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This study investigated the effects of visual and kinaesthetic instructional cues
separately and in combination on the learning of motor skills by individuals with
deafness. In addition, whether the mastery level of sign language would affect
motor skill learning was also investigated. The task was dart throwing. The sample
consisted of 69 students of elementary education, of both sexes, as follows: 43
individuals with bilateral sensorineural hearing loss (from moderate/severe to
anacusis) and 26 individuals who hear. The design involved three cue groups of
instructional cues: visual, kinaesthetic, and visual and kinaesthetic. The study also
comprised the following phases: pretest, acquisition; post-test; and transfer test.
During the acquisition phase, the cue ‘elbow flexed at 90º’ was through figure
(visual), manipulation (kinaesthetic) or both in conjunction. Results showed that
the visual group obtained smaller absolute and variable errors in the transfer test
than the kinaesthetic and visual-kinaesthetic groups, and no differences were
observed among groups of individuals who hear. It was concluded that: (i) the
visual cue was more efficient in promoting the motor learning of the individuals
with deafness than the kinaesthetic and visual-kinaesthetic cues; (ii) the effects of
the visual cue were specific to the learning of the individuals with deafness in
comparing to individuals who hear; and (iii) the mastery level of sign language did
not affect the occurrence or failure of motor skill learning.
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INTRODUCTION
Deafness is more common than one might think. According to the World Health
Organization (WHO, 2018), more than 400 million individuals worldwide have
deafness. It refers to a sensory deficit of hearing loss that results in the restriction of
communication through oral language. A deaf individual is one unable to hear as well as
someone with typical hearing (Marschark & Hauser, 2012; Paul & Whitelaw, 2011).
As with any complex phenomenon, deafness has been investigated from different
perspectives (e.g. medical and educational) and analysis levels (e.g. social, behavioural,
and neurological) (Cawthon & Garberoglio, 2017; Marschark & Hauser, 2012). The
main concern in the researches is related to interventions to diminish its functional (e.g.
delayed development of spoken language and academic performance), socio-affective
(e.g. isolation and frustration), and socio-economic (e.g. health and educational costs)
impacts. Although the complexity of deafness implies significant diversity among deaf
individuals (Gannon, 2011), it is often said that the deaf have their own culture (Jassal,
2016), which extends to sportive events (Kurková, Valková & Scheetz, 2011). The main
assumptions in sport contexts is that participation plays an important role in diminishing
the foregoing deafness impacts, and that it has the learning of motor skills in physical
education classes as a sine qua non component (Hartman et al., 2011, Kurková et al.,
2011). Motor skills are recognized as an educational subject because they are cultural
constructions that human beings have adapted and practised in order to fulfil biological,
psychological, and social needs: health, competition and leisure (Corrêa et al., 2016).
In the last few decades, a number of studies have been developed in order to understand
the key aspects of the successful performance of motor skills by individuals with
deafness, mainly related to perception. This refers to the process by which individuals
pick up and interpret sensory information or how they deal with the information
necessary for controlling their interactions with their performance’s environment
(Magill & Anderson, 2017). Regarding to this, findings from three main research lines
have together pointed to importance of specific instruction in directing the learner’s
attention during learning process. First, studies have indicated the existence of
perceptual alterations due to deafness; they have pointed out that there is an
improvement in peripheral visual perception in comparison to individuals who hear,
which results from adaptive and compensatory changes related to neural maturation (e.g.
Dye et al., 2007; Sladen et al., 2005).
Second, in a similar vein a number of studies have considered the mastery of sign
language as an important aspect interacting with visual perception in individuals with
deafness (e.g. Bavelier et al., 2001). It has been hypothesized that the mastery of sign
language contributes to the improvement in peripheral visual perception as signalling
movements change in the way they dynamically involve various spatial positions in a
short time (Parasnis & Samar, 1985), which requires both central and peripheral visual
attention (Sladen et al., 2005). In fact, it has been reported that lack of exposure to sign
language can be detrimental to intellectual, emotional, social, and motor development of
deaf individuals (Capovilla, 2000; Lacerda & Mantelatto, 2000). However, the few
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studies that are dedicated to testing this hypothesis have not provided evidence to
support it (e.g. Dye et al., 2009).
Third, in addition to visual perception, researchers have addressed how performances of
individuals with deafness are affected by kinaesthesia. In the present study, the term
‘kinaesthetic perception’ has been used to encompass the perception of skin touch (skin
receptor), tactile perception and joint movements (Magill & Anderson, 2017; Schmidt,
Lee, Winstein, Wulf & Zelaznik, 2018). Unlike vision, which is a unitary sense,
kinaesthesia includes the combination of information from several receptors that
integrate information on the kinaesthetic perception of the neuromuscular system (e.g.
vestibular apparatus, muscle spindles, Golgi tendon organs, skin receptors) (Reily,
2003). Importantly, kinaesthetic information can also be perceived passively, that is,
from aid and/or movement orientation through external manipulation (Schmidt et al.,
2018). Regarding this matter, studies have investigated the hypothesis that there is an
improvement in individuals with deafness’ kinaesthetic perception in comparison to
individuals who hear due to the activation of distinct cortical areas, as well as the
mastery of sign language (e.g. Bolognini et al., 2011; Conway et al., 2011). However,
results remain inconclusive. For example, whereas Levänen and Hamdorf (2001)
showed that there was an increased kinaesthetic perception in the condition of
congenital deafness in relation to that of individuals who hear, Heimler and Pavani
(2014) revealed no change for the kinaesthetic perception of either the individuals with
deafness and who hear.
Notwithstanding the advances in the comprehension of perception of individuals with
deafness provided by the foregoing researches, it is important to note that the
improvement in their peripheral visual perception may be a disadvantage when
distracting stimuli at the periphery of the visual field become concurrent with the
relevant stimuli of the central visual field. As a consequence, this may result in the
difficulty of maintaining the focus on the relevant aspects of the task presented in the
central field of vision with the resulting degradation of performance in learning tasks
(Dye et al., 2009). These findings highlight the importance of the utilization of
instructional strategies of selective attention related to the relevant aspects of the task
(i.e. cues) during the learning of individuals with deafness (Pasetto et al., 2006).
In fact, instruction is conceived as a fundamental procedure of teaching, since it enables
communicating with the learner about task goal and key aspects for successful
performance (Edwards, 2010; Newell & Ranganathan, 2010; Rink, 2010; Schmidt et al.,
2018). This assumption extends to the learning by individuals with deafness, since the
effectiveness of learning is closely related to the teacher’s capability to select and
communicate the instruction (Scheetz, 2012). Therefore, we expect that understanding
how individuals with deafness deal with different cues can help teachers select the most
relevant instruction - visual or kinesthetic - to promote effective learning of motor skills.
In sum, hearing loss put the visual and kinaesthetic perceptions as important
informational variables for performance. However, there is still a lack of research into if
and how both could together benefit the learning of individuals with deafness by
directing their attention to relevant aspects of motor skills. Therefore, we sought to
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investigate the effects of different types of instructional cues (visual and kinaesthetic) on
the learning of motor skills by individuals with deafness. We hypothesized that: (a)
learning that relies on both visual and kinaesthetic cues together would be superior to
each being provided separately; (b) such effects would be specific to the learning of the
individuals with deafness compared to the individuals who hear; and (c) the effects
would be influenced by the mastery of sign language.
METHOD
Participants
The sample comprised 69 students of elementary school, of both sexes, as follows: 43
with bilateral sensorineural hearing loss (from moderate/severe to anacusis) and 26
individuals who hear, with an average age of 10.4 years (± 1.5) and 10.8 years (± 1.4),
respectively. Exclusion criteria for both participants with deafness and who hear were
the use of medicines and the presence of motor and cognitive impairments that could
compromise performance or, in the absence of these aspects, were not able to improve
performance throughout practice as a basic learning characteristic. In addition, they
could not have any previous experience in the learning task. All individuals participated
voluntarily, and the parents’ consent was obtained through the school management
where the study was carried out, as approved by the local Institutional Review Board at
the University of São Paulo (nº 46102015.1.0000.5391).
Task
The learning task was dart throwing. This task was used because it: (i) is a motor skill of
real context, which allowed motivation and novelty for learning; (ii) made possible
measurable and clear environmental goals; (iii) involved a consistent experimental
protocol related to instruction and motion analysis (e.g. Santos, Bastos, Souza & Corrêa,
2014); and (iv) comprised four clearly distinguishable components that allowed accurate
data of the movement pattern to be captured (posture, grip, position of the arm and
throwing).
Materials
The task was performed with darts for beginners – 10.5 cm/8 grams (Gold Sport) with
metal tip – and semi-professional darts (Nautika) in stainless steel, brass and ABS
(acrylonitrile butadiene styrene) of 14.5 cm / 20 grams. The darts were positioned 10 x
20 cm EVA (ethyl vinyl acetate) board glued to a 0.7 m high MDF (0.7 m medium
density fibreboard) table at a distance of 0.6 m from the (imaginary) centreline next to
the hand of the participant (Figure 1). We also used two cameras (Cássio Exilim EXFH100 – 10.1 megapixels) fixed on tripods (Figure 1). Styrofoam markers were placed
on the shoulder (major tuber), elbow (lateral epicondyle), and wrist (between the styloid
process of the radius and ulna). The Launcher Tracker version 4.91 was the software
used to obtain the measure of error related to the target (radial error). And, Kinovea
software version 8.2 was used for the measures of time, space and angle relative to the
movement pattern.
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Figure 1
Illustration of the data collection environment, involving cameras 1 and 2, target, screen,
darts support, and lights
Data Procedures
Besides literature related to the learning and performance of dart throwing as cited
above, the content / focus of the cue, the number of trials, and the learning test were
determined based on pilot studies.
In order to homogenize the groups, an intentional distribution of participants was made
according to age, sex and schooling. The study consisted of three experimental groups
composed of individuals with deafness: visual cue (V-D; n = 16); kinaesthetic cue (KCD; n = 13); and, visual and kinaesthetic cues (VKC-D; n = 14). For each experimental
group, a control group was composed of age-matched individuals who hear: visual cue
(V-H; n = 9); (2) kinaesthetic cue (KC-H; n = 9); and, (3) visual and kinaesthetic cues
(VKC-H; n = 8).
The experiment comprised four phases: a pretest with 5 throws without cue; acquisition,
comprising 6 blocks of 10 throwing (different-coloured darts were used to register the
blocks) with the respective cue being supplied; post-test, identical to the pretest, i.e. five
throws without cue; and a transfer test with 10 throws at the same distance of the
acquisition phase, but using semi-professional darts. In previous phases, the darts used
were for beginners.
Data collection took place in the participants’ schools, in a place specially made
available for this purpose. Environments with low auditory and visual noise were
designed to allow attention to be focused on the relevant aspect of the task. Participants
were individually taken to the collection place and then received general information
comprising:
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1. The importance of participating in a study on learning to throw darts, the purpose of
which was to understand how deaf individuals would learn to throw darts at the target;
2. The goal of the game, i.e. to hit the centre of the target – in red –the closer to the
centre of the target, the better.
3. The need for much practice and attention to be able to hit the centre of the target.
4. The importance of paying attention in the video-task, because it presented the general
idea of movement through a real model (expert).
General information was provided orally to the hearer participants, and translated into
LIBRAS for deaf participants, both through video recorded by the same interpreter.
After the general information had been given, the specific instruction was provided, also
through the video-task for all participants. Participants were asked to pay attention on:
1) how to hold the dart (hilt); 2) the position of the feet; 3) the arm position; and, 4) the
movement of the arm during the throw. This procedure took place twice: the first time,
the participant only watched; at the second time, he/she was instructed to perform the
movement of throwing, positioned facing the target with the dart in the dominant hand,
concomitantly to the presentation of the video-task, in a form of imitation. After the
second visualization of the video-task, the experimenter made the anatomical marks on
the participant’s throwing arm.
After that, the experimenter explained (in LIBRAS for the deaf and orally for the hearer
participants) the amount and organization of practice. Participants were also informed
they would throw one dart at a time and they could only remove the dart from the stand
with the dominant hand when the green light from the upper centre of the target lit up
(Figure 1). After that, the experimenter verified the participants’ understanding. During
the acquisition phase, at the beginning of each trial block, the cue ‘elbow flexed at 90º’
was provided through a figure (Figure 2) (visual), manipulation (kinaesthetic) or both in
conjunction.

Figure 2
Illustration of the visual cue “elbow flexed at 90º” in the figure
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At the end of the throw (dart at the target) the green light turned off, and after 5 seconds
the dart was removed from the target and only then did the light come on again,
permitting the participant to take the next dart from the support. This interval was
adequate for feedback processing (Swinnen, Schmidt, Nicholson, & Shapiro, 1990).
The classroom teacher (certified teacher of the deaf) evaluated all the deaf participants
regarding the LIBRAS 20 days after the data collection. A cadre of figures for the
application of TVRSL 1.3 was distributed to the participants, who interpreted the signals
and marked their responses with an ‘X’.
Data analysis
The radial error referred to the performance measure related to the task goal, i.e. the
distance (cm) between the dart to the centre of the target. This measure was analysed
with respect to accuracy and consistency as the hallmarks of motor skills, through the
absolute and variable errors, respectively.
The performance was also analysed in relation to the response patterns through
measures related to the time for responding (i.e. time for initiating the movement) and
movement pattern. These measures enabled the inference to be made regarding the
participants’ engagement with the information processing and how they used the
provided cued information for organizing or controlling their movement patterns in
order to achieve the task goal. For this purpose, we considered the arithmetic mean in
the same blocks as mentioned previously.
Time for responding:
a) Dart pick time: interval (seconds) between the green light on and the withdrawal
of the dart.
b) Time of preparation for the throw: interval (seconds) between the withdrawal of
the dart and initiation of the throw.
Movement pattern:
a) Initial angle () formed between the arm and forearm in the initial position of the
arm.
b) Height of the elbow relative to the shoulder (cm) at the initial position of the arm.
c) Angle of elbow flexion ()prior to the beginning of elbow extension.
d) Angle of elbow extension () at the end of the throw.
e) Angle of forearm flexion displacement ().
f) Angle of forearm extension displacement ().
g) Total angle of forearm displacement () (sum of the angles of flexion and
extension of the elbow).
h) Elbow flexion time (s).
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i) Elbow extension time (s).
j) Total time of forearm displacement (s) (sum of times of flexion and extension of
the elbow).
k) Forearm flexion velocity (/s).
l) Forearm extension velocity (/s).
m) Total velocity of forearm displacement (/s).
n) Trunk displacement: difference (cm) between the trunk at the initial and final
positions.
Statistical Analyses
Non-parametric inferential statistics were used for analyzing the accuracy and
consistence of performance because the data did not meet the statistical assumptions of
normality and homogeneity of variance. Friedman ² tests were run in each experimental
group to verify differences between blocks of trials (pre-, post-, and transfer tests).
When differences were revealed, the Wilcoxon test was used to locate them. Kruskal–
Wallis tests were applied to verify intergroup differences in each test (pre-, post-, and
transfer tests) and, when found, the Mann–Whitney U test was used to locate them.
Furthermore, Kruskal–Wallis tests were applied for the time for responding and
movement pattern variables in order to verify intergroup differences in the transfer test.
In order to investigate the influence of mastery of sign language on the learning of
individuals with deafness firstly we divided the percentage of correct answers of deaf
individuals in the questions of TVRSL 1.3 according quartiles as the cut-off points
(Altman & Bland, 1994). Correct answers ranged from 21.22% to 78.79%. From
quartiles, the accuracy and consistency of performances were compared in each test
(pre-, post-, and transfer) by Kruskal–Wallis tests. Similar procedures were run for
higher and lower values of correct answers by median in order to verify whether its
effects would interact with those of cues on learning. We also analysed the percentage in
relation to group performance by Chi-square tests (expected vs. observed). This analysis
allowed the verification of whether participants achieved the expected basic level.
For all analyses, the level of significance was set at p < 0.05, using STATISTICA® 12.0
software (Stat Soft Inc., Tulsa, USA).
RESULTS
Task Goal Measures
Figure 3 shows the absolute and variable errors of all deaf and hearer groups in each
test. Regarding the absolute error, Friedman 2 tests revealed main effects for all deaf
groups: V-D [2(n = 16, df = 2) = 13.875, p = 0.001]; VKC-D [2(n = 14, df = 2) =
16.71, p = 0.001]; KC-D [2(n = 13, df = 2) = 12.153, p = 0.002]. The Wilcoxon tests
showed that all groups had superior absolute error in the pretest compared to the postand transfer tests (p < 0.05). This means that all groups improved the performance
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accuracy from pretest to post- and transfer test. For intergroup comparisons, the
Kruskal–Wallis test revealed differences in the transfer test [H(n = 43, df = 2) = 8.548, p
= 0.013]. The Mann–Whitney U test showed that V-D group had inferior absolute error
than KC-D and VKC-D (p < 0.05). These results allow us to infer that V-D group was
more accurate than KC-D and VKC-D groups in the transfer test.

Figure 3
Absolute and variable errors (cm) of deaf and hearer participants in the pre-, post-, and
transfer tests
With relation to the hearer groups, Friedman 2 tests also revealed main effects for all
groups: V-H [2(n = 9, df = 2) = 13.555, p = 0.001]; VKC-H [2(n = 8, df = 2) = 9.250,
p = 0.009]; KC-H [2(n = 9, df = 2) = 8.666, p = 0.013]. The Wilcoxon tests showed
that all groups had absolute error in the pretest greater than in the transfer test (p <
0.05). This means that all groups improved the performance accuracy from pretest to
post- and transfer test. Concerning the intergroup comparisons, the Kruskal–Wallis test
revealed main effects in the pre- [H(n = 26, df = 2) = 5.843, p = 0.05] and transfer tests
[H (n = 26, df = 2) = 5.790, p = 0.05]. In these cases, Mann–Whitney U tests showed
that VKC-H had superior absolute error to KC-H (p < 0.05). These results allow us to
infer that KC-H group was more accurate than VKC-D group.
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With respect to the variable error, Friedman 2 tests did not reveal main effects for deaf
groups. However, the Kruskal–Wallis test revealed intergroup effects in the transfer test
[H(n = 43, df = 2) = 8.662, p = 0.013]. The Mann–Whitney U test showed that V-D had
smaller variable error than the remaining groups (p < 0.05). That is, performance of V-D
group was more consistent than the remaining groups in the transfer test.
Similarly, Friedman 2 tests did not reveal main effects for hearer groups. And, the
Kruskal–Wallis test revealed main effects in the transfer test [H(n = 26, df = 2) = 6.694,
p = 0.035]. The Mann–Whitney test showed that KC-H had greater variable error than
the remaining groups (p < 0.05). These results allow us to infer that the performance of
KC-H was more inconsistent than those of remaining groups in the transfer test.
Response Patterns Measures
Table 1 shows means and standard deviations of all measures of response patterns.
Table 1
Mean (M) and standard deviation (SD) response pattern measures of visual (V),
kinesthetic (KC), and visual and kinesthetic (VKC) cues groups of individuals with
deafness and who hear.
Individuals With Deafness
Pre-test

Post-test

Individuals Who Hear
Transfer
Pre-test
Post-test

Transfer

Measure

Groups M ±SD

M ±SD

M ±SD

M ±SD

M ±SD

M ±SD

Dart pick time

V

3.9

4.4 ±1.7

4.5 ±1.5

2.5 ±1.1

2.6 ±1.1

3.6 ±1.0

VKC

4.0 ±1.1

3.8 ±1.9

3.3 ±1.0

2.4 ±1.0

2.3 ±1.4

3.4 ±1.4

KC

3.4 ±1.8

4.5 ±1.9

3.5 ±1.1

3.1 ±1.8

3.3 ±0.9

4.5 ±2.3

Preparation

V

8.0 ±6.5

8.2 ±5.8

7.7 ±3.1

9.2 ±5.6

8.4 ±3.6

9.8 ±4.8

Time

VKC

8.7 ±4.9

8.6 ±5.4

10.7 ±7.2

8.4 ±2.8

11.3 ±4.2

10.9 ±3.7

KC

7.5 ±2.4

6.9 ±2.6

8.1 ±3.1

10.3 ±4.9

10.8 ±3.4

12.8 ±4.6

V

102.3 ±35.2

89.9 ±22.0

84.0 ±17.7

74.8 ±27.9 70.2 ±15.8

69.4 ±12.5

VKC

79.0 ±27.6

69.0 ±26.6

65.4 ±18.6

77.3 ±33.0 87.1 ±12.6

75.8 ±11.5

KC

81.8 ±38.8

73.5 ±26.8

59.8 ±14.6

63.3 ±21.0 82.6 ±15.9

74.4 ±9.6

Height elbow-

V

42.5 ±20.8

25.2 ±22.0

20.9 ±17.0

29.7 ±16.4 14.1 ±7.5

11.1 ±6.8

shoulder

VKC

26.5 ±17.1

14.3 ±14.0

9.2 ±7.4

38.0 ±19.3 14.8 ±13.3

12.3 ±7.8

KC

33.6 ±20.0

17.5 ±14.9

15.4 ±9.9

25.9 ±10.1 13.9 ±6.0

11.2 ±5.2

Trunk

V

25.0 ±9.7

20.8 ±14.9

20.9 ±10.9

26.4 ±7.2

17.0 ±8.3

16.9 ±9.2

movement

VKC

20.4 ±8.9

12.7 ±6.6

12.6 ±6.4

28.6 ±12.9 18.2 ±6.1

18.9 ±5.0

KC

23.7 ±9.5

14.1 ±9.3

16.4 ±9.9

27.3 ±9.4

20.0 ±6.9

Angle of elbow

V

77.7 ±39.0

55.8 ±27.6

50.8 ±18.2

50.1 ±26.2 36.0 ±14.5

32.2 ±13.1

flexion

VKC

56.3 ±37.5

42.2 ±20.1

35.9 ±14.2

47.0 ±21.3 46.0 ±13.5

35.9 ±13.9

KC

61.2 ±45.7

54.0 ±28.3

37.9 ±17.3

35.0 ±24.4 46.9 ±11.1

37.0 ±8.2

Angle of elbow

V

72.9 ±10.1

65.5 ±11.8

67.3 ±11.2

65.3 ±13.2 61.7 ±10.2

63.2 ±10.6

extension

VKC

77.1 ±15.1

72.5 ±13.7

71.0 ±10.0

58.6 ±14.3 64.4 ±11.1

63.5 ±8.9

KC

71.4 ±16.0

78.2 ±16.8

78.6 ±12.5

58.8 ±12.5 59.2 ±10.4

58.1 ±7.6

Angle of

V

4.8 ±2.3

3.6 ±1.7

3.3 ±1.1

2.6 ±0.9

2.4 ±0.8

3.1 ±2.9

forearm

VKC

3.5 ±2.1

2.5 ±1.0

2.3 ±0.7

3.5 ±1.4

3.3 ±0.9

2.9 ±0.5

Initial angle

19.1 ±9.1
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4.1 ±3.1

3.1 ±2.6

Angle of forearm V

142.2 ±49.1

110.7 ±21.4 112.7 ±27.0 104.4 ±28

extension

VKC

124.0 ±50.9

108.1 ±16.1 98.1 ±17.7

flexion

KC

2.3 ±1.1

2.7 ±0.9

3.6 ±1.5

2.6 ±0.4

95.9 ±11.9

94.2 ±13.3

98.3 ±17.1 107.8 ±13.3 96.2 ±17.3

KC

123.7 ±52.2

114.2 ±24.5 106.1 ±21.7 88.2 ±26.5 100.9 ±14.0 91.9 ±9.3

Total angle of

V

23.3 ±9.7

18.9 ±7.8

20.2 ±5.8

21.1 ±9.8

19.9 ±8.5

19.6 ±9.5

forearm

VKC

18.3 ±8.1

17.7 ±6.0

17.0 ±5.9

16.0 ±6.9

18.7 ±7.5

16.4 ±6.8

KC

21.4 ±11.6

23.6 ±11.5

18.7 ±4.9

16.4 ±14.2 18.2 ±5.5

18.3 ±4.3

Elbow flexion

V

93.0 ±25.3

94.5 ±29.4

86.6 ±20.4

108.7 ±33

time

VKC

107.3 ±26.6

121.5 ±31.4 112.3 ±34.8 85.8 ±27.5 104.2 ±22.0 88.6 ±16.4

KC

99.4 ±26.0

114.2 ±30.1 105.4 ±22.8 86.5 ±35.6 119.9 ±29.8 94.9 ±18.0

Elbow

V

43.9 ±14.6

45.1 ±13.4

41.2 ±8.9

56.7 ±29.7 79.3 ±105.7 48.9 ±14.0

extension time

VKC

50.3 ±13.7

55.4 ±26.8

52.9 ±18.0

36.4 ±13.8 39.3 ±10.4

37.9 ±8.8

KC

48.1 ±18.6

60.4 ±22.7

60.6 ±24.2

38.7 ±14.6 38.6 ±7.7

40.1 ±4.4

Total time of

V

4.0 ±2.3

3.0 ±1.5

2.6 ±1.0

2.2 ±1.2

1.8 ±0.7

1.7 ±0.4

forearm

VKC

2.9 ±2.1

2.2 ±0.9

2.1 ±0.8

3.2 ±1.7

2.7 ±0.8

2.3 ±0.4

KC

2.7 ±1.5

2.6 ±2.3

2.2 ±0.9

2.2 ±1.2

3.2 ±1.6

2.1 ±0.4

Forearm flexion

V

1.0 ±0.3

0.8 ±0.3

1.0 ±0.3

0.7 ±0.3

0.6 ±0.2

1.5 ±2.7

velocity

VKC

0.8 ±0.3

0.7 ±0.3

0.8 ±0.3

0.8 ±0.4

0.7 ±0.2

0.8 ±0.2

KC

1.7 ±3.0

0.8 ±0.3

0.8 ±0.3

0.9 ±0.5

0.5 ±0.1

0.7 ±0.2

Forearm

V

33.0 ±13.2

39.0 ±11.6

38.7 ±13.5

35.7 ±4.4

35.0 ±6.1

38.5 ±6.9

extension

VKC

31.3 ±18.8

36.7 ±13.2

38.3 ±14.5

37.6 ±16.2 42.0 ±16.1

43.1 ±14.0

velocity

KC

29.5 ±12.5

32.9 ±7.8

32.3 ±9.2

33.8 ±11.4 38.6 ±10.5

40.5 ±8.5

Total velocity

V

104.6 ±10.7

104.5 ±12.4 106.1 ±9.7

101.0 ±12

101.6 ±11

of forearm

VKC

106.3 ±17.5

109.1 ±13.4 109.3 ±12.2 96.2 ±13.0 106.4 ±13.2 106.6 ±12

KC

100.9 ±12.2

111.1 ±12.8 110.9 ±9.5

132.1 ±80.0 132.3 ±77

96.7 ±13.3

92.6 ±14.0 97.9 ±13.8

98.6 ±10.8

Time for Responding
Dart pick time. The Kruskal–Wallis test revealed intergroup effects in the transfer test
[H(n = 36, df = 2) = 8.094, p = 0.017]. The Mann–Whitney U test showed that V-D had
greater time between the lamp lighting and picking up the dart than the other groups (p <
0.05). Regarding the hearer groups, Friedman 2 tests revealed main effects only for
KC-H[2(n = 4, df = 2) = 6.000, p = 0.049]. The Wilcoxon test showed that the time
between the lamp lighting and picking up the dart in the post-test was smaller than in the
transfer test (p < 0.05). These results allow us to infer that V-D group took longer to
catch the dart than the other groups and that KC-H increased the time for catching the
dart from post- to transfer test.
Movement Pattern
(a) Initial angle. The Kruskal–Wallis revealed intergroup effects in the post- [H(n = 43,
df = 2) = 6.066, p = 0.048] and transfer test [H(n = 43, df = 2) = 13.575, p = 0.001]. The
Mann–Whitney U tests pointed out that V-D had greater initial angle than VKC-D (posttest) and VKC-D and KC-D (transfer) (p < 0.05).
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(b) Height of the elbow relative to the shoulder. The intragroup analyses revealed main
effects for all deaf groups: V-D [2(n = 16, df = 2) = 14.451, p = 0.000]; VKC-D [2(n
= 14, df = 2) = 10.714, p = 0.004]; KC-D [2(n = 13, df = 2) = 14.307, p = 0.000]. The
Wilcoxon tests pointed out that in the pretest all groups had height of the elbow relative
to the shoulder greater than in the post-test; moreover, it was revealed that this last one
was greater than in the transfer test (p < 0.05).
With relation to the listener groups, the intragroup analyses revealed main effects for all
groups: V-H [2(n = 9, df = 2) = 6.222, p = 0.044]; VKC-H [2(n = 8, df = 2) = 7.750, p
= 0.020]; KC-H [2(n = 9, df = 2) = 8.666, p = 0.013]. The Wilcoxon tests also showed
that in the pretest all groups had the height of the elbow relative to the shoulder greater
than in the post-test; moreover, this last one was greater than in the transfer test (p <
0.05).
(c) Trunk displacement. The Friedman 2 tests revealed effects only for KC-D group
[2(n = 13, df= 2) = 11.230, p = 0.003]. The Wilcoxon showed that trunk displacement
in the pretest was greater than in the post- and transfer test (p < 0.05).
Regarding the hearer groups, Friedman 2 tests revealed effects only for VKC-H [2 (n =
8, df = 2) = 7.7500, p = 0.020]. The Wilcoxon test showed that the trunk displacement
in the pretest was greater than in the post- and transfer tests.
(d) Angle of elbow extension. The Friedman 2 tests revealed intragroup effects only for
VKC-H [2(n = 16, df = 2) = 9.250, p = 0.009]. The Wilcoxon test showed that the
angle of elbow extension in the pretest was smaller than in the post- and transfer tests (p
< 0.05).
(e) Angle of forearm flexion displacement. The Kruskal–Wallis test revealed intergroup
effects in the transfer test [H(n = 43, df = 2) = 5.792, p = 0.05]. The Mann–Whitney U
test showed that V-D had a greater angle of forearm flexion displacement than VKC-D
group (p < 0.05).
(f) Angle of forearm extension displacement. With relation to the intragroup
comparisons, main effects were revealed only for V-D [2(n = 16, df = 2) = 5.809, p =
0.05]. The Wilcoxon test showed that the angle of forearm extension displacement in the
pretest was greater than in the post-test (p < 0.05).
(g) Elbow flexion time. The Kruskal–Wallis test revealed intergroup effects for hearers
in the post- [H(n = 26, df = 2) = 5.939, p = 0.051] and transfer tests [H(n = 23, df = 2) =
5.848, p = 0.053]. The Mann–Whitney U test showed that V-H had smaller elbow
flexion time than KC-H (post-test) and VKC-H (transfer) (p < 0.05).
(h) Elbow extension time. Regarding the hearer groups, Friedman 2 tests revealed
effects only for KC-H [2(n = 16, df = 2) = 6.888, p = 0.031]. The Wilcoxon test
showed that the elbow extension time in the post-test was smaller than in the pre- and
transfer tests (p < 0.05).
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(i) Total time of forearm displacement. The Kruskal–Wallis test revealed intergroup
effects in the transfer test [H(n = 43, df = 2) = 6.642, p = 0.036]. The Mann–Whitney U
test showed that V-D had greater total time of forearm displacement than remaining
groups (p < 0.05). No intra and intergroup effects were revealed for hearer groups.
(j) Forearm extension velocity. The Kruskal–Wallis test revealed intergroup effects in
the post- [H(n = 43, df = 2) = 7.362, p = 0.025] and transfer tests [H(n = 43, df = 2) =
6.812, p = 0.033]. The Mann–Whitney U test showed that V-D had smaller forearm
extension velocity than KC-D (p < 0.05).
Concerning the hearer groups, Friedman 2 tests revealed intragroup effects only for
KC-H [2(n = 8, df = 2) = 8.000, p = 0.0183]. The Wilcoxon test showed that the
forearm extension velocity in the pre- was smaller than in the post- and transfer tests (p
< 0.05). And intergroups analyses revealed effects in the transfer test [H(n = 26, df = 2)
= 5.944, p = 0.05]. The Mann–Whitney U test showed that V-H had greater forearm
extension velocity than VKC-H (p < 0.05).
(k) Total velocity of forearm displacement. Friedman 2 tests revealed intragroup effects
only for KC-D [2(n = 12, df = 2) = 6.000, p = 0.049]. The Wilcoxon test showed that
the total velocity of forearm displacement in the pretest was smaller than in the post-test
(p < 0.05). With relation to intergroup comparisons, the Kruskal–Wallis test revealed
effects in the post- [H(n= 43, df = 2) = 5.830, p = 0.054] and transfer tests [H(n = 43, df
= 2) = 8.054, p = 0.017]. The Mann–Whitney U test showed that V-D had smaller total
velocity of forearm displacement than KC-D (p < 0.05).
Mastery of LIBRAS
Concerning the mastery level of LIBRAS, no differences were revealed for accuracy and
consistency in the pre-, post- and transfer tests. Furthermore, results of the Chi-square
test revealed that observed correct answers were different (inferior) to those expected
answers (2 = 420.99, df = 65, p < 0.05). These results mean that performance was not
affected by the by the levels at which learners mastered the LIBRAS, and that they did
not show the expected level of performance.
DISCUSSION
Over the past few decades there has been increasing interest in research on education of
individuals with deafness, including themes related to language development stages,
sign language, diversity within the deaf community, educational settings, hearing aids
and cochlear implants, bilingual communication, cognitive processes and teacher skills
(Luckner & Carter, 2001; Marschark & Spencer, 2010; Marschark, Tang, & Knoors,
2014; Scheetz, 2012). However, not much attention has been paid on learning of motor
skills as an essential educational component. The aim of the study was to investigate: (i)
the effects of providing visual and kinaesthetic instructional cues, both separately and
together, on learning motor skills of individuals with deafness; (ii) whether such effects
would be specific to the learning of the individuals with deafness; and (iii) whether the
mastery of LIBRAS would influence the effects of visual, kinaesthetic, and visual
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associated with kinaesthetic cues on the learning of a motor skill by individuals with
deafness.
Results showed that the visual instructional cue made possible a superior learning of the
dart throwing by individuals with deafness in comparison to the kinaesthetic cues only
and visual associated with kinaesthetic cues. This finding is based on the fact that the
visual group obtained smaller absolute and variable errors in the transfer test than the
kinaesthetic and visual-kinaesthetic groups.
Visual information is recognized as critical to the performance of a variety of motor
skills, being considered as the ‘queen of the senses’ (Cornsweet, 2012; Gibson, 2014;
Mann, Causer, Nakamoto, & Runswick, 2019; Schmidt et al., 2017; Snowden,
Thompson, & Troscianko, 2012; Vickers, 2011). According these authors, vision allows
the defining of the physical structure of the environment and provides information about
the displacement of objects and spatial and temporal aspects of movement itself in the
environment. It is possible that the visual cue allows one to visualize at a glance spatial
aspects and details of movement, which probably would be expressed by kinaesthetic
cues, only with more difficulty. Proteau (1992) states that static visual cues (e.g. figures)
presented before the beginning of movement play an important role in its planning. In
this vein, it was verified that deaf learners of the visual cue group (figure) presented a
response pattern related to the dart pick time greater than the other groups. Probably, the
visual cue group had engaged itself more in the planning of the movement than the
remaining groups. Furthermore, this group showed a positioning of the throwing arm
with the elbow flexed near to 90º, and the cue provided was specifically about the initial
position of the angle of the throwing arm (90º). It appeared that this behaviour interfered
directly in the following variables such as: angle of forearm flexion displacement; total
time of forearm movement; forearm extension velocity; and total velocity of forearm
displacement. It was inferred that the positioning closest to 90º generated a greater angle
of forearm flexion displacement, and consequently increased the total time of forearm
displacement throughout the tests and reduced the forearm extension velocity.
However, the visual-kinaesthetic cues group also received the same visual cue provided
to the visual cue group, but their results were similar to those of the kinaesthetic cue
group. In this regard, it is possible to think that there may have been a conflict of
sensory information for the learners with deafness of the group with associated
information (visual-kinaesthetic cue), or that the concomitant kinesthetic cue harmed the
use of the visual cue by the individuals with deafness. Perhaps a task is best learned if
the instruction is presented via a single sensory modality (Carrasco, 2011; Klein &
Posner, 1974).
The studies with individuals who hear have also suggested that when visual and
kinaesthetic information is available, visual information becomes dominant, that is, the
processing of kinaesthetic information is affected by the presence of visual information
(e.g. Johnson et al., 2006). For instance, the study by Johnson et al. (2006) showed that
visual information provided increased kinaesthetic (haptic) sensitivity even when the
specific (kinaesthetic) stimulus was not present, since the participants reported feeling
the touch from the visual stimulus.
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Regarding the performance of the kinaesthetic cue group, it is possible that the
kinaesthetic cue generated a passive movement that did not allow the formation of
internal models of representation. According to Beets et al. (2012), passive movements
(e.g. driven by others) are not accompanied by the generation of internal models because
the learner cannot update and refine them through his/her own error detection/correction
mechanism. These authors investigated the acquisition of motor skills through passive
and active movements. They showed that the superiority of the active movement group
was a consequence of a more active participation in the processes of detection and
correction of error, which allowed for planning and replanning processes of the
movement, necessary for learning.
With regard to the question of whether the effects of visual, kinaesthetic, and visualkinaesthetic instructional cues are specific to the individuals with deafness' learning, the
answer is ‘yes’. This is because, whereas the visual cue was more efficient for
participants with deafness’s learning, no differences were observed among groups of
individuals who hear in the transfer test. In addition, it was found that none of the three
groups of individuals who hear changed the movement pattern relative to the cue about
the positioning of the throwing arm with the elbow flexed close to 90°. It is possible to
think that individuals who hear are less sensitive to the visual information when
compared to individuals with deafness (Dye, et al., 2007; Dye et al., 2008; Heimler &
Pavani, 2014). It is also interesting to note that the behaviours of the groups of
individuals who hear were inverse to those of the deaf in relation to the measure of
forearm extension velocity.
Regarding the sign language, as previously stated, it has been investigated as an
important variable related to visual (e.g. Bosworth et al., 2013; Bottari et al., 2010; Dye
et al., 2009) and kinaesthetic perceptions (tactile / haptic) of the deaf (e.g. Conway et
al., 2011; Heming & Brown, 2005). The assumption here is that the movements during
signaling vary dynamically in terms of different spatial positions in a short time
(Parasnis & Samar, 1985), which requires increased learner’s visual attention, both
central and peripheral, and also kinaesthetic perception (Sladen et al., 2005). However,
the present study did not provide support for such an assumption. Firstly, because results
showed no difference between the performances of individuals with deafness with upper
and lower levels of sign language mastery. But, importantly it may have occurred
because individuals with deafness presented an inferior mastery level compared to the
expected level of Brazilian deaf individuals (Capovilla, 2000; Capovilla et al., 1998).
CONCLUSION
In sum, based on the objectives and delimitations of this study we can conclude that: (1)
the visual instructional cue was more efficient in promoting the motor learning of the
individuals with deafness than the kinaesthetic and visual-kinaesthetic cues; (2) the
effects of the visual instructional cue were specific to the learning of the individuals with
deafness in comparison to individuals who hear; and (3) the mastery level of LIBRAS
was below that expected for age and schooling, which did not determine the occurrence
of learning of a motor skill by individuals with deafness.
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In terms of future studies, our findings ‘open a window’ for investigations about
whether, over the process of acquisition of individuals with deafness, there is a shift in
the predominant use of visual information to that of kinaesthetic information. It is also
important to investigate the effects of the different types of cue on the learning of motor
skills of different natures, such as those whose result is the movement pattern by itself
(e.g. pirouette or somersault). Finally, it is also indicated that a study should be
developed that allows the question about the existence of an association between the
mastery level of LIBRAS and the effects of the type of cue on the learning of motor
skills to be looked at in more depth.
In general, it should be emphasized that deafness is one of the most frequent
dysfunctions in the neonatal period (e.g. 2% of the Brazilian population). These data
make it possible to study the effects of the different types of cue on the motor learning
of the individuals with deafness as an avenue of relevant questions with population
meaning. The results, besides contributing to the knowledge about the factors that affect
the learning of motor skills of the individuals with deafness, can still serve as inspiration
for the design of studies of an applied nature, as well as for the decision-making in the
processes of motor intervention (teaching) with the individuals with deafness.
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