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ABSTRACT
Practicing tasks in Virtual Reality (VR) environment has shown to be effective for gain in cognitive and
motor functions in post stroke individuals. However, there are few information about how the motor
learning process of tasks with different demands occurs in this population, and if there are differences when
compared with healthy individuals. The aim of the present study was to investigate the motor learning
process of eight VR’s tasks with different cognitive and motor demands, in post stroke individuals
(Experimental Group-EG), and compare it with healthy individuals (Control Group-CG). Eighteen
individuals participated in the study performing eight sessions of practice, four for each task. The study
involved: pre-test (1 session), acquisition phase (4 sessions for each task), post-test (1 session), and
retention test (1 session after thirty days since the end of acquisition phase). The statistical analysis was
run by a 2 x 3 ANOVA (groups x learning tests) with Tukey post hoc. At the end, EG group was able to
learn three tasks, while CG learned four, one more than the ones learned by the post-stroke individuals.
Task’s complexity affected, in more intensely the motor learning process in post-stroke individuals that
with eight sessions were able to learn only low-complexity tasks.
Keywords: stroke, motor learning, virtual reality.

INTRODUCTION
Stroke effects in an individual may include
motor and cognitive deficits, which can affect the
motor learning process of a new motor skill and
tasks (Boyd et al., 2009; Boyd & Winstein, 2004;
Torriani-Pasin, 2010). The motor learning
process can be defined as a modification in an
individual’s proficiency of performance motor
skills, by its relative long-lasting development
(Magill, 2011).
That has been investigated since 2001, when
Boyd and Winstein (2001) shown that the
learning process of a sequence task was only able,
in this population, with a previous knowledge of
the sequence about to be practiced.
Since then, studies about motor learning
process after a stroke has been done, and until
the present moment, it is known that post stroke
individuals have a slower velocity of learning new
motor skills, when compared with healthy
individuals (Boyd, Quaney, Pohl, & Winstein,

2007; Ioffe, Chernikova, Umarova, Katsuba, &
Kulikov, 2010). In addition, their motor learning
curves are similar to the one’s of healthy
population, however it occurs latter (Bonuzzi et
al., 2016; Boyd et al., 2007; Torriani-Pasin,
Palma, & Freitas, 2016), needing more quantity
of practice to achieve similar performance
(Cirstea, Ptito, & Levin, 2006). Besides that, the
corrections needed during the performance of a
movement are also impaired (Platz, Denzler,
Kaden, & Mauritz, 1994; Torriani-Pasin,
Bonuzzi, Palma, Freudenheim, & Corrêa, 2018).
Despite
that,
the
acquisition
and
improvement processes of motor skills have been
shown to be possible in post stroke population
(Boyd et al., 2007; Cirstea et al., 2006; Platz et
al., 1994). This have been stimulating an increase
in the quantity of studies that investigate those
processes and the factors that affect motor
learning in these individuals (Adkins, Boychuk,
Remple, & Kleim, 2006; Boyd et al., 2007; Ioffe
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et al., 2010; Kitago & Krakauer, 2013; Platz et al.,
1994).
It is known that experience and practice are
determinant factors of the motor learning
process (Eerdt et al., 2010; Torriani-Pasin et al.,
2018) as well as the environment where this
occurs. Recently one of the options that has been
widely used for post stroke population is the VR
environment (Aminov, Rogers, Middleton,
Caeyenberghs, & Wilson, 2018; Cho, Lee, &
Song, 2012; Holden, 2005). Besides being
motivating, it can stimulate cognitive and motor
functions with a safe (Palma, 2016) progressive
increase of task complexity levels (Mendes et al.,
2012).
According to Pompeu et al (2014) the VR
environment can offer a vast quantity of auditory
and visual stimulus that can be used as external
clues, an enormous quantity of attempts that can
promote automation, and stimulate cognitive
functions to solve different types of problems.
Although it has been well established in the
literature the benefits of the VR environment,
such as offering parameter control (da Silva
Cameirão, Badia, Duarte, & Verschure, 2011;
Laver, George, Thomas, Deutsch, & Crotty,
2015), security (Laver et al., 2017) and external
focus of attention (Pompeu et al., 2014), but it is
not known how the motor learning process of
tasks in this environment occurs in post stroke
individuals.
Bonuzzi et al (2016) has shown that, when it
comes to a postural control task, in VR
environment, both healthy and post stroke
individuals are able to learn it, although the first
ones were able to achieve higher levels of
complexity. Similar results were obtained in
Palma (2016), as post stroke group, after
practicing a task that involved the displacement
of the center of pressure, with different number
of elements and processing load required, was
capable to learn only the low-complexity task.
One of the hypotheses is that cognitive deficits
related to the planning and sequencing actions
may have affected the motor learning process of
higher complexity tasks in this population.

The aim of this study is to investigate the
motor learning process of eight VR tasks with
different motor and cognitive demands and
complexities, after a stroke and compare it with
healthy individuals.
METHOD
The present study is an experimental study
that was approved by the Ethics in Research
Committee of the School of Physical Education
and Sport, of the University of São Paulo (CAAE:
40688114.9.0000.5391).
Participants
The sample was composed by eighteen
individuals, being nine post-stroke individuals
for the Experimental Group (EG), while nine
healthy individuals for Control Group (CG). All
of the participants or their legal persons read and
signed the Informed Consent Form.
The inclusion criteria for the EG was: post
stroke individuals with a single lesion of at least
six months in anterior circulation territory, with
at least 2 months without practicing any
structured intervention, score higher than 24 at
the Mini-mental State Examination (MMSE)
(Bertolucci, Brucki, Campacci, & Juliano, 1994).
Also, they could not have previous experience
with VR.
The CG was composed by individuals paired
by age and gender with the EG ones, without
previous experience with STAbility And Balance
Learning Environment (STABLE), without
neurological or orthopedic diseases detectable by
questioning at the time of the initial interview;
with normal or corrected visual acuity and good
auditory acuity (clinically evaluated); minimum
of three years of schooling; and capable to come
to the Motor Behavior Laboratory, at the School
of Physical Education and Sport of University of
São Paulo once a week to practice the tasks in
VR’s
environment.
Individuals
with
cardiovascular complications that did not allow
the physical exercise prescription and individuals
that use drugs to reduce spasticity in at least six
months were excluded from the study.
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Figure 1. Flowchart of the Methodological Procedures

Measures
The tasks were performed at STABLE, made
by Motekforce Link, present at the Motor
Behavior Laboratory, at the School of Physical
Education and Sport, of the University of São
Paulo.
This equipment is composed by: three
projectors, one audio system that provide lateral
and frontal coverage, allowing a semi-immersive
experience; one force platform of 1m²; a motion
capture system and database of participants; a set
of evaluation applications and stability and
balance training tasks.
For the characterization of the EG were used
MMSE (Bertolucci et al., 1994), Fugl-Meyer Scale
(Fügl-Meyer, Jaasko, Leyman, Olsson, &
Steglind, 1975) and Orpington Prognostic Scale
(Lai, Duncan, & Keighley, 1998), and the
characterization of the CG for done with MMSE
scale.
MMSE is a test of cognitive function,
composed of questions typically grouped into

seven specific categories: time orientation,
location orientation, 3-word registration,
attention and calculation, memory of the 3
words, language and visual constructive
capability. The MMSE score may range from 0 to
30 points, with a value less than 23 indicative of
dementia (Bertolucci et al., 1994).
Fugl-Meyer scale is divided into 5 domains:
Motor function, sensitivity, balance, range of
motion and pain. The items are scored on an
ordinal scale of 0 to 2 (0 = no performance, 1 =
partially performed, 2 = complete performance),
totaling 226 points (Fügl-Meyer et al., 1975).
The Orpington Prognostic Scale evaluates the
severity of the stroke, it considers the evaluation
of motor deficits in the upper limb,
proprioception, balance and cognition, and
through it, the cerebrovascular event can be
categorized into mild (1.6 to 3.1 ), moderate (3.2
to 5.2) and severe (score greater than or equal to
5.3) (Lai et al., 1998).
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Procedures
Initially, all of the subjects were evaluated by
MMSE (Bertolucci et al., 1994), and the EG were
evaluated by the Fugl-Meyer (Fügl-Meyer et al.,
1975) and Orpington Prognostic (Lai et al.,
1998) scales too.
After the characterization with these scales,
both EG and CG were submitted to eight
sessions of task’s practice in VR environment.
On the first day of practice, each task was
demonstrated to the study participants by an
experienced examiner. Subsequently, for each
task, the individuals practiced two trials to
familiarize themselves with the game, with
movement and posture corrections through
manual guidance and verbal commands. On the
same day, the participants performed a block of
three attempts from each of the eight games,
which were considered as a pre-test and were
performed without the examiner intervention.
Each session of the acquisition phase was one
hour long, once a week.

Eight tasks were performed in a varied
randomized way, four tasks at each week, and
three attempts per session. The session A was
composed of the tasks 2 D Maze 1, Balloon Pop,
City Ride and Hit the Knees, and the session B
was composed of the tasks Hit the Mole, Road
Stepping, Road Encounters and Paper Flight.
At the end of the acquisition phase,
participants performed a block of three trials
from each of the eight games, which were
considered post-test and were performed without
examiner intervention to record the score and
future analysis of participants’ performance. The
retention test was performed in the same way
one month after the end of the practice. The
design is shown in Figure 2.
The description of each of tasks, according to
its goals and score criteria are in the table below
(Table 1). The cognitive and motor demands of
each task were classified according to Cairolli et
al. (2017), and they are described at the Table 2.

Figure 2. Experimental design
Table 1
Mean duration of each part of the match
Goal
2D Maze 1
Balloon Pop
City Ride
Hit Kness
Hit The Mole
Road Stepping
Road Encounters
Paper Flight

Go through a maze without crashing into its walls.
Burst colored balloons that rise on the screen, with sticks with
the same color.
Control a car, diverting from others that come in the opposite
direction, and try to travel as far as possible.
With the knees flexion, hit a ball against the others that appears
in the screen, as fast as possible.
Step on the force platform to hit a mole, according to its location
on the screen.
Stationary march to walk through a forest, and arms movements
to hit the birds that come in the opposite direction.
Arms movements to hit the largest number of birds that come
in the opposite direction on the screen.
Control a paper airplane through a path, crossing as many white
circles as possible.

Score Criteria
The inverse number of collisions
against the maze walls.
The number of blowened ballons.
Travelled distance.
Time to hit all of the balls.
Percentage of moles that have
been hit.
Number of birds that have been
hit.
Number of birds that have been
hit.
Number of White circles crossed
by the paper airplane,
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Table 2
Cognitive and motor demands of the tasks
2 D Maze
Balloon
1
Pop
Timing
x
Reaction Time
Static Balance
x
Reach
x
Dual-Task
Visuospatial
x
Perception
Dinamic
Balance
Decision
x
Making
Coordination
between
the
limbs
Planning
x

City Ride

Hit
Kness

Hit The
Mole

x
x

x
x

Road
Stepping
x

Road
Encounters
x

Paper
Flight

x
x
x

x

x
x
x

x

Figure 3. Tasks Learned by EG and CG Tasks Learned by EG and CG
Legend: A) 2 D Maze 1; (B) Balloon Pop; (C) City Ride; (D) Hit The Kness; (E) Hit The Mole; (F) Road Stepping;
(G) Road Encounters; (H) Paper Flight.

Each one of the eight tasks are represented at
the Figure 3.

The alpha considered was 0.05, and it was
verified each power analysis (P).

Statistical analysis
The dependent variable used to evaluate the
performance in the pre-test, post-test and
retention after thirty (30) days was the score
achieved in each of the eight tasks practiced.
Demographic data and clinical characteristics
of the participants of both groups were compared
using the t-test for independent samples.
Tests of normality and homogeneity of
variance were performed, using the KolmogorovSmirnov and Levene test, respectively. Moreover,
as normality assumptions were reached,
inferential analysis of the pre-test, post-test, and
retention was performed using the Multiple
Comparison Analysis of Variance (3x2), with
Tukey post hoc.

RESULTS
The sample characterization is represented in
the Table 3. Both groups were similar for age,
gender and cognitive functions. The EG does not
present motor impairments and the stroke can be
considered mild.
There was significant difference between the
pre-test and post-test, and between the pre-test
and the retention after 30 days, for both groups,
in the City Ride (F= 18,96 p= 0.00; ES= 1.000),
Hit Knees (F= 312,63; p= 0.53; ES= 0.148) and
Balloon Pop (F= 8,31; p= 0.000; ES= 0.998). In
the Figure 3 are represented the performances of
both EG and CG, in each moment, for each of the
three tasks learned by both groups. The task
learned only by CG was Paper Flight.
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Table 3
Sample Characterization
EG
CG
p value
Gender (F/M)
1/8
1/8
_____
Age m(SD)
51.55 (15.82)
49.66 (12.90)
0.78
Stroke Time (months)
49,66 (40.20)
-------------------Ischemic (1)/ hemorrhagic (2)
1: 6; 2:3
-----------------Stroke hemisphere
R: 5; L: 4
-------------------MMSE m(SD)
26.44 (2.24)
28.33 (1.87)
0.07
FU m(SD)
171.88 (40.74)
______
______
Orpington m(SD)
2.97 (0.72)
______
______
Note. Experimental Group; CG: Control Group; F: Female; M: Male; R: right; L: left; MMSE: score at the Mini-mental State
Examination (Bertolucci et al., 1994); FU: score at the Fugl-Meyer Scale (Fügl-Meyer et al., 1975); Orpington: score at the
Orpington Scale (Lai & Keighley, 1998).

Through the Figure 3 it is possible to identify
that both groups were different (p= 0.03; ES=
0.566), and there were interaction effects
between moment and group factors (p=0.05;
ES= 0.569). The post hoc found differences
between the groups in the post-test (p= 0.04)
and retention (p= 0.02) moments. Related to the
intragroup analysis, it was found a significant
difference (p=0.003; ES=0.905) between pretest and post-test only for CG (F= 2,31; p=
0.018; ES= 0.700). These results are represented
in the figure below (figure 4).

Figure 4. Task Learned Only by CG

Figure 3. Tasks Learned by EG and CG

The tasks which neither EG or CG learned
were: Hit The Mole (F= 200,74; p= 0.30; ES=
0.251), Road Stepping (F= 5,79; p=0.00; ES=
1.000), 2D Maze 1 (F= 2,42; p= 0.009; ES=
0.791), e Road Encounters (F= 14,75; p= 0.001;
ES= 0.959). There was no significant difference
for both groups between the pre-test and posttest performance in those tasks, or even if there
was, the same was not sustained in the retention
test, after thirty days (figure 5).
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Figure 5. Tasks Not Learned by Either EG or CG

DISCUSSION
The aim of the present study was to
investigate the motor learning process of a
sample of VR tasks, with different demands, in
post stroke individuals, and compare it with
healthy subjects.
Both groups were able to learn three of the
eight practiced tasks: Balloon Pop, City Ride and
Hit Knees. Only one task was learned exclusively
by CG: Paper Flight. While four of them were not
learned by neither group: Hit The Mole, 2 D Maze
1, Road Stepping e Road Encounters.
It is known that the brain stimulation process
of post stroke individuals can be affected, leading
to changes in its functions, such as the ability to
understand task goals, and process important
information for planning and implementation (
Torriani-Pasin, 2010).
Despite that, studies have shown that poststroke individuals are capable to learn tasks
(Boyd et al., 2007; Winstein, Merians, &
Sullivan, 1999), even those practiced in VR’s
environment (Bonuzzi et al., 2016). In addiction
it is known that, for individuals affected by a mild
stroke (Hanlon, 1996) such as the subjects of the
present study, it is suggested a varied practice,
whether randomized or in block, because it
allows a greater retention and generalization of
the learned content, when compared to the
constant practice (Winstein et al., 1999).
However, not only the practice characteristics
are capable to affect the motor learning process,
but also the characteristics of the stroke and of
the task practiced (Boyd et al., 2009; TorrianiPasin, 2010). In the present study, the specific
element that was different in each of the eight
tasks, and maybe affected the motor learning
process was the task’s level of complexity. The
complexity of a task is determined by its quantity
and types of motor and cognitive demands, the
processing demand of information (Naylor &
Briggs, 1963) and the quantity of attention
needed (Magill, 2011). Billing (1980) classified
the task’s complexity with four different aspects:
perception, decision-making, motor act and
feedback.
Perceptual complexity is related to the
perception and interaction of different stimulus,
and can be defined by the quantity of stimulus
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needed to perform a task, its duration, and a
possible interaction of the task over them, as the
intensity of this interaction. Decision-making
corresponds to the action of choosing the most
appropriate response, its velocity, and the
number of decisions that must be done. Motor
act it is associated to the number of movement’s
degrees of freedom, speed and precision. While
the feedback aspect is defined by the quantity,
quality and accuracy of the information which the
individuals have the access to.
Pohl and Winstein (1999) showed that, when
it comes to a fine motor task that involves upper
limbs reach, with different levels of complexity,
post stroke individuals are able to reduce their
time of performance in both low and high levels
of complexity. However, they presented a worse
performance when compared to healthy subjects.
With a postural control task, in VR
environment, Bonuzzi et al (2016) found that
task’s complexity affects, in a higher intensity,
individuals with right hemisphere lesions. Palma
(2016) investigated the motor learning process of
a task involving the displacement of the center of
pressure, with different levels of complexity,
number of elements and processing load. Post
stroke
individuals
presented
similar
performances as healthy subjects in a low
complexity task (no inter-group difference),
being able to learn it in a similar way as CG.
However, their task performance times were
higher in all of the assessed moments. In
addition, for the higher complexity tasks, post
stroke individuals were not able to learn it,
presenting both score and performance time
worse than the healthy subjects.
In the present study, the tasks demands were
dual-task, precision, stability (static or dynamic),
planning, visuospatial perception, timing,
reaction time, decision-making, coordination
between the limbs and reach.
For the motor act aspect, the results of the
present study resemble to Billing (1980)
determinations. The more complex tasks were
those involving higher levels of precision and
movement speed such as 2D Maze 1 (required
high levels of precision to displace the center of
pressure), Road Stepping and Hit the Mole,
(involves faster body’s movements and

precision), Road Encounters (with a high demand
of accuracy of upper limb movements). Those
tasks were not learned by any of both groups.
Finally, to the decision-making aspect, in the
tasks without a great demand for decisionmaking velocity and that involved timing or
planning, such as Balloon Pop and City Ride, the
complexity levels were lower, and both groups
were able to learn. When a dual-task was
required, such as in Road Stepping, the attention’s
division between the stationary gait and upper
limb’s reach affected the motor learning process
of both groups that were not able to learn this
task with only four sessions of practice. This
results can be justified according to Fitts and
Posner (1967), as it is only possible to introduce
a second task without affecting the performance
of the first one if the third phase of the motor
learning process (Autonomous phase) was
achieved in the first ability.
The task learned only by CG involved
displacement of the center of pressure (CP) and
visuospatial perception. However, unlike 2D
Maze 1, the demand for movement accuracy was
moderate, such as its task complexity level, and
errors related to the displacement of the CP did
not necessarily cause score reductions.
These results supports Boyd et al. (2007), as
chronic post stroke individuals are able to
improve their performances in different tasks,
through the practice, being only affected to the
improvement magnitude by the complexity of the
task. These individuals did not learn tasks with a
moderate or a high level of complexity. Further
studies are necessary to investigate if with a
longer acquisition phase, post stroke individuals
are able to learn moderate and high complex
tasks in similar ways as healthy subjects and
monitor the quality of movement and the nonrealization of compensation.
CONCLUSION
Post stroke individuals are able to learn VR’s
tasks with low complexity levels (involving
decision-making velocity, timing and planning)
such as healthy subjects. However, this does not
occur when it comes to tasks with moderate or
higher levels of complexity (demanding dual-
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task, higher levels of precision and movement
speed).
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