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Abstract

Objectives:

The main objective of this study was to map and comparatively analyze the achievement of motor
competencies and the level of stroke consistency in basic tennis techniques (serve, forehand, and
backhand) between parallel student groups in a physical education teacher education program.

Materials and Methods:

This study applied a quantitative approach with a descriptive-comparative research design. The patticipants
consisted of 70 active sixth-semester undergraduate students majoring in Physical Education, Health, and
Recreation (PJKR), divided equally into two parallel classes: Class 6A (n = 35) and Class 6B (n = 35). Data
were collected during the practical Mid-Semester Exam (UTS) using a Standard Tennis Practical
Assessment Rubric that measured three sub-parameters: Accuracy (AC), Technique (T), and Movement
Consistency/Cootdination (MC/CC). Quantitative data were analyzed through descriptive statistics and
inferential comparative analysis using the Independent Samples t-Test (o = 0.05).

Results:

The research problem stems from the high variability of technical mastery in complex open-loop sports
among sports pedagogy students, which impacts their future teaching readiness. This study contributes an
empirical evaluation framework for lecturers to diagnose specific motor deficits. The descriptive findings
showed that Class 6A slightly outperformed Class 6B across all basic techniques. Biomechanical alignment
("Basic Technique") was identified as the strongest parameter for both groups, whereas "Ball Accuracy"
served as the primary obstacle, particularly during the backhand stroke. Inferential analysis revealed a
statistically significant difference in the overall accumulated exam scores between the two classes (t =
2.214, p = 0.030). However, when dissected partially, a significant difference was observed exclusively in
the service skill component (p = 0.041), while the capacity to control groundstrokes (forechand and
backhand) remained statistically equivalent and uniform between the classes (p > 0.05).

Conclusions:

This study concludes that significant disparities in tennis motor competency between parallel classes are
partial and primarily driven by closed motor skills (serving) rather than open motor skills (groundstrokes).
In terms of practical implications, a one-size-fits-all teaching methodology should be replaced with
differentiated instruction and a game-based approach post-midterm to accommodate varying group
learning rates and enhance ball accuracy on the court.
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Introduction

Physical education in higher education does not only aim to develop physical fitness, but
is a structured pedagogical process to build complex motor mastery (Wargama et al.,
2026). Among the various game spotts, tennis occupies a unique position as one of the
sports that demands a high level of neuromuscular coordination, spatial precision, and
consistency of movement mechanics (Crespo et al, 2024; Zhou et al, 2025). For
prospective sports teachers such as students in the Physical Education, Health, and
Recreation study program, it is mandatory to master basic tennis techniques, not just to
fulfill the credit load, but as a professional competency capital (Litvinenko et al., 2022;
Nguyen, 2023). One cannot effectively teach a motor skill if they themselves have not
fully understood and executed the mechanical parameters of that movement. Therefore,
assessing students' actual physical performance reflects the effectiveness of knowledge
transfer within the university's sports curriculum.

Mastery of tennis rests on three main pillars that are interlocking: service, forehand
stroke, and backhand stroke (Luo, 2022; Batsalias, 2025). The serve acts as an initiation
of attack that demands synchronization between the toss of the ball, the swing of the
racket, and a steady body follow-through (Beach et al., 2026). Meanwhile, groundstrokes
(forehand and backhand) require stability in foot position (stance), accuracy in detecting
the direction the ball is coming from (timing), and full control over the accuracy of the
ball (Basuki & Kusuma, 2025; (Setyawan & Sutriawan, 2026). From the perspective of
motor learning theory, beginners’ motor performance often experiences sharp
fluctuations because their cognitive control is not yet fully automatic (Setiawan, 2025).
Measuring this performance fairly requires a criteria-based assessment instrument (rubric-
based assessment) that not only looks at the final result (whether the ball goes in or out),
but also dissects the process (how the quality of the movement technique and the thythm
of its consistency) (Septianna et al., 2025).

Motor competence in racket sports is heavily dependent on the integration of fine and
gross motor coordination, where spatial-temporal orientation dictates the success of a
mechanical execution (Busuttl et al., 2023). In a university-level sports pedagogy
ecosystem, technical consistency is the primary parameter used to distinguish between
cognitive, associative, and autonomous stages of learning. While basic fitness levels
provide the physiological foundation, the specialized biomechanical pathways required
for tennis groundstrokes demand high degrees of kinesthetic awareness, which are often
underdeveloped in novice student-athletes.

The core problem that prompted this research arises from formal classroom
observations and previous student evaluation records during the tennis practice blocks. It
was consistently observed that despite receiving identical instruction time, parallel classes
demonstrated stark disparities in their practical mid-semester exam outcomes. A review
of relevant literature indicates that these gaps are often rooted in individual motor
background variations, asymmetrical peer-group practice dynamics, and varying levels of
self-regulation in executing self-paced versus reactive motor skills. Understanding where
these instructional breakdowns occur is vital to preventing generic, ineffective
pedagogical delivery

A wealth of previous literature has explored how certain training methods can boost
groundstroke performance in sports students, or how equipment modifications can
accelerate beginner adaptation. Conceptual research also confirms that video-based
feedback is effective in improving biomechanical movement efficiency in tennis. Most
sports education studies to date also agree that the use of transparent and rigid
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assessment rubrics can provide an objective picture of an individual's movement
competency achievement.

Although studies on tennis technique are abundant, most tend to focus on small-scale
clinical experiments or macro-individual evaluations without examining the collective
dynamics within the classroom ecosystem. The explicit novelty ("art") of this study lies in
its focus on collective cohort dynamics within parallel academic classes rather than
individual clinical testing. While prior work isolates technical parameters in controlled
settings, this study utilizes a standardized rubric-based assessment to compare two entire
class ecosystems (Class 6A and Class 6B) operating under an identical curriculum. This
comparative approach exposes how group-level social-pedagogical environments alter
the acquisition of closed motor skills versus open motor skills.

The urgency of this research is tied directly to the quality assurance of future physical
education teachers. If parallel classes exhibit hidden technical deficits, a standard "one-
size-fits-all" curriculum will continue to graduate educators who lack the mechanical
mastery necessary to teach sports skills safely and effectively. This manuscript is
important because it shifts the assessment paradigm from binary outcomes (ball in/out)
to process-oriented diagnostic mapping. The study contributes directly to sports science
and training methods by demonstrating that closed motor skills (serving) require highly
differentiated, self-paced repetitive drill structures, whereas open motor skills require
immediate contextual, game-based adaptation.

Departing from this academic gap, this study aims to map and analyze comparatively the
achievement of motor competencies and the level of consistency of basic tennis strokes
between Physical Education, Health, and Recreation students of Semester VI Class A
and Class B. Through the utilization of real Mid-Semester Exam (UTS) data measured
using a standard assessment rubric, this study is expected to be able to analyze the
parameters of students' motor strengths and weaknesses in each technique (setve,
forehand, and backhand). Furthermore, the results of this comparative evaluation are
projected to provide valuable pedagogical recommendations for lecturers to design
instructional differentiation, so that the quality of motor learning in the Tennis course
can be continuously improved in order to produce competent sports educator graduates.

Materials and Methods

Study Design

To objectively analyze and understand the dynamics of students' movement mastery, this
study applies a quantitative approach with a comparative study design (Erlin, 2024). This
approach was chosen because the researcher did not provide any special treatment in the
classroom, but rather conducted an exposition-fact analysis of the actual phenomenon of
learning outcomes that had occurred. Through this descriptive-comparative method, the
researcher was able to explore in depth and compare the variability in students' motor
competency performance in two parallel class groups that followed a uniform learning
curriculum (Azka, 2025). The comparative focus is directed at the distribution of
achievements in basic tennis technical components in order to map the characteristics of
motor skills in each class group naturally.

Study Participants

The subjects fully involved in this study were active students of the Physical Education,
Health, and Recreation (PJKR) undergraduate program who were in Semester VI (Six) of
the 2025 academic year. The sample was determined using a saturated sampling
technique (total sampling), in which all members of the population in the Tennis
Learning course were made research participants. The total number of participants was
70 students distributed into two parallel classes, namely PJKR Class 6A which acted as
the first group (35 students) and PJKR Class 6B/B0306 as the second group (35
students). The characteristics of the participants were in the early adulthood phase with a
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relatively homogeneous age range and had received instructional exposure to the tennis
theory and practice curriculum with the same face-to-face duration and the same lecturer.
Study Organization

The data collection procedure was systematically designed through practical Mid-
Semester Exams (UTS) to ensure the authenticity of student performance. The primary
instrument used was the Standard Tennis Practical Assessment Rubric, which was
content-validated by a panel of sports pedagogy experts and tested for inter-rater
reliability. The operational procedures were conducted as follows:

1. Preparation and Warm-up: Students were gathered at the outdoor tennis court
facility, provided a uniform 15-minute dynamic warm-up session, and briefed on the
technical execution order.

2. Service Assessment (Maximum Score Weight 40): Students were positioned behind
the baseline and given the opportunity to perform 10 serves into the diagonally
opposite valid service box. The assessment was broken down into three parameters:
Accuracy (AC) with a conversion of 2 points for each incoming ball (max 20), Swing
Technique (T) which assessed mechanical alignment of foot stance, ball toss, and
racket path (max 10), and Movement Consistency (MC) which evaluated kinetic
rhythm (max 10).

3. Forehand Assessment (Maximum Score Weight 30): Students stood at the baseline
and executed 10 forehand strokes reactive to constant balls fed from a mechanical
ball machine at a controlled speed of 40 km/h to maintain consistency. Raters
scored Target Accuracy (max 10), Basic Swing Technique (max 10), and
Coordination & Control (CC) which measured timing (max 10).

4. Backhand Assessment (Maximum Score Weight 30): Using an identical machine-fed
delivery scheme, students executed 10 backhand groundstrokes. Raters evaluated
Target Accuracy (max 10), Basic Swing Technique (max 10), and Coordination &
Control (max 10).

The field data collection process was directly supervised by a team of trained examiners
to ensure inter-rater reliability. Each student's final score was calculated based on the
cumulative total of the three stroke components, with a maximum score of 100.
Statistical Analysis

The quantitative data obtained from the rubric assessment sheet were first tabulated and
cleaned of outliers. Data analysis was conducted in two main stages using statistical
software. The first stage was descriptive statistical analysis to determine the average value
(mean), standard deviation, maximum value, and minimum value of each parameter (KP,
T, KN) in both classes. The second stage was a comparative inferential test to test the
difference hypothesis. Before the comparative test was conducted, prerequisite analysis
tests in the form of a normality test (using Shapiro-Wilk because the sample size was
<50) and a homogeneity of variance test were mandatory. If the data were normally
distributed and the variances were homogeneous, the mean difference test would be
analyzed using the Independent Samples t-Test with a significance level of a = 0.05.
Conversely, if the data did not meet the normality assumption, alternative comparative
testing would be switched to using the non-parametric Mann-Whitney U-Test.

Results

The presentation of the research findings is divided in a structured manner to describe
the map of students' motor competency achievements in each basic tennis technique,
followed by comparative testing to see the significance of the differences in performance
between the PJKR 6A Class and PJKR 6B Class groups.
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Description of Competency Achievements in Basic Tennis Techniques

In general, the Mid-Semester Exam (UTS) practical results data show quite dynamic
variability in accumulated scores between the two parallel classes. A summary of the
descriptive statistical findings for all assessment indicators is presented in Table 1 below.
Table 1. Descriptive Statistical Profile of Students' Practical Scores in Classes 6A and 6B

Class Basic Rubric Minimum Maximum Mean Standard
Group Technique Parameter Value Value Deviation
PJKR Class Serve (Max AC/T/CS 18 38 29.45 4.12
40)
6A (N=35) Forehand AC/T/CS 14 28 22.15 3.05
(Max 30)
Backhand AC/T/CS 12 26 19.80 3.42
(Max 30)
PJKR Class Serve (Max AC/T/CS 16 36 27.20 4.85
6B (N=35) 40)
(Code: Forehand AC/T/CS 12 27 20.64 3.60
B0306) (Max 30)
Backhand AC/T/CS 10 25 18.12 3.94
(Max 30)

Notes: AC = Accuracy; T = Technique; CS = Consistency & Control.
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Flgure 1 Descriptive Statistical Profile of Students’ Practical Scores in Classes 6A and 6B

Table 1 and the comparison graph show a visual trend where the average scores achieved
in the three basic techniques placed the students of Class PJKR 6A slightly numerically
superior to their peers in Class PJKR 6B. In the service technique (maximum score of
40), Class 6A recorded an average of 29.45, while Class 6B was at 27.20. A similar
phenomenon was also seen in groundstroke mastery, where the average forehand and
backhand strokes of Class 6A consistently outperformed Class 6B by an average margin
ranging from 1.5 to 1.7 points.

To dissect which internal parameters are the most dominant strengths or stumbling
blocks for these prospective sports teacher students, the analysis was directed specifically
at each sub-component of the rubric assessment (Accuracy, Technique, and Consistency)
as summarized in Table 2.
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Table 2. Mean Score Distribution Based on Rubric Assessment Components

Motor Skill Assessment Parameter Ideal Maximum Class 6A Class 6B
Score Mean Mean
Serve In-Bound Accuracy (AC) 20 14.20 12.80
Swing Technique (T) 10 7.85 7.40
Movement Consistency 10 7.40 7.00
(MO)
Forehand Target Accuracy (AC) 10 7.15 6.50
Stroke
Basic Technique (Swing) 10 7.60 7.32
(M)
Coordination & Control 10 7.40 6.82
(€C)
Backhand Target Accuracy (AC) 10 6.10 5.40
Stroke
Basic Technique (Swing) 10 7.10 6.80
(T
Coordination & Control 10 6.60 5.92
(CO)

Notes: AC = Accuracy; T = Technique; MC = Movement Consistency; CC =
Coordination & Control.

The explicit finding from Table 2 demonstrates that technical form is not the limiting
factor for these cohorts; "Swing Technique (T)" remained consistently high across all
strokes (ranging from 6.80 to 7.85). Instead, the clear structural deficit lies in spatial
control, as evidenced by a severe drop in "Target Accuracy (AC)" scores. This deficit is
most pronounced during the backhand stroke, where Class 6B scored a lowest mean of
540 out of 10. This indicates a systemic failure in translating biomechanical
understanding into precise ball placement.

Inferential Analysis of Comparative Motor Skills

Tests Before conducting the hypothesis test to test the significance of the differences
between the two classes, a series of prerequisite analysis tests were completed. Testing
for normality of data distribution using the Shapiro-Wilk method yielded a significance
value (p > 0.05), indicating that the data from both classes were normally distributed.
Furthermore, testing for homogeneity of variance using Levene's Test also confirmed
that the data variance between groups was homogeneous (p > 0.05). Based on the
fulfillment of these assumptions, the comparative analysis continued using the
Independent Samples t-Test, as presented in Table 3.

Table 3. Mean Difference Test Results (Independent Samples t-Test) on Tennis

Performance
Skill Component t- Degrees of Significance (p- Hypothesis Conclusion
value Freedom (df) value)
Total Serve Score 2.085 68 0.041 Significantly Different (p
< 0.05)
Total Forehand Score 1.892 68 0.063 Not Significantly
Different (p > 0.05)
Total Backhand Score 1.918 68 0.059 Not Significantly
Difterent (p > 0.05)
Accumulated Midterm 2.214 68 0.030 Significantly Different (p
Exam Score < 0.05)

Based on the inferential statistics output in Table 3, testing of the total accumulated mid-
term exam score variable shows a t-value of 2.214 with a significance value of 0.030.
Because the p-value (0.030) is smaller than the error level of « = 0.05, the null hypothesis
(HO) is rejected conclusively. This finding proves that there is a statistically significant

difference in the achievement of tennis movement competencies between Class PJKR
6A and Class PJKR 6B.
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However, when the value structure is dissected per stroke type, a unique dynamic is
visible. A partially significant difference in performance was found only in the service
stroke skill (p = 0.041). In contrast, for groundstroke skills, both forehand (p = 0.063)
and backhand (p = 0.059), the significance value exceeded the o = 0.05 limit. This
indicates that although Class 6A has a slightly higher average score, the motor capacity of
students in both parallel classes in controlling groundstroke strokes is essentially at an
equal and uniform level of competence.

Discussion

The findings of this study reveal crucial pedagogical insights into how the motor skills of
prospective physical education students are formed within the academic environment.
The significant difference in mid-term exam scores between Class PJKR 6A and Class
PJKR 6B confirms the fundamental principles of motor learning. A group's physical skill
attainment is never linear or homogeneous, even under the same curriculum and teaching
intervention. In skill acquisition studies, the complex process of motor mastery always
involves a dynamic interaction between individual characteristics, the training
environment, and the movement task itself (Immonen etal., 2022). These performance
fluctuations can also be understood through the lens of developmental psychology,
where the variability of early adult performance is greatly influenced by the individual's
physical activity background (prior motor experience), self-regulation, and the social-
emotional cohesion that is built within each class.

Parameter: Technique vs. Ball Accuracy

In the distribution of rubric components, a highly consistent performance anomaly
emerged across both classes: scores for "Basic Technique (T)" consistently ranked
highest, while scores for "Entry Accuracy (KP)" were the students' weakest point. From
the perspective of Fitts and Posner's (1967) classical movement learning stages, this
humanistic phenomenon indicates that most sixth-semester students have successfully
passed the cognitive stage and entered the associative stage. In this phase, they are able to
memorize, imitate, and demonstrate correct movement structures such as grip, foot
positioning, and swing. However, their failure to execute ball accuracy (KP) reflects their
immature kinesthetic awareness and spatial control abilities (Anderson, 2022; Sorgente,
2024; Shakerian etal., 2025). Skills, the complex process of motor mastery always
involves dynamic interactions between individual characteristics, the training
environment, and the motor task itself.

This discrepancy between technical form and execution accuracy aligns closely with the
findings of Hidayatullah & Purnama (2024), who observed that authentic actions-based
assessments in physical education often expose a lag between movement aesthetics and
target precision. Similarly, Basuki & Kusuma (2025) noted that beginner tennis athletes
frequently maintain an appropriate body mechanics posture but lack the microscopic
wrist adjustment needed to guide the ball inside valid playing lines. This phenomenon
demonstrates that cognitive understanding of a sports technique does not immediately
guarantee temporal-spatial success under test conditions.

Service and Skill Classification

The comparative analysis results provide compelling confirmation: significant differences
between classes were only partially observed in service technique (p = 0.041), while
forehand and backhand performance tended to be equivalent (p > 0.05). Why was the
service the sole differentiating variable? The answer lies in the characteristics of the skill
itself. In motor taxonomy, forehand and backhand strokes are categorized as open motor
skills, where students react to external stimuli in the form of the direction and speed of
the ball passed by their instructor or a peer. (Hidayatullah & Purnama, 2024; Huang et
al., 2025). Due to their reactive nature, both classes face relatively similar levels of
contextual adaptation difficulties.
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On the other hand, service is classified as a closed motor skill which is completely self-
paced and is then controlled absolutely by the mover himself without dynamic
intervention from the opponent (Lindsay, 2022). The success of a serve relies heavily on
the consistency of the individual movement ritual, particularly the stability of the toss.
Class 6A's significant advantage in the service component indicates that this class has a
better capacity for self-regulation of practice. Closed skills like serving require a high
amount of repetitive drills to achieve automaticity; this is where the differences in the
quality of practice commitment between the classes become apparent.

The Backhand as a Mass Obstacle

Another noteworthy aspect of this study is the lower achievement scores for the
backhand in both classes compared to the forehand. Anatomically and functionally, the
backhand requires the body to cross the midline with its back partially facing away from
the net.  (Elliott, 2020; Koronas & Koutlianos, 2021; Zhang, 2025) . This position is
naturally less comfortable than the forehand position, which tends to be open and
aligned with the dominant eye line. Students often experience balance issues and limited
swing space during the backhand phase, resulting in poor ball control. This fact is an
important reminder that backhand difficulties are systemic and experienced by almost all
sixth-semester students, regardless of class differences.

Pedagogical Implications & Learning Process Recommendations

As an educational reflection for lecturers teaching the Tennis Course, the results of this
evaluation based on real-world midterm exam data have wvaluable instructional
implications. The post-midterm exam learning process should no longer be treated as a
one-size-fits-all approach. Lecturers are advised to begin implementing a variety of
differentiated instructional strategies to accommodate the diversity of students' motor
learning speeds (Moon, 2022). According to Moon, (2022), connecting sports coaching
paradigms with direct video feedback significantly optimizes direct learning retention in
higher education. Therefore, for open motor skill components (forehand/backhand), the
pedagogical focus must shift from isolated technique repetition to a contextualized game-
based approach to enhance spatial coordination under pressure(Kilit et al., 2025). For the
lagging service component in Class 6B, integrating regular mobile-based video analysis
can help students self-correct their toss alighment and kinetic synchronization during
independent study blocks (Wang, 2025).

1. For the groundstroke components (forehand and backhand), the focus of
training must be shifted from the drill-technique introduction portion to the
game-based approach portion in order to sharpen the timing, coordination, and
accuracy of the ball on the court.

2. Meanwhile, to bridge the gap in Class 6B's service component, teaching
interventions can be assisted by utilizing visual media or recording regular video
feedback. This step is important so students can independently evaluate the
synchronization between their ball toss and racket swings, in order to catch up on
the motor skills gap of their classmates.

Recommendations for Future Research

While this study successfully mapped interclass ability variability through an assessment
rubric, it was limited to a single point in time (cross-sectional). Future research is
recommended to track students' motor development longitudinally, from the beginning
of the semester to the final exam (UAS), to assess the effectiveness of learning retention.
Furthermore, the integration of sensor-based motion analysis technology or
biomechanical video analysis applications could be considered to refine the objectivity of
assessments in future sports education research.
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Conclusions

Based on the comparative analysis and tracking of movement parameters that have been
conducted, this study concludes that there are significant differences in the achievement
of total motor competence and consistency of basic tennis techniques between PJKR
Semester VI Class A and Class B students. However, if examined partially on the
structure of stroke types, the disparity in ability only occurs significantly in service skills.
Meanwhile, for mastery of groundstrokes (forehand and backhand), the adaptation
capacity and motor performance of students in both parallel classes are at an equal and
uniform level of competence.

More specifically, the main findings of this research indicate a simultaneous educational
phenomenon: students in both classes have successfully surpassed the cognitive and
established phase in demonstrating the aesthetics of basic body movement techniques
(form-technique), but still experience systemic difficulties in controlling the accuracy of
the ball entry (accuracy and control). The most massive motoric obstacles were found in
the backhand shot, which recorded the lowest scores in both classes due to the
complexity of the biomechanical movement that crosses the main axis of the body.
Limitations & Recommendations for Future Research

This study presents several structural limitations that should be noted. First, the sample
was restricted exclusively to a single academic year within one institution (STKIP
Modern Ngawi), which limits the macro-pedagogical generalizability of the findings
across nationwide sports curriculums. Second, data collection was cross-sectional,
capturing student capabilities only at a single point in time (the midterm exam), thereby
omitting long-term motor skill retention patterns. Lastly, the assessment relied entirely
on human raters using visual rubrics, without the integration of advanced digital tracking
tools.

Based on these limitations, upcoming studies are highly recommended to adopt a
longitudinal research design to trace motor progression from the diagnostic baseline up
to the Final Semester Exam (UAS). Furthermore, future research should expand sample
populations across multiple universities and incorporate sensor-based motion capture or
digital biomechanical analysis applications to generate highly precise kinematic data
mapping,.

Recommendations

To concretely improve the quality of learning outcomes, it is recommended that future
lectures implement a game-based approach to hone timing and accuracy of
groundstrokes. Specifically, to address service performance gaps in certain grade groups,
the use of video feedback can be integrated as a student self-evaluation tool. Future
research is recommended to expand the scope of analysis by using a longitudinal design
to monitor long-term retention of movement mastery, as well as incorporating motion
sensor scanning technology to produce even more precise biomechanical mapping.
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