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Abstract

The purpose of this study was to investigate the components of visual tracking and spatial
and temporal error in the bilateral targeting task in the dominant and non-dominant hand.
The participants in the study were 17 right-handed students in the age range of 19-22.
They performed the bilateral targeting task in eight different situations, two temporal
difficulties and two spatial difficulties with dominant and non-dominant hands, using a
speed-accuracy trade off apparatus with auditory metronome rhythm. The effective target
width and timing error were evaluated and compared. Visual searching behavior including
number, duration and rate of fixations was also assessed using Binocular Vision Tracking
system. The results showed that the effective width of the target, there was no difference
between easy task and difficult as well as dominant and non-dominant task, but there was
a difference between easy and difficult task in terms of time. There were more errors in
the non-dominant hand, the difficult and fast movement. Also, the change in spatial
difficulty, temporal and limb difficulty did not have a significant effect on the number and
time of visual fixations, but was significant on the rate of visual fixations, so that the
average rate of fixations was higher in the non-dominant hand than in the dominant hand.
In general, in fast continuous aiming task, timing errors are more affected by the difficulty
of the task and hand-dominancy than spatial errors, and less time is spent staring at the
target when performing the task with the dominant hand.
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Extended Abstract

Background and Purpose

One of the most common principles in motor skill control is the speed-accuracy
trade-off (SAT). In the field of SAT, several theories and hypotheses have been
proposed with different analyzes. One of the most important hypotheses is signal-
dependent noise. This hypothesis states that high-speed movements require more
control over signals, which may lead to increased motor variability and
consequently lower movement accuracy (1). Some researchers consider the
location and position of visual stabilization as one of the characteristics that
indicate the perceptual strategy used by the performer to extract meaningful
information from the performance. The position of visual stabilization as a
reflection of the important cues used in decision making and the number of
fixations reflect the performer's information processing needs (2). Considering the
different performance and ability levels of dominant and non-dominant hands (3)
and the stated principles in performing tasks that require speed and accuracy,
especially in the speed of using visual feedback during performance, it appears
that visual search behavior differs between dominant and non-dominant limbs
when performing these tasks. The purpose of this study was to investigate the
components of visual tracking and spatial and temporal error magnitude in the
bilateral task-oriented targeting with dominant and non-dominant hands.

Methodology

The statistical population of this quasi-experimental study consisted of academic
students aged 19-22 years old. The participants in the present study were 17 right-
handed students, selected by the available sampling method. The instrument used
in this study was visual tracker (made by Pupil, Germany), laptop, metronome,
and Target Tapping Test software (with a reliability of 0.87). The results of
Edinburgh questionnaire on handedness were used to identify the right hand.
Participants performed the bilateral task-oriented targeting in eight different
situations, two temporal and two spatial difficulties with the dominant and non-
dominant hands, using a SAT with auditory metronome rhythm. Each participant
completed each of the easy and difficult tasks in the horizontal plane for 10
seconds. Simultaneously, the behavior was recorded as output numbers from the
optical pen and touchpad, and as data related to the visual tracking device. In the
easy tasks, the distance between targets was 8 and the width of the targets was 1
cm, and the time rhythm of the metronome was 350 milliseconds; in the difficult
tasks, the distance between targets was 12 and the width of the targets was 0.5 cm
and the time rhythm of the metronome was 250 milliseconds. In the present study,
visual search behavior including the number, duration and speed of fixations was
also assessed using the Binocular Vision Tracking system. The effective target
width and timing error were evaluated and compared.
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Results

Findings related to the intragroup analysis of variance test showed that the main
effect of spatial difficulty and limb on the effective target width (We) was not
significant. The We averaged 11.826 and 10.354 in easy and difficult tasks,
respectively, and We averaged 10.704 and 11.476 in performing with dominant
and non-dominant hands, respectively. However, the main effect of temporal
difficulty on We was significant (n2 = 0.308, sig = 0.017, F16.1 = 7.109). This
means that there was a difference between easy (350 milliseconds) and difficult
(250 milliseconds) tasks in the We, regardless of the difficulty of the task and the
dominant or non-dominant limb. Descriptive comparisons represented that the We
was greater in the difficult than easy tasks so that the average in easy and difficult
tasks was 10.072 and 12.08, respectively. The results of the Friedman test
demonstrated that there was a significant difference between different tests in the
mean of timing error (K2 = 61.075, sig = 0.001). Descriptive comparisons
indicated that the highest timing error was related to difficult task conditions - 250
milliseconds - non-dominant hand (41 milliseconds), and the lowest timing error
was associated with simple task conditions - 350 milliseconds - dominant hand
(144 milliseconds).

The findings of the test showed that the effect of spatial difficulty, temporal
difficulty and limb on the number of visual fixations was not significant.
Moreover, the effect of spatial and temporal difficulty on the speed of visual
fixations was not significant, but the main effect of limbs (n2 = 0.241, sig=0.038,
F16.1 = 0.089) on the speed was significant. Descriptive comparisons manifested
that there was a lower speed of visual fixations in performing the task with
dominant than non-dominant hands, regardless of the type of difficulty. The
average speed of visual fixations was 385 and 417 milliseconds in the
performance with dominant and non-dominant hands, respectively. This means
that they spent less time staring at the target while performing the task with the
dominant hand.

Conclusion

Increasing the effective width of the target or spatial errors by increasing the speed
of movement can be explained by the signal-dependent noise hypothesis. As speed
increases, the number of motoneuron signals increases and the signal-dependent
noise also increases; the noise enhances spatial errors in reaching the target limb
(4). Most timing errors were related to difficult task conditions, highest speed and
non-dominant hand. Onagawa et al. (2019) found that when the time to make a
decision is less than one second, gathering more information about a given
situation is beneficial but imposes time-dependent costs. However, if the value of
time to devote to gathering information is higher (e.g., in a typical defender's
routine), taking more time to make better decisions can give a better answer than
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rushing to make decisions (5). Itaguchi and Fukuzawa (2017) have pointed out
that the human central nervous system seeks an optimal solution for motion
control through trial and error (6). Vision plays a vital role in the search for the
optimal solution. According to Parziale et al. (2020), this exchange is a behavioral
feature resulting from the strategy adopted by the central nervous system to
perform faster movements. Participants spent less time staring at the target while
performing the task with the dominant hand. It seems that the type of task (7) and
the skill level of the individual (8) have a greater effect on the time and number
of fixations than the change in the temporal and spatial difficulty of the task.
Sakazume et al. (2020) have stated that when the percussive task is performed
with the upper hand, preliminary visual information is provided to the
neuromuscular system more quickly and there is better prediction of
interdepartmental dynamics (9). This probably reduces the need for staring time
or stabilization rates when performing with the dominant hand over non- dominant
one. However, Matthew et al. (2019) have suggested that the greater skill seen in
the dominant hand in many motor tasks is due to better control rather than
anticipation because forecasting and control are separate processes (10).

Keywords: Visual Fixation, Visual Feedback, Speed-Accuracy Trade-Off,
Effective Target Width, Handedness, Spatial and Temporal Difficulty
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Table 1- Results of intragroup analysis of variance test (2*2*2) to examine the

difference between the We in different spatial and temporal difficulties in the
dominant and non-dominant hand

U1 y9demo (e o=l a9 S
Eta Gllse  F S g Sbeime source g
squared Sig mean df sum of
square squares
dl..as ngly;':.o
0.190 0.070 3.76  73.61 1 73.61 Spatial
difficulty
Sy ©olgo
0.308 0.017¢ 7.10 140.87 1 140.87 Temporal
difficulty
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Table 1- Results of Intragroup Analysis of Variance Test (2*2*2) to Examine the

Difference between the We in Different Spatial and Temporal Difficulties in the
Dominant and Non-Dominant Hand
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Eta  wblne F D9 g Sbeim source s
squared Sig mean df sum of
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ol
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0.193 0.068 3.82 30.95 1 30.95 ) s
Spatial * temporal
difficulty
X ‘S.La_a L_g)|9..’;.o
0.049 0.37 0.82 5.57 1 5.57 Spatial alul
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fa‘._\.;‘ x‘ssl,z)‘ 6)‘9‘2"3
0.147 0.114 276 27.73 1 27.73 temporal
difficulty* limb
X‘SILAB 6)‘5"5‘)
0483 0001° 1492 7483 1 7483 Seatial elulx JL;
* temporal
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Table 2 - Friedman Test Results to Examine the Difference between Timing Error
in Different Spatial and Temporal Difficulties in Dominant and Non-Dominant

Hand
s lolise G'hm df gol3T a0 50__‘? N
Asymp.Sig Chi.Square
0.001 7 61.075 17

ygosl sl y oSl -Y Jgoa

Table 3 -Mean Rank of Tests

b (Sileo Slawy uSileo
Mean Error Mean Rank

Test ¢ygo3f

(52 s —asili Lo YO loj —oolus cadSE) V(5051
41.29 244 Test 1 (simple task - 350 milliseconds -
dominant hand)
(gl s~ o YO+ e monles GalS5) ¥ (03]
64.88 3.79 Test 2 (simple task - 350 milliseconds -
nondominant hand)
(5 2 Cawd —asli Lo YO+ loj —ooluw cadSE) ¥ (5051
61.82 2.50 Test 3 (simple task - 250 milliseconds -
dominant hand)
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Table 3 -Mean Rank of Tests

Mean
Error

(P ppf Cewd a5l Lo YO by —oole 2dS5) ¥ anjl
80.88 3.94 Test 4 (simple task - 250 milliseconds -
nondominant hand)
(5 oo —ail e YO+ (loj —lsdo adSS) & (03]
106.82 5.09 Test 5 (difficult task - 350 milliseconds -
dominant hand)
Gy Cemsd —aib oo YO o o —lsbo alS5) #5051
106.88 6.12 Test 6 (difficult task- 350 milliseconds-
nondominant hand)
(5 oo —ail oo YO+ (loj —ls0 S V- 9051
93.82 4.59 Test 7 (difficult task - 250 milliseconds -
dominant hand)
(5 2 Cowd ~al o YO« o = lads adsS) A Q}“}T
144.94 7.53 Test 1 (difficult task- 250 milliseconds-
nondominant hand)
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Table 4- Results of Intragroup Analysis of VVariance Test (2*2*2) to Examine the

Number of Fixations in Different Spatial and Temporal Difficulties in the
Dominant and Non-Dominant Hand

Gl jgime Tl Q&LA az ) &M"?
Eta @bt F SD9R i Sbs o source g
squared Sig mean df sum of
square sqguares
@L‘s 6)‘9-':“
0.145 0.120 2.075 8.007 1 8.007 Spatial
difficulty
Sy &)lgo
0.021  0.563 0.349  0.596 1 0.596 Temporal
difficulty
0.001 0.891 0.019 0.066 1 0.066 '_am
limb
X LS'LAS 6)‘3':“)
0.001 0.964 0.002 0.007 1 0.007 b
Spatial * temporal
difficulty
x ‘51.‘25 ‘5)|9Ai'ao
0.011 0.684 0.172 0.360 1 0.360 Spatial !
difficulty* limb
x sy )lse
0.200 0.063 3.994 7.066 1 7.066 temporal sl
difficulty* limb
X ‘5.1.43 6)‘5"5‘)
0156 0105 2951  7.066 1 7.066 SR el ol
* temporal
difficulty *limb
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Table 5- Results of Intragroup Analysis of Variance Test (2*2*2) to Examine the

Difference between the Duration of Fixations in Different Spatial and Temporal
Difficulties in the Dominant and Non-Dominant Dand

U1 59920 s U'SJLW by &’&é
Eta bl F Shedzme i @b source g
squared Sig mean df sum of
square squares
lad s)lads
0.058 0.335 0.986 2714825 1 2714825 Spatial
difficulty
Sl ©)lsde
0.001 0.946 0.005 9306 1 9306 Temporal
difficulty
0.082 0.248  1.437 3571452 1 3571452 I:::l‘a
x olad g lebs
Sl
0.021 0.566  0.343 952740 1 952740 Spatial *
temporal
difficulty
x olad ol
0.011 0.674 0.183 475660 1 475660 Spatial sl
difficulty* limb
x Sy )lsde
0.131 0.140 2.406 3769227 1 3769227 temporal el
difficulty* limb
x olad g lads
plailx Slej
0.065 0.308 1.107 2083455 1 2083455 Spatial *
temporal

difficulty *limb
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Table 6- Results of Intragroup Analysis of VVariance Test (2*2*2) to Examine the

Difference between the Rate of Fixations in Different Spatial and Temporal
Difficulties in the Dominant and Non-Dominant Hand

R 0V i >
Glygdmo Tk u-& ) a0 89'“'7“’
Eta ‘5)“&_“ F U‘)B‘*’.“’ ‘5‘”}.“’ U‘)S'-U.“’ SOUNCE zuiw
squared Sig mean df sum of
square squares
0.029 0.502 0.472 3937 1 3937 Spatial
difficulty
Sk s,lgo
0.003 0.843 0.040 411 1 411 Temporal
difficulty
fosl
0241 0.038° 5089 33262 1 33262 e
limb
x u’_iLéé L_;)ly.'l.o
0.035 0.455 0.586 4513 1 4513 ) s
Spatial * temporal
difficulty
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Table 6- Results of Intragroup Analysis of Variance Test (2*2*2) to Examine the

Difference between the Rate of Fixations in Different Spatial and Temporal
Difficulties in the Dominant and Non-Dominant Hand

U1 y9demo s g&u &, &9@
Eta & lobxe F Shgaze ol Sl SOUrCE g
squared Sig mean df sum of
square squares
X ‘S.La_a L_g)|9..’;.o
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x Sloy s)lgds
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X ‘5.1.43 6)‘5-:40
0002 0875 0025 95 1 95 Sppelliell el e
* temporal
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