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ABSTRACT
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Background: Flexibility and functional mobility are two important parts of Tackwondo performance. It is thought that new
ways of teaching will help athletes recover faster and move better. The purpose of this study was to determine how a Sports
Education-based learning model combined with active recovery affected the recovery of flexibility and functional mobility in
Taekwondo athletes.

Methods: This study was a quasi-experimental study using a pre-test and post-test control group design. Twenty-eight
Taekwondo athletes (aged 16 to 20) were divided into two groups. The experimental group using a sports education model
with active recovery, and the control group using regular training. The intervention lasted six weeks. The sit-and-reach test
and the shoulder-wrist test were used to measure flexibility during the acute and chronic phases. Functional movement
screening (FMS) and the multidirectional kick height test were used to assess functional mobility.

Results: Multivariate analysis of variance (MANOVA) showed that there were big differences between the groups (p<0.05).
The experimental group showed faster recovery of flexibility after exercise, bigger improvements in FMS scores, especially in
the active straight leg raise and rotary stability components, and big increases in kicking height and accuracy.

Conclusion: The sport education model with active recovery speeds up the recovery of flexibility and improves the functional
mobility of Taekwondo athletes. This makes it a good suggestion for developing training programs.
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INTRODUCTION

Taekwondo is a martial art that people all
over the world compete in. To be good at
it, you need to know a lot of complicated
moves, especially when it comes to the
fast, dynamic, and varied kicking elements
(chagi).">* Two important physical traits
that are very important for the technique
to work well are flexibility and functional
mobility. The amplitude and range of the
kick depend on how flexible the pelvic and
leg muscles are.*>%” Functional mobility,
on the other hand, is the combination
of flexibility, strength, stability, and
neuromuscular control that allows for
efficient, safe, and specific movements
based on the situation of the match or
poOn,lsae‘s,%l(),ll

Taeckwondo athletes often lose a lot
of flexibility after hard training sessions

because their muscles are tired and
they have too many metabolites in their
bodies. This flexibility recovery process
could make you more likely to get hurt
(like a hamstring or hip strain) and make
it harder to do well in future training
sessions if its not done correctly.'>>"
Sadly, traditional methods of teaching
or training in physical education and
tackwondo coaching often put more
emphasis on repeating techniques,
tactics, and physical conditioning than
on systematic and integrated strategies for
flexibility recovery.

People often do cool-downs in a boring
way, with passive static stretching, without
thinking about the principles of specificity
and the load the athlete just went through.
This is where new ways of teaching physical
education can give us a new way of looking

at things. Models like sports education
are meant to make learning real, get
students more involved, and make them
more responsible for the whole training
process.> This model could serve as
a framework for incorporating active
recovery activities like dynamic stretching,
myofascial release, or PNF as essential
components of the learning cycle."”'® By
placing athletes in a more active role (as
coaches, managers, or referees) within the
context of the Training “season,” it is hoped
that their awareness of the importance
of recovery and functional mobility will
increase, which in turn will accelerate the
physical adaptation process.'**

However, the extent to which the
application of the learning model is
specifically effective in speeding up the
recovery of flexibility and increasing
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the functional mobility of taekwondo
athletes is still not widely explained in
the literature. Most research on recovery
focuses on passive methods or purely
physiological interventions, not from
a pedagogical perspective. Therefore,
this study aims to test the effect of
implementing a sports education learning
model integrated with an active recovery
module on these two variables. This study
aims to furnish empirical evidence and
pragmatic recommendations for coaches,
physical education instructors, and
martial arts practitioners in enhancing
training programs that not only elevate
technical proficiency but also preserve
musculoskeletal health and expedite the
athlete’s recovery process.

METHODS

Study design

This study utilized a quasi-experimental
pre-test and post-test control group
design to investigate the impact of various
physical education (PE) learning models
on flexibility recovery and functional
mobility among martial arts athletes.
Participants were divided into two parallel
groups: an experimental group utilizing
a sport education-based learning model
combined with active recovery and a
control group adhering to a traditional
learning model featuring static cooldown.
We took outcome measures at the
beginning of the study, during certain
acute recovery phases, and after the
intervention was over.

Setting for the study and length of the
intervention

The intervention took place at the
Gymnasium of Universitas Negeri Jakarta
(UNJ), specifically within the Tackwondo
High-Performance Sports Club, Faculty of
Sports Science and Health UNJ, Indonesia.
The program went on for eight weeks, with
three 90-minute training sessions each
week. To keep ecological validity, all of
the intervention sessions were added to
the athletes’ regular Taekwondo training
schedule.

Participants

The study population comprised all
active  student-athletes enrolled in
KOP Taekwondo FIKK UNJ (n=40).

Participants were selected through
purposive sampling according to specific
inclusion criteria: active undergraduate at
FIKK UNJ, at least one year of continuous
Taekwondo training within KOP, belt
rank between blue and black, no severe
musculoskeletal injury in the past three
months, and willingness to engage in
all study procedures, as evidenced by
written informed consent. A total of
30 participants satisfied the eligibility
criteria and were subsequently allocated
to either the experimental group (n=15)
or the control group (n=15) through a
computerized randomization procedure.

Group allocation and intervention
fidelity

Participants were assigned in a 1:1 ratio
through  computer-generated  simple
random assignment to experimental
(n=15) and control (n=15) groups. To
maintain intervention fidelity, training
frequency, session duration, and core
Taekwondo training components (warm-
up, technical drills, and sparring exposure)
were standardized across groups; the
principal distinction lay in the learning
model and recovery strategy employed
during the recovery phase. Attendance
was tracked, and participants had to finish
at least 85% of the sessions to be included
in the final analysis. Figure 1 shows the
overall design of the study and the flow of
the intervention.

Intervention protocol

Table 1 shows a brief comparison of
how the groups’ sessions are structured.
The experimental group incorporated
sport education components (contextual
learning, structured roles, and authentic
performance tasks) alongside a 20-minute
guided active recovery module, which
included dynamic stretching, partner-
assisted proprioceptive neuromuscular
facilitation (PNF), and self-myofascial
release (SMR). Table 2 shows the detailed
structure of the experimental condition’s
sessions, and Table 3 shows the weekly
program’s progress. The control group
adhered to a traditional model that
focused on coach-led direct instruction
and massed practice, concluding with
a 10-minute static cooldown routine.
The established session structure for the
control condition is delineated in Table 4.

Outcome Measures

Flexibility was assessed using standardized
field test targeting key joint-muscle
complexes relevant to Taekwondo
performance: sit-and-reach test (lumbar
spine and hamstring flexibility) and
shoulder-wrist flexibility test (shoulder
girdle and anterior chain flexibility).
Flexibility measurements were obtained
at three time points: (1) baseline-pretest,
prior to the intervention; (2) acute post-
test, immediately following a high-load
training session at weeks 1,4, and 8; (3)
post-intervention-posttest, conducted 24
hours after the final training season. Acute
flexibility recovery was operationalized as
the change between pre- and immediate
post-session values, while program-
level outcomes were derived from post-
intervention scores.

General functional mobility was
evaluated using the functional movement
screening (FMS), consisting of seven
movement patterns: deep squat, hurdle
step, in-line lunge, shoulder mobility,
active straight leg raises, trunk stability
push-up, and rotary stability. We used
the composite FMS score as a measure
of the quality of all the movements. A
sport-specific test battery was used to
measure taekwondo-specific functional
mobility. The tests were (1) the Active
Kick Height Test, which measured the
highest controlled height of yeop chagi
and dollyo chagi; (2) the Dynamic Balance
Test, which measured post-kick stability
using a force plate if one was available or
a validated field alternative (the modified
Y-balance test); and (3) the Speed and
Accuracy Kick Test, which counted the
number of controlled ap chagi delivered to
a target within 10 seconds.

Measurement reliability

All assessments were carried out by trained
evaluators adhering to standardized
testing protocols. Before collecting data,
assessors went through sessions to get
to know the tools and calibrate them. A
pilot reliability assessment was performed
on a subsample of participants, utilizing
intraclass correlation coefficients (ICC)
and standard error of measurement (SEM)
to evaluate measurement consistency,
demonstrating acceptable reliability across
all outcome variables.
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Data analysis

We used SPSS version 28.0 to do the
statistical analyses. The Shapiro-Wilk test
and Levene’s test were used to check the
assumptions of normalityandhomogeneity
of the data. We used multivariate analysis
of variance (MANOVA) to look at the
differences between groups on several
dependent variables. The significance
level was set at a = 0.05. When substantial
effects were detected, post-hoc analyses
were performed to investigate intergroup
disparities for each outcome variable. We
used a paired-samples t-test to look at
changes between the pretest and posttest
within each group. We used effect sizes
to add to the inferential statistics. For
MANOVA results, we used partial eta
squared (n2p), and for comparisons
within groups, we used Cohen’s d. When it
was appropriate, 95% confidence intervals
were given.

RESULTS

Table 5 shows a total of thirty individuals
were split equally between an experimental
group (n=15) and a control group (n=15).
Age, height, body mass, body mass index,
training experience, flexibility, and overall
Functional Movement Screening (FMS)
score were among the baseline parameters
that did not differ statistically significantly
between the two groups (p > 0.05). This
homogeneity shows that both groups were
well matched before the intervention,
creating a trustworthy baseline for
assessing how physical education learning
models affect functional mobility and
flexibility recovery.

(Participants assessed for eligibility (n= 40})

(Eligible and consented participants (n = 3()))

Y
[Random assignment [1:19

Experimental Group Control Group
(n=15) (n=15)
Sport Education + Conventional Model +
Active Recovery Static Cooldown

N [/

8-week intervention
(3 sessions/week,
90 min/session)

/ N\

Acute flexibility Acute flexibility
assessment assessment
(Weeks 1, 4, 8) (Weeks 1, 4, 8)

\

Post-intervention assessment
(24 h after final session)

Statistical analysis
(MANOVA, paired t-test, effect sizes)

Figure 1.  Study design and intervention flow

Table 1. Comparison of training session structure between groups

Total duration 90 minutes

90 minutes

Learning model

Flexibility & recovery

Primary emphasis

Sport Education model (student-centered contextual
learning with structured roles)

Integrated as a core component (20-minute active
recovery module)

Learning through modified games, internal competition,
and body awareness

Direct instruction/command-based model (coach-
centered)

Static cooldown performed as end routine (10
minutes)

Technical repetition, physical conditioning, and
task compliance
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Table 6 shows recovery @:/]_right
after high-load training sessions at weeks
1, 4, and 8. At baseline and in the first
week of the intervention, there were no
significant differences in post-acute sit
and reach scores between the groups
(p>0.05). Nonetheless, substantial inter-
group differences were noted at week 4
(p=0.008) and week 8 (p=0.001), with the
experimental group exhibiting superior
post-acute flexibility scores relative to the
control group. These results indicate that
different groups had different responses to
acute flexibility during the intervention.

Table 7 shows how the scores for the
FMS components and the total FMS scores
changed. Within-group analyses revealed
substantial ~ pre-post  enhancements
across all seven FMS components in the

Table 2.

Detailed session structure for experimental group (90 minutes)

Increase core temperature,
dynamic mobility, and early
engagement

Develop technical and tactical
skills in authentic performance
contexts

Facilitate acute flexibility
recovery, enhance joint range
of motion, reduce myofascial
tension

Promote self-regulation and

0-15min  Preparation &  Dynamic stretching
warm-up and games-based low-
intensity activities
15-65min  Contextual Conditional games,
learning phase ~ simulated matches
(scrimmages), and team-
based video analysis
65-85min  Guided active Dynamic stretching (5-8
recovery min); partner-assisted
module PNF stretching (7-10
min); self-myofascial
release (SMR) (=5min)
85-90 min  Reflection & Structured reflection and
closure session summary

metacognitive awareness of
training processes

Table 3.

Weekly program structure for the experimental group

Team formation
Role familiarization

Pre-season
(Weeks 1-2)

patterns

Regular season- -
Development -
(Weeks 3-5)

Complex techniques

contexts

Regular season-
Application
(weeks 6-7)

Tactical optimization

Post-season - Performance peak
(Week 8) - Evaluation
- Transition

Fundamental movement -

Basic tactics in competitive -

High-intensity application -

Game-based stance drills
Partner feedback kicking
Paired poomsae
simulations

Conditional sparring
Team-based poomsae
competition

Technical circuit drills

Internal round-robin
tournament
Video-based feedback
Interval kicking drills

Championship simulation
Performance review

Dynamic stretching (7 min)

PNF (hamstring, psoas) (8 min)

Foam rolling (calves, quadriceps, hamstring) (5
min)

Dynamic stretching (5 min)
PNF (+shoulders, adductors) (10 min)
SMR using ball (plantar fascia, gluteals) (5 min)

Multi-joint mobility flow (8 min)
PNF (rotational patterns) (7 min)
SMR with diaphragmatic breathing (5 min)

Full recovery module (20 min) combining
all recovery techniques with emphasis on
autonomic downregulation

PNF, proprioceptive neuromuscular facilitation; SMR, self-myofascial release

Table 4.

Fixed session structure for the control group

0-15 minutes Warm-up

15-65 minutes

Main training

65-85 minutes Cooldown

85-90 minutes Closure

Jogging, skipping, and basic static stretching (15-

20 s holds)

Coach-led direct instruction

Command-based instruction and

Isolated techniques drills, poomsae repetition,
step sparring, and physical conditioning exercises

Passive static stretching (30 s holds x 2 repetitions
per muscle group); no partner-assisted or SMR
components

Coach announcements

massed practice

Self-directed with general
supervision

One-way communication
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Table 5.

experimental group (all p<0.05). The most
significant enhancements were noted
in the in-line lunge, active straight leg
raises, and rotary stability components.
Conversely, the control group did not
demonstrate significant pre-post variations
in any individual FMS component or in
the overall FMS scores (all p > 0.05). The
comparison of changes in total FMS scores
showed that the experimental group did
much better than the control group.

Table 8 shows the results of the
Taekwondo-specific functional mobility
tests. All performance indicators in the
experimental group showed significant
improvements from before to after the
experiment. These included dollyo chagi
kick height, yeop chagi kick height,
kick accuracy, and dynamic balance (all
p<0.05). There was a big change in dollyo
chagi kick height in the control group
(p=0.041), but changes in yeop chagi
kick height, kick accuracy, and dynamic
balance were not statistically significant
(p>0.05).

Table 9 shows a summary of the results
of the multivariate analysis. MANOVA test
showed that the group had a significant
main effect on the combined dependent
variables (Pillai’s Trace = 0.085, p < 0.001),
which means that there were overall

Baseline characteristics of participants in both experimental and
control groups

Age, years 18.93 £ 1.16 19.20 £ 1.08 0.521°
Height, cm 172.40 £ 5.67 170.87 £ 4.95 0.432*
Body mass, kg 65.73 £ 6.84 67.20 £5.91 0.549*
Body mass index, kg/m? 22.12+1.85 22,98 +1.42 0.158°
Training experience, years 3.47 +1.06 380+1.15 0.714*
Flexibility, cm 14.2 +3.1 13.8+2.9 0.714*
Total FMS score 13.5+1.8 13.1+1.6 0.512¢

Cm, centimetre; FMS, functional movement screening; kg, kilogram; kg/m?, kilogram per meter
squared; SD, standard deviation;
%, independent t test

Table 6. Acute flexibility recovery

Pre-test (baseline), cm 14.2+3.1 13.8+29 +0.4 0.714
Post-acute Week 1, cm 12.1 +2.8 10.5+ 3.0 +1.6 0.132
Post-acute Week 4, cm 13.8+2.5 10.8 +2.7 +3.0 0.008
Post-acute Week 8, cm 15.0+2.3 11.2+2.6 +3.8 0.001

Cm, centimetre; SD, standard deviation

Table 7. Changes in general functional mobility

Deep Squat (3) Experimental
Control
Hurdle Step (3) Experimental
Control
In-Line Lunge (3) Experimental
Control
Active Straight Leg Raise (3) Experimental
Control
Shoulder Mobility (3) Experimental
Control
Trunk Stability Push-Up Experimental
Control
Rotary Stability (3) Experimental
Control
Total FMS (21) Experimental
Control

1.9+0.5 2.6+0.5 +0.7 0.002
1.8+0.6 2.0+0.6 +0.2 0.312
1.7+0.7 2.5%0.5 +0.8 0.001
1.6 +0.5 1.9+0.6 +0.3 0.185
1.8+0.6 2.7+0.5 +0.9 0.000
1.7+ 0.6 2.0+0.6 +0.3 0.221
20%0.6 2.8+0.4 +0.8 0.000
1.9+0.7 2.1+0.6 +0.2 0.408
2.1+0.6 26+0.5 +0.5 0.012
2.0%0.5 22+0.6 +0.2 0.275
1.9+0.7 25+0.5 +0.6 0.005
1.8+0.6 2.0+0.6 +0.2 0.334
1.6 £ 0.5 24+0.5 +0.8 0.000
1.5+0.6 1.7+ 0.6 +0.2 0.297
135+ 1.8 18.1+1.5 +4.6 0.000
13.1+1.6 140+ 1.8 +0.9 0.142

FMS, functional movement screening; SD, standard deviation
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differences between the experimental
and control groups. Furthermore, a
significant group x time interaction effect
was identified (Wilks A=0.215, p<0.001),
indicating that temporal changes varied
significantly between groups regarding the
combined outcomes of flexibility recovery
and functional mobility.

DISCUSSION

This study aims to analyze the influence
of the sports education learning model
integrated with the active recovery module
on the recovery of flexibility and functional
mobility in Taekwondo students at FIKK
UNJ. The results of the study consistently
showed that the experimental group
receiving the treatment experienced
significant and greater improvements in
all dependent variables compared to the
control group. This finding supports the
research hypothesis that the innovative,
holistically designed learning model
is not only effective in the context of
skills learning, but also in optimizing
physiological ~adaptation, particularly
recovery and mobility. This is in line
with evidence that SEM tends to improve
the quality of the learning experience
through a more structured season, roles/
responsibilities, and social engagement
compared to conventional learning.*
Effectiveness of the integrated model
in accelerating acute flexibility recovery.
The results show that the experimental
group had faster flexibility recovery (sit
and reach) after strenuous exercise, with
the difference becoming increasingly
significant between weeks 4 and 8. At
week 8, the experimental group’s flexibility
even exceeded baseline immediately after
strenuous exercise, while the control group
remained significantly below baseline. This
phenomenon can be explained by several
mechanisms. First, the structured active
recovery module (combined dynamic
stretching, PNF, and SMR) physiologically
contributes to increased ROM and tissue
flexibility by increasing local temperature/
circulation and decreasing soft tissue
stiffness. Meta-analytic evidence suggests
that foam rolling and stretching generally
have a positive impact on ROM, with
effects varying depending on duration and
protocol.?»* In addition, the mechanistic
basis of PNF (e.g. autogenic/reciprocal

Table 8. Taekwondo-specific functional mobility outcomes

Experimental — 142.3 +8.5
Dollyo Chagi
Kick Height (cm)
Control 140.8 £9.1
Experimental  138.5+7.9
Yeop Chagi Kick
Height (cm)
Control 137.2+8.3
Experimental ~ 12.6 £ 1.5
Kick Accuracy
(repetitions/10 s)
Control 123+ 1.7
Dynamics Experimental ~ 78.4+6.1
Balance Score
(0-100) Control 77.1+58

158.7+7.2 +11.5% 0.000
147.5+ 8.4 +4.8% 0.041
1552+ 6.8 +12.1% 0.000
143.1+7.9 +4.3% 0.052
158+ 1.2 +25.4% 0.000
13.2+1.5 +7.3% 0.121
89.7 +4.8 +14.4% 0.000
80.3+5.5 +4.2 % 0.096

Cm, centimetre; S, seconds; SD, standard deviation

Table 9.
(MANOVA)

Summary of hypothesis testing with multivariate analysis of variance

Group effect

(experimental vs Pillai’s Trace 0.856
control)

Qroup x Time Wilks 0214
interaction Lambda

Significant multivariate

0.000 .
difference between groups
Significant differential
0.000 changes over time between

groups.

inhibition and changes in strain tolerance)
has been widely described in scientific
studies.””

Second, the sport  education
approach creates a collaborative learning
environment  where  partner-assisted
PNF is performed with high awareness
and precision. Social interaction and
accountability within the partner enhance
the quality of stretching technique
execution and adherence to recovery
procedures. In general, DOMS literature
indicates that post-exercise recovery
strategies (including stretching, massage,
and other methods) can influence pain
perception and functional recovery,
although their effectiveness depends on
the type of intervention and timing of
its implementation.?® These findings are

also supported by studies comparing
recovery modalities (e.g., foam rolling
vs. static stretching) on neuromuscular
and perceptual parameters after intense
exercise and journal reviews comparing
several recovery interventions to relieve
DOMS >

The overall improvement in general
functional mobility (FMS), with a4.6-point
increase in the experimental group’s total
FMS score, is a crucial finding, given that
low EMS scores are often associated with
increased injury risk in athletes, although
evidence of the FMS-injury relationship is
not always consistent across populations.
Meta-analyses of journals indicate
controversy about the predictive power of
FMS for injury, so interpretation of scores
should be cautious and context-based.*"*?
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The highest improvements were seen in
the in-line lunge (+0.9), rotary stability
(+0.8), active straight leg raise (+0.8),
and hurdle step (+0.8) components.
These components are directly related to
tackwondo movement patterns. In-line
lunge reflects dynamic stability in stance
and transition; rotary stability measures
core control during rotational movements
that are dominant in roundhouse kicks;
while active straight leg raise and hurdle
step relate to flexibility and hip motor
control for high kicks.

These improvements are supported
by two pillars of intervention. The first
pillar is an active recovery module that
specifically targets increasing active
range of motion (ROM) and motor
control, not just passive flexibility. The
second pillar is a sport education learning
design rich in games and simulations.
Activities such as conditional sparring
and tag games with varying stances
force athletes to continuously move
through various functional movement
patterns under time pressure and tactical
decisions. In general, neuromuscular
training and exercises that demand motor
control contribute to improvements
in  fitness/performance  components
(strength, balance, and coordination)
that theoretically support movement
efficiency and stability during complex
tasks.” In the context of tackwondo, some
evidence also suggests that certain warm-
up/preparation  protocols  (including
variations of foam rolling with vibration)
may influence performance and flexibility/
tendency speed-related parameters in elite
tackwondo athletes.*

Positive transfer to taekwondo-specific
functional mobility, the most important
practical  result  being  significant
improvements in all taekwondo-specific
tests. Increases in kick height (dollyo chagi
and yeop chagi) by over 11% and kick
accuracy by 25.4% in the experimental
group indicate that improvements in
general FMS successfully transfer into
improved technical performance. This can
be explained by the principle of adaptation
specificity. The active recovery module and
core sessions in the sports education model
are designed with movement patterns
highly relevant to tackwondo requirements
(e.g., PNF for the hamstring-hip complex

pattern in high kicks). Furthermore, the
sports education environment, which
emphasizes exploration and internal
competition, allows athletes to practice
applying their increased ROM and stability
in situations close to real competition,
thereby strengthening specific muscle-
motor connections.” In contrast, the
minimal improvement in the control
group suggests that conventional training
with a static cool-down is not a sufficient
stimulus to create the neuromuscular
adaptations needed to significantly
improve functional mobility.

This study has several limitations. First,
the sample size was limited to Taekwondo
students at the Universitas Negeri
Jakarta, Indonesia, with intermediate to
advanced skill levels, so generalization to
junior or elite athletes requires caution.
Second, although training intensity
was monitored, control for physical
activity outside the program, such as
independent training, was not rigorous.
Based on these limitations, future research
suggests for replication with a broader
population and a variety of other martial
arts, adding biochemical measurements
(such as creatine kinase/CK levels) or
objective muscle strength measurements
(myotonometry) to complement recovery
data, and conducting a follow-up study
to assess retention of improvements in
functional mobility after the intervention
program is discontinued.

CONCLUSION

Based on the discussion above, it can be
said that the Sport Education learning
model combined with an active recovery
module has been shown to be better than
the traditional model at helping student
athletes recover from acute flexibility
problems and improving their general
and Taekwondo-specific mobility. This
effectiveness is due to the combination
of the physiological benefits of active
recovery and the educational benefits of
a learning environment that is relevant,
collaborative, and meaningful.
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