenarios
become particularly interesting for the rehabi-
litation of social interaction skills. Thus, VR
has been gathering favorable evidence for its
use as an auxiliary method in various areas of
health, including the following: (i) psychothe-
rapy (Botella et al., 2004; Glantz et al., 2003);
(ii) behavioral therapy (Riva et al, 2002),
particularly in the treatment of post-traumatic
stress disorder and the reduction of associated
symptoms, such as anxiety and depression
(Kenny et al, 2008; Kenny et al., 2009; Rizzo
et al., 2006; Wiederhold & Wiederhold, 2008),
in the treatment of specific phobias (Coté &
Bouchard, 2008), and in eating disorders (Riva
et al., 2002; Riva et al., 2004); (iii)in autistic
spectrum disorder (Pioggia et al, 2008); (iv)
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in the reproduction and training of routine
activities in parkinsonism (Albani et al.,
2002); (v) in the simulation of auditory and
visual hallucinations in schizophrenic patients
(Yellowlees & Cook, 2006); (vi) in the reduc-
tion of distractibility symptoms for people
with attention deficit hyperactivity disorder
(Adams et al., 2009; Rizzo et al, 2000); (vii) in
the assessment of driving ability after acquired
brain injury (ABI) (Lengenfelder et al., 2002;
Léon-Carrion et al., 2005; Pietrapiana et al.,
2005), among others.

VR has been used both for neuropsycholo-
gical assessment purposes (Rizzo et al., 2004;
Schultheis et al., 2002) and neuropsycholo-
gical rehabilitation. Although VR is still at
a very early stage, it has shown good results
in rehabilitating several cognitive domains,
namely,
memory, and executive functioning. A study
carried out by Rizzo et al. (2004) showed that
VR is a relevant aid in cognitive training. Egan
et al. (2005) note that specific online trai-
ning for people with traumatic brain injury
(TBI) produces significant improvements in
concentration, memory, and motivation and
enables the learning of strategies and social
skills with an important psychological impact,
preventing isolation. Moreover, Cicerone et
al. (2011) consider that using computers is
recommended in post-acute rehabilitation
after TBI to improve attention. Thus, people
with cognitive and/or functional changes and
neurological and learning disorders resulting
from ABI may benefit from VR applications
(Cicerone et al., 2011; Egan et al., 2005; Rizzo
et al., 2000; Rizzo et al., 2004).

Currently, sufficient evidence has been
gathered on the effectiveness of the holistic
model of neuropsychological rehabilitation,
which consists of creating and fostering a
therapeutic environment capable of guiding
the individual and the family, and their adap-
tation to the new state is systematically moni-
tored (Ben-Yishay, & Diller, 2011). The same

visuospatial abilities, attention,
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model is recommended in a post-acute phase
after TBI (Cicerone et al., 2011). However, it
remains to be seen whether the same model
can be reproduced in a VR platform maintai-
ning its effectiveness and qualities. Due to its
intrinsic characteristics, VR is probably the
best option when the replica of a certain reality
in a controlled and safe context for skill-trai-
ning purposes is needed (Gamito et al., 2010).
Studies on VR use in the neuropsychological
rehabilitation of people with ABI have shown
promising results, but further study of its
potential benefits is urgent. Moreover, studies
specifically on holistic neuropsychological
rehabilitation using virtual environments are
non-existent. Given its positive impact on the
rehabilitation of people with ABI (Cicerone et
al., 2008; Coetzer, 2008; Wilson, 2002) and
the fact that VR enables real-life simulation
in situations of good ecological validity, we
sought to assess the effectiveness of combi-
ning holistic neuropsychological rehabilita-
tion with the technological possibilities of VR
platforms.

In this sense, the main objective of this
study was to demonstrate the possibility and
effectiveness of using virtual environments in
the holistic neuropsychological rehabilitation
of ABI. Three steps were followed to achieve
the main objective:

1. to develop a holistic neuropsycholo-
gical rehabilitation program (NRP)
supported by a VR platform (OpenSi-
mulator);

2. to study the applicability of ecolo-
gical virtual environments to the main
components of holistic rehabilitation,
namely, psychosocial rehabilitation acti-
vities and training of the most common
cognitive domains (such as attention,
memory, and executive functioning) in
individuals clinically diagnosed with a
moderate-to-severe brain injury after
TBI;

3. to compare the effectiveness of the

program developed with that of a face-
-to-face holistic rehabilitation program,
using multiple outcome measures
of cognitive functioning, emotional
stability, and psychosocial functioning
(quality of life).

We expected that the VR-based NRP deve-
loped would produce results equivalent to
those of the conventional program regarding
cognitive and psychosocial functioning. On
the other hand, we anticipated that the face-
-to-face intervention would be more succes-
sful concerning the affective dimensions (i.e.,
reduction of depressive and anxious symp-
toms). Thus, we established three operational
hypotheses:

* Hypothesis 1 - participants in the
VR-based NRP show marked improve-
ment in measures of cognitive, affective,
and psychosocial functioning compared
to people with ABI who do not partici-
pate in any intervention.

* Hypothesis 2 - the VR-based NRP
produces results equivalent to those of
the conventional program (face-to-face)
in the various cognitive domains and
psychosocial functioning.

* Hypothesis 3 - the conventional
program produces better results than
the VR-based NRP in the affective
domain.

METHODS
Participants
All participants had been diagnosed with
moderate or severe ABIL. Three groups of parti-
cipants were investigated, two groups randomly
and one by convenience, in a clinical trial-type
design with pre-test and post-test:

1. the experimental group (EG, n = 8)
carried out a holistic neuropsychological
intervention program supported by a VR
platform (VICERAVI).

2. control group I (CGI, n = 10) carried out
a conventional holistic neuropsycholo-



gical intervention program in a face-to-
-face setting.

3. control group II (CGII, n = 9) was not
subjected to intervention, having only
performed the pre and post-test (i.e., the
neuropsychological assessment).

The EG and CGII participants were recruited
from the individuals admitted to a center for
medicine and rehabilitation in Portugal to
comply with a physical medicine and rehabili-
tation program (comprising swimming, physio-
therapy, speech therapy,
therapy). The following inclusion criteria were
applied to recruit participants for these groups:
(1) moderate-to-severe ABI; (2) ages 17 years or
older; (3) motivation to integrate an intensive
rehabilitation program; (4) ability and availa-
bility to participate in group activities; and (5)
not having previously participated in NRPs. The
exclusion criteria were: (1) diagnosed psycho-
pathological disorder or psychotic symptoma-
tology; (2) interpersonal relationship problems,

Table 1

and occupational
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irritability or impulsivity that would prevent
interaction with others; (3) illicit substance use/
abuse in the six months before the start of the
program; and (4) intellectual deficit or general
functional disability that would prevent unders-
tanding or performing the tasks of the rehabi-
litation program. The inclusion and exclusion
criteria for the CGI were identical to those of
the EG and CGII. However, the CGI participants
were recruited in a Portuguese vocational reha-
bilitation center and investigated later than the
other groups.

The sociodemographic and clinical data of the
sample with greater relevance to the study are
presented in Table 1. The groups were paired by
age, sex, vertical education, time since the injury,
and injury severity. Homogeneity between the
three groups was statistically confirmed for the
sociodemographic variables of interest (age, sex,
vertical education) and for the time since the
brain injury and its severity.

Sociodemographic characteristics of each of the sample groups.

Age (years) Sex Education (years) TSI (months) Severity
M SD Male Fem. M SD M SD severe mod.
EG 8 37.0 12.17 8 0 10.37 3.35 5.09 4.73 6 2
CaGlI 10 37.2 10.13 8 2 9.00 3.66 53.00 44.37 9 1
CGII 9 39.4 16.19 6 3 9.63 3.90 1.66 0.90 7 2
TOTAL 27 37.8 12.83 22 5 9.66 3.63 19.92 16,67 22 5

Nota: EG = Experimental Group; CGI = Control Group I; CGII = Control Group II; TSI= time

since injury.

Instruments

The anamnesis data were collected through
a questionnaire about sociodemographic
information, including the following inde-
pendent variables or variables to control: age,
marital status, education, profession and/or
employment situation, current health status,
information about the type of accident and
consequences, and Glasgow Coma Scale score.
We used the instruments described below pre
and post-test to collect data on the dependent

variables.

Evaluation of Quality of Life

Quality of life was assessed using a Portu-
guese version of the Quality of Life after
Brain Injury (QOLIBRI) questionnaire (Guer-
reiro et al., 2012). The QOLIBRI question-
naire (Truelle et al., 2010; Von Steinbiichel
et al., 2010) allows estimating the quality-
-of-life profile of people with ABI in six
domains. It consists of 43 items organized
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into two parts. The first part is divided into
four factors to assess life satisfaction: general
(6 items), cognition (7 items), self (7 items),
daily life and autonomy (7 items), and social
relationships (6 items). The second part is
divided into two factors - the emotional and
the physical, consisting of five items each, to
assess the degree of discomfort that people
feel regarding possible emotional and physical
changes. Each item is answered on a five-point
Likert-type scale (1 = not at all; 5 = very
much).

Emotional stability assessment

A Portuguese version of the Hospital
Anxiety and Depression Scale (HADS;
Zigmond & Snaith, 1983, Portuguese version
by Pais-Ribeiro et al., 2007) was applied
to assess emotional stability. The HADS
comprises 14 items divided into two factors:
anxiety (7 items) and depression (7 items).
Each of the items is answered on a four-
-point Likert-type scale (0 = low; 3 = high).
The final scores of each subscale can range
between O and 21, resulting from the sum
of the points from each factor. Anxiety and
depression can be classified as absent (0-8),
mild (8-10), moderate (11-15), and severe
(16-21). Although it is possible to calculate
the total HADS score, scoring the anxiety and
depression factors separately provides us with
specific and, therefore, more relevant informa-
tion on each of these domains of affectivity. In
addition to these scales, we used the neurop-
sychological assessment protocol briefly
described below to assess the mental func-
tions under study.

Screening of neurocognitive functioning

We used a Portuguese version of the
Montreal Cognitive Assessment (MoCA;
Nasreddine et al.,, 2005; Portuguese version
by Freitas et al., 2010) for general screening
of neurocognitive functioning. The MoCA
is a brief instrument that allows screening
of eight cognitive domains: executive func-
tion, visuospatial ability, memory, attention,

concentration, working memory, language,
and orientation. The administration time is
approximately 10 minutes, and the final score
may range between O and 30 points, with
values between 26 and 30 indicating normal
cognitive functioning and below 26 indicating
the presence of a deficit. According to Freitas
et al. (2010), this instrument is more sensitive
than similar instruments in situations of mild
cognitive impairment and in a population with
a higher level of education.

Mnestic functioning

We applied the Spatial Location (SL) and the
Letter and Number Sequence (LNS) subtests
of the Wechsler Memory Scale or Wechsler
Memory Scale III (WMS-III; Wechsler, 1998)
to assess working memory. The SL subtest
uses visual stimuli, and the examinee is asked
to point to a 3D board (numbered from 1 to
10) following two instructions: in the direct
order, the examiner points sequentially
to items (numbers) on the board, and the
examinee has to repeat the same sequence of
touches; in the reverse order, the examinee has
to touch the items on the board following the
examiner’s reverse order of touches. The diffi-
culty level increases from level 1 (two items)
to level 8 (nine items). The LNS subtest uses
auditory stimuli, where the examiner orally
presents different sequences of letters and
numbers alternately. Level 1 begins with a
sequence of two items, and at the higher level
(7), eight items are presented. Applying these
subtests allows assessing working memory
changes and controlling for potential sensory
perception deficits.

We applied the Hopkins Verbal Learning
Test (HVLT, Brandt & Benedict, 2001) to
assess verbal learning and memory. The task
consists of reading a list of 12 words to the
participant, who is then asked to repeat as
many of those words as possible. This task
should be repeated three times (reading and
recall). After a 20-25-minute break, the parti-
cipant is asked again to recall as many words as



possible. Then, a list of 24 words is read, and
the participant is asked to mark those from
the initial list (only 12 words). The results
are obtained by calculating Total Recall (total
sum of correct answers on trials 1, 2, and 3),
Learning on the third trial (number of correctly
marked words), Delayed Recall (number of
correct answers on trial 4), and Semantic Cate-
gories (immediate recognition discriminability
[IRD], which corresponds to the total number
of true positives and total number of false
positives).

Attentional functioning

For this purpose, we used Forms A and B of
the Trail Making Test (TMT), which assesses
attention, processing speed, mental flexibi-
lity, and spatial organization and is sensi-
tive to the presence of brain damage. Form
A requires the participant to draw lines to
interconnect numbers from 1 to 25 that are
randomly distributed. Form B requires the
person to connect numbers (1 to 13) and
letters (A to L) following a sequence (e.g.,
1-A-2-B-3-C-4-D...). Time is clocked for both
forms, and the score represents the amount of
time spent to complete each part of the task.
A performance time of up to 29 seconds for
Form A and 75 seconds for Form B is consi-
dered “normal.” Higher scores indicate greater
cognitive impairment, and clinically signifi-
cant cut-off points are 78 seconds in Form A
and 273 seconds in Form B (Gaudino et al.,,
1995).

We also applied the d2 Attention Test
(Brickenkamp, 2002) to assess selective atten-
tion and sustained attention. This instrument
consists of 14 lines with 47 characters each,
corresponding to letters d or p. During this
test, the person is instructed to look for all
the letters d with certain characteristics and
mark them in a maximum time of 20 seconds
per line. The application time can be up to
10 minutes. The results are measured accor-
ding to the following indicators: Total Hits
(number of characters correctly marked on the
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14 lines); Total Effectiveness (total characters
processed minus total errors); Concentration
Index (total hits minus total type 2 errors,
that is, marking irrelevant characters); and
Percentage of Errors (percentage of errors
made throughout the test).

Evaluation of Executive Functioning

For this purpose, we used the Wisconsin
Card Sorting Test (WCST; Berg, 1948, Spanish
version by Heaton et al.,, 2001), one of the
commonly used instruments to assess execu-
tive functioning. The WCST involves the
development of abstract concepts, planning,
sequencing, and mental flexibility, or the
maintenance of cognitive context. The test
consists of presenting a set of cards containing
geometric figures in different numbers, colors,
and shapes to the examinee, who must choose
how to pair them with model cards according
to one of these categories (color, number, or
shape). With positive feedback, they should
continue with the chosen category, but if the
pairing decision is wrong, the examinee can
choose an alternative category until they get
it right. Each category is complete after ten
consecutive correct answers, and a new cate-
gory must then be proposed (e.g., switching
from color to shape). The task ends after the
participant has completed six complete cate-
gories (color-shape-number-color-shape-
number) or finished the 128 cards that make
up the test. In terms of results, we considered
the following measures of executive functio-
ning: number of trials; total number of errors;
number of perseverative responses; number of
perseverative errors; number of non-perseve-
rative errors; number of completed categories;
and failures to maintain attitude.

In addition to the WCST, the Stroop Test
(Golden, 1978; Golden & Freshwater, 2002,
Portuguese adaptation by Fernandes, 2013)
was administered, which allows assessing
cognitive flexibility and concentration based
on the presentation of three sheets with 100
items each, presented in five columns of 20
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items each. The first sheet has the words
blue, green, and red randomly distributed and
printed in black color, and the examiner asks
the person to quickly read the words in vertical
order. The second sheet consists of randomly
distributed Xs printed in blue, green, and
red, and the task is to name the colors in
which the Xs are printed vertically. The third
sheet evaluates the Stroop effect since it is
composed of words that name colors that are
incongruent with the colors in which they are
printed, and the examinee is instructed to read
vertically the color of the word printed and
not the word itself. The naming time for the
items per sheet is 45 seconds. The test result
is based on the calculation of the interference
index, measured by the result of the difference
between the Word-Color (WC) and the esti-
mated WCs (Word*Color/Word+ Color).

Language Assessment

A Portuguese version of the Token Test
(De Renzi & Vignolo, 1962; Portuguese
version by Jesus & Aguiar, 2014) was used
to assess language alterations, specifically
the comprehension of simple and complex
orders associated with aphasic disorders. This
test consists of 20 geometric pieces of diffe-
rent shapes (squares and circles), sizes (small
and large), and colors (yellow, blue, green,
and white) that are arranged on the table in a
defined order. The version used in this study
is divided into six parts (A-F) and consists of
39 instructions where the examinee is asked
to manipulate certain pieces according to the
instructions. The total score consists of the
sum of correct answers up to a maximum of
163 points.

Virtual Centre for the Rehabilitation of Road
Accident Victims (VICERAVI)

The VICERAVI (see Figure 1) is a virtual
environment and user simulation platform
in a non-immersive system that simulates a
virtual rehabilitation center. It was developed
in OpenSimulator (version 0.7.3, 2012) by a
multidisciplinary team from the Faculty of

Engineering of the University of Porto and
specifically designed to host a holistic NRP,
with group and individual activities, for people
with ABI. It is connected to the Neuropsycho-
logical Enrichment Program of the University
of Minho (NEP-UM), where serious games
were programmed for specific training of
attention, memory, language, and executive
functioning.

The OpenSimulator is an open-source 3D
applications server that allows the creation
of virtual environments that can be accessed
online and for free (similar to Second Life),
where users are represented by avatars. It is
configured as a meeting space for activities and
tasks, individually or in a group, important in
neuropsychological rehabilitation. Precisely
for these reasons, this was the environment
selected to develop and host VICERAVI.

Users access the platform whenever they
want, using a username and password. In this
space, they can create and physically change an
avatar to represent them, navigate the VICE-
RAVI, and interact with other participants.
The VICERAVTI’s space has a reception area
with a desk and sofas, where there is a recep-
tionist (programmable as a virtual agent that
may interact with users). To the right of the
reception desk is a room with nine computers
that allow participants to access the NEP-UM
platform and perform cognitive rehabilitation
training. The room to the left is intended for
group activities, consisting of a table with
chairs and nine white couches, except for
two red ones, which are intended for group
intervention facilitators or for participants in
certain techniques that are implemented in
psychosocial rehabilitation sessions (such as
the “hot seat”).

The development of this platform went
through several phases. In Phase 1, we
conducted a literature review to survey deve-
lopment methods. Then, in Phase 2, which
corresponds to the Conceptual Design, we met
with the technical team to define the serious



games to be developed for each cognitive
domain, their difficulty levels, and the condi-
tions for developing the virtual environment
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according to the requirements of the holistic
NRP sessions.

In Phase 3, we met with the IT technicians
and a psychologists’ team from the rehabilita-
tion centers to identify and minimize possible
difficulties at the technical level and in the
interaction with the VR platform that could
be caused by participants’ constraints. In
subsequent phases, we developed the VICE-
RAVI (Phase 4) and the games that integrated
the NEP-UM (Phase 5). Finally, in Phase 6,
we proceeded to the implementation of the
holistic rehabilitation program.

Neuropsychological ~ Enrichment  Program -
University of Minho (NEP-UM)

The NEP-UM is a cognitive training
platform accessible online, developed by the
Computer Graphics Centre and the School
of Psychology of the University of Minho,
Portugal, aimed at professionals and indivi-
duals involved in the process of cognitive reha-
bilitation in the context of various neuropa-
thologies and psychopathologies. Thus, it was

integrated into the VICERAVI. The platform
allows the clinician to prescribe specific
sessions and exercises for each participant,
monitor performance throughout the tasks,
and detailed progress reports. This platform
has the advantage of allowing the perfor-
mance of several tasks with different stimuli,
considering the real difficulties of the user. In
addition to performing the tasks, the user is
also allowed to consult the instructions for
the session and repeat it, if necessary and the
clinician allows it, as well as obtain real-time
feedback and reports on their performance in
the session.

For this study, cognitive training tasks were
designed and developed in the domains of
attention, memory, language, and executive
functioning (see Table 2), with five levels of
difficulty: level 1 (low); level 2 (medium-low);
level 3 (intermediate); level 4 (medium-high);
and level 5 (high).
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Table 2
Structure and characterization of cognitive domains and subdomains for which rehabilitation tasks were deve-
loped.
. Attention and Executive
Domain . Memor Language ..
Perception y guag Functioning
. Selective Auditor . . Planning and
Subdomains . y Working memory Lexicon g and
Attention problem-solving
Selective visual .
. Short-term memory  Syntax Abstract reasoning
attention
Semantics Prospective memory
Understanding

The development of the tasks was inspired
by other cognitive rehabilitation programs
available in the market that are used in
conventional NRP (namely Rehacom), carried
out by one of the control groups (CGI) and
with which we intended to compare the
holistic program supported in VICERAVI. We
always tried to make sure that the tasks were
ecological (that is, that they involved everyday
stimuli) and could be done remotely (online),
at any time and place, with as much autonomy
as possible. It should be noted that the diffi-
culty in handling and using NEP-UM is quite
low.

Procedures

After approval by the Ethics Committee of
the rehabilitation centers and once the feasi-
bility of the program for the selected indi-
viduals was confirmed by the clinical direc-
tors, all participants and their families were
contacted and voluntarily joined the study
through informed consent. In compliance
with ethical principles, anonymity was safe-
guarded, and participants were informed that
the results of the neuropsychological asses-
sments resulting from the pre-test, post-
-test, and follow-up could be used for clinical
purposes, as well as for the present or other
research works. We also clarified that they
would be free to drop out of the study, inclu-
ding the rehabilitation program, at any time,
without any consequences.

According to the established protocol (pre

and post-test evaluation), psychologists from
the rehabilitation teams of each center colla-
borated in the individual neuropsychological
evaluation in random order. The neurop-
sychological evaluation was divided into two
sessions, with a maximum duration of two
hours. After collecting data from the pre-
-test phase, the participants were randomly
assigned to the EG, included in the holistic
online NRP administered through VICE-
RAVI, and CGII, which did not undergo any
neuropsychological intervention during the
study period. Participants of the CGII were
explained that they would have the opportu-
nity to benefit from an NRP once the study
ended and that, if they wished to join a reha-
bilitation program at any other institution
during the study, they should inform the
researcher and be excluded from the present
study.

The holistic program to which the EG
was exposed lasted for 16 weeks, involving
cognitive, affective, and psychosocial reha-
bilitation components, administered online
in a VR environment. Cognitive training
sessions were held three times a week, and
affective and social skills sessions were held
twice a week. Each session lasted between
40 and 60 minutes. In total, the partici-
pants in the EG carried out a program of 80
sessions (49 cognitive training and 31 affec-
tive and psychosocial intervention) of indivi-
dualized design and adjusted based on each
participant’s progress, maximizing the users’



autonomy and efficiency.

The cognitive training component of the
program focused on attention, memory,
language, and executive functioning to
remedy cognitive deficits or compensate for
their consequences through exercises of diffi-
culty adjusted to each participant’s abilities
according to the neuropsychological evalua-
tion results.

The main objective of the affective and
psychosocial training component was to
promote social skills and self-help rela-
tionships through group sessions, involving
techniques to promote self-esteem, problem-
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-solving, and psychoeducational techniques
aimed at promoting the understanding of
anxiety, stress, and fear mechanisms.

Besides an initial face-to-face session and
another at the end of the program, involving
all the participants and the researcher in
charge, the whole training, including cogni-
tive, affective, and psychosocial components
(see Figure 2), was administered via the VR
platform VICERAVI. For the technical and
logistical conditions to be equivalent for all
participants, the sessions took place in the
computers of the rehabilitation center where
the samples were recruited.

Figure 2. Example of a “hot seat” psychosocial rehabilitation session, in which participants and therapist are
represented by an avatar.

For the development of the psychosocial
rehabilitation sessions (as in conventional
NRP), posters (see Figure 3) were displayed
on the walls of the VICERAVI room, and parti-
cipants could consult them at any time. These
contain information about problems and reso-
lution strategies identified by each participant
or words that characterize the relationship,
moral character, temperament, and main steps
to perform the tasks, which are important to
guide the group.

At the end of the intervention phase, the
post-test neuropsychological
was performed. In this evaluation, the same
instruments and the same procedures as in
the pre-test were applied, but an additional
tailor-made questionnaire was administered
in the end to assess satisfaction with the NRP.

As for CGI, which underwent the conven-
tional holistic program, similar to the other
groups, a pre-test neuropsychological asses-
sment was performed using the same instru-

assessment
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Figure 3. Poster consultation by participants during one of the psychosocial rehabilitation sessions.

ments and procedures. These participants
were already a group that would start a
conventional holistic NRP in another rehabi-
litation center (convenience sample).

The program implemented to this control
group adopted the same theoretical rationale
and holistic perspective of the rehabilitation
program administered through VICERAVI,
as advocated by Ben-Yishay (2000, cited in
Guerreiro et al., 2009). Also, in this case, the
main objective is to carry out an individua-
lized rehabilitation program that provides the
best level of biopsychosocial functioning to
the person. The fulfillment of this goal also
involves a cognitive rehabilitation compo-
nent, containing similar tasks for training
attention, memory, language, and execu-
tive functioning to remedy or compensate
for cognitive deficits, and an intervention
component in the affective and psychosocial
domain. The latter involves group activities
like those implemented with the EG, aimed at
promoting psychosocial adjustment through
the development of adaptive and coping
skills within interpersonal relationships and
the generalization of skills developed in the
therapeutic context to the different contexts
of daily life (Wilson et al., 2000). Therefore,
this program is based on the same rationale
as the one offered to the EG, shares the same
purpose, and materializes it in the same type
of cognitive training activities, supporting it

with tasks that may be somehow related to
daily life activities, to promote ecological
validity and, thus, facilitate generalization to
daily life situations and greater autonomy of
the person. It also contains activities that aim
to facilitate interpersonal relationship skills
and promote emotional adjustment to the
new life and functioning condition. However,
the face-to-face program incorporates compo-
nents that were not offered at VICERAVI,
namely individual psychological support. In
addition, the program administered to this
control group was longer (22 weeks) and
more intensive (22 hours of intervention per
week).

In addition to the components described
above, the NRP for the control group
also included training in information and
communication technologies, a project for
professional reintegration focused on deve-
loping employability skills, or the prepara-
tion of participants for integration in other
services that promote an active life (e.g.,
training courses or occupational activities).
It was also accompanied by a group inter-
vention with families, and, depending on the
specific needs of each participant, physio-
therapy/hydrotherapy, occupational therapy,
and speech therapy could be offered. These
services were also available to participants in
the other study groups.

At the end of the program, the neurop-



sychological re-evaluation was performed
using the same instruments and following the
same procedures that were adopted with the
other groups.

Data treatment and analysis

Data were initially recorded in Excel and
later transferred to the Statistical Package for
the Social Sciences, version 17.0 (2008, SPSS,
Chicago, Illinois, USA) for treatment and
analysis. In addition to descriptive statistics
(measures of central tendency and dispersion),
we performed a mixed repeated-measures
ANOVA for each dependent variable, ente-
ring the Group (EG, CGI, or CGII) as an inter-
-subject factor and the Moment of neurop-
sychological assessment (pre-test, post-test)
as an intra-subject factor, to test the hypo-
theses that guided this study (with p = .05).
Prior to the analyses of variance, the Shapiro-
-Wilk test was applied to verify the normality
of the samples, the Levene test to examine
homogeneity, and the Mauchly test to verify
the assumption of sphericity.

Hypothesis 1. To test this hypothesis, we
used a mixed repeated-measures ANOVA, in
which the Group (EG, CGII) was used as an
inter-subject factor, while the Moment (pre-
-test, post-test) was used as an intra-subject
factor. With respect to the cognitive dimen-
sions, the repeated measures evaluated were,
independently, the scores for general cognitive
functioning (MoCA), learning and memory,
focused attention, language, processing speed,
and executive functioning. In the affective
dimension, depression subscale (HADS) and
anxiety subscale (HADS) scores were entered
as dependent variables, and, finally, in the case
of psychosocial functioning, the QOLIBRI score
was entered as a dependent variable. Post-hoc
analyses (Holm-Sidak) were always performed,
not to decompose the results for hypothesis
testing but also to verify the statistical pairing
of the groups in the pre-test evaluation. All
p-values were corrected for multiple compari-
sons by the False Discovery Rate (FDR; Benja-
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mini & Hochberg, 1995) method.

Hypothesis 2. The
VR-based NRP on cognitive functioning was
also assessed using a mixed repeated-measures
ANOVA, in which Group (EG, CGI) was entered
as an inter-subject factor, while Moment (pre-
-test, post-test) was entered as an intra-subject
factor. The repeated measures evaluated were
general cognitive functioning, learning, and
memory, focused attention, language, proces-
sing speed, and executive functioning in the
cognitive dimension and the psychosocial
dimension the QOLIBRI. The mean values
and standard deviations of the results for both
groups are presented in Table 3.

Hypothesis 3. To test this hypothesis, we
also used a mixed repeated-measures ANOVA,
in which the Group (CGI, EG) was used as an
inter-subject factor, while the Moment (pre-test,
post-test) was used as an intra-subject factor.
In the affective dimension, depression subs-
cale (HADS) and anxiety subscale (HADS)
scores were entered as dependent variables
and, finally. Post-hoc analyses (Holm-Sidak)
were always performed, not to decompose the
results for hypothesis testing but also to verify
the statistical pairing of the groups in the pre-
-test evaluation. All p-values were corrected for
multiple comparisons by the FDR (Benjamini
& Hochberg, 1995) method.

effectiveness  of

RESULTS

Descriptive Statistics

We first present the descriptive statistics
(see Table 3) for the three groups in the pre
and post-test, in terms of means (M) and
standard deviations (SD) for the measures of
general cognitive functioning, learning, and
memory, concentrated attention, language,
processing speed, and executive functioning.
Descriptive statistics are also presented for
measures of the affective dimension, namely
depression and anxiety, and the psychosocial
dimension, specifically quality of life.
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Table 3

Means (M) and standard deviations (SD) for the three Groups regarding measures of general cognitive func-
tioning (MoCA), learning and memory (LM), focused attention (FA), language (Lan), processing speed (PS),
and executive functioning (EF), the affective dimension HADS Depression and Anxiety, and the psychosocial
dimension QOLIBRI.

EG (n = 8) CGI (n = 10) CGII (n =9)
Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test

Measures M SD M SD M SD M SD M SD M SD

MoCA 21.38 5.55 24.13 2.17 20.80 294 22.00 3.09 16.78 5.02 19.56 4.88
LM 31.88 19.12 3950 17.31 17.30 9.80 19.50 6.98 16.00 14.32 2544 13.24
FA 33.50 12.73 39.13 1432 30.20 7.66 29.70 8.43 25.00 5.92 2556 9.29
Lan 152.00 7.21 153.50 5.29 152.90 12.41 158.00 4.37 138.33 9.94 146.44 7.28
PS 31.25 15.85 28.63 10.31 2330 7.76 23.00 10.20 21.56 10.76 18.67 5.48
EF 43.50 8.09 49.88 7.22 44.00 2.75 46.20 798 39.44 6.27 43.33 8.69
HADS Depression  5.13 295  2.25 1.75 9.50 347 720 346 7.67 477 5.89 5.13
HADS Anxiety 463 200 450 278 820 426 690 509 778 323 544 2388
QOLIBRI 62.38 11.81 66.25 11.65 47.40 12.63 51.50 18.44 46.89 19.53 58.11 21.06

Note. EG = Experimental Group; CGI = Control Group I; CGII = Control Group II; MoCA =
Montreal Cognitive Assessment; LM = Learning and Memory; FA = Focused Attention; Lan
= Language; PS = Processing Speed; EF = Executive Function; HADS = Hospital Anxiety and
Depression Scale; QOLIBRI = Quality of Life after Brain Injury.

Hypothesis Tests

The following are the results of the mixed
repeated-measures ANOVA performed to test
this study’s hypotheses.

Hypothesis 1. Participants in the VR-based
NRP show marked improvement in cogni-
tive, affective, and psychosocial functioning
compared to people with ABI who do not parti-
cipate in any intervention.

Cognitive domains. As for the MoCA total
score, a marginal main effect was found for
Group, F = 4.99, p = .076; 77p2 = .625, and a
significant effect for Moment, F = 9.11, p =
.014; ’7p2 = .378, but not for the Group * Moment
interaction (F < 1).

Post-hoc intragroup analyses revealed a
nearly significant effect between pre and post-
-test for EG, t = 2.06, p = .086, as well as
that for CGII, t = 2.21, p = .086, revealing
improved scores in both groups. Intergroup
analyses revealed no significant differences in
the pre-test and post-test assessments (both p
> .091).

As for learning and memory, whose raw

results were calculated using Total Recall, Lear-
ning on the third trial, Delayed Recall, and by the
Semantic Categories (IRD) of the HVLT instru-
ment, analysis of variance revealed a nearly
significant effect of Group, F = 4.02, p = .076;
npz = .753, and significant of Moment, F =
14.90, p = .012; npz = .498, with no Group *
Moment interaction effect found (F < 1).

Post-hoc intragroup analyses revealed a
nearly significant difference between pre and
post-test for EG, t = 2.37, p = .064, and signi-
ficant for CGII, ¢t = 3.11, p = .021, indicating
improvement for both groups. Intergroup
analyses revealed no significant differences
in the pre-test assessment, nor the post-test
assessment (both p > .091).

With regard to focused attention, whose raw
results were extracted from the TMT (Forms A
and B) and the WMS-III (SL and LNS), a nearly
significant effect of Group, F = 4.77, p = .076,
11p2 = .781, and of Moment, F = 4.18, p = .071;
77p2 = .218, was found, with no effect of the
Group * Moment interaction, F = 2.81, p = .342.

Post-hoc intragroup analyses revealed a near



significant difference between pre and post-
-test for the EG, t = 2.56, p = .064, but not for
CGII (p = .792), resulting in an improvement
only for the EG. Intergroup analyses showed no
significant differences in either the pre-test or
post-test assessment (both p > .091).

The raw results for the language domain,
which were extracted from the Token Test,
evidenced significant effects of the Group, F =
9.42, p = .048; np2 = .736, and of Moment, F =
9.02, p = .014; ;7p2 = .375, but an effect of the
Group * Moment interaction (F = 4.27, p = .342)
was not found.

Post-hoc intragroup analyses revealed a
significant difference between pre and post-test
for CGII, ¢t = 3.69, p = .012, but not for EG (p
= .529), indicating an improvement only in the
former group. Intergroup analyses also showed
significant differences in the pre-test assess-
ment, t = 3.66, p = .006, but not significant in
the post-test (p = .091).

As for processing speed in relation to the
Word Reading and Color Naming scores of the
Stroop Test, a nearly significant main effect of
Group was found, F = 4.11, p = .076; ’1p2 = .545,
with no effects found for Moment (F = 1.42,p =
.253) nor for the Group * Moment interaction (F
< 1).

Post-hoc analyses revealed no significant
differences in either group (both p > .454)
between the pre and post-test or between
groups at any of the assessment times (both p
> .091).

Finally, regarding the executive functioning
scores obtained from the Stroop Test (Reading
Word-Color and the interference index) and
the WCST (total number of errors; number of
perseverative responses; number of persevera-
tive errors; number of non-perseverative errors;
number of complete categories and failures
to maintain attitude) a significant effect was
found for the variable Moment, F = 10. 28, p =
.014; 77p2 = .407, and no main effect was found
for Group (F = 2.52, p = .133), nor for Group *
Moment interaction (F < 1).
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Intragroup post-hoc analyses evidenced a
near significant difference between pre and
post-test for the EG, ¢t = 2.74, p = .064, but
not for CGII (p = .146), indicating improve-
ment for the EG. Intergroup analyses showed
no significant differences in either the pre or
post-test assessment (both p > .091).

Affective Dimension. Repeated-measures
ANOVA allowed us to see that there is no
main effect of Group on the depression index,
F = 3.09, p = .099, but rather of Moment, F =
8.26, p = .024; ’7p2 = .355, and no effect of the
Group * Moment interaction was found (F < 1).
Post-hoc intragroup analyses showed a nearly
significant difference between pre and post-test
for the EG, t = 2.44, p = .056, but not for CGII
(p = .130), indicating improvement for the
EG. Intergroup analyses revealed no significant
differences in the pre-test or post-test assess-
ments (both p > .148).

As for anxiety, no significant effects were
found for Group, F = 3.13, p = .099, Moment,
F = 3.13, p = .097, nor for the Group*Moment
interaction (F = 2.52, p = .508).

As for intragroup post-hoc analyses, results
showed a near significant difference between
pre and post-test for CGII, t = 2.45, p = .054,
but not for EG (p = .903), indicating impro-
vement for CGII. Intergroup analyses revealed
nearly significant differences in the pre-test
assessment, t = 2.34, p = .056, in contrast to
the post-test assessment (p = .491).

Psychosocial dimension. No main effects of
Group (F = 2.47, p = .137) or Group*Moment
interaction (F = 1.28, p = .276) were found on
quality of life, but a main effect of Moment was
found, F = 5.39, p = .035; ’7p2 = .264.

Post-hoc intragroup analyses showed a
significant difference between pre and post-test
for CGII, ¢t = 2.51, p = .024, but not for EG (p
= .426), indicating improved quality of life for
CGILI. Intergroup analyses revealed nearly signi-
ficant differences at the pre-test assessment, t
= 1.89 p = .073, but not at the post-test asses-
sment (p = .332).
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Hypothesis 2. The VR-based NRP produces
results equivalent to those of the conventional
program (face-to-face) in the various cognitive
domains and psychosocial functioning.

Cognitive domains. As for general cognitive
functioning, as measured by the raw MoCA
scores, no main effect of Group was found, (F <
1), nor of Group*Moment interaction (F = 1.32,
p = .386), but a main effect of Moment was
found, F = 8.59, p = .030; ,* = .349.

Post-hoc intragroup analyses showed a
significant difference between pre and post-test
for the EG, t = 2.74, p = .045, but not for the
CGI (p = .522), suggesting an improvement for
the EG. At the intergroup level, no differences
were found on either the pre-test or post-test
(bothp > .297).

Regarding the learning and memory scores
extracted from the HVLT (Total Recall, Learning
on the third trial, Delayed Recall, and Semantic Cate-
gories [IRD]), the analysis of variance revealed a
nearly significant effect of Group, F = 7.64,p =
.084, and significant of Moment, F = 8.70, p =
.030, 11p2 = .352, with no Group*Moment interac-
tion effect found (F = 2.65, p = .386).

Intragroup post-hoc analyses showed a
significant difference between pre and post-test
for the EG, t = 3.07, p = .042, but not for the
CGI (p = .522), indicating improvement for
the EG. Intergroup analyses showed no signifi-
cant differences in the pre-test assessment (p =
.222), but showed significant differences in the
post-test assessment, t = 3.09, p = .036.

In the focused attention scores (raw scores
extracted from the TMT, Forms A and B, and
the WMS-III, SL and LNS), the analysis of
variance revealed no main effects of Group (F
= 1.83, p = .390), nor Moment (F = 1.58, p =
.272), nor of Group*Moment interaction (F =
2.52, p = .386). Post-hoc intragroup and inter-
group analyses naturally revealed no significant
effect (all p > .125).

Also, in the language results, obtained using
the Token Test, the analysis of variance revealed
no significant effect of Group (F < 1), of Moment

(F = 3.52, p = .119), nor of Group*Moment
interaction (F = 1.05, p = .386). All post-hoc
analyses were non-significant (all p > .270).

Regarding the processing speed results (raw
results of the Word Reading and Color Naming
of the Stroop Test), the analysis of variance
revealed no significant effect of Group (F =
2.35, p = .390), nor of Moment or Group*Moment
interaction (both F < 1). The results of all post-
-hoc comparisons were, as expected, non-signi-
ficant (all p > .297).

Finally, regarding the executive functioning
results (raw results of the Stroop Test, Reading
Word-Color and the interference index; and
the WCST, total number of errors; number of
perseverative responses; number of persevera-
tive errors; number of non-perseverative errors;
number of complete categories and failures to
maintain attitude), a significant main effect
of Moment was found, F = 6. 30, p = .046;
77p2 = .283, but not of Group (F < 1), nor of
Group*Moment interaction (F = 1.49, p = .386).
Post-hoc intragroup analyses showed a signi-
ficant difference between pre and post-test for
the EG, t = 2.50, p = .046, but not for the CGI
(p = .522). Intergroup analyses revealed no
significant differences in either the pre-test or
post-test assessment (both p > .297).

Psychosocial dimension. As for life satisfaction
measures and emotional and physical factors
extracted from the QOLIBRI, we found a main
effect of Group, F = 6.30, p = .023; npz = .578,
but not of Moment (F = 1.58, p = .228), nor of
Group*Moment interaction (F < 1).

As for the intragroup post-hoc analyses,
the results showed no significant differences
between the pre and post-test for either group
(both p > .348), but the intergroup analyses,
we found significant differences in the pre-test
assessment, t = 2.23, p = .035, and in the post-
-test assessment, t = 2.20, p = .038.

Hypothesis 3. The conventional program
produces better results than the VR-based NRP
in the affective domain.

For depression, repeated-measures ANOVA



allowed us to find that there are significant
effects of Group, F = 14.25, p = .004; ’7p2 =
.703, and Moment, F = 11.69, p = .008; 1 * =
.422, and no effects of the Group*Moment inte-
raction were found (F < 1). Post-hoc intra-
group analyses showed a significant difference
between pre and post-test for the EG, t = 2.55,
p = .042, and nearly significant for the CGI,
t = 2.28, p = .074. Intergroup analyses also
revealed significant differences in the pre-test
assessment, t = 3.02, p = .012, and in the post-
-test assessment, t = 3.42, p = .004.

As for anxiety, a nearly significant effect
was found for Group, F = 3.28, p = .089,
and no effects were found for Moment, nor
Group*Moment interaction (both F < 1). Post-
-hoc analyses only revealed a nearly significant
difference between groups on the pre-test, t =
1.95,p = .063.

DISCUSSION

This study aimed to assess a VR-based
holistic NRP in the rehabilitation of people
with post-acute ABI, specifically at the cogni-
tive, affective, and psychosocial levels. Three
hypotheses were established and tested.

The hypothesis that participants in the
VR-based NRP show improvement in cogni-
tive, affective, and psychosocial functioning
measures compared to people with ABI who
do not participate in any intervention was
partially confirmed by the results of this study.
Significant cognitive-level improvements were
observed in focused attention and executive
functioning between the pre-test and post-test
in the group that underwent the VR support
rehabilitation program. The post-test results
of the EG in these domains were better than
those of the CGII, which did not benefit from
any program. Also, regarding affective functio-
ning, namely depression, the results indicate
an improvement in the EG participants (which
was not accompanied by an improvement in
the group without intervention), demonstra-
ting the benefits of our rehabilitation program.
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The results for anxiety are exactly the opposite,
and, incidentally, the same is true for psychoso-
cial functioning. The fact that the groups were
not initially paired on these variables offers a
plausible explanation for these findings.

Improvements in general cognitive functio-
ning, learning, and memory were also found
in the EG. CGII also improved pre-test to
post-test performance in the same cognitive
domains, despite not having performed reha-
bilitation. Therefore, the improvement in these
domains does not seem to be related to the
rehabilitation program, indicating that these
measures are sensitive to a learning effect or
spontaneous recovery mechanisms that bene-
fited both groups equally.

In the particular case of language, CGII even
showed an improvement that was not matched
in the EG, which may also be explained by the
pairing between groups in this variable not
having occurred at the beginning of the study.

As for the executive function, the marginal
results of the intragroup analyses are explained
by some authors who state that the contribu-
tion of neuropsychological tests to the cons-
titution of outcome measures is sometimes
limited, especially when it comes to mapping
more complex deficits, as is the case of execu-
tive functioning, and it is difficult to translate
test performance to the level of impairment or
the rehabilitation goals (Chaytor et al., 2006).
Also, Wilson (2009) agrees with the insuffi-
ciency of neuropsychological assessment instru-
ments as the only measure of intervention
outcome since most standardized tests have
poor ecological validity. For these reasons, we
conducted a multidomain study. Some authors
(e.g., Chesnut et al., 1999; Wilson, 2009) draw
attention to the fact that it is more pertinent
to use standardized neuropsychological tests
as intermediate measures in the rehabilitation
process rather than as outcome measures.

As for the impacts of VR-supported NRP
on cognitive and psychosocial dimensions
compared to those of the conventional program
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(hypothesis 2), the former, unlike the latter,
seems to have positive effects on general cogni-
tive functioning, learning and memory, and
executive functioning, and no significant diffe-
rences were found in any of the other variables
in the cognitive domain, nor the psychosocial
domains.

As for the hypothesis that the conventional
program produces better results than the
VR-based NRP in the affective domain (H3),
our program seems to have positive effects on
depression, judging by the significant decrease
in the values of the statistical test in both the
EG and the CGI (face-to-face NRP). These
results are surprising and, in fact, were not
expected since the CGI benefited from indivi-
dual and group psychotherapy sessions, which
plausibly contributed to attenuate depressive
symptoms, a component that was not present
in the program offered to the EG participants.
Additionally, anxiety levels did not change
significantly in either group. However, it is
possible to observe a slight improvement in the
EG in clinical terms since the mean value in the
pre-test suggests mild anxious symptomato-
logy, reducing in the post-test to asymptomatic
values. Therefore, contrary to expectations,
these results cannot be placed in the service of
confirming the benefits of individual and group
psychological monitoring in holistic NR (Sven-
dsen & Teasdale, 2006; Svendsen et al., 2004).

Therefore, the results suggest that the
holistic NRP supported in VICERAVI is at least
equally effective to the counterpart, face-to-face
administered program, with the results even
suggesting superior effectiveness regarding
training cognitive functions such as executive
functioning or learning and memory.

To minimize the methodological problems
frequently indicated in the literature, we tried
to use adequate outcome measures and apply
a clinical trial-type experimental design with
control groups (active and passive), rando-
mized whenever possible. Nevertheless, the
study has some methodological limitations.

Given the nature of the intervention programs
themselves, which involve groups with a
maximum of 8-10 elements, we could not
constitute larger samples. Instead, we followed
the method proposed by Jacobson and Truax
(1991), involving pre and post-intervention
evaluation of the group that did our program,
comparing it not only with a control group
(CGII) with similar characteristics in terms of
age, severity, and time after the injury that was
not subjected to neuropsychological interven-
tion (Grealy et al., 1999) but also with another
control group (CGI) with similar characteristics
that underwent a conventional intervention.

Although randomized groups give greater
credibility to the results of studies on the effec-
tiveness of clinical interventions, it should be
noted that individual variables must be consi-
dered when defining the therapeutic plan. In
this study, the individual characteristics of
the participants were considered to adapt the
whole cognitive and psychosocial rehabilitation
plan, so the greater or lesser effectiveness of the
intervention cannot but depend, to a certain
extent, on the more or less adequate way in
which such plans were carried out. Therefore,
we acknowledge the importance of comple-
menting the methodology understudy with the
inclusion of measures of how the programs
themselves are implemented and the achieve-
ment of therapeutic goals (Malec, 2001), thus
adding value to the study of the impact of NR
on VR.

Another limitation to be mentioned is the
impossibility of participants interacting perso-
nally in daily life situations, which would
make some of the activities of the psychoso-
cial rehabilitation sessions using VR, such as
the “hot seat,” in which participants are asked
to describe characteristics of one of the group
members, much easier if there were a previous
face-to-face contact, as in conventional rehabi-
litation programs.

Even in the presence of some methodolo-
gical limitations, VR seems to be applicable to



the neuropsychological rehabilitation of people
with ABI. The results suggest that even better
cognitive outcomes are achieved on certain
measures, such as general cognitive functio-
ning, learning and memory, and executive func-
tioning, than those of conventional NRP and
that both have a positive impact on reducing
depression, contributing to emotional well-
-being.

Studies on VR use in the neuropsychological
rehabilitation of people with ABI have shown
promising results, but its potential benefits
need to be further studied. Moreover, to our
knowledge, this is the first study to assess the
use of virtual environments in holistic neurop-
sychological rehabilitation specifically. Thus,
further studies on this topic are required to
confirm our findings.

CONCLUSION

Participants in the VR-based NRP showed
marked improvements in cognitive, affec-
tive, and psychosocial functioning compared
to participants who did not participate in any
intervention. Also, the VR-based NRP results
were better than those of the conventional
program regarding general cognitive functio-
ning, learning and memory, and executive func-
tioning. Finally, regarding the affective domain,
the VR-based NRP produced results like the
conventional program in reducing depression.

The VR may be a support to the NRP
sessions of people with ABI, contributing to
reduce the discomfort, time, and cost of travel,
as well as the expenses of face-to-face programs,
and allowing people with ABI unable to travel to
increase their interpersonal relationships. The
results of this study illustrated the usefulness of
VR in neuropsychological rehabilitation of ABI
and the possibility of using this type of techno-
logy to provide rehabilitation programs, inclu-
ding those inspired by current holistic models,
at the service of the people who need them.
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