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Abstract Keywords

Aim: Improvement of skills in handball means an increase in performance. There are two main Differential Learning,
learning methods in sport: traditional (classical) and differential learning. The aim of our study Motor Skills,
was to determine the effect of plyometric training with differential learning method on agility and Agility,
handball-specific coordination skills in 11-13-year-old handball athletes who are new to the sport. Handball Specific
Methods: In this study, 44 male secondary school students aged 11-13 years from Istanbul and Coordination.

Adana provinces, who were new to sports, volunteered to take part in this study. Two groups of
22 students each were randomly selected as classical training group and differential learning
group. All groups were given handball training for adaptation training for 4 weeks. The training
sessions were conducted four days a week for 1.5 hours for 12 weeks. Pre-tests were applied
before the training period started, and post-tests were applied at the end of 12 weeks. In the study,
T-test, zigzag running, obstacle tests as motor skill agility tests; For handball coordination skills,

handball slalom dribbling, wall quick pass, hand wall toss pass tests were applied. Article Info
Results: Differential learning group (T-test, zig-zag running, obstacle, handball slalom dribbling, Received: 02.08.2022
wall quick pass, hand wall toss pass tests) were statistically significant compared to the results of Accepted: 12.05.2022

the classical training group (p<0.05). The fact that there were significant improvements in the  Online Published: 15.12.2022
control group can be characterized as the natural effect of the sport depending on the age period.
Conclusions: Compared to the classical training group, the group of differential learning showed
more improvement.

Farklihkla Ogrenme Modelinin 11-13 Yas Arasi Hentbola Yeni
Baslayanlarda Motor Beceriler ve Hentbola Ozgii Koordinasyon
Performansi Uzerindeki Etkisi

DOI:10.18826/useeabd.1152610

Ozet Anahtar kelimeler

Amag: Hentbolda becerinin gelisimi performansin artmast demektir. Sporda geleneksel (klasik) Farklilikla Ogrenme,
ve farklilikla 6grenme olarak iki 6grenme yontemi bulunmaktadir. Calismamizin amaci 11-13 Motor Beceri,
yas araligindaki spora yeni baglayan hentbol sporcularinda farklilikla 6grenme yontemiyle Ceviklik,
yapilan pliometrik antrenmanlarin, ¢eviklik ve hentbola 6zgii koordinasyon becerilerine etkisini Hentbola Ozgii
belirlemektir. Koordinasyon.

Materyal ve Metot: Bu galismaya Istanbul ve Adana illerinden 11-13 yas araliginda, spora yeni
baglayan 44 erkek ortaokul 6grencisi goniillii olarak katilmistir. Her biri 22 6grenciden olusan iki
grup, klasik egitim grubu ve farklilikla 6grenme grubu olarak rastgele seg¢ilmistir. Tiim gruplara
4 hafta boyunca adaptasyon egitimi olarak hentbol egitimi uygulanmistir. Antrenmanlar 12 hafta
boyunca haftada dort giin 1.5 saat olarak gerceklestirilmistir. Antrenmanlar baglamadan 6nce 6n
testler, 12 hafta sonunda ise son testler uygulanmistir. Caligmada motor beceri geviklik testleri
olarak T-test, zikzak kosu, engel testleri; hentbol koordinasyon becerileri i¢in ise hentbol slalom

top slirme, duvara hizli pas, el topu firlatma pas testleri uygulanmistir. Yavyin Bilgisi
Bulgular: Farklilikla 6grenme grubu (T-testi, zig-zag kosu, engel, hentbol slalom top siirme, Gonderilme Tarihi: 02.08.2022
duvara hizl pas, eltopu pas atma testleri) klasik egitim grubu sonuglarma gore istatistiksel olarak Kabul Tarihi: 12.05.2022

anlamh fark vardir (p<0.05). Kontrol grubunda da anlaml gelismelerin olmasi yas dénemine Yaymnlanma Tarihi: 15.12.2022

bagli spor yapmanin etkisi olarak nitelendirilebilir.
Sonugclar: Klasik antrenman grubu ile karsilastirildiginda, farklilikla 6grenme grubu daha fazla

gelisim gostermistir. DOI:10.18826/useeabd.1152610

INTRODUCTION

Today, skill and technical training is unique to the athlete. For this reason, the movement repetitions
they perform are never exactly alike and are different. Differential learning: Basically, it is the learning
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that takes place with fluctuations in the process of skill acquisition, without movement repetitions and
without feedback to the movements performed (Schollhorn, Michelbrink, Welminsiki, & Davids, 2009).
In relation to differential learning, the importance of variability and integration of other (physiological
and non-physiological) approaches such as synergistic or dynamic systems approaches, stochastic
resonance, neurobiology and arterial neural network simulations in motor development and learning has
been emphasized (Button et.al., 2003; Schollhorn et. al., 2009 a, b).

Due to the nature of the game, handball involves the necessary movement skills such as balance,
coordination, agility, changes of direction, offensive and defensive actions. Differential learning
practices aim to learn new skills with different repetitions using different shapes and components. With
this method, it is important for performance and permanent learning to be able to apply these self-
planned, self-organized skills in an optimum way. Schollhorn, Hegen & Davids (2012) explained the
differential learning approach as "non-repetitive" and "constantly changing movement tasks" that add
stochastic perturbations from fluctuations in a complex system.

In classical learning, there is a more systematic progression of the learning environment. The motor
learning approach suggests that students develop a skill only through repetition. According to the
principles of teaching, exercises are selected consistently from simple to complex and from easy to
difficult. Traditional learning approaches are typically based on a linear understanding of causality,
where the same cause leads to the same effect (Erdil, 2016; Bozkurt, 2018).

For this reason, especially those who are new to sports learn the right skill when they perform
exercises with variety, repeated constantly, and with different fluctuations of movement. It is important
to practice motor skills and coordination in a regular program starting from a young age. In relation to
motor skills, kinesthetic ability to distinguish, which is characterized as the basic condition of movement
sensitivity and motor learning, reaches its first peak between the ages of 10 and 13 (Muratly, et. al. 2011)

Motor skills improve during adolescence. An adolescent athlete with earlier improvement of motor
skills performs more efficiently than an athlete of the same chronological age. It is known that functional
movement patterns can be developed and corrective exercises improve functional movement patterns
(Mokha et al., 2016; Usluer et. al., 2021). Several experiments have shown higher skill acquisition of
the differential learning approach compared to traditional linear approaches, and most interestingly, it
performs even better in the retention phase of learning (Wagner & Muller, 2008; Schollhorn, 1999).

In the review study "plyometric training programs in children”, Johnson et. al. (2011) examined six
skills in 275 children aged 8-14 years, all of whom were soccer players. Seven of these skills were
jumping-related skills (squat jumps, long jumps, vertical jumps, depth jumps, countermovement jumps,
and multi-limitation). Then running speed (distances between 10 m. and half a mile), balance, agility,
power and striking distance. They determined improvements in agility, balance and kicking distance
evaluated in the study. Meylan and Malatesta (2009) reported the association of plyometric training with
significantly improved agility (effect size, d=22.15) among young soccer players, while Rubley et al.
(2011) found that plyometric training significantly improved striking distance (d=2.62) in adolescent
soccer players.

In the view of these studies, the literature was reviewed and it was seen that there is a limited
number of studies in the field of differential learning, especially there is a lack of research on the
development of motor skills. The handball game was the subject of the research as a sport branch that
includes speed, agility, body control and coordination skills, as well as dribbling, passing, continuous
change of direction, and basic skills that are often experienced in the game for this reason, the aim of
our study was to determine the effect of plyometric training with differential learning method on agility
and handball-specific coordination skills on 11-13 year old handball athletes who are new to the sport.

METHOD

A total of 44 male secondary school students between the ages of 11-13 years, who were new to sports
and volunteered to participate in this study. Before the studies, the athletes and their parents were
informed and consent forms were obtained.

Approval for this study was obtained from the Faculty of Medicine Ethics Committee. Approval
date and Approval number: 14.12.2020 / E-70737436-050-01.04-2000329635). In addition, the study
protocol was implemented according to the Declaration of Helsinki.
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Determination of Sample Size
All the athletes in the study were given handball training for 4 weeks, 4 days a week, prepared in a game
form to ensure the homogeneity of the groups. Then 44 male students were randomly divided into 2
groups. Two groups of 22 students each were determined as classical handball training group.

In the experimental study phase, the trainings were conducted four days a week for 1.5 hours for
12 weeks. Pre-tests were applied before the training started and post-tests were applied at the end of 12
weeks. In the study, T-test, zigzag running, obstacle tests were applied as motor skills agility tests;
handball slalom dribbling, fast pass on the wall, hand wall toss pass tests were applied for handball
coordination skills.
Study design
The classical handball training group applied a training program for 16 weeks (64 units of training)
aimed at the development of technical, tactical and skills related to handball basic training. The
differential learning handball training group applied a training program that continued 4 days a week
(48 units of training) for 12 weeks as a plyometric training group with the learning with difference
method, after 4 weeks (16 units of training) of handball training in the studies prepared in the game form
to ensure the homogeneity of the groups.

In addition to classical handball training group, the differential learning handball training group
applied motor skills and coordination tests (T-test, zig-zag running, obstacle test, handball slalom
dribbling test, wall passing test, hand wall toss passing test) used as variables in the differential learning
Model studies within the training program. With the materials used in the test materials, tires, ropes,
additional weights, balls, exercises with different branch balls, creating movement fluctuations, creating
a variety of exercises that are not similar to each other and goal-oriented. The athletes were asked to try
the movements freely and to adapt and find the right movement performance in each different movement
according to themselves, in which they would show the best performance. For this purpose, exercises
were performed without giving positive or negative feedback to the athletes. When plyometric training
was started; 1st-3rd week; all jumping movements were practiced using field lines or stripes without
using height and no obstacle height was used. 4th-7th week; 15-20 cm obstacles were used in plyometric
training and jumps. In the 8th-12th week, 25-30 cm obstacles were used in plyometric training and
jumps. Until the end of the studies, 3-4 movements complementing each other from a total of 15 basic
movements were determined, and in each training, the number of repetitions of these movements was
continued by increasing and constantly changing the obstacle height and predetermined ratios.

Table 1. Training programme

Classical handball Differential handball
Group &Athletes training group training group

22 athletes 22 athletes
Handball adaptation training program 4 week 4 week
Number of weekly workouts 3-4 3-4
DL (Week) 5-16. week
Plyometric training _ 5-16. week
Plyometric training 15 min./20”’sec. 20”’sec
Duration/rest time (sec) 4.week / 16. week 4. week /16. week
Pre-tests/post-tests (training) 16-48 16-48
Planned unit training 64 64

Differential learning training

Differential learning workouts were created using functional motor skills and coordination tests. After
4 weeks of adaptation training, differential learning handball training group practiced classical handball
training for 2 consecutive days and differential learning handball training for 2 consecutive days for 12
weeks by combining three of the six motor skill and coordination tests. In 12 weeks, they practiced
differential learning handball training immediately after warming up in weeks 1-3-5-7-9-11 and in the
last part of the training in weeks 2-4-6-8-10-12. While handball players were doing plyometric training,
applications were made by selecting the degree of difficulty according to the loading intensity of the
general training (generally 3 movements) among the movements determined as 15 in total according to
the skills they use the most.

Plyometric training
The plyometric exercises used during the study are given below:
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A. For lower extremity development; leg hops, tuck jump, vertical jumps, lateral/diagonal and
broad jumps, vertical and obstacle jumps, standing long jump, box jumps, drop jumps

B. For upper extremity development; explosive push-ups, jumping spiders, clapping push-ups,
medicine ball presses, rotational throws, chest passes, overhead throws

Performance tests of the study
In order to measure the motor skills of the athletes, multi-directional speed, agility and body control
tests were used.

T-test: It was performed on a flat non-slip surface with four cones and a stopwatch. Athletes were
made: to sprint (the order of going to the cones was A-B-C-D-B-A) (Pauole et. al.2000).

Obstacle test: Six 12 m long obstacles (60 cm high and 80 cm wide) were placed 2 m apart. The
runner was asked to run over the first obstacle, under the second obstacle, and after the six obstacles to
the starting line by the shortest route (Alricsson et. al. 2001).

Zig-zag running test: The length of the field was 3,04-4,86 m with colored bands and cones at each
corner. Athletes were asked to run zig-zag (Ortiz et.al. 2005).

Handball coordination tests

Hand wall toss pass test: The purpose of the hand wall toss pass test is to measure hand and eye
coordination. A tennis ball was taped 2 meters away from a flat wall. The stopwatch was started when
the athlete first threw the ball against the wall. The ball was caught with the opposite hand each time it
was thrown. After 30 seconds, the number of repetitions was noted (Cho et. al. 2020).

Wall quick pass test: The aim of the handball-specific wall quick pass test is to determine the ball
throwing speed and the number of passes. A shooting line was drawn 2 m. away from a flat wall and a
spare ball basket was placed behind the shooting line. The athlete tried to reach the maximum number
of passes within 30 seconds (Miilazimoglu, 2007).

Handball slalom dribbling test: The aim of the handball-specific slalom dribbling test is to
determine dribbling skills. 5 funnels are placed at a distance of 15 meters, spaced three meters apart.
The athlete dribbles with his/her right or left hand or in a mixed manner by drawing an 'S' between the
slalom bars. He returns from the last slalom bar and slaloms back to the starting point (Lidor et. all,
2005) and the stopwatch is stopped.

Data analysis

In the evaluation of the data, shapiro-wilk test was used as normality test for the difference between the
groups and levene test was used for homogeneity of variances. Independent t-test and Mann whitney-U
tests were used to look at the difference between the groups; paired sample t-test was used for the
normally distributed group and Wilcoxon test was used for the non-normally distributed group in in-
group pre-test and post-test comparisons. SPSS statistics 22.0 program was used for the analysis.

RESULTS

The differences between the groups before and after training are as follows. To determine their body
composition, body weights were measured in kg and height in meter(m). Body mass index (BMI) was
calculated in kg/m?. The height of the classical handball training group was 1.53 + 0.07 m, body weight
was 45.64 + 8.57 kg, and body mass index (BMI) was 19.27 + 2.58 kg/m?, while the height of the
differential learning handball training group was 1.52 + 0.08 m, body weight was 46.09 + 9.38 kg, and
body mass index (BMI) was 19.67 + 2.34 kg/m?,

Table 2. Normality test results of the differential learning group and classical learning group

Variables Group Mean SD Min Max Shapiro-Wilk p
Age () CL group 11.77 0.53 11 13 0.70 0.000**
9ely DLgroup 1168  0.65 11 13 0.77 0.000%*
. CLgroup 4564 857 32 60 0.94 0.235
Body weight (k9) 5 oroup 4609 9.38 34 61 0.89 0.016*
. CLgroup 153 007  1.39 1.63 0.92 0.073
Body height (M) b group 152 008  1.40 1.70 0.95 0.279
Body mass (kgimy)  CLOTOUP 1927 258 1565 2530 0.95 0.325
Y g DLgroup  19.67 234 1667  24.44 0.93 0.100

CL Group= Classic Learning Group; DL Group= Differential Learning Group; ** p<0.01 * p<0.05
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In the evaluation of the normality test results for the physical characteristics variables of the
athletes, the Shapiro-wilk test was used as the normality test for the difference between the groups.
According to the results of the test, it can be said that the measurements of at least one of the groups for
the age and weight variables in table 2, do not fit the normal distribution, while the height and BMI
variables fit the normal distribution in both the differential learning group and the classical learning
group (p>0.05).

Table 3. Results of the changes in motor skill measurements between pre-test and post-test in the
classical learning handball training group

Pre-test Post-test Paired t-test Wilcoxon
Variable n Mean + SD Mean + SD t p Z p
Zig-zag running 22 8.76 = 1.62 8.50+1.36 2.64 0.015*
Obstacle Test 22 13.82+2.68 13.82 +2.68 -2.78 0.006**
T-test 22 11.40+0.80 11.40 +0.80 2.60 0.017*

** p<0.01 * p<0.05

In table 3, the zig-zag running test variable of the athletes in the classical handball training group
was 8.76 + 1.62 sec. in the pre-test and 8.50 + 1.36 sec. in the post-test; obstacle test was 13.82 + 2.68
sec. in the pre-test and 12.74 + 2.14 sec. in the post-test; t-test was 11.40 + 0.80 sec. in the pre-test and
11.09 + 1.06 sec. in the post-test. There is a statistically significant difference (p<0.05) in zig zag running
(p<0.05). obstacle test (p<0.05) and t-test (p<0.05) pre-test and post-test skill changes (p<0.05).

Table 4. Results of changes in motor skill measurements between pre-test and post-test in
differential learning handball training group

Pre-test Post-test Paired t-test Wilcoxon
Variable n Mean = SD Mean = SD t p Z p
Zig-zag running 22 9.48 +£0.63 8.70 = 0.56 9.95 0.000*
Obstacle Test 22 14.45 +1.84 12.48 +1.84 14.79 0.000**
T-test 22 12.44 +£0.81 10.85+1.18 10.01 0.000**

** p<0.01 * p<0.05

In table 4, the zig-zag running test variable of the athletes in the differential learning handball
training group was 9.48 + 0.63 sec. in the pre-test and 8.70 + 0.56 sec. in the post-test; obstacle test was
14.45 + 1.84 sec. in the pre-test and 12.48 + 1.84 sec. in the post-test; t-test was 12.44 + 0.81 sec. in the
pre-test and 10.85 + 1.18 sec. in the post-test. There is a statistically significant difference (p<0.05), in
the pre-test and post-test skill changes in zig-zag running (p<0.05), obstacle test (p<0.05) and T-test
(p<0.05).

Table 5. Results of the change between the pre-test and post-test of handball coordination
measurements of the athletes in the classical learning handball training group

Variable Pre-test Post-test Paired t-test Wilcoxon
n Mean + SD Mean + SD t p V4 p
Handball slalom dribbling 22 10.86 +1.53 10.71+1.60 -2.00 0,046*
Wall quick pass 22 22,95+ 3,61 24,64 + 3,50 3,67  0,001**
Hand wall toss pass 22 15.82 +£3.62 17.41+£2.74 -2.70 0.007**
**p<0.01 * p<0.05

In table 5, the handball slalom dribbling test variable of the athletes in the classical handball training
group was 10.86 + 1.53 sec. in the pre-test and 10.71 + 1.60 sec. in the post-test; wall quick pass test
was 22.95 + 3.61 in the pre-test and 24.64 + 3.50 in the post-test; hand wall toss pass test was 15.82 +
3.62 in the pre-test and 17.41 + 2.74 in the post-test. There is a statistically significant difference
(p<0.05) in handball slalom dribbling (p<0.05), handball wall pass test (p<0.01) and hand wall toss pass
test (p<0.05) pre-test and post-test skill changes (p<0.05).

Table 6. Results of the changes between the pre-test and post-test of handball coordination
measurements of the athletes in the differential learning handball training group

Variable Pre-test Post-test Paired t-test Wilcoxon
n Mean = SD Mean + SD t p Z p
Handball slalom dribbling 22 13.79 £ 2.37 12.04 +2.00 -4.11 0.000**
Wall quick pass 22 16.95+3.71 26.41 +3.80 19.42 0.000**
Hand wall toss pass 22 13.77 £3.72 20.68 +3.24 15.02 0.000** -2.70 0.007**
**n<0.01 * p<0.05
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In Table 6, the handball slalom dribbling test variable of the athletes in the differential learning
handball training group was 13.79 + 2.37 sec. in the pre-test and 12.04 + 2.00 sec. in the post-test; wall
quick pass test was 16.95 + 3.71 sec. in the pre-test and 24.41 + 3.80 sec. in the post-test; hand wall toss
pass test was 13.77 + 3.72 sec. in the pre-test and 20.68 + 3.24 s in the post-test. There is a statistically
significant difference (p<0.05) in the pre-test and post-test skill changes in handball slalom dribbling
(p<0.05). wall quick pass test (p<0.05) and hand wall toss pass test (p<0.05).

DISCUSSION

In this study, agility, coordination and passing skills, which are the basic variables of handball, were
trained using differential learning techniques and motor skill performance tests were used.

Regarding the importance of plyometric exercises, Hammami et al. (2019) reported increases in
sprint, change of direction and jump performance after 8 weeks of plyometric training with change of
direction exercises in male handball players under 15 years of age. Similar to the results of our study,
an increase in agility and motor skill performance improvements was determined in the differential
learning handball group.

Regarding differential learning, Savelsbergh et al. (2010) compared the differential learning group
with the classical learning group in speed skating. Although there was no significant difference between
the groups, they reported that the performance of the differential learning group showed more
improvement.

In another study, Tallir et al. (2012) compared 3:3 and 5:5 basketball games and found that small
side games that provide a differential learning environment have more positive effects on variables in
the actual game, and in another study, Schollhorn et al. (2012) provided clear evidence of the superiority
of the differential learning approach, taking into account the results of their tests on soccer technique in
their research. Similarly, Coutinho et al. (2018) reported that enriched training programs based on
differential learning and physical literacy seem to have the potential to improve the in game performance
of attacking players in football and the results obtained from this study confirmed their hypothesis that
there are improvements in physical, technical, creative and tactical performances, especially in the U15
age group, and can be used to improve performance in the training of attacking players in football. In
another study, Santos et al. (2018) reported that coaches can use differential learning variations sustained
in small side games to enhance players' creative and tactical behaviors and improve their ability to adapt
to the environment. The results of our study also showed that differential learning handball group started
to perform small-sided games better with the gains in agility and coordination skills obtained in the
trainings.

In one more another study, Santos et al. (2017) in the results of their study "Effects of the
Skills4Genius sport-based training program on creative behavior" showed that a training program
sustained in creative thinking, differential practice, physical literacy and non-linear pedagogy has great
potential to promote overall creativity in team sports. Another study in this direction Wagner and Miiller,
(2008) reported the effects of different and differential training on the quality parameters of handball
throwing in handball, and in another team sport study, Mateus, et. al. (2015) in their conclusions on
basketball differential learning, they reported that the experimental group of "BasketCAL" students were
continuously exposed to different and varied stimuli, allowing the athletes to develop attentional
mechanisms to use the necessary information to overcome these constraints of the game. Similarly,
Haudum et al. (2011) confirmed that the different stimuli imposed by different training allow individuals
to develop the skills they need to succeed in dynamic game situations. In the research on differential
learning, Torrents and Balagué (2006) reported that differential training benefits the performance
indicators and behavioral aspects of the game and is supported by research highlighting the ability of
players to find the best solutions to constant environmental changes, adapting their behavior to practice.
Similarly, in the results of our study, skills such as agility, change of direction, body control, agility,
coordination, slalom dribbling, and quick passing, which are important skills that must be done in
handball, were observed in the results of our study. It was seen that the performances of the athletes in
the differential learning handball group performed better than all the athletes in the classical handball
group in terms of handball coordination skills and motor skills.
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CONCLUSION

As a result, in our study, the motor skills and handball coordination tests of the handball training group
with differential learning method showed more improvement than the classical training group. The fact
that there were significant improvements in the control group can be characterized as the natural effect
of the sport depending on the age period. Compared to the classical handball group, the handball training
group with differential learning method showed more performance improvement.

However, as in the studies in the literature in which differential learning method was applied in
other sports branches, we recommend that differential learning method should be used and disseminated
as an option for handball athletes from team sports. Adding differential learning to the traditional
training and increasing the diversity by combining it with different methods and techniques will increase
the individual development of the athletes and provide an effective support in raising elite and more
successful athletes with high self-confidence and developed skills.

PRACTICAL APPLICATIONS

In our study, the positive effect of the differential learning model on agility and handball-specific
coordination skills was revealed. It is recommended that coaches interested in sports branches where
agility and coordination are important in team sports should take the results of our study into
consideration. In this way, coaches can increase the performance development of athletes and achieve
more successful results.
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