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Abstract—Virtual Reality applications for integrated cognitive
and motor stroke rehabilitation show promise for providing more
comprehensive rehabilitation programs. However, we are still
missing evidence on its impact in comparison with standard
rehabilitation, particularly in patients with cognitive impairment.
Additionally, little is known on how specific stimuli in the virtual
environment affect task performance and its consequence on
recovery. Here we investigate the impact in stroke recovery of a
virtual cognitive-motor task customized with positive stimuli, in
comparison to standard rehabilitation. The positive stimuli were
images based on individual preferences, and self-selected music
(half of the sessions). 13 participants in the subacute stage of
stroke, with cognitive and motor deficits, were allocated to one of
two groups (VR, Control). Motor and cognitive outcomes were
assessed at end of treatment (4-6 weeks) and at a 4-week followup. Both groups showed significant improvements over time in
functional ability during task performance, but without changes
in motor impairment. Cognitive outcomes were modest in both
groups. For participants in the VR group, the score in the task was
significantly higher in sessions with music. There were no
statistical differences between groups at end of treatment and
follow-up. The impact of VR therapy was lower than in similar
studies with stroke patients without cognitive deficits. This study
is a first step towards understanding how VR could be shaped to
address the particular needs of this population.
Keywords—virtual reality; stroke rehabiliation; cognitive-motor;
positive stimuli; music

I. INTRODUCTION
During the last few years there has been increasing interest
in using Virtual Reality (VR) stroke rehabilitation paradigms
that combine motor and cognitive training instead of addressing
these domains separately [1], [2]. The main reasoning relies on
the increasing evidence of the existence of an interaction
between cognitive and motor deficits and recovery [3]–[5].
Studies have shown differential patterns of motor outcomes in
stroke survivors depending on their cognitive deficits [6], [7]. In
addition, a comprehensive rehabilitation program that combines
both motor and cognitive demands could be more effective [8],
[9]. We hypothesize that this combined approach may be
particularly beneficial in patients with cognitive impairment
after stroke. Clinical studies with VR for simultaneous motor
and cognitive rehabilitation have shown the potential of such

approaches, but the evidence is still modest [1], [2], [10], [11].
Hence, further investigation is needed on this topic.
VR scenarios for stroke rehabilitation have mainly focused
on training specific movements, cognitive tasks, or Activities of
Daily Living (ADL), with specific tasks developed for that
purpose. Surprisingly, little work has been done on investigating
the impact of the type of content that is being used in the VR
scenarios. For example, color of specific stimuli can influence
performance in a virtual environment in users with Attention
Deficit Hyperactivity Disorder (ADHD), but also in healthy
participants [12]. There is also evidence that affective valence
(pleasantness of a given stimulus) of elements in tasks influences
performance. In a visual search task, patients with neglect took
significantly more time to find targets on the left hand side when
initially exposed to negative images in comparison to positive
images [13]. Valence has also an effect in memory, with positive
and negative content being more easily remembered [14]. In a
recent study, chronic stroke survivors that performed a
cancellation task with images of specific valence (neutral,
positive, and negative) showed decreased attention, reduced
visual search and more false memories when negative images
were presented as targets [15]. These results suggest that the
impact on stroke recovery of cognitive rehabilitation paradigms
based on positive stimuli for the training of attention is worth
exploring.
Besides visual elements, there is also the potential effect of
sound and music. A study by Särkämö et al. showed that selfselected daily music listening in addition to standard stroke
rehabilitation lead to improved verbal memory, focused
attention, and mood [16]. Music and sonification based
interventions have also shown benefits in the motor domain in
acquired brain injury [17], [18]. In fact, a recent fMRI study with
stroke patients undergoing music supported therapy showed
enhanced activation in auditory and motor areas, which was
accompanied by improvements in the paretic upper extremity
[19].
Here we present the results of a pilot study where we explore
the feasibility of a VR cognitive-motor task that uses
personalized positive stimuli for rehabilitation in a sample of
subacute stroke survivors with Mild Cognitive Impairment
(MCI). In VR studies, the effect of motor rehabilitation in
patients with MCI is an understudied area [20]. Our paradigm

uses a cancellation task for the training of attention, memory,
and reaching movements of the upper limb. The task consists of
finding and reaching for positive target images in a pool of
neutral distractors. In some trials, the targets need to be
memorized first. The target images have been personalized
based on the individual preferences of each participant. In
addition, we have included music selected by the user in
alternating sessions. We compare the impact of such approach
to time matched standard rehabilitation activities. Our first
hypothesis is that the proposed rehabilitation paradigm will
result in improved motor and cognitive outcomes when
compared to patients in the standard rehabilitation condition. As
a second hypothesis, we predict that performance in the VR task
will be superior in the sessions with music when compared to
sessions without.

participants were asked about things that they like (places, food,
shows, animals, etc…). This information was used to create a
database of an average of 161 pictures for each participant. To
confirm the positivity of the selected images, 10 pictures were
randomly selected from the database, and the participants were
asked to rate their valence using a 9-points Self-Assessment
Manikin (SAM) along the dimensions of affective valence
(ranging from unpleasant to pleasant). If the mean valence score
was of at least 6, the database was used as it was. Otherwise, a
new database of pictures was created and the process was
repeated. Neutral images were selected from the International
Affective Picture System (IAPS) [22] and had valence between
4.5 and 5.5. To reduce repetition, the researchers extended the
database of neutral pictures with visually similar images to
increase the number of distractors to 800 images.

II. METHODS

B. Participants
170 patients with a diagnostic of stroke were admitted to
rehabilitation units of the Madeira Health System, SESARAM
(Serviço de Saúde da Região Autónoma da Madeira), in Portugal
between June of 2015 and December of 2016. Out of these, 18
stroke survivors were included and randomized for participation
in this study as described in Fig. 2. The following were inclusion
criteria: 1) ischemic or hemorrhagic stroke within the first 6
months post-stroke; 2) motor impairment of the upper extremity
but with a minimum score of 28 in the Motricity Index (MI) [23]
(elbow flexion and shoulder abduction domains combined
score); 3) cognitive deficit but with enough capacity to
understand the task and follow instructions with a minimum
score of 11 over 17 in the Token Test [24]; and 4) able to read.
Exclusion criteria included: 1) previous motor and/or cognitive
deficits; 2) normal cognitive functioning with a score above 26

A. Experimental Setup and VR Task
The setup consists of a PC (OS: Windows 7, CPU: Intel core
2 duo E8235 at 2.80GHz, RAM: 4Gb, Graphics: ATI mobility
Radeon HD 2600 XT), a PlayStation Eye camera (Sony
Computer Entertainment Inc., Tokyo, Japan) and a customized
handle with a tracking pattern. The user works on a tabletop,
facing a LCD monitor (24”) (Fig. 1). In sessions with music,
headphones are used. The user moves the handle with his/her
paretic arm on the surface of the table, and 2D upper limb
reaching movements are captured through a camera-based
Augmented Reality (AR) pattern tracking software (AnTS) [21]
(http://neurorehabilitation.m-iti.org/tools/ants).
The VR scenario has a built-in calibration function that
considers the active range of motion of the user, and normalizes
the motor effort required in the task to the skillset of the user.
The user’s arm movements are then mapped onto the
movements of a virtual arm on the VR environment. The
cognitive-motor virtual task is an adaptation of the Reh@Task,
which is described in detail elsewhere [1]. Reh@Task is a VR
adaptation of traditional cancellation tasks that has been
modified to incorporate both the training of attention and
memory, as well as upper limb reaching movements. The task
consists of finding target elements within a pool of distractors.
In the memory variant, the target(s) must be memorized first.
The Reh@Task has incremental difficulty and is adjusted to the
individual performance of each user. The progression of
difficulty is made by manipulating the number of targets and
distractors, the available time to solve the task, and, in the
memory variant, the available time for memorization of the
target image (see [1] for a detailed description of the difficulty
adjustment algorithm). The adjustment of difficulty is done
independently for attention and memory trials, which are
presented to the user alternatively. An accumulative score is
presented to the user throughout the training session. The score
is computed based on correctness and timeliness of task
completion.
For the purpose of this study, target and distractors were
pictures of specific affective valence. The target pictures had
positive valence and were personalized to the individual
preferences of each individual user; the distractors had neutral
valence. For customizing the task stimuli to each user,

Fig. 1. Experimental setup. The user works on a tabletop and performs a
VR based cancellation task with customized positive stimuli. The
movements of the upper extremity are captured by AR pattern tracking and
mapped onto the movements of a virtual arm on the screen. In sessions with
music, the user wears headphones.

D. Outcome Measures
Primary outcome measures in this study are change from
baseline in: upper extremities part of the Fugl-Meyer
Assessment Test (FM-UE) [27] for motor and joint functioning
of the paretic upper extremity; Chedoke Arm and Hand Activity
Inventory (CAHAI) [28] for functionality of the paretic upper
extremity in task performance; and Montreal Cognitive
Assessment (MoCA) for cognitive domains. Secondary outcome
measures are change from baseline in: Barthel Index (BI) [29]
for independence in activities of daily living; Motricity Index
(MI) for muscle power of the paretic upper extremity; Modified
Ashworth Scale (MAS) [30] for spasticity; and Bells Test (BT)
[31] for visual scanning.

Fig. 2. Flowchart of the recruitment process, including attrition and
exclusion from data analysis.

points in the Montreal Cognitive Assessment (MoCA) [25]; 3)
unilateral spatial neglect; 4) moderate to severe depressive
symptomatology with a score above 20 points in the Geriatric
Depression Scale (GDS) [26]; and 5) vision disorders that could
interfere with the execution of the task. After randomization, 2
participants dropped out, 1 did not complete the intervention
within the required period, and 2 were not included in the
analysis because image scans revealed that these participants
had not suffered a stroke. 13 participants completed the protocol
and were included in the analysis (TABLE 1). The study was
approved by the ethics committee of SESARAM, and all
participants signed an informed consent. This study is registered
in ClinicalTrials.gov with number NCT02539914.
C. Experimental Protocol
This study followed a between-subjects design. The
participants of the study were randomly assigned to one of two
groups: VR or Control. For both groups, the intervention
comprised 12 sessions of 45 minutes during 4-6 weeks, in
addition to the standard rehabilitation program. The intervention
of the VR group consisted of training with the individually
customized Reh@Task, both with visual stimuli and music
preferences. To assess differences of task performance with and
without music, training sessions had or not music, alternatively.
The tasks of the Control group included standard rehabilitation
activities that train the same competences as those trained with
Reh@Task. Examples of activities are color and image
sequencing, association of pairs of images, memorization of
image sequences, range of movement training on the surface of
the table, just to refer a few. Participants underwent motor,
cognitive and functional assessment through a number of
standardized clinical scales, at baseline, end of treatment and 4weeks follow-up. All participants continued with their standard
rehabilitation program after the 12 training sessions, except for
3 participants (IDs: 1, 2, and 15).

E. Data Analysis
Because of the small size, nonparametric statistical tests
were used. Hence, central tendency and dispersion measures of
the clinical outcome measures are presented as median and
interquartile range (IQR), respectively. For improvements in
clinical scores, we also show the mean and standard deviation
(SD) for an easier comparison with the literature. Differences
between groups in demographic and clinical data at baseline
were assessed using a Mann-Whitney U test in interval and
ordinal variables, and a Pearson’s chi-square (χ2) test in nominal
variables. For within-group changes over time across the three
evaluation moments (baseline, end of treatment, and follow-up),
a Friedman test for related samples was used. The Wilcoxon’s T
matched pairs signed ranks (one-tailed because we predicted
improvement over time in both groups) was used for further
related pairwise comparisons with respect to baseline. No
correction was applied to account for the number of pairwise
comparisons as nonparametric tests are already considered
conservative. To compare groups at the end of treatment and
follow-up, for each group we computed the improvement with
respect to baseline. We used a one-tailed Mann-Whiney U test
to test the hypothesis that improvements in the VR group were
superior against the control group.
To assess improvements in Range of Movement (ROM) over
time in the VR group, the average improvements in x and y
components of the movement (Fig. 1) of the last 3 sessions were
compared against the average of the 3 first sessions with the onetailed Wilcoxon’s T matched pairs signed ranks test. To compare
performance in the Reh@Task between sessions with or without
music, the mean score in the task was computed for each
participant in each condition. The Wilcoxon’s T matched pairs
signed ranks (one-tailed) was used to test the hypothesis that
performance was significantly better in sessions with music.
Effect sizes are reported on the pairwise comparisons.
For all statistical tests, a significance level of 5% (α=0.05)
was set. Data were analyzed using Matlab (MathWorks Inc.,
Natick, MA, USA) and IBM SPSS Statistics for Windows,
Version 22.0 (Armonk, NY: IBM Corp).
III. RESULTS
The results are presented in two sections, as to address the
two research hypotheses. In the first section, we report on the
comparison between the two groups in terms of primary and
secondary outcomes. In the second section, we compare task

TABLE I. DEMOGRAPHIC INFORMATION OF PARTICIPANTS
Group

ID

Sex

Age

Schoolinga

VR

1
6
7
12
14
15
17
2
5
8
11
16
18

F
M
M
F
M
M
M
F
M
M
F
F
M
5/2
3/3

57
57
59
67
70
83
60
66
63
42
64
86
52
64.7±9.5
62.2±14.8

4
4
4
3
5
4
8
4
5
4
4
7
4
4.6±1.6
4.7±1.2

Control

VR
Control

Days
post-stroke
139
51
32
38
35
35
30
10
30
30
39
117
57
51.4±39.2
47.1±37.4

Type of
strokeb
I
I
H
H
I
I
I
I
I
I
I
I
5/2
5/0

GDS
20
18
5
16
12
17
18
20
11
9
14
10
10
15.1±5.1
12.3±4.1

Lesion location
Left temporal lobe
Right middle cerebral artery
Right internal capsule-lenticular nucleus
Right striatocapsular area
Right lateral lenticulostriate arteries
Bilateral lenticular nucleus
Paramedian thalamic region
Middle cerebellar peduncles
Left middle cerebral artery
Left temporal lobe
Bilateral striatocapsular and thalamic region
Left middle and anterior cerebral arteries

a.
b.

Number of years of education
I = ischemic, H = hemorrhagic

performance in the Reh@Task in training sessions with or
without music.

group did significantly more errors in this test at baseline when
compared to the control group.

A. The impact in outcome measures

2) Within and between group analysis of outcome
measures: an analysis of the scores over time for each group,
considering the 3 evaluation moments (baseline, end of
treatment, and follow-up), showed a significant impact on the
functional ability of the paretic arm and hand to perform tasks,
and cognitive domain in both groups (TABLE II). Specifically,
in CAHAI [VR: Fr(2)=9.6, p=0.008; Control: Fr(2)=8.0,
p=0.018], and MoCA [VR: Fr(2)=6.0, p=0.050; Control:
Fr(2)=6.0, p=0.050]. The specific impact on activities of daily
living was more prominent in the VR group, who displayed a
significant evolution over time in BI [VR: Fr(2)=9.6, p=0.008;
Control: Fr(2)=2.8, p>0.05]. There was no significant impact
across time for both groups in FM-UE [VR: Fr(2)=3.9, p>0.05;
Control: Fr(2)=3.7, p>0.05], MI [VR: Fr(2)=3.6, p>0.05;
Control: Fr(2)=1.4, p>0.05], MAS [VR: Fr(2)=3.7, p>0.05;
Control: Fr(2)=3.0, p>0.05], and BT [VR: Fr(2)=4.4, p>0.05;
Control: Fr(2)=4.3, p>0.05]. Further pairwise comparisons with

1) Balance of groups at baseline: 7 participants from the
VR group and 6 from Control completed the protocol and were
included in the analysis. On the demographic data at baseline
(TABLE I), groups were balanced in sex (χ2(1, 13)=0.63,
p=0.43, Ф=0.22), age (U=19.0, p=0.78, r=0.08), years of
schooling (U=18.5, p=0.68, r=0.11), days post-stroke (U=18.0,
p=0.67, r=0.12), type of stroke (χ2(1, 12)=1.71, p=0.19,
Ф=0.38), and GDS (U=12.5, p=0.22, r=0.34). However, for sex
and type of stroke, we have cells with expected frequencies less
than five, what weakens the interpretation of the result. On the
scores in clinical scales at baseline (TABLE II), the groups were
balanced in all scores [FM-UE (U=20.5, p=0.94, r=0.02);
CAHAI (U=18.0, p=0.67, r=0.12); MoCA (U=19.0, p=0.77,
r=0.08); BI (U=20.0, p=0.89, r=0.04); MI (U=16.5, p=0.52,
r=0.18); MAS (U=20.0, p=0.88, r=0.04)], except in the number
of errors in the Bells test (U=5.0, p=0.042, r=0.59). The VR

TABLE II. PRIMARY AND SECONDARY OUTCOME MEASURES AT BASELINE, END OF TREATMENT, AND FOLLOW-UP
Outcome Measurec
Baseline

Virtual Reality
(N=7)
End
Follow-up

pd

Baseline

Control
(N=6)
End
Follow-up

p

Primary
FM-UE (max = 66)
CAHAI (max = 91)
MoCA (max = 30)

52.0 (36.0)
61.0 (51.0)
20.0 (3.0)

54.0 (34.0)
73.0 (69.0)e
20.0 (5.0)

57.0 (30.0)
75.0 (63.0)e
21.0 (6.0)

0.142
0.008
0.050

42.0 (27.0)
62.5 (44.0)
21.0 (5.0)

47.0 (19.0)
70.5 (38.0)e
23.0 (5.0)

46.0 (19.0)
76.5 (26.0)e
23.0 (4.0)e

0.154
0.018
0.050

Secondary
BI (max = 100)
MI (max = 99)
MAS (max = 4)
BT - Errors

60.0 (15.0)
51.0 (27.0)
1.0 (2.0)
8.0 (9.0)

70.0 (30.0)
61.0 (27.0)
1.0 (1.5)
8.0 (9.0)

80.0 (10.0)e
71.0 (24.0)
0.0 (1.0)
3.0 (5.0)

0.008
0.167
0.156
0.112

65.5 (69.0)
57.5 (41.0)
1.0 (1.6)
2.0 (6.0)

87.5 (35.0)
63.5 (39.0)
1.0 (1.6)
1.0 (2.0)

87.5 (39.0)
64.0 (33.0)
1.0 (1.3)
2.0 (4.0)

0.241
0.504
0.223
0.113

d.

c.
Scores presented as median (IQR)
p = p-value, Friedman test. Bold indicates a significant effect (p<0.05) over time
e.
Significant one-tailed pairwise comparison with respect to baseline (p<0.05)

TABLE III. IMPROVEMENT AT END OF TREATMENT AND FOLLOW-UP
Outcome
Measuref
FM-UE
CAHAI
MoCA
BI

End
VR
2.0 (2.0)
0.3 (5.3)
5.0 (14.0)
6.6 (8.0)
0.0 (2.0)
-0.9 (1.7)
5.0 (20.0)
7.9 (11.1)
f.

Control
3.5 (11.2)
2.3 (6.1)
2.0 (15.0)
6.0 (7.9)
1.0 (4.0)
1.4 (2.3)
12.5 (38.7)
16.7 (19.7)

Follow-up
VR
1.0 (7.0)
3.0 (6.9)
5.0 (16.0)
11.1 (11.9)
1.0 (5.0)
1.7 (2.4)
10.0 (10.0)
15.0 (6.4)

Control
2.5 (15.7)
5.7 (9.7)
7.0 (27.7)
14.2 (19.5)
3.0 (2.0)
2.6 (1.1)
20.0 (31.2)
15.8 (15.3)

Improvements presented as median (IQR), and mean (SD) in the second row

respect to baseline indicated that in the CAHAI both groups
showed a significant improvement in time at end of treatment
[VR: T=2.5, p=0.046, r=0.45; Control: T=0.0, p=0.033,
r=0.53], and follow-up [VR: T=0.0, p=0.014, r=0.59; Control:
T=0.0, p=0.034, r=0.53]. For the BI in the VR group, the effect
across time results from a significant improvement at follow-up
(T=0.0, p=0.008, r=0.64), but not at the end of treatment
(T=1.5, p=0.052, r=0.53), although there is a trend. Finaly, in
MoCA, both groups did not differ significantly from baseline at
end of treatment [VR: T=8.5, p=0.197, r=0.34; Control: T=3.0,
p=0.223, r=0.38]; at follow-up, the control group showed a
significant improvement, and the VR group only a trend [VR:
T=1.5, p=0.051, r=0.44; Control: T=0.0, p=0.021, r=0.64].
No significant differences (p>0.05) were found in the
between-groups analysis, when comparing the improvements in
the VR group with those of the control group in all tested
outcome measures at end of treatment and follow-up.
3) Extent of improvement in outcome measures: we
analyzed the improvement with respect to baseline in clinical
scores for the primary outcome measures where we observed a
significant within-group effect over time (TABLE III).
a) FM-UE: For both groups, the improvement was on
average below the Minimally Clinically Important Difference
(MCID) according to Page et al., which should be between 4.25
and 7.25 [32]. At follow-up the control group showed a
meanigfull change with respect to baseline, but not significant
(TABLE II).
b) CAHAI: The mean improvement was similar in both
groups at end of treatment and follow-up. At the end of
treatment, these improvements were borderline of what is
considered a Minimal Detectable Change (MDC) according to
Barreca et al., which should be 6.3 [33], but improved at followup.
c) MoCA: The VR group showed no improvement in
MoCA at end of treatment, and a limited one at follow-up.
Results were also modest for the control group at end of
treatment and follow-up, but better on average than those
observed in the VR group.

Fig. 3. Score in sessions of the Reh@Task with and without music. The
score was significantly higher in sessions with music.

d) BI: For both groups, the average improvement at end
of treatment and follow-up was substantially larger than what is
considered a MCID according to Hsieh et al., which should be
1.85 [34].
B. Analysis of in-game measures
1) Effect of training in ROM: Using as measure of ROM the
calibration data of each training session, a significant mean
improvement of 18.2% was found in the x component (T=2.0,
p=0.02). In the y component there was an nonsignificant
improvement of 1.5%.
2) Effect of music on task performance: The comparison of
the mean total score between sessions with or without music
showed that the score was approximately 4% higher in sessions
with music, being this difference significant (T=3.0, p=0.031,
r=0.50) (Fig. 3).
C. Correlation analysis of outcome and baseline measures
To understand the implications of motor function,
cognitive function and depressive symptomatology on the
impact of the interventions, we performed an exploratory
correlation analysis of baseline assessments with the
improvements in outcome measures at the end of intervention
(FM-UE, CAHAI, MoCA, BI and GDS). In this analysis, the
data of both groups were merged. The only significant
correlation found was between GDS at baseline and
improvement in MoCA (rho=-0.65, p=0.022). That is, the
higher the depressive symptomatology, the worse the cognitive
improvements.
IV. DISCUSSION AND CONCLUSIONS
This study aimed to assess the impact in recovery of a
cognitive-motor VR training task customized with positive
stimuli, compared to time-match conventional rehabilitation in
the subacute phase of stroke. To this end, a VR system that
trained attention, memory and reaching movements was

developed, the Reh@Task. Positive stimuli, namely visual and
musical, were selected according to each patient’s preferences.
The reasoning behind this decision is that valence attributed to
visual stimuli, music or general experiences is highly variable
and influenced by personality [35], [36], gender [37]–[39], age
[39], [40], personal experience [41], and culture [35], [37]. For
example, in a study in which young and older adults had to rate
pictures on valence and arousal after a specific task, results
showed that older adults rated positive and negative images
more extremely [40]. Hence, considering the personal
subjectivity of perceived valence, any intervention based on
positive stimuli should be customized to each user based on
personal preferences.
Effects over time were found for VR (CAHAI, MoCA and
BI) and Control (CAHAI and MoCA) groups. However,
pairwise comparisons showed significant improvements at the
end of treatment only in CAHAI. In-game data also revealed a
significant improvement of 18% in ROM for the VR group at
the end of treatment. No statistical differences were found
between groups. Although statistically significant, the attained
improvements at end of treatment were in general small. Groups
reached clinically relevant improvements only in CAHAI and
BI.
Overall, we did not find important differences between
groups and improvements were limited, except for the
improvements in ADLs. This is particularly surprising taking
into account that the patient population was in average within
the first 2 months after stroke. Indeed, our findings contrast with
previous studies using a similar protocol on a chronic
population, where we found larger improvements [1]. There are
multiple reasons that can have influenced these results. First, our
target population had both cognitive and motor deficits. There is
evidence suggesting that cognitive deficits may interfere with
motor recovery [4]. According to the last Cochrane review, most
of the studies performed in upper limb motor rehabilitation
exclude patients with low cognitive function [20]. In our case,
the average MoCA was of 20 and 21 for VR and Control groups,
respectively. These scores are well below what is considered
normal function (26) [25], and indicate MCI. Hence the
importance of this study. Second, although patients trained
specific motor and cognitive competences, the larger gains were
in assessments that relate to ADLs. This could indicate that a
combined cognitive-motor training may be more effective at
improving tasks that involve both domains that each domain
separately. Third, although we excluded patients with high
depressive symptomatology, our analysis revealed a significant
correlation between GDS and the improvements in cognitive
function at the end of treatment. Thus, the reduced
improvements in MoCA could be explained by the existence of
patients indicative of having mild depressive symptomatology.
Finally, there is evidence that shows that MCI affects dual task
performance [42], [43]. Although our training is single task, it
combines both motor and cognitive components. It is possible
that patients with MCI have more difficulties in rehabilitation
targeting both components simultaneously. Finally, our
participants had a limited number of years of education (4.6 in
average), a factor that has been also associated with an increased
risk for cognitive decline [44].

With respect to the role of the addition of personalized
positive stimuli and music, we can conclude that music had a
measurable positive effect in task performance (4%). In previous
research, we reported on a similar positive impact when using
images with positive stimuli [15]. Given the small sample size
and results attained, it is unclear to what extent this improved
task performance translated to actual recovery.
The results of this study contribute to a better understanding
of the impact of VR therapy in a poorly studied population,
stroke patients with MCI. Our findings show that a VR
intervention is as effective as conventional. However, both VR
and conventional interventions had a reduced impact in this
population. This means that effective VR therapies in stroke
patients may not be as effective when applied to patients with
MCI in the subacute phase. Hence, this implies that further
studies need to be conducted to understand which protocols may
be more effective. Specific attention should be given to the role
of combined or separate cognitive motor training, and the impact
of dual task training. These experimental decisions need to be
further addressed, and VR allows us addressing them in a
systematic way.
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