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Abstract

Background: Feedback is considered a fundamental component of motor skill learning, yet
evidence comparing the effectiveness of visuali, verbal, and combined feedback modalities in
youth gymnastics remains limited. This study examined the effects of mixed (visual + verbal),
visual, and verbal feedback on the acquisition of selected gymnastics skills using two-
dimensional kinematic analysis. Methods: Sixty female gymnasts aged 7-11 years were
randomly assigned to mixed feedback (n = 20), visual feedback (n = 20), or verbal feedback (n
= 20) groups. Participants completed an 8-week gymnastics training program. Performance in
the Front Scale, Back Scale (Knee—Knee), Back Scale (Shoulder—Knee), and Split Jump was
assessed at pre-test, mid-test, and post-test using Kinovea-based kinematic analysis. A mixed-
design ANOVA was conducted to evaluate the effects of feedback modality, time, and the
Group x Time interaction. Bonferroni-adjusted post hoc comparisons were performed where

appropriate.
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Results: Significant Group x Time interactions were observed for the Back Scale (Knee—Knee)
(F=3.375,p=.020,* = .106), Back Scale (Shoulder—Knee) (F =32.662, p <.001, n> =.534),
and Split Jump (F = 3.510, p = .023, n? = .110), indicating that performance improvements
differed across feedback conditions. Mixed feedback generally led to greater improvement than
visual or verbal feedback for these skills. In contrast, although Front Scale performance
improved over time, the Group x Time interaction was not statistically significant (F = 1.680,
p = .160), suggesting that improvement patterns did not differ significantly among feedback
modalities for this skill. Across all analyses, verbal feedback alone tended to produce smaller
improvements than mixed or visual feedback. Conclusion: The findings indicate that the
effectiveness of feedback modalities may depend on the specific gymnastics skill being learned.
Mixed feedback appears particularly advantageous for skills requiring greater coordination and
postural control, whereas no clear superiority of any ieedback modality was observed for Front
Scale performance. Integrating visual demonsirations with verbal instruction may therefore
represent an effective strategy for enhancing motor skill acquisition in youth gymnastics.
Trial registration: Clinical1rials.gov (NCT07082647). Registered retrospectively on July 15,
2025.

Keywords: motor learning, augmented feedback, youth gymnastics, kinematic analysis, skill

acquisition.

Introduction

In recent years, studies on the role of feedback in motor skill learning have advanced the
identification of effective teaching strategies, particularly for young athletes. Research
examining visual, verbal, and mixed (visual + verbal) feedback has revealed that each technique
supports different learning processes. Meta-analyses and systematic reviews indicate that
augmented feedback combining visual and verbal modalities accelerates skill acquisition and

retention, whereas visual-only or verbal-only feedback produces moderate effects (Sigrist et al.,
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2013; Wulf & Lewthwaite, 2016; Han, Ali, & Ji, 2022; Zhou, Shao, & Wang, 2021). Verbal
feedback is particularly effective in increasing attentional focus and promptly correcting
technical errors, while blended feedback enhances intrinsic motivation and learning retention
through the synergy of both modalities (Tzetzis et al., 2008; Wulf et al., 2010; Chiviacowsky

& Wulf, 2007).

Despite these findings, existing studies are generally limited to single movements or short-term
practice, and their kinematic effects on multiple technical elements in children’s gymnastics
(aged 7-11) have received limited attention. Moreover, recent reviews indicate that few
experimental studies directly compare multiple feedback modalities (e.g., visual, verbal, mixed)
within the same research design (Petancevski et al., 2022; Starzalk et al., 2022). These studies
also highlight inconsistent methodologies, heterogenicous outcome measures, and a lack of
standardized kinematic evidence supporting such comparisons. In addition, most kinematic
investigations in gymnastics have focused on single elements or older/elite athletes rather than
on several technical elements in preadolescent children (Mkaouer et al., 2023). Therefore, the
current study aims to fill this gap by examining the kinematic effects of mixed, visual, and

verbal feedback on several gymnastics elements in this age group (Bouzid et al., 2025).

Recent evidence further suggests that the effectiveness of augmented feedback may vary across
developmental stages and task complexity. For example, younger learners tend to benefit more
from visually enriched feedback because observational learning mechanisms are highly active
during childhood, whereas older or more experienced performers may rely more effectively on
verbal and self-regulated feedback strategies (Petancevski et al., 2022; Starzak et al., 2022).
Furthermore, studies conducted in artistic gymnastics, physical education, and motor skill
learning contexts have reported that multimodal feedback may enhance movement accuracy,

coordination, and retention more effectively than single-modality feedback, although findings
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remain inconsistent across age groups and movement tasks (Han et al., 2022; Mddinger et al.,
2022; Zhou et al., 2021). These inconsistencies highlight the need for further experimental
studies directly comparing multiple feedback modalities within the same developmental

population.

Performance improvement is a fundamental goal in sports biomechanics. Effective movement
relies on neuromuscular coordination, anatomical factors, cognitive abilities, and physiological
capacities. Biomechanics experts play a key role in enhancing performance in technique-
dominant skills (Knudson, 2007). Kinematics allows quantitative analysis of positions, angles,
velocities, and accelerations of body parts, providing essential insight into angular motions,

which are crucial in most human movements (Medved, 2000; McGinnis, 2013).

Gymnastics skills require integrating high-level mental and physical skills. Basic gymnastics
training is vital in children because it positively affects motor development and fosters a sense
of accomplishment (Mitchell et al., 2002; Holfelder & Schott, 2014). Motor skill is defined as
voluntary movement of one or more body parts directed toward a learned goal (Gallahue et al.,
2014), and all skills, no matter how simple, must be learned technically and systematically
(Ozer & Ozer, 2007). For this reason, teaching methods that shorten skill acquisition time, such
as visual demonstrations or video feedback, have been increasingly emphasized (Rucci &

Tomporowski, 2010; Ozer & Ozer, 2007).

Instructors' feedback during the learning process is a critical tool for ensuring skill acquisition
(Korug et al., 2012). It can be internal, derived from sensory information about one’s own
movements, or external, provided through verbal instructions, visual demonstrations,
scoreboards, or video recordings (Wuest & Bucher, 2003; Schmidt & Wrisberg, 2008; Magill
& Anderson, 2017). Combining verbal and visual feedback is thought to maximize learning by

reinforcing understanding through demonstration and explanation (Kizilors, 2022). However,
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despite its widespread use in sports pedagogy, there remains limited comparative evidence on
the relative effectiveness of these multisensory feedback types, particularly in teaching
fundamental gymnastics skills. In addition, the need for objective kinematic verification of
performance improvements has been emphasized, as traditional observational assessments may

not fully capture the nuanced motor patterns associated with skill development.

The present study specifically investigates the effects of mixed, visual, and verbal feedback on
the technical development of fundamental gymnastics elements in children aged 7-11. The
research question is: To what extent and in what order are mixed feedback (verbal + visual),
visual feedback, and verbal feedback effective in teaching the front scale, back scale (knee-to-
knee and shoulder-to-knee), and split jump elements in gymnastics education? The findings aim
to provide further evidence regarding this question and advance theoretical understanding of

feedback-mediated motor skill learning in young athletes.

Beyond its empirical contribution, the present study has both theoretical and practical
significance. Theoretically, it provides an opportunity to examine how different feedback
modalities influence motor learning within the frameworks of Social Cognitive Theory and the
OPTIMAL theory of motor learning. In practice, the study offers evidence-based guidance for
coaches and physical education practitioners on selecting feedback strategies during skill
instruction. In addition, the use of objective kinematic measurements enables a more precise
evaluation of performance changes than traditional observational assessments, thereby

contributing to the growing integration of biomechanics and motor learning research.

The present study is grounded in well-established theoretical frameworks of motor learning,
particularly the Social Cognitive Theory (SCT) and the OPTIMAL theory of motor learning.
According to Social Cognitive Theory, observational learning and self-efficacy play central

roles in skill acquisition, suggesting that visual feedback enhances performance through
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modeling processes. In contrast, verbal feedback contributes to cognitive reinforcement

(Bandura, 1997).

Social Cognitive Theory further emphasizes the reciprocal interaction among behavioral,
cognitive, and environmental factors during learning processes. Within sport settings, learners
acquire new skills not only through direct practice but also by observing models, evaluating
their own performance, and developing self-efficacy beliefs regarding task execution (Bandura,
1997). Visual feedback, therefore, represents a mechanism through which athletes can compare

their performance with an external model and modify movement patterns accordingly.

Similarly, the OPTIMAL theory of motor learning highlights the importance of enhanced
expectancies, autonomy support, and an external focus of aticniion in promoting motor learning
and performance. According to this framework, feedback is most effective when it facilitates
attention toward movement outcomes while sirnultaneously supporting learner motivation and
confidence (Wulf & Lewthwaite, 2016). Consequently, multimodal feedback may represent a
particularly effective instiuctional strategy because it combines informational and motivational

functions within a single learning environment.

Drawing on Social Cognitive Theory (Bandura, 1997), observational learning processes suggest
that visual feedback may facilitate skill acquisition by providing learners with accurate
movement models. Similarly, the OPTIMAL theory proposes that motor learning is enhanced
when attentional and motivational mechanisms are simultaneously activated (Wulf &
Lewthwaite, 2016). Because mixed feedback combines visual modeling with verbal
reinforcement, it may provide complementary sources of information that facilitate both
cognitive processing and movement execution. Accordingly, the following hypotheses were

developed based on these theoretical perspectives.



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

Study Hypotheses

H;: When gymnasts receive different types of feedback (visual, verbal, and mixed), each
feedback modality will have a significant effect on kinematic performance.

H; ;: The mixed feedback method (visual + verbal) will generally result in greater performance
improvements than the other feedback modalities, particularly in complex gymnastics skills.
H; ,: In the split jump element, the visual feedback method will lead to the highest kinematic
performance compared to other feedback types.

H,;: The verbal feedback method is expected to result in lower performance improvements
than mixed feedback, particularly in complex gymnastics skills.

H,4: A significant improvement in the kinematic measurements of exercises performed with
the feedback type will be observed over time. For example, the differences between baseline

and post-feedback measurements will be significant.

Methods

Determination of Sample Size

An a priori power analysis was conducted to ensure that the study was adequately powered to
detect the primary effect of interest, namely the Group x Time interaction in a 3 (Group: mixed,
visual, verbal) x 3 (Time: pre, mid, post) repeated-measures mixed design. Given that this
interaction reflects both between-subjects and within-subjects variability, the analysis was
performed using the MANOVA: Repeated Measures, Within—Between Interaction procedure
in G*Power 3.1 (Faul et al., 2007), which is recommended for multivariate repeated-measures
designs, particularly when sphericity assumptions may be violated.

Pillai’s trace (V) was selected as the multivariate test statistic due to its robustness to violations
of normality and covariance homogeneity. The analysis was conducted using an effect size of
f(V) = 0.35 (medium-to-large), an alpha level of .05, a desired statistical power of .85, three

groups, and three repeated measurements.
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The analysis yielded a noncentrality parameter of A = 14.21, a critical F value of 2.45, numerator
degrees of freedom of 4, denominator degrees of freedom of 110, an estimated Pillai’s V of
0.218, and an achieved power of 0.8555. These results indicated that a minimum sample size
of 58 participants was required to detect the expected interaction effect reliably.

Given that the present study included 60 participants, the sample size exceeded the minimum
requirement, confirming that the study was sufficiently powered to detect meaningful Group x
Time effects and supporting the statistical adequacy of the research design.

Participants

The study employed a randomized controlled experimental design. Athletes from an amateur
gymnastics club were recruited using a purposive sampling method. Participants were randomly
assigned to groups using a computer-generated randomization sequence, and allocation was
implemented through sequentially numbered, opaque, sealed envelopes prepared by an
independent researcher who was not involved in data collection or analysis. This procedure
ensured allocation concealment and minimized potential selection bias (Schulz et al., 2010),
thereby enhancing the study's internal validity and allowing a more accurate comparison of

performance differences across groups over time (pre-, mid-, and post-training).

Parental informed consent was obtained from all participants prior to data collection, and the
relevant institutional ethics committee approved the study protocol. The study population
consisted of female gymnasts aged 7 to 11 who were training at facilities affiliated with the
Talas Youth and Sports District Directorate of the Ministry of Youth and Sports.

All participants had at least one year of organized gymnastics experience and were actively
involved in regular club-based training. Athletes participated in gymnastics training
approximately two to three times per week and competed at the local or regional amateur level.
Participants were recruited from the same training environment, which helped ensure a

relatively homogeneous level of technical experience and exposure to coaching practices.
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Following a brief familiarization with the selected gymnastics skills (Front Scale, Back Scale,
and Split Jump), participants were randomly assigned to one of three groups. The first group
(Mixed Feedback Group, n = 20) received both visual (video-based) and verbal feedback; the
second group (Visual Feedback Group, n = 20) received only visual feedback; and the third
group (Verbal Feedback Group, n = 20) received only verbal feedback.

Inclusion criteria were as follows: being female, aged 7-11 years, actively participating in
gymnastics training, and medically fit to train (all participants held valid athlete licenses
requiring health clearance). Given that all participants were amateur athletes undergoing similar
training programs and possessed basic gymnastics knowledge, no additional skill-level criteria
were applied.

Exclusion criteria included being male, not participating in gymnastics training, having a
medical condition that could limit physical activity, or falling outside the specified age range.
The reporting of this randomized controiled trial follows the CONSORT (Consolidated
Standards of Reporting Trials) guideiines to ensure transparency and completeness. All
randomized participants completed the study, and no attrition occurred during the intervention
period. The randomization sequence was generated by an independent researcher using a
computer-based random number generator. This researcher had no role in participant
recruitment, outcome assessment, or statistical analysis.

Participant enrollment, randomization, group allocation, and repeated measurement time points
are illustrated in the CONSORT flow diagram (Figure 1).

Clinical trial registration was completed after the intervention and data collection procedures
had been concluded. The study was registered at ClinicalTrials.gov on July 15,2025 (Identifier:
NCTO07082647). Therefore, the trial should be considered retrospectively registered. The
registration was undertaken to improve research transparency, facilitate public access to the

study protocol, and ensure compliance with current reporting recommendations for intervention



227  studies.

228
(Randomized (n=607)
(Pre-tesy) (Pre-test) [Pre-tesy]
+ + +
(Mid-test] (Mid-test] (Mid-test]
+ + 4
229 (EEEGR—| (Post-test]

230 Figure 1. CONSORT flow diagram iilustrating participant enrollment, group allocation, and
231 repeated measurement points (pre-test, mid-test, and post-test) in the randomized controlled
232 trial.

233  Measures

234  Body Weight Measurement

235  The participants' body weights were measured using a Xiaomi electronic scale with an accuracy
236  of 0.1 kg (Toprak, 2019). Height was measured using a stadiometer, and BMI was calculated
237  as body mass (kg)/height (m?), following standard anthropometric procedures (WHO, 2000;

238 Lohman et al., 1988).

239  Height Measurement

240  Participants' heights and leg lengths were measured using a Fisco brand tape measure with an
241  accuracy of +0.1 cm, following standard anthropometric procedures (Hayta, 2019; Lohman et

242  al., 1988; Stewart et al., 2011).
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248  Figure 2. Front scale.

249  In Figure 2, the basic posture begins with position and posture. With the arms up and one foot
250 stretched above 90 degrees, the other foot at the bottom is raised to the toes and held steadily
251  for 2 seconds (Kiling, 2021).

252  Back Scale
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Figure 3. Back scale.

In Figure 3, the movement begins with a standing and basic posture. In gymnastics, it is a
posture in which one of the feet is on the ground, and the body weight is on one leg. In the scale
pose, the other leg is raised while maintaining full extension. The arms are open at the sides
and at shoulder level. The body and arms are parallel to the ground (Kiling, 2021).

Split Jump

Figure 4. Split jump.

In Figure 4, during the split jump, the arms are positioned above, and the legs are opened
forward and back, creating a 180-degree angle (Kiling, 2021).

Participants performed three trials for each gymnastics element during every testing session.
To reduce the influence of random performance fluctuations, the mean value obtained from the
three trials was used for statistical analysis. All trials were recorded under identical testing

conditions and analyzed using the same measurement procedures.

Kinovea Video Analysis

Kinematic analyses were performed using Kinovea software (version 0.9.5), a validated open-

12
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source motion analysis tool widely used in sports biomechanics. Video recordings were
obtained using a Redmi Note 11 smartphone positioned 3 m from the participant and
perpendicular to the primary plane of motion. All videos were recorded at a frame rate of 60
frames per second (fps) and a resolution of 1920 x 1080 pixels. These recording settings were
selected to ensure sufficient temporal and spatial resolution for kinematic analysis of
gymnastics movements.

The device was mounted on a tripod to ensure recording stability throughout data collection.
Recordings were analyzed frame by frame to determine joint angles during Front Scale, Back
Scale (Knee—Knee), Back Scale (Shoulder—Knee), and Split Jump performances. Previous
studies have demonstrated excellent validity and reliability of Kinovea for angular
measurements in human movement analysis (Balsalobre-Feinandez et al., 2014; Puig-Divi et
al., 2019). For each gymnastics element, the frame corresponding to the maximal performance
position was selected for analysis. Specifically, the highest leg position was analyzed for Front
Scale, the maximal angular displacement was analyzed for both Back Scale conditions, and the
frame corresponding to the highest jump position was selected for Split Jump assessment.

Figure 5 presents a representative example of the angle analysis procedure performed using

Kinovea software.

13
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Figure 5. Kinovea analysis.

Kinematic analyses were conducted using two-dimensional (2D) video recordings, which

enabled assessment of movement patterns within the primary plane of motion.

Calibration Procedures

Before each data collection session, the recording setup was calibrated to ensure accurate pixel-
to-metric conversion. A calibration object of known dimensions was positioned within the
measurement plane at the same height and orientation as the movements being performed. This
calibration procedure was repeated at the beginning of every session to establish spatial scaling
and minimize parallax and perspective-related errors frequently encountered in two-
dimensional motion analysis (Borghese et al., 2001).

Rater Blinding and Measurement Workflow

To reduce potential bias, all kinematic measurements were performed independently by two
trained raters who were blinded to participant group assignments and measurement time points.
Blinding was achieved by assigning randomized identification codes to video files and
removing identifiable metadata. The order of video analyses was randomized, and all raters
followed a standardized measurement protocol to ensure consistency and reproducibility across
repeated assessments (Lopes et al., 2018).

Reliability Analysis (3%x3 Mixed-Model Design)

A 3%3 mixed-model design was used to determine the reliability of the kinematic
measurements. Each rater performed three repeated measurements, allowing assessment of both
interrater and intrarater reliability. Because the same raters were treated as fixed effects and
participants as random effects, reliability was estimated using a two-way mixed-effects
intraclass correlation coefficient (ICC) model. ICC(3,1) (single measures) and ICC(3.k)

(average measures), based on absolute agreement, were calculated in line with established

14
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methodological recommendations (Koo & Li, 2016). All ICC values were reported with
corresponding 95% confidence intervals.

Measurement error was quantified using the standard error of measurement (SEM), calculated
as SEM = SD x V(1 — ICC), and the minimum detectable change at the 95% confidence level
(MDC95) was computed as MDC95 = SEM x 1.96 x V2.

All reliability analyses were conducted and reported in accordance with GRRAS guidelines
(Kottner et al., 2011). This mixed-model ICC approach offers an appropriate estimation of
reliability in contexts where the same raters are expected to conduct future evaluations (Weir,
2005).

Interrater reliability was excellent across all kinematic variables, with ICC(3,k) values ranging
from .92 to .98. Intrarater reliability coefficients ranged between .90 and .97. SEM values varied
between 1.12° and 2.34°, whereas MDC95 valucs ranged from 3.10° to 6.49°. These findings
indicate excellent measurement consistency and support the reliability of the kinematic
assessment procedures.

Front Scale Analysis

The highest angular distance between the knee joints and the two legs was measured on the

front scale (stance over 90 degrees with the leg forward).

Back Scale Analysis (Knee-Knee) And (Shoulder-Knee)

The maximum angular distance between the knee joints of the hind leg and lower leg (knee-
knee) and between the shoulder and hind leg (shoulder-knee) was recorded during the scale
movement. Although the backscale (knee-knee) and backscale (shoulder-knee) elements were
tested in the same movement, their angular values were recorded and evaluated independently.
Note: A decrease in the shoulder-knee angle indicates increased flexibility.

Split Jump Analysis

When the split jump was performed, the angle between the knee points was recorded at the

15
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highest value achievable between the legs.

Table 1. Educational program.

Weeks

Lesson 1

Lesson 2

1

Running, Animal Walks, Forward Roll, Front Scale,
Back Scale, Split Jump, Bridge, Middle Split, Front
Splits

Running, Animal Walks, Forward Roll, Backward Roll,
Front Scale, Back Scale, Split Jump, Static Strength
Exercises, Bridge, Middle Split, Front Splits

Running, Stretching Exercises, Animal Walks, Roll
Exercises, Cartwheel, Front Scale, Back Scale, Split
Jump, Plyometric Exercises, Bridge, Middle Split, Front
Splits

Running, Animal Walks, Cartwheel, Front Scale, Back
Scale, Split Jump, Dynamic Strength Exercises, Bridge,
Middle Split, Front Splits

Running, Stretching, Animal Walks, Roll Exercises,
Cartwheel, Handstand, Front Scale, Back Scale, Split
Jump, Static Strength Exercises, Bridge, Middle Split,
Front Splits

Running, Stretching, Animal Walks, Cartwheel,
Handstand, Front Scale, Back Scale, Split Jump,
Plyometric Exercises, Bridge, Middle Split, Front Splits
Running, Stretching, Animal Walks, Cartwheel,
Handstand, Front Scale, Back Scale, Split Jump,
Dynamic Strength Exercises, Bridge, Middle Split, Front
Splits

Running, Stretching, Animal Walks, Cartwheel,
Handstand, Front Scale, Back Scale, Split Jump, Static
Strength Exercises, Bridge, Middle Split, Front Splits

Running, Animal Walks, Forward Roll, Backward
Roll, Front Scale, Back Scale, Split Jump, Balance
(static) Exercises, Bridge, Middle Split, Front Splits
Running, Animal Walks, Roll Exercises, Cartwheel,
Front Scale, Back Scale, Split Jump, Staircase
Exercise, Bridge, Middle Split, Front Splits

Running, Animal Walks, Cartwheel, Front Scale,
Back Scale, Split Jump, Balance (static) Exercise,
Bridge, Middle Split, Front Splits

Running, Animal Walks, Cartwheel, Handstand
Exercise, Front Scale, Back Scale, Split Jump,
Stretching Exercise, Bridge, Middle Split, Front
Splits

Running, Stretching, Animal Walks, Roll Exercises,
Cartwheel, Handstand, Front Scale, Back Scale,
Split Jump, Staircase Exercises, Bridge, Middle
Split, Front Splits

Runiing, Animal Walks, Cartwheel, Handstand,
Front Scale, Back Scale, Split Jump, Bridge, Middle
Split, Front Splits

Stretching, Animal Walks, Cartwheel, Handstand,
Front Scale, Back Scale, Split Jump, Running
Exercise, Bridge, Middle Split, Front Splits

Running, Stretching, Animal Walks, An overview,
Back Scale, Split Jump, Bridge, Middle Split, Front
Splits

Table 1 provides dectails of the gymnastics training program implemented for participants, two

days a week, for eight weeks. Each session lasted 40 minutes. Each participant completed their

training for the same amount of time. The week of the lesson and the movements applied in the

training program are indicated in the table.

Feedback Intervention Procedures

All intervention sessions were conducted by the same gymnastics coach, who had more than

five years of experience working with youth gymnasts. To ensure consistency across groups,

the coach followed a standardized intervention protocol throughout the study.

Participants attended two training sessions per week for eight weeks. Each session lasted

approximately 40 minutes. Feedback was provided immediately following each performance

16
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trial of the target gymnastics skills (Front Scale, Back Scale, and Split Jump).

In the Visual Feedback group, participants viewed video recordings of their own performances
together with a model demonstration performed by an experienced gymnast. Videos were
displayed on a tablet computer immediately after each trial. Participants were allowed to review
the recordings twice before performing the next attempt.

In the Verbal Feedback group, participants received standardized verbal instructions focusing
on body alignment, posture, balance, flexibility, and movement execution. Feedback statements
were delivered using a predetermined instructional script to ensure consistency across
participants and sessions.

In the Mixed Feedback group, participants received both visual and verbal feedback
simultaneously. Following each trial, participants first revicwed the video recording of their
performance and then received standardized verbal explanations highlighting strengths,
movement errors, and corrective strategics. This combined approach was designed to provide
both observational and instructional information during the learning process.

To minimize instructor-related bias, the same coach delivered all feedback sessions, and
identical training content was implemented across groups. The only difference between groups
was the type of feedback provided.

Analysis Of Data

The data were analyzed using SPSS version 27. The normality of the data distribution was
assessed using the Shapiro—Wilk test. Descriptive statistics, including frequency analysis, were
used to summarize participants’ demographic characteristics.

Given that the data met parametric assumptions, one-way analysis of variance (ANOVA) was
conducted to examine between-group differences, while repeated-measures ANOVA was used
to assess within-group changes over time. Baseline group comparisons were examined using

one-way ANOVA. The primary analyses were conducted using mixed-design ANOVA to
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evaluate the effects of Group, Time, and Group x Time interactions on gymnastics performance.
When significant effects were identified, Bonferroni post hoc tests were applied to determine
the source of differences. Changes in performance over time were primarily interpreted in terms
of interactions between group and time.

In addition to statistical significance testing, effect sizes were interpreted to assess the
magnitude of differences, following conventional thresholds (small = 0.01, medium = 0.06,
large = 0.14) (Cohen, 1988). Partial eta squared (n?) values were reported for all ANOVA
results to provide a more comprehensive evaluation of practical significance. Assumptions of
sphericity were tested using Mauchly’s test, and Greenhouse—Geisser corrections were applied
where necessary. Bonferroni adjustments were used to control for Type I error inflation in
multiple comparisons (Field, 2018; Tabachnick & Fiaeli, 2019). To complement null-
hypothesis significance testing, 95% confidence intervals (95% Cls) were calculated and
reported for all primary outcome variables. Confidence intervals were used to provide
additional information regarding the precision and stability of estimated effects and to facilitate

interpretation of the practical significance of observed performance changes.

RESULTS

Table 2. Descriptive statistics for the mixed, visual, and verbal feedback groups.

Growp N Age Height ~ Weight  BMI Le%:f‘;‘;gth 1en§‘}ig£m) Cal(fcﬁr;gth

Min 7 121 224 14 61 31 27

Mixed Max 10 143 35.8 19 81 46 35
feedback X 8.05 129 27.15 16.50 68.15 36.75 31.45
SD 0.94 5.43 3.71 1.43 5.23 3.68 228

Min 7 121 2 14 61 31 27

Visal Max 10 143 36 20 81 46 36
feedback X 8.10 128.70 27.00 16.70 68.70 36.85 31.40
SD 0.85 481 3.69 1.63 5.47 3.77 252

Min 7 121 2 14 61 31 29

fe\gflf:clk 20 Max 10 143 36 20 81 46 36
X 8.45 128.8 27.15 16.80 69.20 37.35 31.75
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SD 0.83 4.72 3.86 1.57 5.20 3.65 2.12

Min=Minimum, Max = Maximum.

Table 2 presents the demographic and anthropometric characteristics of participants in the
Mixed Feedback, Visual Feedback, and Verbal Feedback groups. The groups exhibited highly
similar distributions across age, height, body weight, body mass index (BMI), leg length, thigh
length, and calf length. Mean age ranged from 8.05 to 8.45 years, while mean BMI values
ranged from 16.50 to 16.80 kg/m?* across groups. Likewise, anthropometric measurements
demonstrated only minor variations between groups. These descriptive findings suggest that
the groups exhibited broadly similar demographic and anthropometric characteristics prior to
the intervention.

Table 3. Pre-test comparisons of the groups based on the dominant feedback method applied.

Elements Group XU SD p
Mixed Group! 99.01 17.16
Front scale Visual Group? 105.29 11.40 0.13
Verbal Group? 106.93 8.64
Mixed Group' 108.49 17.27
Back scale (knee-knee) Visual Group? 20.74 17.20 0.11
Verbal Group? 119.93 25.44
Mixed Group! 157.60 3.34
Back Scillfe(:)houlder' Visual Group? 158.36 3.38 0.16
Verbal Group? 156.40 291
Mixed Group! 115.46 8.84
Split jump Visual Group? 99.95 37.78 0.15
Verbal Group? 109.33 18.78

1=Mixed Group, 2= Visual Group, 3= Verbal Group.

As presented in Tabic 3, no statistically significant differences were observed among the mixed,
visual, and verbal feedback groups across any of the pre-test performance measures (p > .05).
Although non-significant findings do not establish true equivalence between groups, they
indicate that no measurable baseline differences were detected prior to the intervention.
Consequently, the observed post-intervention changes are less likely to be attributable to
substantial pre-existing performance differences among the groups. Baseline comparison of

gymnastics performance scores across feedback groups is shown in Figure 6.
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Figure 6. Baseline comparison of gymnastics performance scores across feedback groups.
Error bars represent standard deviations

Table 4. Mixed-design ANOVA resulis and Bonferroni comparisons for Front Scale
performance.

Effect ¥ p Partial n? Significant
Comparisons
Group (2,57)=6.872 .003* 266 B
Time (2,114)=6.291 .003* .100 B
Group x Time (4,114) = 1.680 .160 - B
Group Pre-test Mean + SD  Mid-test Mean + SD  Post-test Mean = SD Bonferl:om
Comparisons
Mixed Feedback 99.01 £17.16 107.49 £ 11.09 111.08 +£5.96 Pre < Post*
Visual Feedback 105.29 + 11.40 105.88 + 12.17 107.71 £22.23 No significant
difference
P
Verbal Feedback 106.93 + 8.64 108.12 + 522 111,07 +421 Pre < Post™, Mid <

Post*

#p<0.05

Table 4 shows the mixed-design ANOVA results for Front Scale performance. Significant main
effects of Group (F(2,57) = 6.872, p =.003, n?> = .266) and Time (F(2,114) = 6.291, p = .003,
n? = .100) were observed, indicating that Front Scale performance differed across feedback
modalities and improved throughout the intervention period. However, the Group x Time

interaction was not statistically significant (F(4,114) = 1.680, p = .160), suggesting that the
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pattern of improvement did not differ significantly among the feedback groups. Bonferroni post
hoc comparisons revealed significant improvements from pre-test to post-test in the Mixed
Feedback and Verbal Feedback groups. Additionally, the Verbal Feedback group demonstrated
a significant improvement from mid-test to post-test, whereas no significant pairwise

differences were observed in the Visual Feedback group. The comparison of pre-test, mid-test,

and post-test scores for the front-scale element across groups is shown in Figure 7.

'\20—‘
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90 _

T
Pre-test Mid-test

Post-test

- Mixed Feedback -o-VisualFeedback -e- Verbal Feedback

Figure 7. Comparison of front scale pre-test, mid-test, and post-test scores across groups

Table 5. Mixed-design ANOVA results and Bonferroni comparisons for Back Scale (Knee—
Knee) performance.

. Significant
2
Effect F P Partial n Comparisons
Group (2,57) = 20.299 001 517 -
Time (2,114) =13.652 001 193 -
Group x Time (4,114)=3.375 020 106 Significant
mteraction
Grou Pre-test Mean + Mid-test Mean + Post-test Mean + Bonferroni
P SD SD SD Comparisons
Mixed Feedback 108.49 = 17.27 121.50 = 12.52 130.61 + 7.66 Pre < Post*
Visual Feedback 120.74 + 17.20 123.51 + 15.87 127.30 + 7.25 No significant
difference
—
Verbal Feedback 119.93 + 25.44 122.62 £ 9.69 124.75 £ 6.71 Pre < Post*, Mid <

Post*

*p<0.05

Table 5 shows the mixed-design ANOVA results for Back Scale (Knee—Knee) performance.
Significant main effects of Group (F (2,57) =20.299, p <.001, n?>=.517) and Time (F (2,114)
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=13.652,p<.001,m?>=.193) were identified, indicating differences among feedback modalities
and improvements over time. Furthermore, the significant Group x Time interaction effect
(F(4,114) =3.375, p =.020, n* = .106) indicated that changes in performance varied according
to the type of feedback received. Bonferroni post hoc analyses indicated significant
improvements from pre-test to post-test in the Mixed Feedback group. Similarly, the Verbal
Feedback group showed significant improvements between pre-test and post-test and between
mid-test and post-test. Although the Visual Feedback group exhibited increases in mean scores
over time, these changes were not statistically significant. The comparison of the pre-test, mid-

test, and post-test scores on the Back Scale (Knee-Knee) across groups is shown in Figure 8.

140

S i e

x | —_——

3 ‘\Zc.: o

g | —

A |

@ ”“‘.‘/
100 —— T 1
Pre-test Mid-test Post-test

-o- Mixed Feedback -o- Visual Feedback -o- Verbal Feedback

Figure 8. Comparison of pre-test, mid-test, and post-test scores for the back scale (knee-knee)
by group.

Table 6. Mixed-design ANOV A results and Bonferroni comparisons for Back Scale (Shoulder—
Knee) performance.

. Significant
2
Effect F p Partial n Comparisons
Group (2,57) = 155.803 001 891 -
Time (2,114) =304.544 001 842 -
Group x Time (4,114) = 32.662 001 534 Significant
1nteraction
Grou Pre-test Mean + Mid-test Mean = Post-test Mean + Bonferroni
P SD SD SD Comparisons
1d*
Mixed Feedback ~ 157.60 + 3.34 151,24+ 5.56 142.90 + 4.97 Pre > Mid*, Pre >

Post*, Mid > Post*
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Pre > Mid*, Pre >

Visual Feedback 158.36 +3.38 154.39+4.29 151.35+4.77 Post*, Mid > Post*

Pre > Mid*, Pre >

Verbal Feedback 156.40 £2.91 153.18 £2.66 151.10 £2.69 Post*, Mid > Post*
*p<0.05

Table 6 shows the mixed-design ANOVA results for Back Scale (Shoulder—Knee)
performance. Significant main effects of Group (F(2,57) = 155.803, p <.001, n? = .891) and
Time (F(2,114) =304.544, p <.001, n*> = .842) were observed. In addition, a significant Group
x Time interaction effect was found (F(4,114) =32.662, p <.001, n* =.534), indicating that the
magnitude of change differed among the feedback groups. Bonferroni post hoc comparisons
demonstrated significant differences between all measurement occasions in all three groups
(Pre-test > Mid-test > Post-test). Considering that lower shoulder—knee angle values indicate
improved flexibility and technical execution, these findings demonstrate progressive
performance improvements throughout the intervention period across all feedback modalities,
with the largest improvement observed in the Mixed Fecdback group. The comparison of the
pre-test, mid-test, and post-test scores on the Back Scale (Shoulder-Knee) across groups is

shown in Figure 9.

Knee)

Back Scale (St

140+ T 1
Pre-test Mid-test Post-test

- Mixed Feedback -e- Visual Feedback -o-Verbal Feedback

Figure 9. Comparison of pre-test, mid-test, and post-test scores for the back scale (shoulder-
knee) by group.

Table 7. Mixed-design ANOVA results and Bonferroni comparisons for Split Jump
performance.

Significant
Comparisons

Group (2,57) =28.921 .001 .604 -

Effect F p Partial n?
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Time (2,114) = 14.274 001 200 -
Group x Time (4,114)=3.510 023 110 Significant
mteraction
Grou Pre-test Mean + Mid-test Mean + Post-test Mean + Bonferroni
P SD SD SD Comparisons
S
Mixed Feedback 115.46 + 8.84 122.70 +7.25 12510 +8.18  Fre<Postt, Bﬁ;‘; -
—
Visual Feedback 99.9537.78 114.47  15.24 12340+ 1291 Pre=Post M
Verbal Feedback 109.33 + 18.78 112,55+ 11.98 112.13 £ 11.07 No significant
difference

#p<0.05

Table 7 shows the mixed-design ANOVA results for Split Jump performance. Significant main
effects of Group (F(2,57) =28.921, p <.001, n?=.604) and Time (F(2,114)=14.274, p <.001,
n?> = .200) were identified, indicating differences among feedback modalities and overall
improvements across the intervention period. Moreover, the significant Group x Time
interaction effect (F(4,114) = 3.510, p = .023, n?> = .110) indicated that the pattern of
improvement differed across feedback types. Bonferroni post hoc analyses revealed significant
improvements from pre-test to post-test and from mid-test to post-test in both the Mixed
Feedback and Visual Feedback groups. In coutrast, no statistically significant changes were
observed in the Verbal Feedback group. These findings indicate that visual information, either
alone or combined with verbal feedback, may be particularly beneficial for improving Split
Jump performance. The comparison of the pre-test, mid-test, and post-test scores for the Split

Jump across groups is shown in Figure 10.
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Figure 10. Comparison of split jump scores across feedback groups: pre-test, mid-test, and
post-test results.

DISCUSSION

An important finding of the present study is that the effectiveness of feedback modalities varied
across gymnastics skills. Although mixed feedback generally produced the largest performance
improvements, its superiority was not consistently observed across all movement tasks. This
finding supports previous motor learning research suggesting that the effectiveness of
augmented feedback depends on task complexity, movement characteristics, and learner-related
factors rather than representing a universally superior instructional strategy (Sigrist et al., 2013;
Wulf & Lewthwaite, 2016). Consequently, the selection of {eedback modalities should be
aligned with the specific motor demands of the skill being learned.

The present findings can be interpreted within the frameworks of Social Cognitive Theory and
the OPTIMAL theory of motor learning. Social Cognitive Theory proposes that individuals
acquire new motor behaviors through observation, imitation, and self-evaluative processes
(Bandura, 1997). In contrast, the OPTIMAL theory emphasizes the importance of attentional
focus and motivational processes in facilitating motor learning and performance (Wulf &
Lewthwaite, 2016). From this perspective, mixed feedback may offer a learning advantage by
combining observational information with corrective verbal guidance, thereby supporting both
movement understanding and performance refinement.

Regarding Front Scale performance, all groups improved throughout the intervention period.
However, the absence of a significant Group X Time interaction indicates that none of the
feedback modalities produced statistically superior improvements. This finding suggests that
Front Scale acquisition may be relatively less dependent on the specific type of augmented
feedback. It may instead benefit from repeated practice opportunities regardless of feedback

modality. Such an interpretation is consistent with previous research indicating that simpler
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balance-oriented skills may be acquired effectively through multiple instructional approaches
when learners are provided with sufficient practice and performance information (Moinuddin,
Goel, & Sethi, 2021).

In contrast, the findings for both Back Scale conditions suggest that feedback modality becomes
increasingly important as movement complexity increases. These skills require greater levels
of balance control, flexibility, body awareness, and postural regulation than Front Scale
performance. The superior outcomes observed in the mixed feedback condition may therefore
reflect the complementary benefits of visual and verbal information during complex motor skill
acquisition. Visual demonstrations allow learners to observe movement patterns and body
positioning, whereas verbal feedback facilitates error correction and reinforces critical technical
components. Similar mechanisms have been proposed 1a previous studies examining the
acquisition of technically demanding motor skills in gymnastics and physical education
contexts (Sigrist et al., 2013; Han et al., 2022; Mddinger et al., 2022; Petancevski et al., 2022).
The findings related to Split Jump performance further highlight the importance of visual
information during motor learning. Unlike static balance-based tasks, Split Jump requires
precise timing, dynamic coordination, and spatial awareness. Consequently, visual
demonstrations may provide learners with more accessible, immediately interpretable
information about movement execution than verbal explanations alone. The strong
improvements observed in both the visual and mixed feedback groups support previous
evidence indicating that video-based and observational feedback can enhance movement
timing, coordination, and technical execution in dynamic motor tasks (Mddinger, Woll, &
Wagner, 2021).

However, not all studies have reported clear advantages of visual or multimodal feedback.
Some investigations have suggested that the effectiveness of feedback may diminish when

learners become overly dependent on external information, potentially limiting the
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development of intrinsic error-detection mechanisms (Wulf et al., 2010). Therefore, the
effectiveness of feedback strategies may depend not only on the modality employed but also on
task characteristics, learner experience, and instructional context.

The developmental characteristics of the participants may also help explain the effectiveness of
visual feedback observed in the present study. Children between 7 and 11 years of age
experience substantial development in perceptual-motor integration, observational learning,
and movement representation processes. During this period, learners frequently rely on visual
observation and imitation when acquiring new motor skills, whereas the processing of complex
verbal information is still developing (Gallahue et al., 2014; Bandura, 1997). Accordingly, the
strong performance gains observed in the visual and mixed feedback groups may partly reflect
age-related learning characteristics rather than feedback citects alone. This developmental
perspective provides an important explanation for why visual information appeared particularly
effective within the present sample.

Another noteworthy aspect of the findings is that verbal feedback alone generally produced
smaller performance improvements than visual or mixed feedback. Although verbal instruction
remains an important component of skill acquisition, young learners may struggle to translate
verbal descriptions into accurate movement patterns without accompanying visual information.
This interpretation is consistent with the developmental motor learning literature, which,
suggests that children often benefit more from concrete demonstrations than from abstract
verbal explanations when learning unfamiliar movement skills (Gallahue et al., 2014).

A major strength of the present study is the integration of objective kinematic analysis within a
randomized controlled experimental design. Whereas many previous studies have relied
primarily on subjective performance evaluations, the present study employed quantitative
kinematic measurements to assess movement quality across multiple gymnastics skills. This

approach provides a more objective evaluation of feedback effectiveness and contributes to the
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growing body of research examining motor learning processes through biomechanical
assessment methods.

Overall, the findings suggest that the effectiveness of feedback modalities is skill-dependent
rather than universally applicable across all gymnastics elements. Mixed feedback appears
particularly beneficial for complex skills requiring substantial balance control, flexibility, and
movement coordination. In contrast, visual feedback may be especially effective for dynamic
skills that rely heavily on movement observation and spatial awareness. These findings support
the growing literature emphasizing the value of multimodal learning environments and provide
practical guidance for coaches and physical educators seeking to optimize motor skill
acquisition in young athletes.

CONCLUSION

The present findings indicate that all feedback modaiities contributed to improvements in
gymnastics performance over time. However, the relative effectiveness of feedback varied
according to the skill being performed. Mixed feedback demonstrated advantages for the Back
Scale (Knee—Knee), Back Scale (Shoulder—Knee), and Split Jump, whereas no statistically
significant superiority was observed for Front Scale performance. These results suggest that
combining visual demonstrations with verbal instruction may be particularly beneficial for
complex gymnastics skills requiring high levels of coordination and body control. Coaches and
physical education practitioners should therefore consider selecting feedback strategies
according to the specific characteristics of the skill being taught rather than assuming that a

single feedback modality is universally superior.

LIMITATIONS

This study has several methodological limitations that should be considered when interpreting

the findings. First, the kinematic analyses were based on two-dimensional (2D) video
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recordings, which inherently limit the assessment of movement outside the primary plane of
motion. Although 2D methods are practical and widely used, they are susceptible to errors
associated with out-of-plane motion, perspective distortion, and participant alignment (Munro
etal.,2012; McLean et al., 2005). Consequently, compared with three-dimensional (3D) motion
capture systems, 2D approaches provide lower measurement precision and less detailed
biomechanical information.

Second, despite standardized calibration procedures and fixed camera configurations, factors
such as camera alignment, lighting conditions, frame rate, and image resolution may have
affected landmark visibility and measurement accuracy. Even minor variations in these
parameters can introduce systematic or random error in video-based motion analysis (Windolf
et al.,, 2008). Furthermore, the measurement procedure iciied on manual identification of
anatomical landmarks, which may introduce rater-dependent variability despite the
implementation of trained raters, blinding procedures, and a mixed-model reliability design
(Koo & Li, 2016; Lopes et al., 2018).

Third, the findings should be interpreted within the context of the study sample. The relatively
small sample size, the exclusive inclusion of female gymnasts, and recruitment from a single
training setting may limit the generalizability of the results to other populations, including male
athletes, different age groups, and athletes with varying levels of expertise. In addition,
individual characteristics such as physical activity level, anthropometric features, and motor
skill proficiency may have influenced the observed kinematic outcomes.

In addition, biological maturation was not directly assessed using indicators such as peak height
velocity (PHV) or Tanner stage. Although participants were recruited from a relatively narrow
age range and demonstrated comparable anthropometric characteristics, individual differences
in biological maturation may have influenced motor performance and responsiveness to

feedback interventions. Future studies should incorporate maturation-related measures to better
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account for developmental variability during childhood and early adolescence.

Finally, the intervention period was limited to eight weeks and therefore may not fully reflect
the long-term retention of motor learning. Moreover, the study was conducted under relatively
controlled conditions that may not adequately represent the variability encountered in real-
world sport environments, such as fatigue, changing surfaces, competitive pressure, or sport-
specific demands. In addition, although objective kinematic measurements were employed, the
study focused on a relatively small sample of female gymnasts recruited from a single training
center. Therefore, caution should be exercised when generalizing the findings to male athletes,
different age groups, elite-level gymnasts, or athletes from different training contexts. Future
studies should employ larger and more diverse samples, utilize advanced motion-capture
technologies, and examine the long-term retention effects of different feedback modalities in

ecologically valid training settings.

Theoretical Implications

From a theoretical perspective, the present findings contribute to the motor learning literature
by reinforcing the effectiveness of multimodal augmented feedback in technical skill
acquisition. Consistent with prior evidence, multimodal feedback appears to be processed more
efficiently and retained longer than unimodal forms (Moinuddin, Goel & Sethi, 2021). The
superior performance observed in the mixed feedback condition in this study supports the
notion that combining visual and auditory inputs enhances the encoding, consolidation, and
retrieval of motor patterns.

These findings can also be interpreted within the framework of contemporary motor learning
theories. Specifically, the OPTIMAL theory of motor learning suggests that enhanced
expectancies, attentional focus, and motivational processes facilitate performance and learning

(Wulf & Lewthwaite, 2016). The superior outcomes observed in the mixed feedback condition
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may therefore reflect the complementary influence of visual demonstrations and verbal
guidance on attentional engagement and movement execution. By simultaneously providing
observational and corrective information, mixed feedback may facilitate more efficient motor
learning processes than reliance on a single source of feedback.

Furthermore, the findings provide indirect support for Social Cognitive Theory by
demonstrating the potential value of observational learning processes during childhood motor
skill acquisition. The superior outcomes observed in the visual and mixed feedback conditions
suggest that learners may benefit from opportunities to observe movement models and compare
their own performance with external references, thereby strengthening self-evaluative and self-
regulatory learning processes (Bandura, 1997). This interpretation is particularly relevant in the
context of youth sport, where observational learning mechanisms play an important role in the
acquisition of new movement patterns and technical skilis.

Overall, the findings support the growing consensus that motor learning is optimized when
multiple sensory channels are engaged and that feedback effectiveness is closely linked to its
ability to facilitate cognitive, motivational, and perceptual-motor integration. Consequently, the
present study extends existing theoretical perspectives by providing kinematic-based evidence
supporting the value of multimodal feedback during skill acquisition in young gymnasts.
Practical Implications

From a practical standpoint, the results provide clear and actionable guidance for coaches,
trainers, and physical education practitioners. The findings indicate that combining visual
demonstrations with verbal explanations is more effective than relying on a single feedback
modality, particularly for complex and technically demanding gymnastics skills. This supports
existing evidence from physical education research demonstrating that video-based visual
feedback is more effective than verbal-only feedback in improving motor performance

(Mdodinger, Woll & Wagner, 2021).
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Accordingly, coaches should prioritize structured feedback strategies that integrate modeling,
demonstration, and verbal instruction throughout the learning process. Combining video
playback with targeted verbal cues may help athletes identify movement errors more accurately,
improve body awareness, and accelerate technical refinement. Such approaches may be
especially valuable in gymnastics, where successful performance depends on precise body
positioning, timing, balance, flexibility, and coordination.

The present findings also suggest that feedback strategies should be adapted to the specific
characteristics of the skill being taught. While mixed feedback appears particularly beneficial
for skills requiring high levels of postural control and movement coordination, visual feedback
alone may represent an effective alternative for dynamic skills in which observational learning
plays a central role. In contrast, verbal feedback alone may be less effective for young learners
during the early stages of motor skill acquisition, when visual representations of movement are
especially important.

From a developmental perspective, the effectiveness of visual and mixed feedback observed in
the present study highlights the importance of age-appropriate instructional strategies. Given
that children between 7 and 11 years of age frequently rely on observation and imitation when
learning new motor skills, coaches may achieve better learning outcomes by providing frequent
opportunities for movement observation, video review, and guided performance analysis.
Finally, ongoing developments in digital technology offer new opportunities for enhancing
feedback delivery in sport settings. The integration of video analysis systems, mobile
applications, wearable sensors, and immersive feedback technologies may further improve
learning efficiency by providing immediate, individualized, and objective performance
information. Therefore, future training programs should consider combining technology-
assisted feedback systems with traditional coaching practices to maximize motor learning and

long-term skill development in young athletes.
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