Impact of combined cognitive and motor rehabilitation in a virtual reality
task: an on-going longitudinal study in the chronic phase of stroke
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ABSTRACT
Stroke is one of the most common causes of acquired disability, leaving numerous adults with
cognitive and motor impairments, and affecting patients' capability to live independently. Virtual
Reality (VR) based methods for stroke rehabilitation have mainly focused on motor rehabilitation
but there is increasing interest towards the integration of cognitive training for providing more
effective solutions. In this work we present a VR cognitive and motor training task - the
Reh@Task - and the preliminary results from an ongoing one-month longitudinal intervention. We
show the results from twelve patients divided in two groups: experimental and control. Both
groups were enrolled in conventional occupational therapy, which mostly involves motor training.
Additionally, the experimental group performed a specific attention and memory training with the
Reh@Task and the control group performed time-matched conventional occupational therapy.
This VR-based task consists in performing adapted arm reaching movements and has difficulty
progression levels implemented with guidelines from a participatory design study. We assessed
the impact of both interventions post-treatment (4-5 weeks) and at 4 weeks follow-up through the
Montreal Cognitive Assessment, Single Letter Cancellation, Digit Cancellation, Bells Test, FuglMeyer, Chedoke Arm and Hand Activity Inventory, Modified Ashworth Scale and Barthel Index.
A within groups analysis revealed significant improvements with respect to baseline in the global
cognitive functioning in both groups, but only the patients who used the Reh@Task improved
significantly in attention and memory. With respect to the motor domain, the control group
showed greater improvements. Nevertheless, both groups improved significantly in the functional
recovery of the hand and arm scores, revealing that both interventions had an impact in the use of
the hand and arm in the activities of daily living. Overall, results are supportive of the viability of
tools that combine motor and cognitive training, such as the Reh@Task.

1. INTRODUCTION
1.1

Cognitive and motor impairments after stroke

Stroke is one of the most common causes of adult disability and its prevalence is likely to increase with an aging
population (WHO, 2015). It is estimated that 33% to 42% of stroke survivors require assistance for daily living
activities 3 to 6 months post stroke and 36% continue to be disabled 5 years later (Teasell et al., 2012). Upperlimb impairments, such as fine and gross motor control, muscle strength, and power loss are the consequences
that have a greater impact on functional capacity, what makes its recovery important for minimizing long-term
disability and improving quality of life (Saposnik, 2016). In fact, most rehabilitation interventions focus on
facilitating recovery through motor learning principles (Kleim & Jones, 2008). However, learning engages also
cognitive processes such as attention, memory and executive functioning, all of which may be affected by stroke
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(Cumming, Marshall, & Lazar, 2013). Still, conventional rehabilitation methodologies are mostly motor focused,
although 70% of patients experience some degree of cognitive decline (Gottesman & Hillis, 2010), which also
affects their capability to live independently (Langhorne, Bernhardt, & Kwakkel, 2011).
1.2

What is missing in conventional cognitive and motor rehabilitation methodologies?

Although rehabilitation strives to take advantage of neuroplasticity through the intensive repetition of specific
learning situations during recovery (Saleh et al., 2011), conventional methodologies have not entirely
accomplished this goal (Levin, Weiss, & Keshner, 2014). Currently, paper-and-pencil tasks are widely used in
cognitive rehabilitation, and are assumed to be reliable and with adequate construct validity in the assessment
and rehabilitation of cognitive functions (Wilson, 2013). However, this methodology is not suited to deliver
immediate feedback and reinforcement on progress, which is an important element to increase the motivation
and avoid dropouts (Parsons, 2015). Additionally, when the dominant arm is affected by hemiparesis,
performing paper-and-pencil tasks may become difficult or impossible. Regarding the motor domain, the
persistent repetition of motor actions can be demotivating due to its repetitiveness and, because it is labor and
demanding in terms of human resources, it is not as intensive as it should be (Langhorne, Coupar, & Pollock,
2009).
In addition, the relationship between cognitive and motor deficits is increasingly being unveiled and
cognitive effort appears to contribute to motor recovery (Mullick, Subramanian, & Levin, 2015). For instance, it
was found that repeated performance of a movement may not lead to meaningful improvement unless the task is
performed within the functional demands of a relevant environment (Levin et al., 2014). In fact, the practice of
manipulations that require more cognitive effort were already predicted to be more effective for motor learning
compared to those that require less cognitive effort (Hochstenbach, Mulder, Limbeek, Donders, &
Schoonderwaldt, 1998). In this endeavor, it is important to investigate the learning potential of patients with
post-stroke cognitive and motor impairments by developing new therapeutic strategies that merge cognitive and
motor intensive training.
1.3

Virtual Reality as a tool for combined cognitive and motor rehabilitation

Virtual reality (VR) has emerged as a valuable approach in stroke rehabilitation by providing the opportunity to
practice cognitive and motor activities in an ecological context, which is not possible within the clinical
environment (Klinger, Sánchez, Sharkey, & Merrick, 2014). Such enriched training tasks can be used to provide
meaningful motor repetitions in the context of cognitive rehabilitation tasks, together with immediate feedback,
thereby maximizing motor learning (Laver, George, Thomas, Deutsch, & Crotty, 2015). These virtual
environments have the potential to optimize motor learning by manipulating practice conditions that explicitly
engage motivational, cognitive and sensory feedback–based learning mechanisms (Levin et al., 2014).
However, despite the interdependency between cognitive and motor domains, they have mostly been
considered separately in the development of VR-based methodologies (Laver et al., 2015). We argue that novel
VR tools should focus on integrative cognitive and motor rehabilitation based on tasks that pose both cognitive
and motor demands. Assuming the interdependence between the recovery processes, we may provide a more
effective rehabilitation tool. Here we present an ongoing longitudinal clinical trial, with the results of the first 12
patients with stroke: six performing a VR-based intervention and six performing conventional rehabilitation. The
VR-based intervention, named Reh@Task, consists in the virtual adaptation of paper-and-pencil cognitive tasks
to be solved with repetitive arm reaching movements. The Reh@Task automatically adapts the difficulty level
according to the patient performance, which increases challenge and the patient’s optimal experience
(Csikszentmihalyi & Csikszentmihalyi, 1992).

2. METHODS
2.1

Participants

Participants were recruited at the CMM - Centro Médico da Murtosa (Aveiro, Portugal), based on the following
inclusion criteria: at least six months after first ischemic stroke; undergoing occupational therapy rehabilitation;
no vision problems; no history of premorbid deficits; no neglect; capacity to read and write; no severe depressive
symptomology as assessed by the Geriatric Depression Scale (Yesavage et al., 1982); non-aphasic and with
sufficient cognitive ability to understand the task instructions as assessed by the clinicians. Patients who scored
less than 28 in the elbow flexion and shoulder abduction tests from the Motricity Index (Paternostro-Sluga et al.,
2008) were excluded. The sample consisted of twelve patients with stroke randomly distributed in two groups
(Table 1). The experimental group comprised six (5 male, 1 female) senior (M=62.17 years old, SD=8.18)
patients with stroke (2 right hemisphere, 4 left hemisphere), with an average of 32.17 ± 26.93 months post2
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stroke, a mean of 5.67 ± 2.07 years of schooling, and 2 out of 4 with self-reported computer literacy. The control
group comprised six (4 male, 2 female) senior (M=76 years old, SD=6.63) patients with stroke (2 right
hemisphere, 4 left hemisphere), with an average of 55.33 ± 47.35 months post-stroke, a mean of 3.83 ± .41 years
of schooling and no one had self-reported computer literacy. The clinic's board of directors approved the study
and all the participants gave previous informed consent.
Pairwise Mann-Whitney tests revealed no differences between groups in the demographic characteristics and in
the cognitive assessment tests at baseline. Concerning the motor domain, there were differences between groups
at baseline only in the Modified Ashworth Scale.
Table 1. Experimental and control group demographics (Mean ± SD).

2.2

Experimental

Control

Age

62.17 ± 8.18

76 ± 6.63

Gender

5 male; 1 female

4 male; 2 female

Schooling

5.67 ± 2.07

3.83 ± .41

Time post-stroke

32.14 ± 26.93

55.33 ± 47.35

Stroke location

2 Right; 4 Left

2 Right; 4 Left

Reh@Task for cognitive and motor training

The Reh@Task was designed as an adaptation in VR of the Toulouse Piéron (TP) task (TP-VR) (Faria,
Vourvopoulos, Cameirão, Fernandes, & Bermúdez i Badia, 2014), extended to incorporate numbers, letters and
symbols. Reh@Task is a variation of cancellation tests used by conventional rehabilitation methodologies with
the objective of training attention. Reh@Task also adds a memory variant by displaying the targets for an
amount of seconds at the beginning and then hiding them in the target selection step. Figure 1a shows an
illustration of the Reh@Task for attention training, where the targets are always visible. Figure 1b illustrates the
memory variant, where the targets are displayed for a number of seconds and then disappear for the selection
task. Figure 1c shows the different target elements used in Reh@Task ordered by increasing complexity.

a)

c)

b)

Figure 1. Reh@Task subsets of stimulus. a) Attention training: cancellation task with black and white letters. b)
Memory training: The target stimuli (symbols) are presented in the center of the screen and then disappear; the
participant has to select them by memory. c) Target stimuli ordered by increasing complexity.
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Reh@Task is designed to be performed by repetitive arm reaching movements on a tabletop surface, and
implemented by using the representation of the paretic arm for navigating and targeting symbols arranged in a
three-dimensional environment. The target selection is made through a timer. The interaction with the computer
is made through 2D arm movements with a camera-based Augmented Reality (AR) pattern tracking software
(AnTS) (Mathews, Badia, & Verschure, 2007) (Figure 2). The VR environment has a built-in calibration
function that is able to compute the active range of motion of the patient, normalizing the motor effort required
to the skill set of the patient (Vourvopoulos, Faria, Cameirão, & Bermúdez i Badia, 2013).

Figure 2. Interaction with the Reh@Task through the AnTS tracking software.

This gamified VR task has a total of 120 difficulty levels, defined through a participatory design study,
where the input of 20 health professionals was operationalized in quantitative guidelines (Faria & Bermúdez i
Badia, 2015). The difficulty of the stimulus progression (Equation 1) was obtained through the manipulation of
the variables: number of targets, number of distractors, and type of stimulus:
Difficulty = 3.610 + Ntargets*0.12+Ndistractors*0.15+Stimulustype

(1)

where Ntargets is the number of target elements, Ndistractors the number of distractors, and Stimulustype can take the
following values: −0.494 for numbers, −1.054 for letters, and 0 for symbols, meaning that letters are easier than
numbers and numbers easier than abstract symbols. The progression of the number of targets and distractors, the
time available to solve the task, the duration of the selection timer and, in the memory variant of the task, the
amount of time for memorizing the target was operationalized according to Figure 3. In summary, for higher
difficulty levels, more target and distractor elements appear, less time is available for completing the task and
memorizing the target images, and action selection is quicker. When a patient does not solve a specific level in
the established timing, more time is given for that level. This additional time can be incremented up to three
times. If the patient fails three times in a row, he goes back to the previous level. If the patient succeeds, the level
must then be successfully performed within the original established time.

Time available per level

Targets and distractors per level
# targets

Selection time

# distractors

Time available

Time to memorize

60
50
40
30
20

0

3
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11
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Figure 3. Progression of the parameters of Reh@Task for the 120 different difficulty levels, including
number of target elements, distractor elements as well as time related variables. See text for further information.
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In addition, a rule was defined to select the starting level in each training session as in Equation 2:
StartLevelt = StartLevelt-1 + (EndLevelt-1 - StartLevelt-1)/2

(2)

where StartLevel and EndLevel denote the starting and finishing levels respectively, and t indicates the session
number. For instance, if the level achieved by a participant in the first session was 28, the second session would
start in level 14 (28/2). If in the second session level 44 would be reached, the third session would start in level
29 (14 + (44-14)/2), and so on for the following levels.
2.3

Protocol

After recruitment, the twelve participants were assessed by an occupational therapist to obtain baseline measures
for motor and cognitive domains. After the assessment, participants were randomly assigned to one of the groups
by a researcher not involved in the data collection, using the Research Randomizer, a free web-based service that
offers instant random sampling and random assignment (Research Randomizer, 2016). The assessor was not
blind for the type of intervention. In addition to conventional occupational therapy, the experimental group went
through twelve sessions of 45 minutes with the Reh@Task, three times a week, during one month. The control
group intervention was time-matched, including conventional occupational therapy, spatial and time orientation
activities and writing training. In the experimental group, before starting the twelve-session intervention,
participants went through an average of three training trials with TP abstract stimuli. The training was intended
to provide a clear understanding of the VR task, as well as to become used to the natural user interface (AnTS).
After assuring that the patient understood the task and interface instructions, the intervention started with the
attention variant of the task, then switched to memory, and so on intermittently. The progression of levels in the
attention and memory tasks is independent, and a participant may, for instance, reach level 30 in attention and
stay at level 25 in memory. At the end of the intervention and at follow up, all participants were assessed with
the same assessment measures. The adherence to therapy rate was of 100% for all patients.
2.4

Cognitive, Motor and Functional Assessment

A number of cognitive and motor scales that are widely applied clinically and in research were used to determine
impairment severity and to measure cognitive and motor recovery. The cognitive profiling was made through the
Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2003), which provides sub scores for the following
domains: Executive Functions, Naming, Attention, Language, Reasoning, Memory and Orientation. The
attention task-related capabilities were assessed with the Single Letter Cancellation (Diller et al., 1974), the Digit
Cancellation (Mohs et al., 1997) and the Bells Test (Gauthier, Dehaut, & Joanette, 1989). The upper-extremity
deficits were measured through the Fugl-Meyer (Fugl-Meyer, Jääskö, Leyman, Olsson, & Steglind, 1975)
Upper-Extremities components (Sullivan et al., 2011) and the Chedoke Arm and Hand Activity Inventory
(Barreca et al., 2004). Spasticity was assessed through the Modified Ashworth Scale (Bohannon & Smith, 1987).
Finally, to assess independence in the activities of daily living (ADL’s), we used the Barthel Index (Mahoney &
Barthel, 1965).
2.5

Data analysis

Data were analyzed using the Statistical Package for the Social Sciences 20. Because most distributions deviated
from normality, non-parametric statistical tests were used. A Mann-Whitney test was done to assess differences
between groups at baseline. Comparisons were performed between baseline, post-intervention and follow-up.
For assessing change over time, a Friedman test was used. For within-subjects pairwise comparisons, the
Wilcoxon's T matched pairs signed ranks test was used.

3. RESULTS
3.1

How effective is cognitive training with Reh@Task as compared to conventional rehabilitation?

We observed that both experimental and control groups had improvements, from baseline to post-intervention
and follow-up, in the cognitive screening assessment score and in the performance of most cancellation tests
(Table 2).
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Table 2. Montreal Cognitive Assessment (MoCA), Digit Cancellation (DC), Single Letter
Cancellation (SLC) and Bells Test (BT) scores at baseline, post-intervention and follow up.
Experimental

Control

Baseline

Post-intervention

Follow-up

Baseline

Post-intervention

Follow-up

22.50 (18-23.75)

26 (23.5-27.25)*

26 (21.5-28.5)*

21.5 (16-23.25)

24 (22.75-25.75)*

24.5 (24-25.25)*

Time

5 (4-6.25)

4 (3-4)*

4 (4-5.25)

6 (5-6.5)

5.5 (4.75-7.25)

5.5 (4-7)

Errors

1 (0-3)

.50 (0-1)

0 (0-1.5)

2 (1.75-2.25)

0 (0-.75)

1 (0-1)

Time

6 (4-13)

6.50 (4.75-7.75)

7 (4.75-12)

7.5 (6-8.5)

8 (6.5-9.75)

8.5 (7-11.25)

Errors

2 (0-3.25)

1.50 (1-7.75)

3 (.75-5.25)

3.5 (3-10.25)

2.5 (2-9)

3.5 (2-4.75)

Time

8.50 (5-10.75)

6 (4.75)

6.5 (5-9.5)

11 (9.75-12)

9.5 (8.75-11.75)

10 (10-11.25)

Errors

4.50 (2.75-8.75)

3 (1.75-3.5)*

1.5 (1-3.25)

4.50 (4-5.25)

2 (2-4)

4 (2.75-5)

MoCA
DC

SLC

BT
Values are presented as medians (quartile 1 – quartile 3).
* Wilcoxon's T matched pairs signed ranks test significance p <.05.

Changes over time in the MoCA scores, assessed with the Friedman’s test, are significant in both
experimental (χ2(2)=9.478, p=.009) and control (χ2(2)=9.238, p=.010) groups. A comparison showed higher
average improvements in the group that used the Reh@Task, although not statistically different from control.
The Wilcoxon's test revealed significant differences between baseline and post-intervention (Experimental:
W(6)=21.000, Z=-2.207, p=.027; Control: W(6)=15.000, Z=-2.032, p=.042), and baseline and follow-up
(Experimental: W(6)=21.000, Z=-2.220, p=.026; Control: W(6)=21.000, Z=-2.207, p=.027). In the analysis of
MoCA subdomains, we found significant improvements for memory only in the experimental group
(χ2(2)=6.778, p=.034), being that these changes are only significant from baseline to post-intervention
(W(6)=15.000, Z=-2.032, p=.042). Only the experimental group obtained significant improvements over time in
the attention domain, as assessed with a reduction of time in the Digit Cancellation test (χ2(2)=9.333, p=.009)
and a reduction of errors in the Bells test (χ2(2)=7.182, p=.028). However, according to the Wilcoxon’s test,
these differences are again only significant from baseline to post-intervention in both Digit Cancellation
(W(6)=.000, Z=-2.060, p=.039) and Bells (W(6)=.000, Z=-2.032, p=.042) tests.

3.2

How effective is motor training with Reh@Task as compared to conventional rehabilitation?

Both groups improved quantitatively from baseline to post-intervention and follow-up in all the motor and
functional assessment instruments (Table 3).
Table 3. Fugl-Meyer (FM), Motricity Index (MI), Modified Ashworth Scale (AS), Barthel Index
(BI) and Chedoke Arm and Hand Activity Inventory (CAHAI) scores at baseline, post-intervention
and follow up.
Experimental

Control

Baseline

Post-intervention

Follow-up

Baseline

Post-intervention

Follow-up

FM

23 (17.50-52.25)

30.5 (22.25-52.25)

30.5 (22.25-53)

45.5 (43-50.5)

49.5 (44.5-52.75)

49.5 (45-63.75)*

MI

35 (30-77)

48 (36.5-77)

54.5 (39-79)

61 (56-69.75)

67 (59.75-78.75)

70 (65.5-78.75)*

AS

2.5 (1.88-3)

2 (1.38-3)

2 (1-3)

1.5 (1.38-2)

1.5 (1.38-1.5)

1 (1-1.5)*

BI

90 (63.75-96.25)

92.50 (63.75-100)

92.5 (65-100)

92.5 (51.25-100)

92.5 (51.25-100)

92.5 (51.25-100)

37 (30.25-74.5)

37 (34.25-75.25)

37 (34.25-75.25)

54.50 (42.75-61.25)

58.5 (48.25-66.25)*

62.5 (53.25-68.5)*

CAHAI

Values are presented as medians (quartile 1 – quartile 3).
* Wilcoxon's T matched pairs signed ranks test significance p <.05.

Considering the CAHAI functional assessment of the recovery of the arm and hand after stroke, we observe
significant improvements over time in both experimental (χ2(2)=6.000, p=.050) and control (χ2(2)=11.273,
p=.004) groups. Wilcoxon’s pairwise comparison reveals that these differences are significant from baseline to
post-intervention (W(6)=21.000, Z=-2.226, p=.026) and to follow-up (W(6)=21.000, Z=-2.207, p=.027) for the
control group, but not for the experimental group. Only the control group had significant over time changes in
6
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upper-limb impairments, as assessed with the Fugl-Meyer (χ2(2)=8.375, p=.015), the Motricity Index
(χ2(2)=8.000, p=.018) and the Modified Ashworth Scale (χ2(2)=7.600, p=.022). Pairwise comparisons were only
significant from baseline to follow-up (FM: W(6)=15.000, Z=-2.060, p=.039; MI: W(6)=15.000, Z=-2.032,
p=.042; AS: W(6)=21.000, Z=-2.207, p=.027). In the case of independence in ADL’s, there were no significant
changes in the Barthel score for any of the groups.

4. CONCLUSIONS
Here we presented a VR cognitive and motor training task and the preliminary results of twelve patients from an
ongoing one-month longitudinal intervention. During the experiment, all 12 patients underwent conventional
occupational therapy rehabilitation, which mostly involves motor training and disregards cognitive aspects, but
only the experimental group had specific attention and memory training with the Reh@Task. Experimental and
conventional rehabilitation groups revealed improvements in the MoCA scores, although our data reveals that
only Reh@Task participants improved significantly in the domains specifically trained by the VR task: attention
and memory. The control group, despite improving in overall MoCA scores, did not present any specific
improvements in any subdomain.
With respect to the motor component, both groups improved significantly in the functional recovery of the
hand and arm scores assessed by the CAHAI, revealing that both the Reh@Task and conventional
methodologies had an impact in the use of the hand and arm in the ADL’s. Nevertheless, overall, the control
group showed higher improvements. Improvements measured in Fugl-Meyer and CAHAI did not translate to an
increased independence in ADL’s, as assessed by the Barthel Index. This result may be explained by the fact that
the Barthel Index is known to suffer ceiling effects (Quinn, Langhorne, & Stott, 2011). Improvements in the
Fugl-Meyer, the Motricity Index and the Modified Ashworth Scale scores were only measurable in the control
group. This might be due to the fact that the control intervention targeted a more generalized motor rehabilitation
(occupational therapy based), whereas the Reh@Task system only targeted reaching movements of the hemi
paretic arm.
To summarize, this work is part of an ongoing study that intends to include 40 participants, 20 per group.
Despite the small sample size so far, our data suggests that both interventions have a positive impact in both
motor and cognitive domains. In the cognitive domain, Reh@Task may have more impact in cognition, namely
in the domains it directly addressed, memory and attention. In the motor domain, greater improvements are seen
in the control condition. As a consequence of the reduced size of the sample, we have heterogeneous groups,
with some differences between them concerning age, number of months post-stroke, as well as the Fugl-Meyer
and Motricity Index scores at baseline. Although these differences are important and may have an impact in the
results, they are not statistically significant. The increase of the sample size is expected to diminish these
differences between groups and its impact in the final results.
These preliminary results are supportive of the viability of low-cost rehabilitation solutions that combine
motor and cognitive training, such as the Reh@Task, that can be effective tools to address cognitive training in
an integrative manner and can be easily deployed at home or at the clinic. Evidence that treatment effectiveness
may improve by integrating cognitive and motor rehabilitation is increasing but more research is needed to
identify how severity of deficits, chronicity and intervention delivery impact this association. Further research in
this area is essential in order to provide more targeted interventions.
Trial registration: This trial was not registered because it is a small sample study that evaluates the clinical
validity of a prototype virtual reality system.
Acknowledgements: This work is supported by the European Commission through the RehabNet project Neuroscience Based Interactive Systems for Motor Rehabilitation - EC (303891 RehabNet FP7-PEOPLE-2011CIG), and by the Fundação para a Ciência e Tecnologia through SFRH/BD/97117/2013 Projeto Estratégico - LA
9-2015-2016 and Agência Regional para o Desenvolvimento da Investigação, Tecnologia e Inovação (ARDITI).

5. REFERENCES
Barreca, S., Gowland, C. K., Stratford, P., Huijbregts, M., Griffiths, J., Torresin, W., … Masters, L. (2004).
Development of the Chedoke Arm and Hand Activity Inventory: theoretical constructs, item generation,
and selection. Top Stroke Rehabil, 11, 31–42.
Bohannon, R. W., & Smith, M. B. (1987). Interrater reliability of a modified Ashworth scale of muscle
spasticity. Phys Ther, 67, 206–7.
Proc. 11th Intl Conf. Disability, Virtual Reality & Associated Technologies
Los Angeles, California, USA, 20–22 Sept. 2016
©2016 ICDVRAT; ISBN 978-0-7049-1546-6

7

Csikszentmihalyi, M., & Csikszentmihalyi, I. S. (1992). Optimal Experience: Psychological Studies of Flow in
Consciousness. Cambridge University Press.
Cumming, T. B., Marshall, R. S., & Lazar, R. M. (2013). Stroke, cognitive deficits, and rehabilitation: still an
incomplete picture. International Journal of Stroke, 8(1), 38–45.
Diller, L., Weinberg, J., Gordon, W., Goodkin, R., Gerstman, L. J., & Ben-Yishay, Y. (1974). Studies in
cognition and rehabilitation in hemiplegia.
Faria, A. L., & Bermúdez i Badia, S. (2015). Development and evaluation of a web-based cognitive task
generator for personalized cognitive training: a proof of concept study with stroke patients. In REHAB
2015: 3rd Workshop on ICTs for improving Patients Research Techniques. ACM.
Faria, A. L., Vourvopoulos, A., Cameirão, M. S., Fernandes, J. C., & Bermúdez i Badia, S. (2014). An
integrative virtual reality cognitive-motor intervention approach in stroke rehabilitation: a pilot study.
In 10th ICDVRAT, Gothenburg, Sweden, Sept. 2-4, 2014.
Fugl-Meyer, A. R., Jääskö, L., Leyman, I., Olsson, S., & Steglind, S. (1975). The post-stroke hemiplegic patient.
1. a method for evaluation of physical performance. Scandinavian Journal of Rehabilitation Medicine,
7(1), 13–31.
Gauthier, L., Dehaut, F., & Joanette, Y. (1989). The Bells Test: A quantitative and qualitative test for visual
neglect. International Journal of Clinical Neuropsychology, 11(2), 49–54.
Gottesman, R. F., & Hillis, A. E. (2010). Predictors and assessment of cognitive dysfunction resulting from
ischaemic stroke. The Lancet Neurology, 9(9), 895–905.
Hochstenbach, J., Mulder, T., Limbeek, J. van, Donders, R., & Schoonderwaldt, H. (1998). Cognitive Decline
Following Stroke: A Comprehensive Study of Cognitive Decline Following Stroke*. Journal of
Clinical and Experimental Neuropsychology, 20(4), 503–517.
Kleim, J. A., & Jones, T. A. (2008). Principles of experience-dependent neural plasticity: implications for
rehabilitation after brain damage. Journal of Speech, Language, and Hearing Research, 51(1), S225–
S239.
Klinger, E., Sánchez, J., Sharkey, P. M., & Merrick, J. (2014). Virtual reality-based rehabilitation applications
for motor, cognitive and sensorial disorders. International Journal on Disability and Human
Development, 13(3), 309.
Langhorne, P., Bernhardt, J., & Kwakkel, G. (2011). Stroke rehabilitation. The Lancet, 377(9778), 1693–1702.
Langhorne, P., Coupar, F., & Pollock, A. (2009). Motor recovery after stroke: a systematic review. The Lancet
Neurology, 8(8), 741–754.
Laver, K. E., George, S., Thomas, S., Deutsch, J. E., & Crotty, M. (2015). Virtual reality for stroke
rehabilitation. In Cochrane Database of Systematic Reviews. John Wiley & Sons, Ltd.
Levin, M. F., Weiss, P. L., & Keshner, E. A. (2014). Emergence of Virtual Reality as a Tool for Upper Limb
Rehabilitation. Physical Therapy.
Mahoney, F. I., & Barthel, D. W. (1965). Functional Evaluation: The Barthel Index. Md State Med J, 14, 61–5.
Mathews, Z., Badia, S. B. i, & Verschure, P. F. M. J. (2007). A Novel Brain-Based Approach for Multi-Modal
Multi-Target Tracking in a Mixed Reality Space. In Proceedings of 4th INTUITION International
Conference and Workshop on Virtual Reality.
Mohs, R. C., Knopman, D., Petersen, R. C., Ferris, S. H., Ernesto, C., Grundman, M., … others. (1997).
Development of cognitive instruments for use in clinical trials of antidementia drugs: additions to the
Alzheimer’s Disease Assessment Scale that broaden its scope. Alzheimer Disease & Associated
Disorders, 11, 13–21.
Mullick, A. A., Subramanian, S. K., & Levin, M. F. (2015). Emerging evidence of the association between
cognitive deficits and arm motor recovery after stroke: A meta-analysis. Restorative Neurology and
Neuroscience, 33(3), 389–403.
Nasreddine, Z. S., Collin, I., Chertkow, H., Phillips, N., Bergman, H., & Whitehead, V. (2003). Sensitivity and
specificity of the Montreal Cognitive Assessment (MoCA) for detection of mild cognitive deficits. Can
J Neurol Sci, 30(2), 30.
Parsons, T. D. (2015). Ecological Validity in Virtual Reality-Based Neuropsychological Assessment. In
Encyclopedia of Information Science and Technology (pp. 1006–1015). Hershey, PA: Information
Science Reference.
Paternostro-Sluga, T., Grim-Stieger, M., Posch, M., Schuhfried, O., Vacariu, G., Mittermaier, C., … FialkaMoser, V. (2008). Reliability and Validity of the Medical Research Council (MRC) Scale and a
Modified Scale for Testing Muscle Strength in Patients with Radial Palsy. Journal of Rehabilitation
Medicine, 40(8), 665–671.
Quinn, T. J., Langhorne, P., & Stott, D. J. (2011). Barthel Index for Stroke Trials Development, Properties, and
Application. Stroke, 42(4), 1146–1151.
Research Randomizer. (2016). Retrieved from https://www.randomizer.org/

8

Proc. 11th Intl Conf. Disability, Virtual Reality & Associated Technologies
Los Angeles, California, USA, 20–22 Sept. 2016
©2016 ICDVRAT; ISBN 978-0-7049-1546-6

Saleh, S., Bagce, H., Qiu, Q., Fluet, G., Merians, A., Adamovich, S., & Tunik, E. (2011). Mechanisms of neural
reorganization in chronic stroke subjects after virtual reality training. In 2011 Annual International
Conference of the IEEE Engineering in Medicine and Biology Society,EMBC (pp. 8118–8121).
Saposnik, G. (2016). Virtual Reality in Stroke Rehabilitation. In B. Ovbiagele (Ed.), Ischemic Stroke
Therapeutics (pp. 225–233). Springer International Publishing.
Sullivan, K. J., Tilson, J. K., Cen, S. Y., Rose, D. K., Hershberg, J., Correa, A., … Duncan, P. W. (2011). FuglMeyer Assessment of Sensorimotor Function After Stroke Standardized Training Procedure for Clinical
Practice and Clinical Trials. Stroke, 42(2), 427–432.
Teasell, R., Mehta, S., Pereira, S., McIntyre, A., Janzen, S., Allen, L., … Viana, R. (2012). Time to Rethink
Long-Term Rehabilitation Management of Stroke Patients. Topics in Stroke Rehabilitation, 19(6), 457–
462.
Vourvopoulos, A., Faria, A. L., Cameirão, M. S., & Bermúdez i Badia, S. (2013). RehabNet: A Distributed
Architecture for Motor and Cognitive Neuro-Rehabilitation. Understanding the Human Brain through
Virtual Environment Interaction. In IEEE 15th International Conference on e-Health Networking,
Applications and Services (Healthcom).
WHO. (2015). WHO | Cardiovascular diseases (CVDs). Retrieved February 22, 2016, from
http://www.who.int/mediacentre/factsheets/fs317/en/
Wilson, B. A. (2013). Neuropsychological rehabilitation: State of the science. South African Journal of
Psychology, 43(3), 267–277.
Yesavage, J. A., Brink, T. L., Rose, T. L., Lum, O., Huang, V., Adey, M., & Leirer, V. O. (1982). Development
and validation of a geriatric depression screening scale: A preliminary report. Journal of Psychiatric
Research, 17(1), 37–49.

Proc. 11th Intl Conf. Disability, Virtual Reality & Associated Technologies
Los Angeles, California, USA, 20–22 Sept. 2016
©2016 ICDVRAT; ISBN 978-0-7049-1546-6

9

ICDVRAT 2016
Publication Agreement and Assignment of Copyright
Agreement: We are pleased to have the privilege of publishing your article in the forthcoming
10th International Conference on Disability, Virtual Reality and Associated Technologies 2016
(ICDVRAT 2016). By submission of your paper, you hereby grant to the ICDVRAT all your
right, title, and interest including copyright in and to the paper as it appears in the Proceedings of
the ICDVRAT (“Impact of combined cognitive and motor rehabilitation in a virtual reality task:
an on-going longitudinal study in the chronic phase of stroke”). Management of the copyright for
all papers will be maintained by ICDVRAT.
Rights Reserved by Author(s): You hereby retain and reserve for yourself a non-exclusive
license: 1.) to photocopy the Paper for your use in your own teaching activities; and 2.) to publish
the Paper, or permit it to be published, as part of any book you may write, or in any anthology of
which you are an editor, in which your Paper is included or which expands or elaborates on the
Paper, unless the anthology is drawn primarily from ICDVRAT. As a condition of reserving this
right, you agree that ICDVRAT will be given first publication credit, and proper copyright notice
will be displayed on the work (both on the work as a whole and, where applicable, on the Article
as well) whenever such publication occurs.
Rights of ICDVRAT: This agreement means that ICDVRAT will have the following exclusive
rights among others: 1.) to license abstracts, quotations, extracts, reprints and/or translations of
the work for publication; 2.) to license reprints of the Paper to third persons for educational
photocopying; 3.) to license others to create abstracts of the Paper; 4.) to license secondary
publishers to reproduce the Paper in print, microform, or any computer readable form including
electronic on-line databases. This includes licensing the Paper for inclusion in an anthology from
ICDVRAT 2016.
Warranties: You warrant that the Paper has not been published before in any form, that you
have made no license or other transfer to anyone with respect to your copyright in it, and that
you are its sole author(s), and generally that you have the right to make the grants you make to
ICDVRAT. Any exceptions are to be noted below. You also warrant that the Paper does not libel
anyone, invade anyone’s privacy, infringe anyone’s copyright, or otherwise violate any statutory
or common law right of anyone. You agree to indemnify ICDVRAT against any claim or action
alleging facts, which, if true, constitute a breach of any of the foregoing warranties.
Concerning U.S. Government Employees: Some of the foregoing grants and warranties will
not apply if the Paper was written by U.S. Government employees acting within the scope of
their employment. U.S. Government employees may reserve the right to reproduce the Paper for
U.S. Government purposes by making a request at the time of submission of the Paper. If no
copyright can be asserted in this work and it should be considered in the public domain, the
ICDVRAT should be notified at the time of submission of the Paper.
In Conclusion: This is the entire agreement between you and ICDVRAT and it may only be
modified in writing. It will bind and benefit our respective successors in interest, including
assignees, and our licenses, provided that you may not assign this agreement without our prior
written consent. It will terminate if we do not publish your article in ICDVRAT 2016.

10

Proc. 11th Intl Conf. Disability, Virtual Reality & Associated Technologies
Los Angeles, California, USA, 20–22 Sept. 2016
©2016 ICDVRAT; ISBN 978-0-7049-1546-6

