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Abstract: The present study aimed to debate a topic less addressed by most people, which involved
research on a group of 20 students from rural areas, aged 10-14 years, which consists of performing
two tests, namely the Ruler drop test and the Hand-eye coordination test, which aims at the reaction
speed of the dominant and non-dominant hand and also the hand-eye coordination capacity of the
subjects. The paper aimed to identify whether somatic factors and age influence the results of the
group. In order to perform the two tests, it was necessary, for the beginning, information related to
the study group, information on weight, age, height, dominant hand, respectively dominant eye.
These represented the point of interest of the research, being reported individually to the test
results, thus constituting the study basis of statistics. After obtaining the results, we concluded that a
significant significance is encountered when comparing the dominant hand with the non-dominant
one, obtaining a positive value for the dominant hand. At the same time, we interpreted after the
research that females tend to have a much faster reaction speed, more significant than the males
when it comes to using the non-dominant hand. The hypothesis was confirmed, with differences in
somatic factors’ influence, but the others do not show significant values except those stated above. In
addition to the practical part, the research involves an interesting theoretical foundation being
reached aspects related to proprioception, coordination, speed, ways of using tests, and the opinion
of other researchers who have conducted similar studies.

Keywords: visual-motor coordination, reaction speed, proprioception, physical
education and sport

Introduction

Proprioception was first defined by neuropsychologist Charles Sherrington in
the early 20t century. The study concluded that in the body, there are specific
receptors in the musculoskeletal system in which different stimuli are triggered by
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changes in the body that are perceived in space, depending on the position of the
physique, limbs, and connection with the layer. He argued that the body triggers
stimuli to receptors, so he called this area of sensory perception the proprioceptive
field. Sherrington defined proprioception as the perception of the position and
movement of joints, and the body in space is, in fact, very close to the current
understanding of proprioception (Kim, 2001).

Proprioception can be defined in a variety of ways. Proprioception is now
described as an organism'’s ability to detect the location and movement of joints and
the perception of spatial forces (Lephart et al.,, 1997). It is the whole neural input
from mechanoreceptors into the central nervous system (Myers et al., 1999).

Proprioception plays a crucial role in planning accurate and concerted
motions, maintaining balance, and managing body position. It also affects sports
learning and re-education (Westlake and Culham, 2007).

Understanding the body parts in space is essential for effective
communication with the environment (Riemann and Lephart, 2002). The
importance of proprioception is evident in all fields. In sports, proprioception plays
a vital involvement in trauma preventive and rehabilitation. The role of
proprioception increases with the aging of the population, especially in the case of
falls. With age, proprioception is also affected, including other functions, resulting in
a poor perception of the body’s position in space. Decreased proprioception can
alter the limb’s joint biomechanics and neuromuscular regulation, leading to
impaired balance and a greater likelihood of falls (Ribeiro and Oliveira, 2007).

With age, the deterioration of the proprioceptive mechanism involves changes
in the peripheral and central nervous systems. Due to changes in proprioception, the
biomechanics of the joints and the neuromotor regulation of the limbs change,
leading to balance disorders. Proprioceptive function declines in the elderly
procedure that is related to balance defects. Poor balance and proprioception boost
the probability of collapses (Ribeiro and Oliveira, 2007). Many authors (Erickson,
2007; Ellison, 2015) describe the eye-hand vision-motor reaction time as a series of
decisions to complete a specific task and the resulting movement (Szabo et al,
2020). The eye-hand vision-motor reaction time represents integrating visual
information, perception-based decision-making, and movement to complete a
specific task (Laby et al,, 2018). Eye-hand coherence is the capability of the visual
process to supervise the knowledge obtained throughout the eyeballs to manage
and guide the thinking of the hand to complete a given task (such as writing or
capturing a ball) (Singh, 2010). Hand-eye collaboration is one of the skills required
by humans and can affect all aspects of daily life, including school, daily life
activities, and social interaction (Bakhtiar et al., 2018).

Proprioceptive control has long been essential for improving sports
performance, medical disorders, everyday life activities, or further sports
performance. Some specialists associated the proprioceptive control with
somatosensory or proprioceptive deficiencies with effects on movement regulation
that can develop from early ages (Coleman et al., 2001; Goble et al., 2009; Zwicker et
al, 2013; Li et al,, 2015), is linked with a low level of movement and sports practice
(Szabo et al., 2021). These capacities were associated with the sense of relative
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location and movement of the limbs and body (Konczak, 2009) and needed in any
human activity. Other proprioceptive control viewpoints emphasize the viewpoint of
mechanoreceptors in joints, muscles, tendons, and skin (Holst-Wolf et al.,, 2016)
provide proprioceptive information. Also, other studies highlight the importance of
balance in developing proprioception skills (Sopa and Pomohaci, 2021).

Methods of research
The research used two different tests for assessing hand-eye coordination, the
alternate-hand wall toss test, and the ruler drop test.

The hand-eye coordination test (Mackenzie, 2009)

A hand-eye coordination test is an assessment tool for hand-eye coordination.
Participants throw a ball against the wall with one hand during axillary movements
and try to catch it with the other hand.

Purpose: To measure hand-eye coordination

Equipment required Tennis or baseball, smooth and solid wall, marking belt,
stopwtch (optional)

Pre-test: Explain the test procedure to the subject. Carry out health risk
screening and obtain informed consent. Prepare a form and record basic
information such as age, height, weight, gender, and test conditions. Perform proper
warm-ups and exercises. View more detailed information about the pre-test
procedure. Procedure: Place a mark at a certain distance from the wall (for example,
2 meters, 3 feet). This person is standing behind the line, facing the wall. The ball
was thrown towards the wall in an underarm motion from one hand and tried to
catch it with the other hand. Then throw the ball back to the wall and catch it with
the original hand. The test can continue for a specified number of attempts or a set
period (for example, 30 seconds). By increasing the fixed-term constraint, the factor
of work stress is also increased.

Scoring: This table lists the general scores of the wall throw test based on the
number of successful catches in 30 seconds.

Figure 1. The hand-eye coordination test !

L https://nathankanginanpdhpeassignment.weebly.com/hand-wall-toss.html
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Table 1. Scoring scale for the hand-eye coordination test 2

Rating Score (in 30 seconds)
Excellent >35

Good 30-35
Average 20-29

Fair 15-19

Poor <15

The ruler drop test (Mackenzie, 2004)
The goal of this test is to time athletes’ response times.

Resources required

You will need the following items to complete this test:

-Assistant -Meter stick

The assistant places the ruler between the athlete’s dominant hand’s
outstretched index finger and thumb, flushing the top of the athlete’s thumb with the
ruler’s zero centimeter line (Davis et al., 2000). When the ruler is released, the aide
instructs the athlete to grab it as soon as possible.

The athlete grips the ruler with his index finger and thumb as soon as the
helper loosens it. The assistant detects the measurement between the bottom of the
ruler and the top of the athlete’s thumb, the position of the ruler is taken. The test is
repeated twice, and the mean value is evaluated in evaluation. The following
standard data can be used for this test.

_

7

Figure 2. Ruler drop test protocol 3

2 https://www.topendsports.com/testing/tests/wall-catch.htm
3 http://math.oxford.emory.edu/site/home/futurePages/excelProjectReactionTime/
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Table 2. Scoring scale for ruler drop test *

Rating Score (in 30 seconds)
Excellent <7.5cm
Above average 7.5—159 cm
Average 15.9 cm—20.4 cm
Below average 20.4 cm—28 cm
Poor >28

Study Design and Subjects

The research hypothesized that there is a significant difference between
reaction speed and hand-eye coordination in children of different ages due to age
and morphological characteristics such as height, sex and weight. The objective of
the research was to monitor the ability of children to visually transmit the
information received in order to control, guide and direct their hands when catching
a ball (hand-eye coordination). To achieve this goal, it is necessary to identify the
dominant eye and hand. A second objective of the study was to determine the
reaction time of the students with the help of the drop test of the rule, to observe the
speed differences and to compare the dominant hand with the non-dominant hand.
The study site was Lunca Bradului secondary school with boys aged 10-14 (n = 20),
11 girls and 9 boys studying at school. Subjects were asked to perform two hand-eye
coordination tests, throwing the ball against the wall and catching it, and the ruler
drop test to measure their ability to coordinate

Statistical tests used

For comparison of means and medians, the t-student test was applied for
paired and unpaired data; respectively, the Mann-Whitney test and the Pearson test
were applied to determine the correlation. The significance threshold chosen for p
was 0.05. Statistical analysis was performed using the GraphPad Prism demo utility.

Results

The table below presents the group of students on whom this research was
prepared, being presented their general data, respectively data that are of interest in
the research.

Table 3. Subjects of the investigation

Subjects of the Age Gender Height Weight Non-dominant | Dominant
research hand eye
Subject 1 13 F 1.50 40 Right Left
Subject 2 12 F 1.47 44 Left Left
Subject 3 12 F 1.45 35 Right Right
Subject 4 13 M 1.65 60 Right Right
Subject 5 12 F 1.66 52 Right Right
Subject 6 12 F 1.61 54 Right Left
Subject 7 12 F 1.54 41 Left Left
Subject 8 12 F 1.65 87 Right Right

4 https://www.brianmac.co.uk/rulerdrop.htm
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Subject 9 14 F 1.64 52 Right Right
Subject 10 13 M 1.55 57 Right Right
Subject 11 13 M 1.60 42 Right Right
Subject 12 13 M 1.83 80 Right Left
Subject 13 13 F 1.55 45 Right Right
Subject 14 13 F 1.61 85 Right Right
Subject 15 13 M 1.58 45 Right Left
Subject 16 14 M 1.69 42 Right Left
Subject 17 13 M 1.68 60 Right Right
Subject 18 14 M 1.85 95 Right Right
Subject 19 14 F 1.62 57 Right Right
Subject 20 15 M 1.75 50 Right Right

Arithmetic Mean 13 - 1.54 61.35 - -

The table below

presents the results obtained after performing the two

coordination and speed tests, presenting an average of the group, which is detailed

below.

Table 4. The results at the two tests (hand-eye coordination test and ruler drop test)

Subjects of the | Age | Gender Ruler drop test Hand-eye
research Non-dominant Dominant hand | ceeordination test
hand
Subject 1 13 F 14 12 11
Subject 2 12 F 22 25 11
Subject 3 12 F 10 11 16
Subject 4 13 M 18 17 13
Subject 5 12 F 10 9 13
Subject 6 12 F 14 12 16
Subject 7 12 F 15 11 10
Subject 8 12 F 13 14 18
Subject 9 14 F 10 9 10
Subject 10 13 M 18 17 12
Subject 11 13 M 16 12 20
Subject 12 13 M 12 9 23
Subject 13 13 F 14 10 19
Subject 14 13 F 15 15 18
Subject 15 13 M 14 10 15
Subject 16 14 M 17 17 17
Subject 17 13 M 15 10 12
Subject 18 14 M 15 13 14
Subject 19 14 F 9 5 20
Subject 20 15 M 16 15 17
Aritmetic Mean | 13 - 14.35 12.65 12.25

Statistical analysis of the results
The statistical analysis included elements of descriptive statistics (frequency,
percentage, mean, median, standard deviation, correlation coefficient, and 95%
confidence interval) and elements of inferential statistics. The Shapiro-Wilk test was
applied to determine the distribution of the analyzed data series.
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Table 5. Statistical interpretation of the two tests

Statistical parameters Average+Standard Deviation Median
Age 13.00+0.8584 13.00
Height 1.627+0.1026 1.615
Weight 56.15+17.33 52.00
Ruler drop test—non-dominant hand 14.35+3.183 14.50
Ruler drop test—dominant hand 12.65+4.283 12.00
Hand-eye coordination test 15.25+3.740 15.50
Table 6. The frequency of the results
Frequency Percent

Class V 3 15%

VI 5 25%

VII 10 50%

VIII 2 10%
Gender Female 11 55%

Male 9 45%
Dominant hand Right 18 90%

Left 2 10%
Dominant eye Right 13 65%

Left 7 35%

Table 7. Statistical comparison between dominant hand and non-dominant hand in the ruler drop test

Non-dominant/dominant hand. Non-dominant hand Dominant hand Value of p
Ruler drop test 14.35+3.183 12.65+4.283 0.0019
Dominant right eye/dominant left eye Dominant right eye Dominant left eye Value of p
Ruler drop test-non-dominant hand 13.77+3.113 15.43+3.259 0.2778
Ruler drop test-dominant hand 12.08+3.523 13.71+5.589 0.7801
Hand-eye coordination test 15.54+3.382 14.71+4.572 0.6509
Gender comparison Female gender Male gender Value of p
Ruler drop test-non-dominant hand 13.27+3.663 15.67+1.936 0.0289
Ruler drop test-dominant hand 12.09+5.049 13.33+3.279 0.3025
Hand-eye coordination test 14.73+3.823 15.89+3.756 0.5044
Age comparison r Coefficient Interval of Value of p
confidence
Ruler drop test-non-dominant hand -0.01926 -0.4580 to 0.4270 0.9358
Ruler drop test-dominant hand -0.1145 -0.5303 to 0.3456 0.6307
Hand-eye coordination test 0.1803 -0.2850 to 0.5769 0.4467
Height comparison r Coefficient Interval of Value of p
confidence
Ruler drop test-non-dominant hand -0.1266 -0.5390 to 0.3348 0.5949
Ruler drop test-dominant hand -0.2029 -0.5923 to 0.2633 0.3909
Hand-eye coordination test 0.3274 -0.1347 to 0.6726 0.1588
Weight comparison r Coefficient Interval of Value of p
confidence
Ruler drop test-non-dominant hand -0.06684 -0.4948 to 0.3872 0.7795
Ruler drop test-dominant hand -0.01131 -0.4517 to 0.4335 0.9623
Hand-eye coordination test 0.2861 -0.1792 to 0.6468 0.2214
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The next phase of the research was to statistically compare the medians of the
sample, considering non-dominant hand/dominant hand, dominant eye
right/dominant eye left, gender comparison, age comparison, height comparison,
and weight comparison.

Using the t-student test for paired data, for the ruler drop test dominant vs. non-
dominant hand, p <0.05, it was observed that there was a statistically significant
difference (p=0.0019) between the mean values in the ruler drop test in the two groups.

Another statistically significant difference was found using the t-student test
for paired data, for the ruler drop test non-dominant hand comparing males to
females (p=0.0289) between the mean values in the ruler drop test 2 groups.

No other statistical difference was found in the non-dominant hand/dominant
hand, dominant eye right/dominant eye left, gender comparison, age comparison,
height comparison, and weight comparison for the ruler drop test non-dominant
hand, Ruler drop-dominant hand in hand-eye coordination test.

Discussion

In these experiments, the subjects were asked to catch a tennis ball moving
towards them. These conditions are more natural than some experimental protocols
because the subjects intercepted an unpredictable moving target and started their
free-will movement. Our analysis focuses on the coordination model of eye and hand
movement in this task, predicting the degree of target movement and the factors
that determine the initiation of interception (Mrotek and Soechting, 2007).

Improved hand-eye coordination (EHC) is associated with greater
participation in physical activity. No longitudinal study examined the change in
discarded-captured EHC from childhood to adolescence. We investigated the
development of EHC with a control test of objects from childhood to mid-
adolescence in boys and girls. Rated at 8, 10, 12, and 16 years of age, EHC is
measured as the overall success rate of the wall capture test. The test includes 40
trials of increasing difficulty, determined by the increase in distance from the wall
and the transition from catching the ball with both hands to catching the ball with
one hand. The results are processed and modeled by generalized linear mixed
logistic regression analysis. EHC improves with age, from childhood to mid-
adolescence, although boys are better at every age group (p <0.001). Models of
change in EHC with increasing age varied depending on the degree of pregnancy
difficulty (p <0.001); the skill of throwing and catching with both hands develops
earlier than throwing and catching with one hand in both sexes. EHC for boys was
better than for girls from 8, and male competence was maintained until mid-
adolescence. The competence of two-handed throwing and catch rates has
developed faster than one-handed throwing rates for both sexes (Lenon et al., 2015).

Our experiments show that people make the same kinds of compromises
made in the visual routines model. When pouring the coffee, the subjects stop at a
fixed distance from the top of the cup and have minimal deviations between the
level in successive fillings, suggesting the use of standard procedures. Also, as our
model shows, most of this variance can be explained as noise in an image matching
process. In making sandwiches, subjects present very similar ordering tasks so that
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their performance can be easily captured by a decision-making process based on
behavioral routines that contain alternative ordering tasks (Yi and Ballard, 2009).

Often used in high schools and colleges as a portion of a pack of sports
performance assessment tests, the ruler drop test needs the sportsman to grab the
falling ruler; then the clinician calculates the dimension or range of the ruler
traveled when caught to provide a simple measure of clinical response time. The
clinical utility of the ruler drop test has been previously studied. The researchers
confirmed that this clinical reaction time test could be part of a multifaceted
contusion assessment battery and a possible way to track recovery from a head
injury. The ruler drop test has an acceptable test-retest reliability, which compares
favorably with computerized reaction time measures.

The simple reaction time decreased (i.e, improved) after repeated
evaluations, and the foremost pronounced improvement happened between the
primary two test sessions. Between the first and second tests, the reaction time was
reduced by almost seven milliseconds; the overall enhancement among the first and
tenth meetings was nearly 13 milliseconds. To some extent, these data are parallel
to the data reported in the previous study: between the initial and subsequently
modified ruler drop tests, the simple reaction time improved by approximately 11
milliseconds. Unfortunately, based on the data of the 2 test phases alone,
researchers cannot determine whether the reaction time will continue to improve
with additional exposure (Eckner et al., 2011).

All experiment investigations possess restrictions that affect the generality of
the results due to the methods used. The various methodological limitations of our
investigation include the fact that participants were not questioned at all during the
study about their motivation levels. According to reports, the ruler drop test is an
essentially motivational task, and we assume that the motivation level remains
constant throughout the research process. In addition, we did not control or monitor
participants’ diets, fatigue levels, or amount of sleep, all of which are known to affect
reaction time (Cote et al., 2009; Hernandez et al., 2007; Jauch-Chara et al., 2010; Van
den Berg and Neely, 2006).

In summary, the ruler drop test is easily affected by practice; therefore,
practitioners who use this test for diagnostic purposes or pursuit recovery after
concussions should consider taking at least one practice session before determining
the patient’s baseline (Del Rosi et al., 2014).

Our hands are essential tools for our daily lives, and we can use them with
grace and skill. To do this, we need to bring them to the right place at the right time.
The example of catching a ball can illustrate this. The hand must be positioned at the
meeting point at exactly the right time to catch the ball successfully. Moreover, she
must be ready for the catch, with her fingers closing around the ball before the
moment of contact, or she will not be able to catch it. Too, the level of physical and
useful improvement of children (Szabo and Sopa, 2020a; Szabo and Sopa, 2020b;
Szabo and Sopa, 2020c) is an important aspect in improving eye-hand coordination,
reaction speed, agility, balance and motor abilities in general (Pomohaci and Sopa,
2017a; Pomohaci and Sopa, 2017b; Sopa and Pomohaci, 2017; Sopa and Pomohaci,
2018a; Sopa and Pomohaci, 2018b).
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If the speed of the hand during a touching motion is plotted as a function of
time, it can be seen that the tangential velocity curve is bell-shaped. The touch of the
movement is continuous with a single top speed. In the last part of the touch
movement, the speed is lower when the hand is close to the target. This indicates
that the touch movement is programmed before the onset of the high-level
movement (Brigit, 2006).

Conclusions

The differences observed in the research, based on statistics, indicate that
significant results were obtained when comparing the dominant hand with the non-
dominant one, confirming the hypothesis regarding the agility of the dominant hand.
Another aspect of significant significance is given by the differences between the
genders, the female having a higher reaction speed when using the non-dominant
hand than the males.

Finally, although we found that the reaction time data started to apply after
the first test session, it remains unclear how long the effects of the practice persist.
Therefore, future researchers should try to determine whether there is a limit to
how long the effects of the practice are maintained.
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