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ABSTRACT

Background. It is challenging to master the overhead serve in volleyball because of the several ways of positioning
the body correctly when hitting the ball and the toss. This skill is incredibly challenging for novices who experience
problems positioning different body parts. Objectives. This work aims to apply mechanical feedback to analyze the
mistakes likely to occur in overhead volleyball serves and compare it with the usual verbal and visual feedback.
Methods. This study involved 45 male students from the University of Anbar's College of Physical Education,
randomly divided into two groups: one with 25 participants receiving verbal and occasional visual feedback and
another with 20 receiving both visual and mechanical feedback. The research measured the kinematic coherence of
limb movements and the direction of the serving arm. Results. The experimental group demonstrated significantly
higher gains in kinematic coherence and serving arm accuracy than the control group. Particular improvements were
supported by specific p-values (e.g., p<0.001 for kinematic coherence, p=0.002 for serving arm accuracy),
demonstrating the higher efficiency of mechanical feedback. Conclusion. Mechanical feedback improves learning and
performance in volleyball overhead serves by enhancing the specificity and timing of feedback regarding player
positioning and movement.
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INTRODUCTION

Assessment is one of the components of
sharing knowledge and distinguishing the right
and wrong approaches aimed at improving
performance (1). Feedback also benefits learners
by giving them essential information about their
motor performance and how close or far they are
from achieving specific goals (2). In addition,
feedback increases the accuracy of the responses
as well as the effectiveness of learners (3). In
sports training, feedback can be visual, verbal, or
mechanical, tailored based on the learner's
experience, the skills being taught, the delivery
method, timing, and frequency of feedback (4).
Previous research has established the importance
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of various types of feedback in learning different
elements across all sports (3), highlighting a
significant gap in using mechanical feedback for
teaching overhead volleyball serves (5-7).

The overhead serve in volleyball is crucial, as
it directly impacts scoring and influences the
outcome of matches (8). This serve requires
precise coordination of the serving arm, free arm,
torso, and legs and is particularly challenging for
beginners due to the required spatial organization
of body segments within a limited time when the
ball is in the air (9, 10). From observations and
slowed-down video analyses, it has been noted
that learners often fail to effectively execute the
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overhead serve due to inaccurate estimation of the
optimal ball toss height and disorientation at the
ball's peak height, leading to incorrect body
positioning and unsuccessful serve execution (11,
12).

To address these learning challenges, we
designed an instructional tool that provides
mechanical guidance (13, 14). This tool places the
ball at an optimum height in the air, giving the
learner enough time to reposition his/her body to
the position of the ball to execute the serve rightly
(15). Furthermore, it allows the learners to
practice the skill multiple times within the
training sessions as it has a mechanical feedback
system that sends the ball back to the same
position in the air. Such constant feedback assists
the learners in making necessary adjustments to
the body position and other parts with every try
(16).

Consequently, this study aims to determine
whether mechanical feedback is more effective
than the frequently utilized verbal and visual
feedback in teaching the overhead serves in
volleyball to beginner learners. Thus, by
examining such feedback channels, the study
seeks to establish which is most beneficial in
facilitating learning and performance in this
critical skill domain.

Mechanical Feedback and Overhead Volleyball Serve Errors

MATERIALS AND METHODS

Study Design. The present experimental research
used a pretest-posttest control group research design
to determine the effectiveness of mechanical
feedback to verbal and visual feedback in enhancing
the overhead volleyball serve among beginners.

Participant Selection. The participants were
novice volleyball players from the College of
Physical Education, University of Anbar. The
selection was intentionally made to focus on
players who made mistakes during the overhead
serve, as these players would benefit most from the
feedback mechanism being currently examined
(Figure 1). The volleyball instructor evaluated all
beginners and selected 45 learners who constantly
committed these mistakes during training. This
procedure made it possible to select participants
relevant for investigating the effectiveness of
feedback interventions in enhancing serve
performance.

The inclusion criteria were set to Kkeep
participants' physical characteristics homogenized
regarding height and weight; this was confirmed
by using a SHANGHAI device sourced from
Henan, China. The coefficient of variation for
these attributes was within the acceptable range of
+1, suggesting that the participants were relatively
homogeneous (See Table 1).

Table 1. Statistical Description of Learners’' Characteristics (n=45)

Variable SMA Median Standard Coefficient of Variation
Deviation

Age (Years) 19.054 19 0.290 0.558

Length (cm) 171.100 171 0.785 0.382

Weight (kg) 73 74 1.282 0.780

Coefficient of variation acceptable at 1

Figure 1. Models for analyzing errors in overhead volleyball serve performance.

Participant Selection Criteria.
Inclusion Criteria: Participants included in the
study were male learners aged 19-20 vyears

enrolled in the College of Physical Education at
the University of Anbar. All the selected
participants had casual volleyball playing
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experience of less than one year, notably those
who displayed poor technique when performing
overhead volleyball serves during the screening
trials.

Exclusion  Criteria:  Participants  who
volunteered for the study were screened if they had
practiced volleyball for more than one year, had
prior professional coaching or training, or had any
physical handicap or injury that could influence
how they performed volleyball serves. Also,
students who refused to participate or could not be
reached within the study period were also omitted.

Search Strategy. The search strategy involved
working closely with volleyball trainers at the
college, who conducted initial screenings during
training sessions to find learners who had
difficulties with overhead serves. These sessions
were applied to document serve techniques and
identify students who frequently displayed
improper serve mechanics. The instructors
assessed the students based on a list of commonly
committed mistakes in volleyball serve techniques,
such as ball toss, body stance, and timing of the
serve.

Sample Size Estimation. The sample size was
determined based on the number of students the
instructor noted at the beginning of the semester as
having much difficulty with the overhead serve.
For the power analysis, G*Power software was
employed to ensure that there was 90% power to
detect a significant increase in serving accuracy at
a 5% significance level.

Randomization and Group Allocation. A list
of students was made depending on their
registration  for the volleyball module.
Randomization was achieved by assigning
students to either the control or experimental group
based on their order in the enrollment list: odd-
numbered students became the control group,
while the even-numbered ones formed the
experimental group.

Feedback Intervention. The intervention was
planned into four weekly sessions, each lasting
approximately 90 minutes. Each session
comprised:

1. Preparatory Section (13 minutes): The
first step in this process entailed performing
exercises to warm up the body and prepare the
participants for volleyball events.

2. Main Section: i) Educational Part (18
minutes): During this segment, the coach
explained the cognitive aspects of performing the
overhead volleyball serve, including the correct

body movements and accurately directing the ball

towards a specific target on the ground.

i) Practical Part (42 minutes): This portion was
dedicated to practicing the overhead serve with
mechanical feedback interventions:

e Ten minutes of serving were practiced using a
mechanical feedback device designed by
researchers.

e Seven minutes of serving practiced in front of
the net without mechanical feedback.

e Eight minutes of serving again with
mechanical feedback.

e Sixminutes of serving practiced against a wall,
followed by

e Six minutes of serving with mechanical
feedback.

¢ Five minutes of final serving to consolidate the
skills learned before the net.

3. Closing Section (17 minutes): The session
concluded with recreational games to relax the
participants and reduce the intensity of the training
session.

These details provide a clear understanding of
the intervention's structure and ensure that the
educational goals of each phase were met
effectively. Mechanical feedback and traditional
training methods were designed to maximize
learning outcomes by reinforcing correct
techniques through repeated practice.

Definition and Specification of Errors. The
participants for the study were deliberately chosen
by the volleyball instructor based on their frequent
exhibition of these significant errors during routine
practice sessions. The instructor provided the
research team with a list of names of these learners.
To ensure unbiased selection and randomization
within this identified group, we separated the
participants into control and experimental groups
based on whether their position in the list was odd
or even: individuals listed in odd positions were
placed in the control group, and those in even
positions were assigned to the experimental group.
This method was employed to randomize the
allocation and minimize selection bias effectively.

Measurement Variables. Two primary
variables were measured:

1. Kinematic Coherence of Active Body
Parts: This measure evaluates the coordination of
the active body parts involved in the serve—
namely, the serving arm, free arm, torso, and legs.
The assessment occurs across the three phases of
the serve: preparatory, primary, and final. During
each phase, judges assign scores ranging from 1 to



3 for each body part based on their movement
accuracy and coordination. The cumulative score
for each Part serves as an indicator of movement
errors for that specific body segment.

2. Targeting Accuracy: This metric assesses
the participant's ability to direct the volleyball
accurately toward predefined targets within the
opponent's court. The court features three nested
squares as targets, scoring as follows: hitting the
smallest square earns 3 points, the middle square 2
points, and the most significant square 1 point. Each
participant performs three attempts to hit the smallest
target, and the aggregate score from these attempts
represents their precision level in targeting (Figure 2).

_ Mechanical Feedback and Overhead Volleyball Serve Errors

These measures are critical in evaluating the
effectiveness of the feedback mechanisms
employed in our study, as they directly relate to the
core skills required for successful volleyball serve
execution. | hope this revision provides the
necessary clarity on our measurement approach
and criteria.

Design of the Mechanical Guidance Tool. The
mechanical tool provided continuous feedback,
critical for adjusting body position and ensuring the
ball's optimal trajectory. It consistently returned the
ball to the same point in the air after each serve,
allowing for repeated practice and correction (refer to
Figure 3 for tool design).
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Figure 2. Targeting Accuracy in Volleyball Overhead Serves.
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Figure 3. Design of the Mechanical Guidance Tool in Volleyball.

Data Collection Methods. Data were collected
using high-speed cameras to capture detailed
movements during each serve, and targeted areas
were marked on the court to assess accuracy. Pre-
and post-tests were administered to gauge
improvements in serve technique and accuracy.

Statistical Analysis. Statistical analysis
involved the use of IBM SPSS Statistics 25 (17).
Descriptive statistics were used to summarize

baseline characteristics and changes in serve
performance. Paired and independent samples t-
tests were employed to analyze between-group
improvements and between-group differences.
Assumptions of normality and homogeneity of
variances were checked before conducting the
tests.

Ethical Considerations. The ethical review
board of the University of Anbar approved the
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study protocol. All participants provided
informed consent, understanding their right to
withdraw from the study at any time without any
consequence. Confidentiality was maintained by
anonymizing participant data in all study reports
and analyses.

increased variability in post-test measurements,
suggesting mechanical feedback's superior
effectiveness (18).

Table 4, the study reveals that all statistical
significance values (sig) were below the error
threshold  (0.05), indicating  significant
differences in the post-test measurements

RESULTS between the two groups (19). Upon examining
The study demonstrated  significant the mean values, we observe increased
differences between pre-and post-test variability in the post-test measurements for the

experimental group, suggesting that mechanical
feedback is more effective in correcting
performance errors than verbal and visual
feedback (11, 16).

measurements, indicating a positive impact of
feedback mechanisms in rectifying performance
errors for both groups, as shown in Table 2 and
Table 3. The experimental group showed

Table 2. Comparison of Pre- and Post-Test Results for the Control Group

Variables measuring Pre-test Post-test Range Average t-test 'sig
unit Mean SD Mean SD deviation

- freearm 3 degrees 1.221 0.487 1.909 0.118 0.288 0.445 3.169 0.000

C

.= gm’e 3degrees 0907 0297 1605  0.863 0.418 0.747 2740  0.000
= C
§ "é the trunk 3 degrees 0.227 0.479 2.324 0.233 0.327 0.748 2.141 0.005

(o]

g fzges WO 3 gegrees 1.400 0.291 2.035 0.472 0.335 0.573 2.863  0.000
Accuracy of the 14 josrees 4782 0332  6.854 0.371 0.472 0.921 2510  0.000
Serve arm

Statistically significant at a significance level <0.05 with degrees of freedom (25-1=24)
Table 3. Comparison of Pre- and Post-Test Results for the Experimental Group
Variables measuring Pre-test Post-test Range Average t-test “sig
unit Mean SD Mean SD deviation
S freearm 3 degrees 1.105 0.297 2.894 0.234 0.289 0.453 2.780 0.000
5 ‘2 Servearm 3 degrees 0.935 0.911 2.942 0.751 0.307 0.471 2.840 0.002
g _g the trunk 3 degrees 0.381 0.310 2.779 0.341 0.398 0.744 2.331 0.000
.
g It:g:s WO 3 gegrees 1.375 0.951 2.749 0.481 0.314 0.504 2715 0.000
Accuracy of the 1 qervees  4.328 0.634 7.989 0.516 0.461 0.842 2334 0.037
Serve arm

Statistically significant at a significance level <0.05 with degrees of freedom (20-1=19)

Table 4. Comparison of Post-Test Results Between Control and Experimental Groups

Variables measuring unit control group experimental group  t-test “sig
Mean SD Mean SD

= freearm 3 degrees 1.909 0.118 2.894 0.234 5.116  0.000
s & Servearm 3 degrees 1.605 0.863 2.942 0.751 2.473  0.000
g S the trunk 3 degrees 2.324 0.233 2.779 0.341 2.333  0.000

o

g }(?ges two 3 degrees 2035 0472 2749 0481 3141  0.009
Accuracy of the 10 degrees 6.854 0.371 7.989 0516  3.780  0.000
Serve arm

Statistically significant at a significance level <0.05 with degrees of freedom (25+20-2=43)

enhancing the volleyball serve's precision and
mechanics (20). This kind of feedback gives
immediate feedback that helps the players correct their

DISCUSSION
From the present research findings, it can be
concluded that mechanical feedback facilitates



mistakes, thus using the time efficiently to improve
performance and motor learning (21). The ability of
the technology to provide accurate feedback to the
body positions and serve mechanics made it easier to
eradicate significant errors in serve, which is helpful in
training for efficient serve in volleyball games (22).

Mechanical feedback systems, as shown in our
study, do not replace conventional training and
coaching methods; in fact, they enhance these
methods by adding the component of mechanical
feedback, not limited to the coach's vision or voice,
but a substance in their own right (23). This type of
feedback is consistent with the recommended motor
learning practices, which stress the need to provide
prompt and accurate feedback to learners (16). More
specifically, mechanical feedback enables a faster
internalization of the correct techniques by constantly
updating the athletes on their performance (24).

These findings relate to those of Uday and Esam (18),
who observed the positive effect of delayed mechanical
feedback on athletic performance in the event of a long
jump. Thus, these findings indicate the generality of
mechanical feedback mechanisms across various
sporting disciplines. This supports the notion that such
feedback systems can be generalized beyond volleyball
to enhance technical skills requiring accurate timing (24).

Additionally, this study adds to the body of
knowledge by describing how mechanical
feedback can impact motor learning. This way,
learners can continuously practice and rehearse,
which leads to improved neuromuscular
development and increased performance. Such a
learning environment is essential for beginners
who need much feedback to shape and
consolidate their motor plans.

Limitations and Future Research. However,
there are certain limitations in the current study
which deserve attention. The participants in the
study were limited to male college students from
one university, and therefore, the results cannot be
generalized to other populations. The study was
conducted relatively short, so conclusions cannot be
made about the long-term retention of skills or the
ability to adapt. Subsequent research should try to
involve a more diverse population of participants
and expand the timeframe of the intervention to
investigate whether the results of mechanical
feedback are sustainable in the long term.

Furthermore, while some performance measures are
scored manually, the inherent subjectivity may skew the
results. Future research could improve the validity of the
measures by including computer-based systems in
quantifying serve efficiency and body movements.

_ Mechanical Feedback and Overhead Volleyball Serve Errors

CONCLUSION

The findings of this research prove that
mechanical feedback increases the effectiveness of
correcting mistakes in volleyball, focusing on
position and motor control. Unlike verbal and visual
feedback, mechanical feedback is more specific and
informative, enabling learners to make more accurate
corrections and adjustments to their actions. The
study points to the fact that mechanical feedback
supports serve technique enhancements in the initial
stages and motor skill development by allowing
constant practice and feedback corrections.

Based on these advantages, mechanical
feedback should be incorporated into training
protocols targeting novices, specifically in
sports like volleyball, in which accuracy and
teamwork are vital components. It can be
hypothesized that the advantages of this
approach would apply to other sports that intend
particular movements and high coordination.

Further studies should extend to measuring
the actual impacts of mechanical feedback on
skills across various sports and different levels
of skill and also compare the effects of
combining different forms of feedback,
including mechanical feedback, to augment
athletic training programs.

APPLICABLE REMARKS

e Functional Notes: Mechanical feedback
should be systematically applied in volleyball
training programs to improve learners' motor
skills and reduce errors.

e Study Population: This approach benefits
beginner learners and can be adapted to other
sports movements involving specific tools.
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