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Abstract

Introduction: virtual reality (VR) is used nowadays as an 
assessment and intervention tool in rehabilitation. One of the 
skills that can be assessed through VR is coincident timing 
(perceptual-motor ability to execute a motor response in 
synchrony with an external stimulus). Visually impaired (VI) 
people require this synchronization of movements with external 
objects in their daily and leisure activities. 

Objective: to investigate the performance of VI individuals in a 
VR coincident timing task. 

Methods: sixty individuals over 18 years of age participated 
in this study: 20 with VI, 20 without VI but blindfolded and 
20 individuals without VI that used visual feedback (without 
blindfold). A semi-structured interview and a virtual coincident 
timing task were used. 

Results: although VI individuals started the task with the worst 
performance (Absolute error = VI group 945ms x blindfolded 
group 591ms x without blindfold group, 557ms), they improved 
performance throughout the task, as did the other groups, 
reducing the number of errors (mean absolute error= 698ms 
to 408ms). Furthermore, all groups presented increased task 
speed (mean variable error= last acquisition block 408ms x 
immediate transfer 227ms x late transfer 247ms). 

Conclusion: individuals with VI had difficulties at the beginning 
of the proposed task, but with practice they were able to adapt 
to the task with an improved of performance (observed by the 
decrease in error time). The auditory feedback was sufficient 
to allow adaptation to the task which improved participant 
performance with VI. 
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According to the World Health Organization, 
visual impairment (VI) is characterized by low vision or 
blindness and by a sensory impairment, which includes 
blind people and those with low vision. It is estimated that 
approximately 2.2 billion people have severe or moderate 
loss of vision, with 90% of these individuals living in 
developing countries1.

Tseng  et al.2 states that VI affects both the daily 
activities and motor skills of affected individuals and, 
therefore, they present difficulties in practically all tasks 
of social participation. On the other hand, Götzelmann et 
al.3 mention that people with VI need to experience the 
environment through auditory and tactile skills, which 
enables them to “compensate” for the disability and have 
a good quality life.

Precisely to allow a person with VI to achieve more 
functionality in daily tasks, it is essential for studies to 
investigate new functional possibilities, considering the 
needs and specificities of the disability. One promising 
possibility is the use of technology through computational 
tasks.

Considering technological advances, Virtual 
Reality (VR) represents a possibility for a computational 
intervention in disabilities, to improve social inclusion. 
The use of VR in rehabilitation is a modern concept of 
treatment based on the use of games and tasks in virtual 
environments to stimulate physical and cognitive functions 
in people with different types of disabilities4, in which 
the user interacts with the environment through remote 
devices, such as a keyboard or mouse, or through using 
more advanced devices, such as a camera, glasses, and/or 
special gloves. VR has begun to be used as an assessment 
and intervention tool for people with disabilities, especially 
considering its good acceptance, accessibility, safety, and 
efficiency5.

In addition to their high level of accessibility, VR 
leisure activities also offer a safe and innovative way to 
have fun that is not limited by the weather or lack of activity 
partners, encouraging participation. These activities are 
also an effective way to practice physical exercise, helping 
to promote the physical health of practitioners6.

It is important to emphasize that the main feature 
of a virtual environment is the visual stimulus. However, 
people with VI, and even with complete blindness, also 
could experience and benefit from technological advances 

 INTRODUCTION
and adaptations in virtual tasks, especially using tactile and 
sound stimuli. The use of VR based on tactile and audio 
games is an efficient skill training strategy for people 
with VI because the development of navigation skills is 
based on alternative remaining sensory modalities, such as 
hearing and touch7.

Still considering the use of VR for people with 
VI, Lahav et al.8 and Merabet et al.9 verified benefits in 
spatial orientation and mobility using virtual environment 
simulators, whereas Morin-Parent et al.10 using sound 
stimuli, observed differences in reaction time. Balan, 
Moldoveanu and Moldoveanu7, through analysis of audio-
based navigation games, stated that VR plays an important 
role in the development of mental structures of people with 
VI, as it increases learning, helps in solving problems of 
communication, and stimulates motivation, in addition to 
improving creativity, orientation, mobility, and problem-
solving skills.

Considering the new technological possibilities 
and the need to verify whether virtual environments are 
adaptable for people with VI, the current work aims to 
evaluate the performance of people with VI during the 
practice of a task in a virtual environment (all participants 
in the experimental group performed the task blindfolded 
- without any visual information) and compare their 
performance with people without visual impairment 
divided into two groups: a group of people without VI 
who practiced the task with the visual, tactile, and sound 
stimuli characteristic of the virtual environment, and 
another group of people without VI who practiced the task 
blindfolded (without visual stimuli). This protocol aimed 
to verify if people with VI were able to use auditory stimuli 
to achieve the same performance as people without VI in 
a virtual task. 

Thus, the participants practiced a motor learning 
protocol in a virtual coincident timing (CT) task on 
a computer, where a bubble falls to a target and the 
participant is required to press the computer keyboard 
at the exact moment that the bubble hits the target (the 
game provides visual and auditory feedback of missing 
and hitting the target). We opted for a CT task, as motor 
actions that require the performer to produce movements 
that coincide with an external moving object or event11, 12 
are observed in various daily and sports activities11, 12.

Some studies to assess performance in a CT task in a 

Authors summary 

Why was this study done?
Considering that Virtual reality is a possibility of intervention to individuals with disabilities. This study verified if a timing coincident non-
immersive virtual task, using auditory feedback, is adaptable for people with visual impairment (VI).

What did the researchers do and find?
This study was developed in São Paulo, Brazil, with 60 participants: 20 with visual impairment that used only auditory feedback and 
40 individuals without visual impairment as control group (20 blindfolded during the task and 20 without blindfold and able to use the 
auditory and visual feedback). A semi-structured interview and a non-immersive virtual coincident timing task were used. Although VI 
group started with worst performance, all groups improved with the task practice. 

What do these findings mean?	
Even with difficulties at the beginning of the protocol, individuals with VI adapted to the task with auditory feedback and improved 
their performance with practice. These findings show that the use of a non-immersive virtual reality task with auditory feedback is a 
possibility of intervention for individuals with VI. 
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and cognitive disabilities that prevented performance of 
the virtual task.

Assessment Protocol
To characterize the sample, a semi-structured 

interview was used, with questions such as age, sex, time 
of vision loss, level of visual loss classification, profession, 
and previous contact with technology.

Task: Coincident timing
For the data collection, we used a software game 

created by the Information Systems Department at the 
School of Arts, Sciences and Humanities of the University 
of São Paulo4. This is a coincidence synchronization 
task based on the Bassin Anticipation Timer that aims to 
analyze motor learning through performance, verified by 
the variability of errors, such as constant error, absolute 
error, and variable error17-19.

The game (Figure 1) offers a coincident timing task 
in which the participants are instructed to “intercept” a 
falling virtual bubble as it reaches the target by pressing 
the keyboard space button on the computer (i.e., the game 
presents a sequence of 10 spaces until reaching the target 
positioned in the final space). The magnitude and direction 
of error of each participant in anticipating or delaying the 
arrival of the bubble to the target were recorded by the 
software in milliseconds. The objective was to evaluate the 
time difference between the execution of the participant’s 
response and the arrival of the bubble at the target location 
and the global temporal precision and therefore the 
coincidence-anticipation timing ability20- 22.

virtual environment observed improvement in performance 
with practice in individuals with Down Syndrome and 
Cerebral Palsy13-15. However, no studies were found using 
CT in people with VI, and, in general, there are not many 
studies dedicated to understanding how the behavior of 
people with VI in motor tasks affects motor function16.

Considering the above deliberations, we 
hypothesized that all groups would present improved 
performance with practice, but the group of people without 
visual impairment (with the possibility of visualizing 
the task) would perform better in all protocols. We also 
hypothesized that the worst performance will be from the 
group without VI, but who practiced the task blindfolded, 
that is, this group should not have the benefit of visual 
feedback practicing a virtual task and does not have the 
experience of people with VI to adapt to the environment.

  METHODS
Ethical and Legal Aspects of the Research

This study is duly registered in the Brazilian 
Registry of Clinical Trials and approved by the Research 
Ethics Committee under number 3,397,895. 

Study Location
The study was developed at an Institution of 

Instruction and Work for the Blind in a city in São Paulo 
and at the Laboratory of Studies in Leisure, Education and 
Active Lifestyle for people with disabilities (ProLeva) at 
the University of Franca, São Paulo, Brazil. 

Study Population and Eligibility Criteria
This research is characterized by a convenience 

sample. Twenty people with VI of both sexes participated 
in this study, attending an institution for people with VI. 
These people were invited by the coordination of the 
institution via telephone or in person and were selected 
based on the eligibility criteria, which will be described 
below. Even though all participants with VI were blind, 
they were asked to wear a blindfold when performing the 
task.

In addition, 40 people without disabilities were 
invited through social media and selected for pairing with 
each participant in the group with VI, that is, for each person 
with VI, two without VI were paired by sex and age, one 
directed to the blindfolded group and the other to the group 
unblindfolded, randomly. One participant in the control 
group (no VI) was allocated to the group that used the 
blindfold and the other to the control group that performed 
a task without the blindfold. Thus, among people without 
VI (control group), 20 wore blindfolds when participating 
in the study (only with auditory feedback) and 20 practiced 
the task with visual and auditory feedback. All participants 
were taken individually to a room where they performed 
the protocol. To carry out this study, a notebook computer 
and CT assessment software were used.

The criteria for participation in the research were: 
agreement to participate in the research; aged over 18 
years; sign the Informed Consent Form; have a diagnosis 
of VI (in the case of participants with VI); and understand 
the virtual task. The criteria for non-inclusion in the study 
included withdrawal during the protocol and functional 

Figure 1: Coincident Timing Task (Software Team 
Bridge Games)
Protocol

We used a motor learning protocol20, 21, 23-25 
organized through blocks of 5 attempts. All participants 
performed two stages of the protocol. In the first stage, 30 
attempts were used, divided into 20 acquisition attempts 
(task practice), 5 retention attempts (immediate retention 
– Ir), performed after 5 minutes without contact with the 
task, and 5 transfer attempts (immediate transfer – It), with 
an increase in speed. For the second stage, after 24 hours 
without contact with the task, the participants performed 
the retention (late retention – Lr) and transfer (late transfer 
– Lt) phases of the first stage again, totaling 10 more 
repetitions (Figure 2). Thus, each participant performed 40 
repetitions in total.
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Data analysis
The dependent variables used were timing errors: 

constant error (CE), absolute error (AE), and variable 
error (VE). Timing error was defined as the time difference 
between the moment the target sphere was turned on 
(time of arrival) and the moment the keyboard button tap 
was registered. The dependent variables were submitted 
to a MANOVA with factor 3 (Groups: with VI, without 
VI blindfolded, without VI and without blindfold) by 2 
(Blocks) with repeated measures (RM) in the last factor 
(Blocks). For the Blocks factor, separate comparisons were 
made for acquisition (first acquisition block A1 versus final 
acquisition block A4), immediate and delayed retention 
(A4 versus immediate retention block - Ir; and A4 versus 
late retention block - Lr), and immediate transfer and late 
transfer (A4 versus immediate transfer block – It and A4 
versus late transfer block - Lt). The partial eta squared (Ƞp

2) 
was then used to calculate the effect size, where Ƞp

2= 0.01 
was considered a small effect, Ƞp

2 = 0.06 moderate, and Ƞp
2 

= 0.14 large (Lakens, 2013). The observed power (op) was 
also reported. Post hoc comparisons were performed using 
the Least Significance Difference - LSD test. 

Figure 2: Study protocol. Elaborated by author, 2021
To establish whether age and sex could have 

influenced the results, a linear regression was performed, 
using the difference between the last and first blocks of 
the acquisition phase as the dependent variable (A4 - 
A1). Values of p < 0.05 were considered significant. The 
statistical package used was the Statistical Package for 
the Social Sciences (SPSS; IBM, Chicago, Illinois, USA), 
version 26.0.

 RESULTS
Sociodemographic Results

Groups were paired and there were no differences 
between them, regarding age and sex. Ages ranged between 
18 and 67 years, and 15 men and 5 women participated 
in each group. The causes of visual loss ranged from: 
compression/atrophy of the optic nerve, eye infection, 
retinitis pigmentosa, retinal dystrophy, glaucoma, stargardt, 
toxoplasmosis, retinal impairment during incubation 
period, and home accident.

Table 1: Sociodemographic Results

VI (%) BLINDFOLDED (%) WITHOUT BLINDFOLD (%)
Sex
Male 75 75 75
Female 25 25 25
Age
18 - 19 years 5 5 5
20 – 29 years 5 10 10
30 - 39 years 20 20 20
40 - 49 years 30 25 20
50 - 59 years 10 15 25
60 – 67 years 30 25 20
Profession
Retiree 90 15 20
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Data Analysis Results 

Constant Error – CE  

Figure 3 presents the CEs during acquisition, 
showing that all participants tended to anticipate movement 
in all phases of the protocol. There were no significant 
effects or interactions for Groups and Blocks.

Working 10 85 80
Causes of visual loss
Optic nerve compression/atrophy 30 - -
Retinitis pigmentosa 25 - -
Glaucoma 15 - -
Eye infection 5 - -
Retinal dystrophy 5 - -
Stargardt 5 - -
Toxoplasmosis 5 - -
Retinal impairment during incubator 
period

5 - -

Home accident 5 - -
Visual loss time
Between 5 – 10 years 10 - -
Between 11 – 15 years 15 - -
Between 16 – 20 years 25 - -
Between 21 – 25 years 0 - -
Between 26 – 30 years 10 - -
Between 31 – 35 years 5 - -
Between 36 – 40 years 5 - -
More than 40 years 5 - -
Congenital 25 - -
Computer use
Yes 60 60 75
No 40 40 25
Cell phone use
Yes 100 100 100
Medication 
Yes 45 40 35
No 55 60 65

Continuation - Table 1: Sociodemographic Results

VI (%) BLINDFOLDED (%) WITHOUT BLINDFOLD (%)

Acquisition

MANOVA analyses revealed significant effects for 
Groups [Wilks’ λ = 0.694, F6, 94 = 3.14, p = 0.008, Ƞp

2 = 
0.17, op = 0.90], Blocks [Wilks’ λ = 0.410, F3, 47 = 22.5, 
p < 0.001, Ƞp

2 = 0.59, op = 1.00], and interaction between 
Groups and Blocks [Wilks’ λ = 0.680, F6, 94 = 3.33, p = 
0.005, Ƞp

2  = 0.18, op = 0.92]. The separate ANOVAs are 
described below:
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Figure 3: Constant error (ms) for all phases of the protocol in the three groups. Values are presented as 
mean and standard error. A1–A4: acquisition blocks; Ir: Immediate retention; Lr: Late retention; It: Immediate 
transfer; Lt: Late transfer. 

Absolute Error - AE 

The pattern of absolute errors is illustrated in Figure 
4. There was a significant effect for Groups [F2, 49 = 5.63, 
p = 0.006, Ƞp

2 = 0.19, op = 0.83] and interaction between 
blocks and groups [F2, 49 = 6.70, p = 0.003, Ƞp

2 = 0.22, op 
= 0.90]. The post-hoc test showed that the VI group had 

higher AE (mean = 945 ms) than the other two control 
groups (with blindfold - mean 591 ms, p = 0.002; and 
without blindfold - mean 557 ms, p = 0.003). There was no 
significant difference between the control groups with and 
without blindfold, only in the first acquisition block (A1), 
while in the last acquisition block there was no significant 
difference between the three groups.

Figure 4: Absolute error (ms) for all phases of the protocol in the three groups. Values are presented as 
mean and standard error. A1–A4: acquisition blocks; Ir: Immediate retention; Lr: Late retention; It: Immediate 
transfer; Lt: Late transfer. 

An effect for Blocks [F1, 49 = 39,5, p <0.001, Ƞp
2 = 

0.45, op = 1.00] was also found. This result means that 
all participants decreased the EA (improved performance) 
from the first to the last acquisition block (mean = 698 ms 
to 408 ms, respectively).

Variable Error - VE 

The variable error during acquisition is illustrated 
in Figure 5. There was an effect for Groups [F2, 49 = 4.85, 

p <0.001, Ƞp
2 = 0.17, op = 0.78] and although the ANOVA 

did not show a significant interaction, the post-hoc test 
demonstrated that, similar to the AE, the VI group had a 
higher VE (mean = 867 ms) than the other two control 
groups (with blindfold - mean 396 ms, p = 0.009; and 
without blindfold - mean 484 ms, p = 0.050), with no 
significant difference between the control groups with and 
without blindfolds. However, this result only occurred 
for the first acquisition block (A1), with no significant 
difference between the three groups in the last block (A4 ).
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There was also a significant effect for Blocks [F1, 

49 = 33.0, p <0.001, Ƞp
2 = 0.40, op = 1.00],  which showed 

that all participants decreased their VE from A1 (mean = 
583 ms ) to A4 (average = 119 ms).

Retention
Immediate (Ir) and late (Lr - after 24h) retention

Figures 3, 4, and 5 also show the timing errors 
during retention. For both immediate and late retention 
(after 24 hours), there were no distinct differences between 
the errors in the final block of acquisition. Consequently, 
the MANOVA and ANOVAs did not reveal any significant 
main effect or interaction for Blocks when comparing 
the final acquisition block (A4) and the retention blocks 
(immediate retention – Ir and late retention - Lr) for 
constant, absolute, and variable errors, showing that the 
performance acquired in the last acquisition block was 
maintained during both retention tests.

Transfer
Immediate (It) and late (Lt - after 24h) transfer

For both immediate and late transfers, MANOVA 
found a significant effect for Blocks [Ti: Wilks’ λ = 0.315, 
F3, 47 = 33.9, p <0.001, Ƞp

2 = 0.69, op = 1.00; Tt: Wilks’ 
λ = 0.284, F3, 42 = 35.3, p <0.001, Ƞp

2 = 0.72, op = 1.00], 
with no effect for Groups or interactions. The ANOVAs 
will be shown separated only for the absolute errors in the 
next section, since the constant error presented the same 
anticipation pattern of the acquisition and retention phases, 
and no effects or interactions were found for the variable 
error.

Absolute Error - AE

There were significant effects for Blocks for 
immediate transfer [F1, 49 = 60.8, p <0.001, Ƞp

2 = 0.55, 
op = 1.00] and late transfer [F1, 44 = 63.8 p <0.001, Ƞp

2 = 
0.59, op = 1.00]. These results showed that for the transfer 

phase with increasing speed, the participants demonstrated 
improved performance, that is, they decreased the AE 
from the last acquisition block (average = 408 ms) to the 
immediate transfer block (average = 227 ms) and to the 
late transfer block (average = 247 ms). See figures 3, 4, 
and 5.

 
Regression Analysis
It was found that age influenced the improvement 

in performance during the acquisition phase: the greater 
the improvement in performance, the younger the age 
[r2 = 0.14, F = 7.79, p = 0.007, beta = -8,4]. Sex did not 
influence performance.

 DISCUSSION
The aim of the present study was to evaluate 

coincident timing performance through a non-immersive 
virtual task in people with VI. Our hypotheses that all 
groups would present improved performance with practice 
and that people without visual impairment that had visual 
and auditory feedback would performance better were 
partially confirmed. 

Regarding the ability of individuals with VI to adapt 
to the environment using hearing3, 16, we hypothesized that 
the auditory feedback would provide better performance 
when compared to blindfolded individuals (deprived of 
sight at the time of the task). However, the group with the 
worst performance was the group of individuals with VI. 

In other words, the group with VI started the task 
with more absolute and variable errors than the other 
groups. This is an interesting result, as the ability to perform 
all day-to-day tasks without vision did not provide any 
advantage for individuals with VI during a non-immersive 
VR task on the computer, even compared to the group 
without VI, but who practiced the task blindfolded.

Although the VI group showed worse performance, 
it is important to note that this difference appears only in the 
first acquisition block (i.e, at the beginning of the practice). 
Thus, after 5 attempts (first block) the group with VI was 
able to adapt to the task and had the same performance 

Figure 5: Variable error (ms) for all phases of the protocol in the three groups. Values are presented as mean 
and standard error. A1–A4: acquisition blocks; Ir: Immediate retention; Lr: Late retention; It: Immediate transfer; 
Lt: Late transfer. 
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et al.20 who performed a similar task in children with 
cerebral palsy, and Prumes et al.30, in people with muscular 
dystrophy, also obtained results in which the computer task 
with non-immersive VR proved to be a good learning tool.

Although this study is considered an initial proposal 
for the use of VR with VI individuals, some limitations 
should be presented. 1- the task used was in a non-
immersive virtual environment and offered only auditory 
feedback to participants with VI, probably the use of a 
task with auditory and tactile feedback (vibration) could 
offer more sensory information and provide improvement 
with task performance; 2- the participant performance 
pattern could be better analyzed with a greater number 
of participants and, mainly, a longer task practice time 
(longitudinal protocol); 3- a non-immersive virtual task 
developed for laboratory tests was used, but most likely 
a game with greater possibilities and dynamic interactions 
could offer results that represent the daily tasks for 
participants.

 CONCLUSION
Based on the findings, individuals with VI had 

difficulties at the beginning of the proposed task, but with 
practice they were able to adapt to the task and improve 
performance (observed by the decrease in error times). 
Thus, auditory feedback games in practice are sufficient 
to provide adaptation and improved performance for 
participants with VI.
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in relation to the other groups. We can only speculate 
that the auditory feedback generated automatically by the 
computer when the participant hits or misses the target 
was responsible for the lower performance in the first 
block for the DV group. Positive and negative auditory 
feedbacks influence task performance26 and participants in 
the DV group had to pay attention to identify computer 
feedback, which probably impaired performance during 
the beginning of practice.

Moreover, all groups showed a tendency to 
anticipate the movement and the first attempts were 
the farthest from ground zero, however they presented 
improved performance over the course of practice. We 
can associate this information with the characteristics 
of learning, which leads to improvement in a task with 
practice, enhancing performance27. 

Another important aspect of motor learning is 
retention and transfer, which happens when the performance 
of a certain acquired motor skill can be verified at later 
times or in new situations or contexts28. In the retention 
phases (after 5 minutes without contact with the task) and 
transfer (with task speed increase). According to Oppici et 
al29,  Monteiro et al20, 21 the practice is not only intended 
to facilitate performance, but to provide a lasting learning 
observable in the retention and transfer phases.

As seen before, practice is not only intended to 
facilitate performance, but to make it a lasting learning, 
hence the importance of retention and transfer29. In the 
case of this research, all participants maintained their 
performance in the retention and transfer phases, which 
can infer motor learning. Matins et al.25 and Monteiro 
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Resumo

Introdução: A realidade virtual (RV) é usada atualmente como ferramenta de avaliação e intervenção 
na reabilitação. Uma das tarefas motoras possíveis de verificar desempenho por meio da RV é o 
timing coincidente (habilidade perceptivo-motora de executar uma resposta motora em sincronia com 
um estímulo externo). Essa sincronização de movimentos com estímulos externos é importante para 
pessoas com deficiência visual (DV) nas tarefas diárias e de lazer.

Objetivo: Investigar o desempenho de indivíduos com DV em uma tarefa de timing coincident em RV 
não imersiva.

Método: Participaram deste estudo 60 indivíduos maiores de 18 anos: 20 com DV, 20 sem DV mas 
vendados e 20 indivíduos sem DV que utilizaram feedback visual (não vendado). Foi utilizada entrevista 
semiestruturada e uma tarefa de timing coincident no computador. 

Resultados: O grupo DV iniciou a tarefa com o pior desempenho (erro absoluto = grupo DV 945ms x 
grupo vendado 591ms x grupo não vendado 557ms), mas melhoraram ao longo da tarefa. Apesar da 
dificuldade inicial do grupo com DV,  todos os grupos reduziram o número de erros (erro absoluto médio 
= 698ms para 408ms). Além disso, todos os grupos aumentaram a precisão da tarefa (erro variável 
médio = último bloco de aquisição 408 ms x transferência imediata 227 ms x transferência tardia 247 
ms).

Conclusão: Indivíduos com DV apresentaram dificuldades no início da tarefa proposta mas com a 
prática conseguiram se adaptar a tarefa com melhora no desempenho (observado pela diminuição no 
tempo de erro). Ou seja, o feedback auditivo foi suficiente para possibilitar adaptação à tarefa e melhora 
de desempenho dos participantes com DV. 

Keywords: aprendizagem, deficiência visual, realidade virtual.


