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FOREWORD

lf 6K2dzAAK (GKAA @SIFNRa SRAGAZY 2F (KS
of its kind, it represented a premiere in the history of the Scientific
Conference. For the first time and due to the current circumstances, the

EHF decided to host the event idigital environment. With this step the

EHF ensured that in cooperation with the Union of University Teachers
(UUHT) numerous professional, medical, technical and scientific experts

can come together in times of uncertainty to share their research, firsding

and ideas on the game of handball, natural science and humanities to

Michael Wiederer
EHF President ensure the further development of the sport.

The EHF Scientific Conference has always been and will be a forum of communication for handball
experts from different backgrounds but withshared love for the sport. This conference enables
everyone in handball to take a broader view at the sports and shape its future according to our
common beliefs of making it the most attractive team sport.

The previous editions of the Conference alwahowed the connection between the handball

and the scientific world, with an emphasis on sport related fields. Besides the fields of medical
F3LSO0Gas LIKeaAoOlrt FyR a20Alt KSFEGK |a gStf
previousedik 2ya Ay RSGIFIAfX GKA&a &@SFNRa O2yFSNByOS
¢ SOKy2t238 Ay I FYyRolfftéd ¢KS NBItATFGAZ2Y | &
approach to develop a digital environment for handball throughout tbgtryears and as always,

the EHF Scientific Conference is the perfect opportunity to kickstart sustainable development
initiatives within the EHF.

5SALIAGS GKS OANDdzvaidlyoSa GKA&a &@SIFNRa 91 c {O
and numebus discussions between the participants and the speakers. This open exchange during
every edition of the conference has lighted the excitement for this beautiful sport consistently
and shows, that handball is on a path to advance and grow further. divgime to embrace the

future of European handball based on numerous academic approaches that will accelerate our
AL NI QA& RS@OSt2LIYSYyld Ay | dzyAljdzS ¢l & ®

| very sincerely thank the members of the 2021 EHF Scientific Conference Organising Committee
and themembers of the EHF Scientific Network for their efforts in administering and arranging
this new experience of an online event, that helped to carry on the legacy of the EHF Scientific
Conference which was always made possible with the engagement of theC&ipetence
Academy & Network. | hope that the speakers and participants of theEBF Scientific
Conference recognize the efforts of the EHF to pay attention to a rapidly developing sports world.
The handball world needs you, the scientific experts,@¢odme a part of this development and
ensure that handball takes the next step into the digital world to further grow its community.

Michael Wiederer
EHF President
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Notes by the Editor

*This book comprises of the full articles that were provided by the authors. A number of
further articles and topics were presented at the Conference but have not been submitted
by their authors. Though the full version of those articles is not available in the present
documentation, their abstracts can be found towards the end of the hodkew A Fur t her
topics presented at the Scientific Conferénce

*For reasons of comprehension and/or grammatical coherence some of the article titles have
been grammatically and/or syntactically altered, thus differing from the version submitted
by the autbr.

*The articles are published as submitted by their authors. No grammatical or syntactical
corrections have been i mplemented. Spelling
form of English (British or American).

*To serve editing purposethe outline form of some articles may have been altered.
However, the content remains unaffected.

* A useful list of email addresses of Conference presenters and/or article authors can be
found at the end of this book.
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THE IMPACTOFCOVID -19 PANDEMI C ON HANDBALL REFEF
PSYCHOLOGY

Evangelos Bebetsos, Democritus University of Thrace, Komotini, Greece
Christos Konstantinidis, Democritus University of Thrace, Komotini, Greece
George S. Bebetsos, European Handball Federation (EHF), Vienna, Austria

Summary: A novel coronavirus disease (COVI®) outbreak was first reported in China and is
now spreading@oss nations and continents, resulting in a global challenge against the pandemic
COVID-19 outbreak all over the world (World Health Organization, 2020). Sports officials are
suffering from many uncertainties and hope to achieve the best possible positgorthe current
circumstances of this global COVAD® pandemic.

Keywords: ERQ, reappraisal, suppression, handball, officials.

Introduction

The COVID-19 pandemic has affected people's normal physical activity. This happens for both
practical and emotional reasons: Pause of competition, closure of gyms and sports venues,
restrictions on the movement, etc., that all have dramatically disruptethiy routinegCorsini

et al., 2020; Gallego et al., 2020; Schinke et al., 2020, Cheval et al., Fa26pean Handball
Federation (EHF) Officiating wanted to research both EHF indoor and beach handball referees, as
the mental state in which they fitldemselves and their psychology as referees is one of its major
concerns. The study was ordered by the EHF Officiating division and planned and carried out by
the School of Physical Education and Sport Science, of the Democritus University of Thrace,
Komatini, Greece.

Material and Method

The sample consisted of 212 international officials (referedsre 164 were men (77.4%), 46
were women (21.7%), and 2 did redatesex preference (0.9%gged from 2349 years.

Participants
2

= Men = Women = Did not state



Participants completedtiicE monh i Regul at i on QuThesBmotomRegulatiore , ( |
Questionnaire (ERQ, Gross & John, 2003) is &atéf selfreport scale designed to assess the
habitual use of two commonly used strategies to alter emotion: Cognitive reappraisal and
expressive suppression. The items were scored usifgpaLikerttype scale ranging from 1
(strongly disagree) to 7 (strongly agree).
items, while the second di rheramsainiogfouriténfs.Scoep r e s
on the ERQ relate to several coping measures and results generally show that reappraisal is
associated with positive adaptations including pleasant emotions whereas suppression is associated
with negative adaptations and Uggsant emotions (John & Gross, 200ahil et al., 2012).
Evidence suggests that the ERQ has been validated in different languages (e.g., Balzarotti et al.,
2010;Uphil et al., 2012; Teixeira et al., 2015; Liu et al., 2B&betsos et glunder publicabn),

and it has been used at sports environment too (Uphill et al., 2012; Wagstaff et al., 2013).

Research data was collected using an electronic form/questionnaire (Google Form), as the
researchers considered its use mandatory in compliance with ti@amemavirus protection rules
(COVID-19), avoiding unnecessary physical contact and the survey was addressed to officials
coming from 50 different European nations (EREMmMber National Federations,
https://www.eurohandball.com/en/wdwge-are/ehtfederationg. The data collection period lasted

two months (Junéugust 2021). The reason for selecting the specific period is related to the
reopening of competition activities at the EHarticipants were informed about all the parameters
and ethical issues that governed the research, such as voluntary participation, the anonymity of
participants, the right to leave voluntarily at any stage of the questionnaire, and the exclusive use
of the data for research purposes. They were informed by providing all the necessary information
on the first page of the questionnaire. If they agreed they continued with the procedure.

Results

The analyses revealed differences, where reappraised better than women, and women were
more suppressed than men. Additionally, EHF/IHF officials were more suppressed than their EHF
colleagues. Reappraisal consists of changing the way one thinks about a situation and it is generally
implemented arly in the process. Suppression involves inhibiting the expressions of emotions and

it is generally implemented later in the proc€Santi et al., 2021). Ongay ANOVA analyses
were conducted to find any difféllences among

(al) Reappraise: F2,211=3.299, p< .001. More specifically, men were more reappiasaB(
SD=1.10), than women\=4.28,SD=1.31).
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https://www.eurohandball.com/en/who-we-are/ehf-federations/

Reappraise

4,8 473
4.6
4,4 4,28
4.2
4
Men Women

(a2) Suppression: F2,211=2.704, p< .001. More specifically, women were more suppressed
(M=3.68,SD=1.28), than men\=2.38,SD=1.33).

Suppression

4 3,68
3 2,38
2
1
0
Men Women
(b) Of ficialsdo | evel: F2,211=2.136, p< .001

suppressed\{=1.21,SD=.302), than the EHF/IHF official$|=1.11,SD=.319).

EHF vs. EHF/IHF suppression level
1,25

1,21
1,2
1,15 1,11
1,1
1,05
EHF refs EHF/IHF refs
Discussion

The aim of the study was the possible effect of the COY3Dpandemic on European handball
refereesd psychol ogy. To our knowl edge, no s
topic. Therefore, discussion and conclusions from the present stilelgt 1@ first attempt to
interpret the possible relation of COMD9 wi t h refereesd6 psychol ogi

11



research question, results proved that COXYfDdifferentiated participants according to gender.

More specifically analyses revedl that women firstly were more suppressed than men, and
secondly, they were less appraised than men. According to the results, women show greater
negative psychological responses, and as past research indicated, they are characterized as more
sentimentabnd emotional (Thon et al., 2012; Konstantinidis et al., 2021).

Elite referees (EHF/IHF) appear to be more in control of the situation than thesliteo(EHF)
counterparts. While EHF referees appear to have higher levels of suppression than EHF/IHF
referees, EHF/IHF referees appear to use "suppression” as a regulatory strategy more frequently
than their EHF counterpartShe researchers believe that this result may have been caused by two
factors: (a) Either from the difference in experience, in terhievel, type, period, and intensity

of the competition to which the two groupad beerexposed, or (b) from any kind ofiental

training the EHF/IHF had received in the past (Ebfo.com, 2018, 2020, Eurohandball.com,
2020).

Conclusion

According to the World Health Organization (WHO), the spread of the C&ldIpandemic raises
concerns about increased panic and anxiety in people trapped in a coronavirus threat, either real
or theoretical (Bebetsast. al, 2021). COVID19 has temporarilghanged the way of life for

billions of people and will have lorigsting impacts upon both professional and mass sport
participation (Konstantinidigt al.,2021). Handball has and will continue to be affected by the
pandemic. We can better assist amdpgare those who have been affected using such tools.
Previous researcfThon et al., 2012; Konstantinidis et al., 202lpports emotional differences
between sexes, with women appearing to be more susceptible. It seems that women are more prone
to stresgelated disorders such as pastumatic stress disorder and anxiety disorders (Voitsidis

et al., 2020; Konstantinidis, et al., 2021). Thus, their emotional reaction to the Pandemic and its
negative consequences led to their negative entrapment. desder differences in emotion
regul ation and, specifically with regards
literature showing that men tend to suppress their emotions more commonly than women (e.g.,
Gross & John, 2003). Sport psychology ptamtiers could support referees in their effort to learn

how to regulate their own emotions during stressful situations.

Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors,
without undue reservation.

Ethics Statement

Ethical review and approval were not required for the study on human participants following the
local legislation and institutional requirements.
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THE USE OF REFEREE COMMUNICATION SYSTEM IN HANDBALL
OFFICIATING

George Bebetsos, European Handball Federation (EHF), Vienna, Austria

Summary: Communication among theembers of a referee pair is vital to taking the necessary
and right decisions. People expect the decision to be fast, clear, and correct. With the use of a
wireless communication system, the referees are constantly in contact with each other and able to
communicate about all crucial decisions during a match.

Keywords: Officiating, referees, communication, handball, system.

I ntroduction

Effective audio communication between the officials that referee maschésndamental, not

least when it comes to the analysis of controversial situations. In such situations, the audio signal
from thecourtserves as an additional tool to clarify adpexf the events that have occurr@der

the past years, the EHF cooperated wimeof the most known companies in this fighdXIWI
(https:/Iwww.axiwi.com/) and VOKKERO (https://www.vokkero.com/). The systems used were,
mainly, purchased by the EHF ama@inded over to certain referee pairs, while several of the referee
pairs went ahead and purchased a communication system on their own, resulting in the diversity
of the systems used at the various EHF competitions and eWentbe EHF th@eed for havig

all referees not just equipped but also with an aligned communication ggstetical. Further,

the future of the referee communication functions in officiating (i.e. having the delegate(s) hooked
on the communication with the referees, providingi@added to the TV production, or having
direct communication with a potential VAfad to be examined.

Objective

To studytheresults ofimplemening advanced referee communication systems during two of the
EHF top indoor handball events: TI¥ELO EHF FINAL4 (19/20 May 2021, Papp Laszlo
Budapest Sportaréna, Hungary) and the EHF FINAL4 Men (12/13 June 2021, LANXESS arena,
Cologne, Germany).

M aterial and Method

The sample consisted @B indoor handball referegsvhere D were men $2.6%) and 9were

women @7.4%). Participants completed selfconstructedquestionnairgcreated to reflect the
opinions of the system users, based on their experiences, observation, and feeling of the game
control.

Participants were informed about all thegraeters and ethical issues that governed the research,
such as voluntary participation, the anonymity of participants, the right to leave voluntarily at any

stage of the questionnaire, and the exclusive use of the data for research purposes. They were

14



informed by providing all the necessary information on the first page of the questionnaire. If they
agreed they continued with the procedure.

1. Referee gender:
19 responses

@® a. Male
@® b. Female
c. | prefer not to say

The referee pairs were briefed on the use of the communication system before the events, as well
as during the dicials' conference that preceded the first day of each event. EHF Officiating staff
member and a technician instructed and answered questions for all pairs.

An interface allowing direct audio stream from the referees on the field of play to the OB van in
collaboration with the EHFM and the respective TV production crews was also installed. Despite
having the audio of the referees on hand, no clips were broadcast on TV before internal evaluation
and authorizations.

For assessment purposes, the communpicatas recorded on the match videotape (separate audio
channel) and monitored by EHF Officiating.

Results

The analyses revealdidat dearaudio was reported as the main characteristic of the system they
usedand thatthe use of a referee communication system gives them more sureness and stability
within their common decisions as a referee pair.

Survey results:

1 89,5% of the referees werlamiliar and experienced with the use of a referee
communication system.

1 55,6% of the referees found the communication system they were given significantly better
than anything they used before.

1 100% of the referees mentioned that the system allogma to communicate quickly and
easily with their colleagues, share important match information and discuss decisions
directly, while 47,4% help them make fewer mistakes.

1 They all (100%) found the system to provide them with {gghlity audio and strong
robustness to interferences (57,9%).

9 Clear audio was reported (100%) as the main characteristic of the system they used.

15



1 94,7% feel that the use of a referee communication system gives them more sureness and
stability within their common decisions as aerefe pair.
1 84,2% and 83,2% reportedly would prefer to have the match delegate(s) in the
communication loop during the match.
1 For 63,2% of the referees, the use of the communication system can make a difficult
decision more acceptable.
1 All (100%) refereesgree that any communication system can improve their performance.
1 The phrases better describe their experience with the system they were given:
o Clear communication (47,4%)
o0 Better game control (26,5%)

5. Based on your experience with other type(s) and brand(s) of communication devices, how
would you rate your experience with the system you just used?

18 responses

® a. Worse
@ b. Similar
c. Better
@ d. Significantly better
. e. | have never used a referee

v communication system before

6. Why would you use a referee communication system? Because... (UP TO TWO answers are

possible)
19 responses

a. | can communicate quick and

10,
easy with my colleague and sh... 19 (100%)

b. It helps me make less

) e 9 (47.4%)
mistakes because | can inquire...

c. The system ensures | am fully

0,
involved and informed because... 0 (0%)

d. The coaches, players and

5 (26.3%
public see us as a professional... ( )

e. My work is effective, because |

0,
can focus fully on what is happ... 4(21.1%)

0 5 10 15 20
a. | can communicate quick and easy with roglleague and share important match
information and discuss decisions directly
b. It helps me make fewer mistakes because | can inquire directly about important match
information with my colleague
C. The system ensures | am fully involved and informed lied am hearing everything
d. The coaches, players, and public see us as a professional referee team by using a system
that helps to take correct(er) decisions
e. My work is effective because | can focus fully on what is happening during the game

16



7. If you were going to choose a referee communication system (regardless of its price), which

TWO of the following characteristics would play the most important role in your final choice?
19 responses

a. High audio quality in noisy 19 (100%)
environment

b. Strong robustness to

0,
interferences 11 (57.9%)

c. Integrated recorder to store
conversations on an SD card

d. Ability to have plugged in other->2 (10.5%)
users too (i.e. the delegate) o

e. Ability to provide TV audio feed
and a door to video refereeing

-0 (0%)

0 (0%)

0 5 10 15 20

8. Which one of the characteristics of the referee communication system you just used did you

enjoy the most?
19 responses

@ a. Clear audio
@ b. Permanent audio adjustment
@ c. Audio backup (in the SD card)

@ d. Hands free and uninterrupted
communication

@ e. Moulded and personalized (sur-
mesure) headset

@ f. Digital encryption
® g. TV audio feed

9. Do you feel that the use of a referee communication system gives you more sureness and

stability within your common decisions as a referee pair?
19 responses

® a Yes
@ b. No, it makes no difference

17



11. Given there are two delegates at the Table: The match supervisor and the referee observer.

With whom would you like to be connected?
19 responses

@ a. With the match supervisor
@ b. With the referee observer
@ c. With both

@ d. With no one; | prefer to communicate
only with my colleague

10. Would you see the direct communication during the game between the referees and the Table

(delegate, timekeeper, scorekeeper) in the future as necessary?
19 responses

@ a. No, | don't want any kind of coaching,
guidance or info from outside during my
game

@ b. Yes, with the delegate(s)

@ c. Yes, with the delegate(s) and the
timekeeper

@ d. Yes, with the delegate(s) and the
scorekeeper

@ <. Yes, with all of them (delegate-s, time
and scorekeeper)

12. Can the use of the referee communication system make a specific referee decision (a

progressive punishment mostly) more acceptable?
19 responses

® a Yes

@ b. No, it makes no difference. What
matters is the way that the referee sells
his/her decision

18



13. Do you feel that using a referee communication system can improve your performance as a

referee?
19 responses

@ a. Yes, it certainly helps
@ b. No, it makes no difference

14. Which sentence better describes your experience with the referee communication system you

just used?
19 responses

@ a. Better game control
@ b. Better reactivity
c. Clear communication
@ d. Greater reliability
@ e. Optimised game management
@ f. Optimised decision making
® g. Nothing in particular

Conclusions

Management, control, and ultimately building a better game requires good decaiorg by the
referees. A good tool of communication wil/l
project confidence in tha@ecision, and promote a perception of fairnelgh audio quality in any

noisy environment and strong robustness to interferences are critical characteristics demanded
both by the EHF and the referees.

Selected referee communication audio clips among threwith the other match stakeholders (i.e.
players, coaches, delegates, ball boys, etc.) can create TV content and be a positive step for fans
and handball itself, showing the 6other face
and TV viever, and demystifies the referees, has got to be something that sports organizations
should consider.

Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors,
without undue reservation.
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GENDER DIFFERENCES IN GAME ANALYSIS PARAMETERS AT THE 2020
TOKYO OLYMPICS AND THE COMPARISON OF WOMEN'S HANDBALL IN
OLYMPICS WITH WECH 2020

Mur at Bilge*, G°khan Deliceoj |l u*?*,
*Faculty of Sport Sciencelgrkey Kéréekkal e
**Faculty of Sport Sciences, Gazi University, Ankara, Turkey

Summary

The aim of this study is to determine the gender differences in Tokyo Olympics and to compare
women's data with WECh values. About gender differences, there are statisticaillizasigy
differences between male and female handball players in some parameters. Also comparison of
the Olympic and WECh games some statistically significant differences were found. As a result,
the tactical approaches and the individual skills of thelbalhplayers affect the match scores.

Introduction

Game analysis in team handball is used in all dimensions in top national divisions, tournaments,
Continental Championships, World Championships and the Olympics. It is an indispensable fact
that game analysis results targeting individual player analygmyn@nt analysis, tournament
analysis, longitudinal analysis, running profile analysis, tactical analysis or different research
problems, contribute to the applications in training. In addition to these, it is very important to
analyze the whole seasonafeam and to approach the next season with the right determinations,
both in terms of team setup and in terms of reflecting all the requirements of handball to the
training. Resultoriented approach based on cumulative statistic is one of the main tbpics
tactical analysis in handball, identifying individual or collective parameters that significantly
contribute to the success of the team. Many levels of success could be distinguished with a clear
hierarchical relationship between them in researchesdegy tactical analysis in team handball;
1. Teamds final ranking (Bilge, 2012; Gut
2. Match outcome, expressed by goal difference (Lago et al., 2013; Ohnjec et al., 2008;
Srhoj et al, 2001; Vuleta et al., 2007) or win and loss (idret al., 2013 ; Rogulj et al.,
2004);
3. Goal scoring (Lozano & Camerino, 2012; Rogulj et al, 2004).
4. Physiological aspect (Chelly et al., 2011, Povoas et al., 2012, Souhail et al., 2010,
Michalsik, 2013, Hulka et al., 2014, Del Coso et al., 20I84,Coso et al., 2013b, Del
Coso et al., 2012, Barbero et al., 2017).
Analysis of the technical and tactical aspects of performance enabled the identification of the key
indicators of offense and defense that better distinguish teams' winning and |lofonggece
and characterize individual player's performance in elite handball (Foretic et al., 2013).
The aim of this study is to determine the gender differences in Tokyo Olympics and to compare
women's data with WECh valsie
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Methods

Match analysis reports taken from the official web pages of 2020 Olympics and WECh were
used.In order to determine the gender differences in Tokyo Olympics, five research problems were
investigated according to gender.

1. Goal throw efficiency.

2. Offensive parameters.

3. Defensive parameters.

4. Goalkeeper performance parameters.

5. Usage of players in rotation by the coaches
In order to compare Olympic women's data with WECh values, three research problems were
investigated according to tournaments.

1. Goalthrow efficiency.

2. Offensive parameters.

3. Goalkeeper performance parameters.
SPSS 17 package program was used for statistical analysis. Parametric test was applied because i
showed normal distribution. Thetést was applied for the independent sample terdene the
Tournament differences of the parameters obtained from the handball players participating in the
Tokyo Olympic Games. In order to find the difference between Tokyo Olympic Games and
European Championships in terms of the parameters obtairedie$t was applied for the
independent sample.

Development

The aim of this study is to determine the gender differences in Tokyo Olympics and to compare
women's data with WECh valuds. this study, statistical differences in the parametbtained

from male and female handball players participating in the Tokyo Olympic Games according to
their genders are given in tables and findings.

Goal throws performance parameters were compared with women and men (Table 1).

Table 1.T-test results ofhe differences of goal throw parameters by gender, in Tokyo Olympic
Games

Goal Throw Parameters |Gender |[N |Mean |SD t df |p
Male 12 161,91 |4,29
Female |12 60,50 |3,80
Male 12 163,25 (4,04
0 ) )
6m shots (%) Female |12 [61.41 |7.40 0,753 |22 (0,46
Male 12 165,00 |6,29
. 0 : :
Wing shots (%) Female |12 |56.08 |14.16 1,993 |22 |0,06
Male 12 168,83 |21,71
Female |12 |40,33 |8,41
Male 12 176,00 |9,23
0 ) )
7m shots (%) Female |12 |74.83 [21.09 0,176 |22 0,86

Fast break shots (%) Male 12 180,16 |4,91 |0,251|22 |0,80

0,856 |22 (0,40

Goal throws (%)

9m shots (%) 0,949 |22 |0,35
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Female |12 |79,58 |6,37
Male 12 131,50 |12,74 |-
Breakthrough shots (%) Female |12 |77.41 [10.77 10,068 22 10,95
When table 1 is examined, there is no statistically significant difference betweealefand

female handball players in the goal throw efficiency parameters (p>0.05). In other words,
similarity was determined in the percentages of shooting performance during the matches of male
and female handball players.

Offensive performancparameters were compared with women and men (Table 2).

Table 2. T-test results of offensive performance parameters by gender, in Tokyo Olympic Games
Offensive Parameters |Gender |N |Mean|SD |t df |p
. Male 12 (84,75|28,42
AssIst Female |12 |90,16|28,04 07|22 |04
Male 12 61,75|10,99 .
Turnover Female |12 7825|1517 -3,05(22 |0,001
Male 12 |53,26|1,76
Female |12 |57,14|2,58
Male 12 54,14 14,86

Female |12 |49,28|3,69

Attacks per game -4,29|22 (0,000*

Attack efficiency % 2,752/22 |0,01*

* (P<0,05)

When table 2 is examined, there is a statistically significant difference between the turnovers,
attacks per game and attack efficiency of the male and female handball players (p<0.05).
According to this finding, it was determined that whitemen were superior in turnovers and
attacks per game, men were superior in attack efficiency.

Defensive parameters were compared with women and men (Table 3).

Table 3.T-test results of defensive performance parameters by gender, in Tokyo Oyampes
Defensive Parameters|Gender [N |Mean |SD |t df |p
. Male 12 118,91 |8,15]-
Stealing Female |12 23,33 |7,03| 1,421 | %% |27
Male 12 |12,08 |6,43
Block Female [12 11,75 [6,12| 13 |22 |0%0
When table 3 is examined, there is no statisticsihyificant difference between the defensive
parameters of male and female handball players (p>0.05). In other words, it was determined that
the stealing and blocking parameters applied by male and female handball players during their
matches were similar.

Goalkeeper performance parameters were compared with women and men (Table 4).
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Table 4.T-test results of goalkeeper performance parameters by gender, in Tokyo Olympic Games
Goalkeeper Performance
Parameters

Gender|N Mean |SD |t df [p

Male |12 26,91 3,26
Saves % Female| 12 57.08]4.62 -0,102 |22 | 0,92
Male |12 29,25|6,13
Female|12 27,08 5,24
Male |12 26,006,38
Female|12 31,08|10,96
Male 12 40,66 (7,52
Female| 12 43,9117,25
Male |12 16,41|9,50
Female|12 13,16|8,33
Male |12 16,00|7,63
Female|12 15,66|5,38
Male |12 14,83|9,92
Female|12 18,08|5,51
When table 4 is examined, there is no statistically significant difference between goalkeeper
performances parameters of the male and female goalkeepers (p>0.05). In other words, it has been
determined that there is a similarity in {h@rameters of the goalkeeper performances of the male

and female handball goalkeepers during their matches.

The usage of players in rotation by the coashex® compared with women and men (Table 5).

Table 5. T-test results othe usage of players in rotat by the coacheby gender, in Tokyo
Olympic Games

The usage of players ir
rotation

6m saves (%) 0,93 |22|0,36

Wing saves (%) -1,388 |22 (0,18

9m saves (%) -1,077 122 0,29

7m saves (%)

0,891 |22 (0,38

Fast break saves (%) 0,124 |22 0,90

Breakthrough saves (%) -0,991 (22 /0,33

Gender|N |Mean|SD |t df |p

Male |12 (18,25|7,22
Female|12 [ 16,66 8,59
Male |12 (29,75|15,99
Female|12 |27,75|10,02
. Male |12 (27,50|6,97
30-45 minutes Female| 12 |27.83]10 74 -0,09/22 /0,93
. Male |12 (17,41/6,94
45-60 minutes Female|12 | 15.83|8.55 0,498/22 0,62
Average per player Male |12 |23,22|5,24
Female|12 |22,02|4,89
When we look at the usage of players in rotation by the coaches (TalflerB)is no statistically
significant difference in this parameters of male and female teams (p>0.05). In other words, it was
determined that the rotational game parameters applieghale and female handball players
during their matches were similén.order to find the differences between Tokyo Olympic Games

and European Championships in terms of the parameters obtainedeshevas applied for the

0-15 minutes

0,488 22 | 0,63

15-30 minutes 0,367|22 0,72

0,584/22 | 0,57

24



independensample.Goal throws performance parameters were compared with Olympics and
WECH (Table 6).

Table 6. T-test results of goal throw parameters by tournament.

Goal Throw Parameters | Tournament|N |Mean |SD |t df |p
2020
. 12 |60,50 |3,80
Goal throws (%) Olympics 3,23 |26 | 0,00*
2020 WECh |16 |55,56 (4,15
2020
: 12 1,42 |74
6m shots (%) Olympics 61, A0 -2,28|26 |0,03*
2020 WECh |16 |69,75 10,91
2020
. . 12 |56,08 14,16
Wing shots (%) Olympics -0,29(26 |0,77
2020 WECh |16 |57,25 |6,39
2020
. 12 7,42 2
9m shots (%) Olympics 37, 6.5 -1,04|26 | 0,31
2020 WECh |16 39,38 |3,32
2020
. 12 |74,83 21,09
7m shots (%) Olympics 0,73 |26 |0,47
2020 WECh |16 |70,44 |10,37
2020
. 12 |7 7
Fast break shots (%) Olympics 9,58 163 2,47 |26 |0,02*
2020 WECh |16 |70,25 (11,82
2020

. 12 |77,67 6,69
Breakthrough shots (%) | Olympics 2,43 |26 |0,02*

2020 WECh |16 |66,31 |15,08

*(p<0,05)
When table 6 is examined, there is a statistically significant difference between the parameters of
total goal throw, 6 m, fast break and breakthrough shots efficiency (p<0.05). According to this
finding, it was determined that total goal throw, fast braad¢t breakthrough shots parameters of

the female handball players in the Olympic games were higher. On the other hand it is seen that
the 6 m shoots efficiency of female handball players in the European championships is higher.
Offensive performance paraiees were compared with Olympics and WECh (Table 7).

Table 7.T-test results of offensive parameters by tournament.
Offensive Parameters | Tournament | N Mean |SD |t df |p

2020
. 12 57,14|2,58
Attacks per game Olympics 2,84|26 |0,01*
2020 WECh |16  |54,47|2,37
2020

- . 12 149,29|3,70
Attack efficiency % Olympics 2,09/26 |0,04*

2020 WECh |16  |46,19 4,02

* (P<0,05)
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When table 7 is examined, there is a statistically significant difference between the parameters of
attacks per game and attack efficiency (p<0.05). According to this finding, it was determined that
for these parameters of the female handball playeri®mpic games were higher.

Goalkeeper performance parameters were compared with Olympics and WECh (Table 8).

Table 8.T-test results of goalkeeper performance parameters by tournament

Goalkeeper Performance Parameters Tournament | N Mean |SD |t df [p
2020
Saves % Olympics 12 21,08 4,62 -1,50/26 0,15
2020 WECh |16 29,44 (3,71
2020
. 12 27,085,25
6m saves (%) Olympics 2,88 |26 |0,01*
2020 WECh |16 18,94 (8,65
2020
. . 12 31,08(10,97
Wing saves (%) Olympics 0,04 |26 {0,97
2020 WECh |16 30,94 6,60
2020
. 12 43,92|7,2
9msaves (%) Olympics 3,9217,25 1,31 {26 |0,20
2020 WECh |16 40,63 6,00
2020
. 12 13,17(8,33
7m saves (%) Olympics -2,08|26 |0,05*
2020 WECh |16 20,25|9,33
2020
. 12 15,67 (5,38
Fast break saves (%) Olympics -1,16|26 (0,25
2020 WECh |16 18,94 (8,52
2020

. 12 18,08 (5,52
Breakthrough saves (%) Olympics -1,68|26 10,10

2020 WECh |16 23,63(10,31

*(p<0,05)

When table 8 is examined, there is a statistically significant difference between the parameters of
6m7i 7m saves (p<0.05). While 6saves of the female goalkeepers in the Olympic games were
higher than the female handball players in the European championships, 7m saves have opposite
results.

Conclusion

In this study, gender differences in 2020 Olympics game analysis parameters amareeex
Secondly comparison of the game analysis parameters between 2020 Olympics and WECh games
were examined.

The main findings for gender differences were that, no major differences in the general goal throw,
positional efficiency, assists, stealindpdk, goalkeeper performance atieé usage of players in
rotationparameters according to the gender in 2020 Olympics. Turnover, number of attacks per
game and attack efficiency (%) parameters between men and women were statistically different.
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For turnoves, we can say that the number of turnovers is higher for women. On the other hand,
although women used more attack per game, their offensive efficiency was found to be less.

From the point of view of similar match parameters, we can say that modern lhéndbting

closer to each other in both men and women. The fact that ball handling, passing and holding
techniques are more efficient reduces turnovers in men. The fact that women are less successful
although they attack more per game can be interpnetedifferent approaches. Individual
goalkeeper efficiency, fast break tactics, personal goal throw preferences can effect this result.
The main findings of the Michalsi k & Aagaar
differences were observed as lenglayers demonstrated more physical, strength related
confrontations with the opponents and performed more-inigimsity work than female players,
whereas female players showed a higher relative workload during match play compared to male
players.

lannaccone et al (2021) found no statistically significant gender differences were found for beach
handball game analysis parameters.

Gender difference studies in handball are generally on physiological and biomechanical features,
and there are not manysies on match analysis parameters.

The top seven teams in the Women 2020 Olympic standings are from the continent of Europe. For
this reason, WECh and Olympic match analysis parameters were comfpar@edo r di ng t o ¢
finding, it was determined thabtal goal throw, fast break and breakthrough shots parameters of
the female handball players in the Olympic games were higher. On the other hand, it is seen that
the 6 m shoots efficiency of female handball players in the European Championships is higher.
The high value ofotal goal throw, fast break and breakthrough shots paranmégrd¥e due to

the matches of European teams with other teams. The use of more 6m throws in WECh may also
be due to the center of the defensive toughness and the frequeheydeffénsive player3he

same interpretation can be made for the number of attacks and attack efficiency to be higher in the
Olympics. 7m saves difference in favour of WECh can be explained by individual success.

Bilge (2012), from his study comparing enhational tournaments, emphasized that European
teams are the locomotive of modern handball.

As a result, it has been observed that the European teams leading the world handball are more
successful than the other teams in the important parameters afféairattack performance.
Goalkeeping activity in favor of other teams can be evaluated as individual success.

It is a fact that European handball is the leader in the world. Too many European teams targeting
success also increases the qualitgahpetition. At this stage, it can be said that the European
teams have applied all the stages of the fast break attack very well to reach the simple goal.

It takes mastery to analyze a performance. For this reason, the evaluation result will be magnificen
if the correctly constructed analysis studies are supported by the statistics obtained with the correct
numbers.

Every handball coach wants to be able to put her team's performance into nhumbers hundred
percent. What will bring this assessment closermutadned percent is the large number of studies

on this subject.

muratbilge@eurohandball.com
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WHICH GAME ANALYSE PARAMETERS AFFECTED THE RANKING IN
HANDBALL AT THE 2020 TOKYO OLYMPICS?
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Summary

The aim of this study was to determine the objective game anpysisieters that bring success.

In this study teams ranked in the Olympics were evaluated in three groups what we call quadrant
(1-4, 58, 912) both in women and men. When the results are examined in male and female
players, some parameters show supeyiatcording to the ranking. As a result, the first four
teams are more effective in the match analysis parameters that bring success.

Key words: Team handball; game analysianking differences.

Introduction

It is not easy to define team handball performance numerically due to its complex and
multifactorial nature. Different technicaltacticali physiologicali psychological sociological

i anthropometric talent level factors and of course their relatlaps with each other effect the
whole performance. It should also be remembered that handball is a team sport that beautifies with
individual differences. Besides running, jumping, pushing, change of direction, side stepping etc
abilities like the other ®m sports, handball is strongly influenced by the specific movements to
the handball performance (ball handling, passing, faking, dribbling, throwing, checking, blocking
etc) parameters, however, tactical concepts, social factors as well as cognitive &spaity, as

in other team sports nutrition, illness and injuries as well as external influences of materials and
environmental conditions could influence the performance in-temmdball (Bilge 2012, Gomez

et al., 2014, Gruic et al., 2016).

In recent ars; trainers, analyzers and scientific researchers have worked on various parameters
in handball game analysis for observing, analyzing and evaluating the performance of handball
players and teams (Ohnjec et al., 2008, Srhoj et al., 2001). Besidessall tthe most important
expectation of the trainers was the correct evaluation of the analysis and the reflection of its effects
on the trainings. For this reason, significa
match analysis systemsalid be interpreted according to technical, tactical or physiological
aspects of performance (Volossovitch, & Gongalves 2003, Vuleta et al., 2003). This will represent
a strong argument for the organization and evaluation of the training applicatiornss(Baak,

2017).
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Methods

Match analysis reports taken from the official web pages of 2020 Olympics were used. Four
research problems were investigated in both men and women.

1. Goal throw efficiency according to the ranking.

2. Offensive parameters

3. Goalkeepeperformance parameters

4. Usage of players in rotation by the coaches
SPSS 17 package program was used for statistical analysis. Kisligdl H-test was applied for
the difference of the parameters obtained from the male and female handball players participating
in the Tokyo Olympic Games according to the ranking.

Development

The aim of this study was to determine the objective gamgsisiparameters that bring success.

In this study teams ranked in the Olympics were evaluated in three groups what we call quadrant
(1-4, 58, 912) both in women and men. In this section, the statistical analysis results obtained for
some parameters ofaie handball players participating in the Tokyo Olympic Games are given
with tables and findings. Goal throws performance parameters obtained from male handball
players were examined according to the ranking (Table 1).

Table 1. Kruskall Wallis Htest reslis regarding the difference of goal throw parameters
according to the ranking obtained from male handball players participating in the Tokyo Olympic
Games.

Goal Throw Parameters | Ranking N |Mean |SD Min |Max |X? p
First 4 teams|4 | 66,25| 2,75 | 63 69

Goal throws (%) 5-8.teams |4 | 61,25| 3,20 | 58 64 (8,138 |0,01*
9.-12.teams |4 | 58,25| 2,50 | 55 61
First 4 teams|4 | 64,75| 4,99 | 58 69

6m shots (%) 5-8.teams |4 |62,25| 4,57 | 57 67 0,379 0,70
9.-12.teams |4 | 62,75| 3,09 | 60 67
First 4teams |4 | 69 | 8,60 | 58 79

Wing shots (%) 5-8.teams |4 |64,25| 2,50 | 61 67 |1,491 0,28
9.-12.teams (4 | 61,75| 5,37 | 56 69
First 4 teams|4 | 43,5 | 6,24 | 36 51

9m shots (%) 5-8.teams (4 | 40 | 4,08 | 36 44 0463 0,64
9.-12.teams |4 | 37,5 | 13,40| 19 51 |’
First 4 teams|4 | 85 | 2,94 | 82 88

7m shots (%) 5-8.teams |4 |69,75| 10,14| 60 79 |5,374|0,03*
9.-12.teams |4 | 73,25| 5,56 | 67 80
First 4 teams|4 | 82 6,21 | 75 89

Fast break shots (%) 5-8.teams |4 | 79,75| 5,18 | 75 86 (0,41 |0,68
9.-12.teams |4 | 78,75 3,94 | 73 82

29



First 4 teams|4 | 86,25 4,50 | 81 90
Breakthrough shots (%) |5-8.teams |4 | 745 | 7,32 | 64 81 |2,767 (0,12
9-12.teams |4 | 71,5 | 13,77| 55 88

* (P<0,05)

When table 1 is examined, the total shot and 7 m shot parameters of the male handball players
show statistically significant differences according to the rankings of the teams (p<0.05).
Examining the group originating from this differences, it was detextninat the teams in the first
guadrant were superior to the other teams. There is no significant difference according to the order
in other parameters obtained (p>0.05).

Attack performance parameters obtained from male handball players were examindith@¢oor

the ranking (Table 2).

Table 2.Kruskall Wallis H-test results regarding the difference of attack parameters according to
the ranking obtained from male handball players participating in the Tokyo Olympic Games.
Offensive Parameterg Ranking N [Mean |SD Min Max X? p

Number of attacks First 4 teams 53,156/1,68 |51,8 55,5
ame P 5.-8. teams 52,292 1,066 |50,8 53,2 1,494 |0,28
g 9.-12. teams 54,35 (2,14 |52,4 57,4

58,8432,93 |551 61,5
53,538 3,47 |49,2 56,3 6,812 |0,02*
50,05 |3,71 |46,8 54,8

First 4 teams
Attack efficiency % |5.-8. teams
9.-12.teams

A DD

* (P<0,05)

When table 2 is examined, the assist and attack efficiency parameters of the male handball players
show a statistically significant difference according to the rankings of the teams (p<0.05).
Examining the group originating from this differences, it wasmeined that the attack efficiency
parameters of the teams in the first quadrant were superior to the other teams. There is no
significant difference number of attacks per game according to ranking (pSbaReeper
parameters obtained from male hantipidyers were examined according to the ranking (Table

3).

Table 3. Kruskall Wallis Htest results regarding the difference of goalkeeper performance
parameters according to the ranking obtained from male handball players participating in the
Tokyo Olympc Games.

Goalkeeper Saves Parameter| Ranking N |Mean |SD Min |Max |X? p
z;sr;s 44 1205 (173 |27 |31
0 *
Saves % 5.8 teams |4 [275 1300 |23 |29 9292|002
9-12.teami4 |23.75|2.06 |21 |26
z;sr;s 44 12075125 |28 |31
0)
6m saves (%) 5.8 teams |4 |33.25834 |26 |45 |>*4°|014
9-12. teami 4 |24.75|4.27 |20 |30
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First Y4 1305 |519 |24 |36
Wing shot saves (%) teams 2791|011
9 5.8 teams |4 |21.25|457 |16 |26 |- ’
9-12. teami4 2625|665 |17 |32
First 44 4225699 |34 |49
9m saves (%) teams 0,229 0,80
5-8.teams |4 |41,25|10,40 |27 49 ' '
9-12.teami4 385 635 |29 |42
ti}':’r;s Y44 12075084 |8 |32
0)
7m saves (%) 5.8 teams |4 |13.25(6.84 |7 |23 |02 |00
9-12.teamg4 |15,25|12,12 |0 29
First Y4 119 |692 |13 |29
Fast break saves (%) teams 2,282 10,16
5.8 teams|4 |10 616 |6 |19 |- ’
9-12.teami4 |19 |7.48 |11 |29
First 44 1222501027 |0 |34
Breakthrough saves (%) teams 1,98 |0,19
5-8.teams|4 (11,5 |11,50 |0 26 ' '
9-12.teami4 1075|359 |6 |14

* (P<0,05)

When table 3 is examined, the save percentage values of the male goalkeepers show a statistically
significant difference according to the rankings of the teams (p<OE3&mining the group
originating from this differencest has been determined that tpealkeeper performance in the

first quadrant are superior to the other team goalkeepers in percent. There is no significant
difference according to the order in other parameters obtained (p>0.05).

Goal throws performance parameters obtained from fermabeldall players were examined

according to the ranking (Table 4).

Table 4. Kruskall Wallis Htest results regarding the difference of goal throw parameters
according to the ranking obtained from female handball players participating in the Tokyo

Olympic Games.

Goal Throw Parameters | Ranking N [Mean |SD Min |Max |X? p
First 4 teams|4 |63,75(2,21 |61 66

Goal throws (%) 5-8.teams |4 |59,75(2,50 |57 63 3,494 /0,08
9.-12.teams |4 |58 4,32 |54 |64
First 4 teams|4 [65,75(4,99 |59 |71

6m shots (%) 5-8.teams |4 |62,25|7,27 |55 |72 1,987 |0,19
9.-12.teams |4 |56,25|7,84 |49 |64

. First 4 teams|4 [61,25|1,25 |60 63
0,
Wing shots (%) 5-8.teams |4 [605 |2,08 |58 |63 | 02|27
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9.-12.teams |4 |46,5 |23,35 (14 64
First 4 teams|4 |42,75|6,65 |35 51

9m shots (%) 5-8.teams |4 |35,5 (2,08 |33 |38 2,702 10,12
9.-12.teams |4 |34 6,97 |25 |40
First 4 teams|4 |80,75|4,85 |76 87

7m shots (%) 5-8.teams |4 |83,75(10,14 |69 |92 1,694 (0,24
9.-12. teams |4 |60 32,53 |14 84
First 4 teams|4 |77 7,11 |67 83

Fast break shots (%) 5-8.teams (4 |80 7,48 |70 |88 0,518 | 0,61
9.-12. teams |4 |81,75|5,18 |78 89
First 4 teams|4 |75,5 |5,32 |69 82

Breakthrough shots (%) |5.-8.teams |4 |74,75|7,63 |68 |85 2,088 /0,18
9.-12.teams |4 |82,75(5,05 |77 |87

* (P<0,05)

When Table 4 i&xamined, the goal throw performances of female handball players do not show
a statistically significant difference according to the rankings (p>0.05). In other words, it can be
said that the goal throw performances of female handball players do notlaéfeanking of the

teams.

Attack performance parameters obtained from female handball players were examined according
to the ranking (Table 5).

Table 5.Kruskall Wallis Htest results regarding the difference of attack parameters according to
the rankingobtained from female handball players participating in the Tokyo Olympic Games.

Offensive Parameters Ranking N |Mean |SD Min |Max |X? p
First 4 teams|4 |55,7191,67 |54 |58

Number of attacks per gam|5.-8. teams |4 |59,4582,81 |56 |61,8 |3,619 (0,07
9-12.teams |4 |56,25 |1,69 |54,8 |58
First 4 teams|4 |52,844/2,25 |50,1 |55,5

Attack efficiency % 5-8.teams |4 |49,667/1,73 |47,8 |51,7 |13,634|0,00*
9.-12.teams |4 (45,35 |2,08 |43,2 48,2

* (P<0,05)
When table 5 is examined, the percentage parameters of attack efficiency of female handball
players show statistically significant differences according to the ranking (p<B@x@hining the

group originating from this differencei$ was determined th#te teams in the first quadrant were
superior to the other teams in attack efficiency parameters.

Goalkeeper parameters obtained from female handball players were examined according to the
ranking (Table 6).

Table 6. Kruskall Wallis H-test results regarding the difference of goalkeeper performance
parameters according to the ranking obtained from female handball players participating in the
Tokyo Olympic Games.

Goalkeeper Saves Parameter| Ranking N |Mean |SD Min [Max |X? p
First 4 teamy4 (30,25(4,34 |26 |36

% 184 |021
Saves % 5.8 teams |4 245 (129 (23 |26 -84 |0

32



9.-12.teamg4 26,5 |591 |21 33
First4teamy4 |29,25(6,29 |20 34

6m saves (%) 5-8.teams |4 |25,25|1,25 |24 |27 0,544 |0,60
9.-12.teams4 |26,75(6,99 |20 |36
First4team¢4 |36,75|5,90 |31 45

Wing shot saves (%) 5-8.teams |4 [26,5 |6,55 |20 |35 0,884 (0,45
9.-12.teamg4 30,00 (17,04 |16 |54
First 4 teamy4 (46,75(9,17 |39 |57

9m saves (%) 5.-8.teams |4 |40,75|3,86 |37 |45 0,646 | 0,55
9.-12. teamg4 [44,25|8,34 |34 52
First4 team¢4 |16,00 (12,67 |5 34

7m saves (%) 5-8.teams |4 19,00 6,83 |0 16 0,747 0,50
9-12.teams4 |14,5 |3,31 |10 |17
First 4 team¢4 |16,00 |5,77 |9 23

Fast break saves (%) 5-8.teams |4 |15,00|5,22 |10 (20 0,038 | 0,96
9.-12.teams|4 [16,00 | 6,6 9 25
First4teamy4 |21,75(4,11 |18 27

Breakthrough saves (%) 5.-8.teams |4 16,00 6,58 |8 24 1,98 (0,19
9-12.teams4 |16,5 (4,93 |11 |22

When table 6 is examined, there is no statistically significant difference in theeaentage

values of female handball goalkeepers according to the rankings (p>0.05). In other words, it can
be said that the save performances of female handball goalkeepers do not affect the ranking of the
teams.

As last finding when we look at the usagkplayers in rotation by the coachdkere is no
statistically significant difference in this parameters of both male and female teams according to
the ranking (p>0.05).

Conclusion

In this study in order taletermine game analysis parameters that bring success, teams were
evaluated in three quadrants both in women and men ranked in the Olympics.

In the evaluation of goal throws, general efficiency of shots is higher in favor of first quadrant in
men.7m thravs also matched this resdulthis is an expected result and teams with high shooting
efficiency will be successful. The fact that the shooting efficiency did not differ according to the
positions showed that the position shooting efficiency of the teartisipating in the Olympics

was close to each other. We can generalize the same interpretation for women's matches.
General attack and goalkeeper efficiency differences are also expected results both in men and
women.

All these differences show that susstil teams are effective attack, goal throw and goalkeeper
efficiency at all. On the other hand, about the usage of players in rotational way by the coaches is
similar in all teams both in women and men. We can say that teams share the game duration with
all players in Olympics.
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It is essential to note the importance of the indicators established in goals scored, the effectiveness
of total attacks and position attacks, total andmrgge shooting efficiency and goalkeeper saves,

as well as defensive aetis that show significant differences between teams in relation to
goalkeeper and defense (Skarbalius et al., 2013). The process of individual and collective defense
actions as well as defensive match systems can become the main weapon of a team and can
compensate for deficiencies in the offensive compartment (Gutierrez Aguilar & Ruiz, 2013).

Rogulj (2000) had the goal of determining which offensive and defensive collective tactics related
to the duration of the match, the continuity, the systems, andahee structure that better
differentiate between winning teams and losing teams. In his study, he used 27 performance
indicators related to the competitive success situation of the teams. The main results revealed that
winning teams were more efficientfiast transitions and individual action of progressing in attack.

On the defensive end, winning teams were more efficient in executing defensive elements, and the
|l osing teams committed sever al mi stakes and
positions Meletakos et al., 2011)

By involving a number of indicators of netandard situational activity of the match, Foedtal.

(2013) present a contribution to defining the parameters of the situational efficiency of the players
in a specific game position in handball. Understanding the importance and contribution of specific
moments of the match to the final outcome canvery fruitful for coaches, in order to better
perform they intervention. In this sense, individual performance indicators, such as attack
efficiency, shots from the wings and 7m penalties have a tendency to be considered as key
indicators of the matchatdard (Skarbalius et al., 2013, Foretic et al., 2013).

Analysing performance takes skill. For this reason, if correctly constructed analysis studies are
supported by statistics obtained with correct numbers, the evaluation result will be magnificent.
Evely handball coach wants to be able to express his team's performance in numbers one hundred
percent. What will bring this evaluation closer to one hundred percent is that there are many studies
on this subject.

muratbilge@eurohandball.com
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DECISION-MAKING OF HANDBALL REFEREES UNDER PHYSICAL AND
PSYCHOLOGICAL LOAD

Nicolas Blof, Florian Loffing"? Jorg Schorérand Dirk Blisch
lnstitute of SporBcience, University of Oldenburg, Oldenburg, Germany
%Institute of Psychology, German Sport University, Cologne, Germany

Summary

In a systematic research programme, we examined the effects of physical and psychological load
on thedecisionmaking of elite handball referees. Therefore, in a scoping review, we reworked the

' ink between physicaklmalkaad.armBhsreaf erne e shée dree
derivations, we conducted three studies that build upon each othgartone the effects of
physical and psychological load on the decigiweking of topclass handball referees.

Keywords: officiating, umpire, performance, physiological fatigue

Introduction

In the highest German handball leagues of male and female competfierees officiate about

300 respectively 200 games per season. In those games, referees blow the whistle on about 7.000
relevant occasions {netres, technical fouls-inutes, yellow or red cards), i.e. an average of

23 whistles per game. Considerwgistles and conscious absent whistles as a decision, referees
make far more than 23 decisions per match. While most whistles occur at the beginning of a match,
referees actively rule the game about three times at the end of a match when the goaledifferen

| arge (O 3 goals) and about four times in cl
whistles is wrong, especially in the last ten minutes of a game, a team is disadvantaged and the
outcome of a match may be influenced negatively byréfierees rather than being determined by
the teamsd performances. Therefore, referees
(Blof3, Schorer, et al., in preparation)

Handball referees have to make decisions under both physical and psychological lo&d. In th
contextMascarenhas etal. (200b)e f i ne t h e omneakirng (ROM)adweltlas physkal

and psychological capacities (i.e. to cope with physical and psychological load) as crucial
constituting cornerstones of a refereesd per
especially in the last ten yesareferees must cope with the increased physical(®eldic et al.,

2020) Understanding RDM as a perceptaagnitive process it can be (negatively) affected by
physical loadSchmidt et al., 2019)n addition, the same referee's must also be able to cope with
the psychological load during a match simultaneo(Migscarenhas et al., 2005)

In a systematic research programme, we examined the suspected effects of both physical and
psychological load on RDM in elite handbdalherefore, we initially conducted a scoping review

to rework current empirical evidence on the effects of physical load on RDM. Based on the
reviewds findings, we performed two studies
Finally, in a third stdy, we examined the effects of psychological load on RDM under physical
load.
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(1)Scoping review: Physi canhakifrgmapbrisgamds: r ef er e e s ¢
The scoping review was conducted in accordance with the PRI@Ntelines(Liberati et al.,

2009) Eleven studies examined the link between physical load and RDM in different sports games,
but none in handball.

Current evidence on aspects of physicatiloan be differentiated into external (e.g. running time)
and internal loade.g. heart rate; Impellizzeri et al., 201Birst, looking at studies researching the

link between internal load and RDM, evidence suggests no and negative associations between
internal load and RDMe.g.heart rate, see Gom&armona & PineOrtega, 2016; Mascarenhas

et al., 2009) Second, studies examining the effects of external load on RDM as well show
contradicting findings. Ambiguous resuétse shown, for example, on analyses examining if RDM

is affected in different match periods (external load). Results differ if referees are less accurate in
early match stagedlascarenhas et al., 2009 the second half or at the end of a mdily.

Mallo et al., 2012)For details, [gase note our scoping revi€dlol3 et al., 2020)

Overall, the heterogeneity in methodological approaches and empirical findings of the studies
included in the review rendered claart conclusions regardirige link between physical load and

RDM difficult. A major concern is a lack of systematically controlling the internal load as the
individual reaction to an external loldpellizzeri et al., 2019Moreover, confounding variables

such as psychological logd.g. crowd noise; 3s et al., 2019)vere not controlled since several
studies used epost facto video analyses. Therefore, future studies should conduct laboratory
studies to control confounding variables and the internal load resulting from the external load.
Moreover,when researching the relationship between physical load and RDM, studies should
ideally follow a naturalistic approach by simulating the actual decisiaking situation as best as
possible by, for example, using representative tasks and exercises as welisidering how
referees actually decid8lof3 et al., 2020; Zsambok, 1997)

(2) Study 1 and 2: Global and specific decisicmaking of top-class handball referees under
physical load

Background

While the findings of the studies included in the scoping review primarily focussed on foul/no foul
likewise offside/no offside decisions, RDM in handball referees must be further specified. In
compliance with the international rule bo@kternational Handball Federation, 2016andball
referees first decide to whistle or not whistle and thus call kdiono foul (global decision;
gRDM). Subsequently, referees must decide about the type of foul (e.g. clinging) as the
punishment hinges on the type of foul (specific decisions, SRDM). The latter corresponds to
research indicating that referees must avoid O6-podeshoé-pwoni Sl epl ayer s
categorization error@vlacMahon et al., 2015Hence, in two studies, we examined the effects of
physical loadon gRDM and sRDM following a naturalistic approach. Considering the reworked
inconsistent evidencélol} et al., 202Q)we hypothesised that gRDM and sRDM would be
affected by physical load.
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Method

Participants of our studies were the -tdass referees of the German Handball Federation
(Deutscher Handballbund e.V., DHB). While in studiN + 66 referee¢age:Mage = 31.3 years

[y], SD= 3.2 y; officiating experiencéMexp = 11.8 y,SD= 3.9 y)participatedN = 73 referees

(Mage= 32.1 y,SD= 6.4 y;Mexp= 15.6 y,SD = 5.6Yy) took part in study 2n = 59 referees took

part in both study 1 and(®lage= 31.6 y,SD= 6.3 y;Mexp= 14.9y, SD= 5.4y).

To examine the relationship between physical load and RDM, we combined t® Yo
Intermittent Recovery TegtLevel 1, for details see Bangsbo et 2D08)with a videecbased
decisionmaking test (video test), which we call theYo Test for Referedsee Figure 1; a
demonstration video can be retrieved under lihlg). During every second regeneration phase,
referees conducted one trial of the video test instead of performing the classic regeneration phase.
Referees began the video test wi-dedondaidebweneg e r t
shown. Aterwards, referees were displayed a decision matrix based on which they decided (1) to
whistle or to not whistle (JRDM) as well as (2) about the type of foul and (3) the punishment
(sRDM; for details see Blol3 et al., under revieW)e number of correct decisions was analysed
under initial, individual medium and maximum external load. To this end, we composed three
blocks each containing four trials of the video test. While the same video test trials were considered
for each refere under initial physical load, trials of the video test were determined individually in
the middle of the test (individual medium external load) and at the end of the test (individual
maximal external load). This procedure ensured that the individualaerguperformance of the
referees was taken into account. Running times and heart rates were measured via the Polar Team
Pro System. The global and specific decisions were analysed separately Hgaaned repeated
measure ANOVA with three levels: (Ijitial external load, (2) medium external load and (3)
maximal external load. Please note, that in the analysis of specific decisions, only those video test
trials could be included in which referees correctly decided on gffoudletails see Blol3 et al.,

under relew).

\
\

!

i

Figure 1l: Yo-Yo Test for Referees.
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In study 1, a repeated measure ANOVA revealed a main effect for the fdgteical load
F(2,130)= 25.28,p <.001,dy? = .28,90%CI [.17,.37],1- >.99. Referees made more correct
global decisions under medium than under initial physical [t{&8)=6.67,p <.001,d = 0.82,
95%CI [.54,1.10],1- > .99 (Fig. 2A). The number of correct global decisions decreased under
maximum physical load(65)=2.60,p=.01,d=0.32,95%CI [.07,.57],1- =.56. In study 2,
however, referees made global demns at a higher, constant levie(2, 144)=0.38,p = .69,

dp2=.01,90%CI [0,.03], 1- =.11 (Fig. 2A).
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Figure 2: Mean correctness of global decisions (A, % correctness) and of specific decisions (B, %
correctness) in studies 1 and 2. In all panels, error bars indicate standard deviations.
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While referees in study 1 made fewer correct specific decisions under moderate than under initial
physical loadt(12)=2.64,p=.02,d=0.73, 95% C[.10,1.34],1- =.47, referees in study 2
made in turn more correct specific decisions under modefatsical load than under initial
physical load,F(1, 19)=9.05,p=.01,dy?=.32,90%CI [.06,.52],1- =.81. In both studies,

there was a descriptive decrease in correct specific decisions from medium to maximal external
load, but this was neithetagistically nor practically significant (Fig. 2B).

Preliminary Discussion

Results of both studies indicate that RDM may be affected by physical load, although the direction
of the effect is not consistent across studies. However, it needs to be noted that referees in study 1
ran, on average, 1.290 m (11:10 minutes), but theyawgal to 1.633 m (14:00 minutes) in stutly

Since an improved endurance performance has been associated with better cognitive performance
and referees in study 2 made global decisions at a consistently high level as well as more correct
specific decisionswe very tentatively suggest that referees should have draiekd endurance
performancgde Sousa et al., 2019lthough not conclusive based on the present studies, we
propose that an improved endurance may result in lower subjective fatigue, thus enabling larger
cognitive capacity, which may facilitate RDM, especially at the end of a physically challenging
game (Enoka & Duchateau, 2016As a limitation, however, referees may also have simply been
more familiar with the YYTR procedure in study 2 and could therefore have demonstrated better
decisioamaking than in study {for a detailed ridection of limitations note Blol3 et al., under
review). As a consequence, in study 3 referees first completed four trials of the video test in the
YYTR under rest and then four times in walking (5 km/h) to become familiar with the YYTR
procedure.
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(3) Study 3: Impact of psychological and physical load on the decisiemaking of top-class
handball referees

Background

Referees must be capable to cope with both physical and psychological load to make correct
decisions throughout a match. A central psychological load are errors made during a match. These
mistakes result in increasing uncertainty in RDM, referees couldtged negative mental spiral:

they start to ruminate, leading to a reduction in concentration and they are thus more likely to make
additional decision errors. It is assumed that high ruminating referees, after having made one or

more wrong decisions, rka more wrong decisions than low ruminating refe(@emlton et al.,
2011)

Method

In order to distinguish between low and high ruminating refeiées58 refereesNlage= 31.5 'y,

SD = 6.5 y; Mexp= 15.4 y,SD = 5.8 y)completed an onlinbased questionnaif@umination
Reflection Questionnaire, Trapnell & Campbell, 1988) days after the study. To encourage
referees if = 34 each low and high ruminators) to ruminate during the study, they were given
feedback on their decisions in the video test. Once they had made the decisions in the video test,
they were shown a green display (if all decisions were made correctlygddésplay (if at least

one decision was wrong), without being given any further information about their mistake. This
was intended to stimulate rumination, especially in the high ruminating referees.

Results
Low and high ruminating referees did najrsficantly differ in the proportion of correct gRDM,

F(1,66)=1.87,p= . 3°8,03,§0%CI[0,.12,1 = .27 (Fig. 3A) nor
correct SRDM F(1,50)=.95,p= . #8 .02, 8% CI[0,.1],4 = .16 (Fig. 3B)
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Figure 3. Mean correctness of global decisions (A, % correctness) and of specific decisions (B, %

correctness) of low and high ruminating referees in study 3. In all panels, learsrindicate
standard deviations.
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Conclusion

Our research programme aimed to more systematically rework the evidence on whether physical
and psychological load affects RDM. In a scoping review, we found inconclusive evidence on this
topic and derived mmmendations for future empirical studiés.g. control confounding
variables and internal load in laboratory settings; naturalistic approach; see Blol} et al., 2020)

As mentioned in the preliminary findings of studies 1 and 2, resulisate that physical load can
affect RDM, which is in line with previous resealttr details see Blol3 et al., under revieuagd
emphasises the relevance for referees to be capable to cope with the physical load of handball
matches. However, interpretations of the findings must be treated with caution due to some
limitations; for example, we cannot exclude familiarisation eéffeduring the experiments.
Nevertheless, the YYTR has the potential to become a valid and reliable tool to measure RDM
under different load conditions (e.g. through the combination of physical and psychological load,
see study 3). Considering aswelltlrecn er st one model dMascarenhasete e s 0
al., 2005) it provides further components (e.g. psychological components) enabling to
approximate to real world conditions in combination with the YYTR.

Study 3 did not reveal decisignaking differences between low and high ruminating referees.
One possible explanation coddd the expertise of the referees: the referees whose performance is
influenced by external factors could have already been excluded before the nomination for a top
squad. They thus had no chance to be included in our sample, due to an insufficientapedorm

but without the performaneeducing factor necessarily being knogeng. excessive rumation;
MacMabhon et al., 20150n the other hand, it should be kept in mind that the psychological load
induced in Study 3 was only simulated and is not comparable to actual competition demands.
Consequently, under more real world conditions low agl himinating referees might actually
differ. Therefore, rumination should still be considered in addition to other psychological factors
(e.g. crowd noise; Blof3, Loffing, et al., in preparation; Sors et al., 2019)

All'in all, this research programme indicates on the one hand, that RDM-olasgpreferees is

not affected by psychological load (in this case rumination). On the other hand, besides
methodological limitations, it points to an effectypltal on SRDM (study 1 and 2). Since study 1

and 2 show diverging results about associated effects of physical load on gRDM, however,
research might further develop the YYTR to systematically rework evidence on the subject
following a naturalistic appro&c
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THE 20-POINT -RULE IN BEACH HANDBALL

Manel Cira¢, Baden Wurttemberg, Nussloch, Germany

Abstract

This study provides a description of the results in performance of the last Beach Handball
EuropearChampionship which took place in Varna between tHeah@l 18" of July 2021 (EM21).

Beach handball (BH) is a sport in full expansion that requires scientific studies to help its
progression (Zapardiel, 2015). During a match, it is very challengingrtg oat a detailed

analysis that could then have a positive impact on the strategies used by coaches and improve their
overall final results. Therefore, the aim of this study is to analyse the different scores on the
different sets and matches, which tgaé&ce in the last EM21, and define, whenever possible, the
main parameters of victory and defeat that are repeated and have a pattern when we get to a certain
number of points on the scoreboard.

Thanks to that, we will be able to establish a criticalilinegffense and defence that will determine

our chances and probability to lose or win the set and, eventually, the match.

We analysed the 81 games (162 sets) celebrated in the last EM21, extracting the information from
the official EHF Math Reports andhé online statistics provided by the European Handball
Federation (EHF) for each match. Furthermore, we complemented this data with video analysis
recorded after the eveSitdedsiinneg Stphoer tam@p Itioc avte
improve the dat quality.

Keywords beach handball, data analytics, defence, offence, performance.

I ntroduction

We are always working towards improving the worldwide situation of Beach Handball (BH) and
our final goal is for BH to be recognised as an Olympic Spoom its beginnings until now the

game has changed a lot (cf. Bebetsos, 2012; Zapardiel, 2018) which means that the trainers need
to learn and follow new rules every new season, e.g., new playing styles and new challenges in the
field. Therefore, is it nexssary to carry out investigations and research about the development of
the technical and tactical behaviour in the most prestigious European Competitions, as well as
knowing the characteristics in performance of very successful National Teams. Irs#ishea
champions were Germany for the womends Nati
mends one.

On average, we could see that it was easier for players to score in offensive plays rather than
playing a good defence to prevent the other team &ooning. Due to a permanent 4:3 tactical

skill in attack, one player should always be unmarked and, therefore, it becomes much easier to
score goals and success when trying to score is guaranteed (Fasold, 2019).
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The current study showed that there is dbttuacorrelation between the number of goals scored
against you and the number of goals scored by you. This proves how the defence in BH can hold
the whole team in one set. We need to take into consideration that the offence needs to keep the
score highethan the opponent by a certain number of goals, if they want to win the set. It is also
critically important to verify if a certain number of goals scored by the offence will provide us, on

a higher percentage, with the victory in that set, even thoegiahls conceded on the scoreboard

are, on average, higher than the trend.

The same happens with the defence as teams need to keep the goals scored against them lowe
than their opponent by a certain number of goals if they want to win the set.

In orde to improve the overall performance, the different possible scenarios must be known to
design specific training. Therefore, video and data statistical analysis provide coaches with
accurate information to set up routines and goals to work on duringffirexli game phases.

M ethodology

In this study, a quantitative video analysis was conducted and included the following data: 81
games of the EM21, together with the European Handball Federation Match Reports and, the
Online Statistics provided by tieHF (thirty-two preliminary round games, eighteen main round
games, six consolation round games, ten cross matches for plated @, four quarterfinals,

two semifinals, one consolation final and the final).

The data analysis includes all the papant teams in the EM21. Some National Teams played 1
less game (Croatia, Poland, Sweden, Bulgaria, Russia, Portugal, Germany, Netherlands), due to
the setup of the preliminary round groups.

For each game, we identified and differentiated the followatggories; court, home team name,

away team name, total resultZ12-0, 2-1), results in theSiset, results in the second set, shootout
results, first set results for the home team, first set results for the away team, second set results for
the homedgam, second set results for the away team, home shootout results, away shootout results
and round of the game. After collecting the previously mentioned data, a table like the one below
was created for each team:

Found SR Offense  Defense  Offense Defense  Shootout  Shootout Average Average
1st set 1st st 2nd st 2nd set offense defense offense defense
Preliminary Round Romania 24 11 22 13 23 12
Preliminary Round Turkey 21 14 23 18 22 16
Preliminary Round Norway 24 18 19 16 21,5 17
Preliminary Round Sain 23 18 19 16 21 17
Main Round Hungary 17 14 20 21 7 6 18,5 17,5
Main Round Ukraine 30 10 23 11 26,5 10,5
Main Round France 22 14 23 7 22,5 10,5
Quarter Anals Portugal 17 10 15 14 16 12
Semi Finals Russa 16 18 19 16 8 6 17,5 17
Fnals Qroatia 25 20 28 22 26,5 21 P
Average Total 21,9 14,7 21,1 15,4 21,5 15,05

Figure 1. Example of a table with themif or mat i on regarding Denmar
analyses the development of the Danish National Team during the different rounds, sets and
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opponents. The average number in offence and defence for the entire tournament and the shootout
results in offencand defence are also displayed in this table.

Following the previous figure, each National Team set results was split (Figure 2).

On an X/Y chart, the number of goals received in defence (x) and the number of goals scored in
offence (y) was split by sepating each set and each opponent. The teams are mostly situated in
the lower right corner and, just in 2 occasions teams scored more than 20 goals in offense.

Results

Across the 162 sets in the 81 games analysed, the average number of goals iraddfefieace
is 19.5 goals and 27% of those 81 games (n=22) were settled in Shootouts.

On the one hand, a total of 66% of the sets (n=107) finished with results of over 20 points in
offence and, on the other hand, a total of 34% of the sets (n=55) @imvstieresults of under 20
points in offence.
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Figure 3: Distribution of the team score averages split between defence and offence according to
the 20pointmark.

Following our previous examples with the Danish National Team, the averagesiefahee and
offence are benchmarked for all the other National Teams. Average in defence is 15.1 (best defence
average) and the average in offence is 21"5u@st offence after the Croatian National Team).
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Although Croatia is ranked 12in best defencgethe overall success relies on the outstanding
performance in offence, with an average of 23.9 goals per set (best offence).

The highestanking teams appear close to the lower right corner in the graph (Croatia, Russia,
Spain and Denmark).

The most interesting outlier in this study is number 9 (Hungary) as their game statistics are
comparable to a sedinalist team, but they did not actually manage to go any further. Except for
the Hungarian National Team, the four sémalists are higher um the ranking when it comes

to either defence and/or offence, which can be extracted from Figure 3.

The following curve that shows the distribution of scores in the EM21 after analysing the different
results obtained by the winners and losers. We wilable to see the chances a team has to get
one victory according to the highest score value.

Distribution of scores, EURO 2021 in Varna, male, n=162 sets
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Figure 4: The blue line defines the Global Distribution of scores. Above that line we may see the

| oser 6s di st r i buluelmewelmaysee whahvek defified dsa winnerh e

The first losers line starts on the 2 points on the scoreboard (Ukraine against Hungary) but not
winning team with 2 points. Therefore, we may see the first winner set with 11 points on the
scoreboard (Rtugal against Poland).

We may also see that, once the-@intma r k S surpassed, t he
significantly, clearly establishing that after this-@@intmark, the probabilities and chances of
winning increase.

I n Mends t eoaagister of anly defea whersthe score is exactly 21 goals in EM21.
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An element to highlight in the EM21 was the equality of the contending teams; on the one hand,
52% of the results (n=82) where settled with 4 or fewer points. On the other4@udof the

results (n=80) where were settled with more than 4 points.

Analysing the results thoroughly and watchin
of the losers scored 20 or fewer points. In regards to the global distribution éimeaysee that

60% of the teams scored 20 or fewer points.
say that 36% of the winners scored 20 or fewer points.

Regarding Offence (Figure 5), on the global average during the EM21, the probalslityréo

more than 20 points is 66% in offence. Howeyv
of fence scored | ess than 20 points. I n other
points.

On the other hand, regarding Defence (Figeleon the global average during the EM21, the
probability for the other team to score 20 points or less against your team is 34%. However, the
reality is that approxi mately 84% of the wir
words, 16% ofte wi nner s6 defence conceded more than

Conclusions

Gathering all the information into one table will allow us to clearly see, the different chances that
a specific event occurs in the EM21. These events below must not be a rule, they ought to be
considered indicators that allow us to see where to start from and the needs we have to take into
consideration when comparing future results to the current ones in the next European
Championship.

Defence
20 or
POINTS fewer >20
Offence 20 or fewer 34% 0% 34%
>20 50% 16% 66%
84% 16% 100%

Figure 5: The table represents the likelihood of these events occurring after reviewing all the
previously mentioned sources and data. We may state that if yous¢eags more than 20 points

and concedes fewer than 20, the probability of winning increases to 50%. This means that, in 50%
of all games, the winners score more than 20 points and the losers score 20 or fewer points, so the
rule applies to them. Therefgri@ 84% of the games, the winners defence does not get more than

20 points scored against them. Consequently, the remaining 16% are the unlucky losers as in 16%
of the sets, the team scored more than 20 points but still did not win the game. ltngstitant

to mention that we have seen results outside this rule. For example, a team with a scoreboard of
20 or fewer points in offence that managed to win or a team with a scoreboard of 20 or more points
in defence that was still defeated, as the taldevsh
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The different styles in team tactics, for example the Croatian National Team with its high speed in
offence and the Danish National Team with a very powerful andpeelbrmed defence can be
proven with the analysed data. Both teams are above averaffence, but only Croatia is above

the 19.5 average in defence. As a conclusion, we may say that the combination of offence and
defence from Denmark made them champions and, for Croatia, their offense outperformed all the
other National Teams, makirigextremely difficult to defeat them. As we already mentioned
before, from its beginning until now, the game has changed a lot (cf. Bebetsos, 2012; Zapardiel,
2018). As a discussion topic, we can certainly agree that the speed of the game trendns differe
in each country, compared to the speed of the games occurring in the different European Beach
Handball Tour (EBT) or in EM21 for International Male European Competitions. This difference

in speed would result in more points in the scoreboard in theceffend defence in each country.

It is a weltknown fact that a universal rule regarding defence and offence tactics does not exist,
however, we consider it necessary that coaches choose alternative tactical strategies taking into
account the previous Eapean Competitions with this data analysis and therefore combining the
coach tactical strategies with knowledge and understanding of their opponent performance.

These conclusions are also limited to the time and place of the EM21 as these studieargnight v
due to the changing nature of how the rules are implemented by referees and also due to further
BH development and tactical trends. Further studies need to be carried out after every European
Championship or European Beach Handball Finals to seadleegs of this study and how the
speed of the game or any changes to the nature of the rules apply tepihiet2Qle in Beach
Handball.

ciracmanuel@gmail.com
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RETHINKING HANDBALL TEACHING AT SCHOOL TO SUPPORT INCLUSION
AND STUDENT DIVERSITY

Maria Luisa Dias Estriga, Bruna Sofia Coelho Nunes, Amandio Graca, Paula Maria
Fazendeiro Batista

Faculty of Sports of the University of Porto / Research Center Training Innovation and
Intervention in Sport / Rua Dr. Placido Costa, 91, 42@60 Porto, Portugal

Summary

This study aimgo explorehow PE preservice teachers implement, conceptualize and perceive
handball teaching at school, during cet@, with a greater focus on fostering less skilled students,
active participation and game play accessibiligur PE preservice teachers were anviewed

about the value and perceived effectiveness of the used methodology to create a learning
environment for all.

Keywords: Physical Education, Pre e r v i ¢ e Vaies lcerming,sSéhool Placement.

Introduction

The UNESCO (2015) guidelines for Quality Physical Education (QPE) highlights the inclusive
potential of PE focused on allowing access, participation, and achievement in the domains of
physical literacy, civic engagement, academic achievement, socialiam;lgender equity, and

health and welbeing. Handball, as other team sports, can be used in Physical Education (PE) to
develop cooperative skills, engage in relationships with others, learn to cope with winning and
losing, and to provide fun and joy ihe game. However, when scoring and winning are the only
focus of the students, the solidarity, respect, tolerance, inclusion and fair play values might be at
risk. Game play and competition in PE should be practiced in striving together, to initiate the
students towards inclusive and respectful ways of playing. In addition, students benefit from
competitive PE environments to be motivated to learn the skills and be involved in the activities.
In order to explore the potential of QPE, it is necessary tarertbe place of PE in the core
curricula, to encourage inclusive and innovative approaches, and to invest in teacher education and
professional developmerntherefore, PE teachers need to experience evidence of the benefits of
inclusive practices by traiimg, school support, and university collaboration througbeirvice and
preservice inclusioworiented programs (Florian & Linklater, 201Blorian & Rouse, 2009;
Korthagen, Loughran & Russell, 2006; Penney, Jeanes, O'Connor & Alfrey, BQd &hat
doesinclusion mean in the context of handball at school? Moreover, most importantly, how can
PE teachers create an inclusive handball learning and game play environment that benefits all
students, no matter what their performance level and needs?
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Handball as an educational tool : the case of

Academics in handball teaching in a school environment have long voiced their concerns at the
persistence of traditional teaching and instructional approaches tipgedoeninantly technique

centred and teachelirected. At Porto University, the PE teachers preparation are based on game
based approaches (Estriga, 2019) and puagifdred in nature. Therefore, this approach demands
educating knowl e dfgieePklteacheasnathle td finéh ana tky isalujoas to real
practice problems and pupilsé needs, instead
and goals demand a new pedagogy in terms of |
theoretical knowledge, practice experience and research.

The handball gambased approach developed in Porto University places a greater focus on game
problems ol vi ng and guided discovery to i mprove
conceptions ephasize the need to modify the game with constitutive rules, understandable and
playable by every player from the very beginning, without discrediting its internal tactical logic.

In this regard, sequential and interlinked game forms, with increased oatyndee proposed and

taught to inform PE teachers about how to design and implement hatedizaling units.

The gamebased approaches demand accommodating individual differences in the game
configuration and learning tasks. Therefore, removing impeusnéo access and active
participation in the game play by every student from the very beginning is essential. This requires
adapting game rules, playing roles, action boundaries, and scoring goals, in order to accommodate
gender, physical characteristianotor, cognitive, emotional, social, and cultural differences,
which impact on play interaction.

Knowing how PSTs subsequently try to implement the addressed teaching approach and
instructional strategies to deal with student diversity and support imclis PE classes may
provide useful insight for PE program preparation improvement. Attending to this scenario, this
study explores how PSTs implement, conceptualize, perceive and value the varied aspect of
handball teaching at school, during Coi@, with a greater focus on instructional strategies to

foster | ess skilled studentsdé active partici
to achieve this aim were:
1) Identify the measurement and strategies to deal with €®¥iduring thePE classes;

2) Analyse PSTs tried methodologies and strategies to teach handball and to deal with
student diversity;

3) Explore PSTs perceptions about the effectiveness of the triecgteyctional strategies

to deal with student diversity and for indlis in handball:

4) Capture the value that the PSTs ascribe to teach handball attributed to the experience.

Methodology

A qualitative descriptive methodology was used, in order to exploit and gain deep insight into the
complexity of the teachin@garning in team sports through studying individual PE PSTs
experience and how sense is made of theoretical knowledge (through formal and informal sources
at the university), of practice experience and actions during the classes. As staetbbyt and
Lambert 2012), a qualitative descriptive study is a comprehensive summarization, in everyday
terms, of specific events experienced by individuals or groups of individuals.
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Participants and context

Four PE PSTsfrom a twoy e ar Physical Education master 0:¢
University took part in the study. The first year of the programme takes place at the university and
focused on general educational subjects and Specific Sport Didactics, such aalHEAEddbtiCS.

During the second year of the programme, PSTs work with their university supervisors on
Mondays at the university and during the entire academic year (school placement) with their school
cooperating teachers.

PSTs were purposefully select@htton, 2002according to (ithey had the opportunity to teach
handball at school, despite the Cow@ constrants, (ii) their availability/interest in joining the
pedagogical experience, (iii) undertaking school placement in schools where cooperating teachers
were interested in being involved in the project.

The study purpose and design were explained to eatibipant and it was made clear that they

could opt to leave the study at any time without any consequences and all signed an informed
consent form; pseudonyms are used to indicate their opinions (Mark, John, Brian and Peter).

All the PSTs teach secondary classes. Mark and Peter used distributed planned teaching contents
with the other two using block Teaching Units. The number of teaching sessions and their duration
to teach handball also varied, with Pedro having 14 ses®o@as, 6, John 15 and Mark 20. All

their classes were supervised by the local Tea€bacator.

Data collection and data analysis

Data was collected through sestiuctured interviews with the selected participants, conducted

by an experienced researcher into this methodology. A-seuttured interview script was used

in order to capture PSTs perspectives, value and meaning loihiggaandball in an inclusive way

at the school placement (e.gvhat was the experience of teaching handball like? What critical
events do you identify with? What <chall enge:
you try to implement in classes What i nstructional strategies
you try to respond to the different needs of students? What strategies workedlbestiterviews

were transcribed verbatim and participants were allowed to check the transcriptiteakctive-

inductive analysis procedure was used across data, moving back and forth between the objectives
of the study, the data and the notion of inclusion and student diversity. Data analysis used a three
flow activities: data condensation, data display, @maving conclusion@Miles et &., 2014) with

the researcher oscillating between the three activities. Resulting from this process, four main
themes were identifiedl) measures and strategies adopted to fight Cb®idluring the PE
classes; (2) challenges and strategies to dehlstudent diversity and to support inclusion, (3)
studentearning,and (4) the value of the teaching experience for the PSts.
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Results

Measures and strategies adopted to fight CetRIduring the PE classes

In order toreduce the potential transmission of the virus, mandatory use of face masks during the

practice was adopted by Mark and John and the others recommended its use, even in open spaces
Aln the first | essons, some sumstdneasbus, r e mo
after a while, they got a®ak)st omed and st

All the PSTs mentioned having adopted the concept of the bubble; the class was divided into
several groups comprising a small number of students, who would réogaither during the
whole lesson or several lessons. When using any type of game situation, all four agreed that the
groups constituted a few players each, with no switching between them being allowed, and
attacking numerical advantage was used to prosadee distance between players. The handball
lessons were more focused on technical abilities to avoid close contact between students.
nceée) 1 f | made that group of three, for
end [of the class] with the sarbell to avoid any mixturgPeter)
AWe had to avoid contact situations and
s ki I(Blriam)o .

Another consequence of the need for class control was that decisions were aHdeatker
even in the constitutioaf the groups.
ASt udents did not have autonomyMatkp choose

Challenges and Strategies to deal with student diversity and to support inclusion

Challenges
All the PSTs said that one of the most challenging tasks was how to meet the needs of different

learners in their classes, as there was a huge heterogeneity in terms of performance and motivation
to practice, which seems to be more problematic among Tvis preservice teachers mentioned

that it was quite difficult to involve some girls in the game action and learning tasks. Brian gave
an example of how he tried to change this lack of initiative:

ABut, then, there wer e, mofeatatic, watiagiq thiagstot h e
happen, and, if there was no stimulus from the teacher for them to interact in the game,
t hey would pass the ball without doing an

Another challenge was getting out of the technical approach and engaging skélfakstudents

in a more gamdased approach:
ATo move away from the technicist approa
understanding, putting the more skillful students helping those who have more difficulties
was a greafBrian)hal | engeo.

Strategies

The strategies used were multiple and of a different nature. The game format, rules of the game,
action boundaries, and abilibased group strategy were recognized by all the PSTs as essential
instructional tools to encourage participationasd skillful students into game play. The use of
tailored balls (such as tli&oalcha ball$ was also recognized as a successful strategy that allowed
the less skillful students to achieve the goals of the proposed activities.
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The Game formatsuch as offesive numerical advantage with few players, provides more space
time and opportunity to make decisions and to act with confidence. This strategy, and because of
Covid-19, game forms based on offensive numerical advantage were mostly used, which was
createdby using an extra attacker that could play for both teams or instructing the goalkeeper to
act as a court player in the attacking phase. While Mark and John reported to have used the same
game form during the whole unit, the other two had the opporttmitytroduce more advanced

game formats. Brian mentioned:

Al tried that the game format not change
added was to give more autonomy to the students, so that they could decide to play with

or without the pivot. o

The modified scoring rulethe same player is not allowed to score twice in a row and the first
match goal of each player counts for two or three points- @wthreepoint shot), was perceived
as useful to provide less skilled students with shooting riypities, but it seems not to solve the
lack of shooting skillper si.
A T h egoal2shot didn't work very well because they continued to have difficulty in
finishing, and, even so, they tried (...). The strategy of the same player not shooting twice
in arow, in this case, worked very well and made the game more balanced, and we saw a
team playing and@etggot an individual 0.
Theaction boundariesuch as to constrain the bouncing usage and that everyone must touch the
ball before finishing, were seen as effective strategies to boost a more cooperating game, leading
to more intefpassing actions.
A (é) there were t i messthetalktmeverybne before finmlang;d a t
the same student could not finish 2 times in a row; thebon@ce rule also helped ball
circulation, that is, rules that made participation for all, which was for those with less
ability not to stay close to thgoal area line without ever receiving a bdPeter)
The ball must go to everyone before a goal attempt takes place. You guys, now, must pass
the ball from one side of the attack to
circulation twice.(Brian)

Peter adds that, to challenge the best players and, at the same time, regulating the game, those
players could only pass and shoot with the-dominant hand.

The ability-based group strategyas used for two of the PSTs while the others used the Sports

Educational Model, with the class divided into teams with a heterogeneous composition, but

balanced, and being instructed to work together to prepare for theledsrcompetition.

Mark mentioned that he felt useful in trying different strategies or solutions to support inclusion

and to adapt the process depending on the daily observations. So, he considersathlitythe

based group approach allows for different learning needs and tasksylkegn using a similar task

in different performance level groups that allows the adjustment of the opposition, and to easily

i ntroduce rul es, actions constraints or var.i
To create rules, stimuli or veants so that students could all be in the same activity or
working in groups and, within these groups, they might have identical or different levels of
performance, depending on the activity. And it was these things that made the most
impression on méBrian)
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During the same task, sometimes, the groups were working on different things because the
difficulties are different. | used an g@oing adaptation process and always tried to have
varied strategies in the class, that is, the two groups were separatedebuif necessary,

in the next task, they were all mixed (Mark)

Brien sees advantages in changing the composition of the groups during the classes, and
explained how he managed different groupsd n
Al al so grouwpsnsg thal they didn't get used to a certain type of-adton

and to have the greatest possible experience, so to speak, so that they don't always have
the same teammates/opponents, so that they don't always have the same opponents, so

thattheyda' t become fully comfortable. o

Also, Brien explained how we manage different group needs and gave an example of an action
rule used to promote more teamwork:
AA very competitive student who didn''t I
excited but he managed to understand the reasons for those modified rules (for inclusion)
and started to help teammates to overcome their difficulties, leading them to start having
more balls, to trust more and, Il think, e

Regarding the #&ibuted roles to students during the classes, all PSTs mentioned having often
involved the students in refereeing tasks and only Peter used other roles.
A(é) different rol éwhatowachked el gPeter)ewa s ap

And Brian addghat during matches:
AWhen there were players waiting for thei
working tasks, such as dribbling. o

Concerning referees, all the PSTs identified student difficulties in assuming this role:
Al noticed that some students had difficu
foul, but were afraid to say it or not say it out loud and the others continued the game

and didn't want to knowWomhat the referee

Only Brian hadhe opportunity to use thailored/soft handball§Goalcha ballssize 0) during a

short handball unit with a class off1grade (20 girls and 8 boys). About half of the students
presented a | ow | evel of game skills and phy
have several advantages, namely: enhance teamwork based on ball exchange, improve game flow,
with fewer game interruptions caused by missed pass receptions, empower less skillful players
(and girls) to more active and effective participation in game actions and provide more protection
to the goalkeepers, as, when a ball hits he/her, it doesn't huthekrmuge advantage is that this

type of ball promotes cooperation because it discourages dribbling.

A(ée) it is an advantage because it inhibi
feel the need to pass the ball, discover a safer passingdaddp free themselves to
support the ball carrier, thus giving gre

This type of ball also seems to improve pass reception success, helping to develop confidence
between the passer and the receiver. As Brian noticed:
A( Apdtd ki ng about the girls, they can catc
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As a disadvantage, Brian mentioned that a bounce pass is more difficult to perform, particularly
when passing to the pivot.

Student learning

The PSTs noticed that, when studamigerstood what the goal of the tasks is, they became more
involved and were more successful.
AWhen they realized why, or for what, or
then, their inv@Brlanyement was betterfi.

The transition from numeritauperiority to numerical equality was considered successful in
Peterdos cl ass:

AThat's why one of the goals was to reach
because | think they [the students] managed to play in numerical superioritgwaility
and with the principles that were propose

All the PSTs identified improvements in team dynamics and interactions between students
during the competition.

Aln the | ast games (é), it was retwwar kabl vy
itself evolved, there were also some more negative behaviour in the competition, which
happened in the first classes and were resolved over time; that is, another objective was

to try to mediate, control the behaviour of students in competition ek, at the end,

that was achieved; the | ast cdReterpti ti ons

The value of the teaching experience for the preservice teachers

Despite the pandemic situation, all the PSTs reported that their hatedichling experience was

very positive.
Al n general, I think it wePeterywell , despit
Al liked it, | liked it a lot. | think it
| stuck to a ve@Bganbasic form of play. o

The theorypractice relationship was highlighted by the PSTs as a significant learning experience.
"(...) in general, it was good to teach handball because | was able to gain more
knowledge and what | had already learned in the handball didactics aatbeuf| t y ( é)
was able to understand what wor @serland wha

The construction of the didactic unit in a follayp process was quite valued by Peter.

A |l i ked the structure of t iyeitwdsivenaeadyi ¢ u
to acknowledge: what is the objective in today's class? What are the exercises? Is there
any role to be applied to the students?o0,
way (. ..)0

On the other hand, Brian says thatstekperience made him see the teaching of handball in a
different way:
AThe balance is extremely positive becaus
di fferent way; second, I emphasized thing
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Final Remarks

The main purpose of this study has been to contribute to the discussion about how to address the
different learning needs of students with distinct handball game skills and performance levels, by
analyzing PSTsO6 per cept iraegiss ardbvioethér it Hadhtiee intendede d
impact on student learning and inclusion. Despite the contextual class differences anti9Covid

l i mitations, the PSTsoO6 discourses allowed th
able to relate theagnebased approach and key instructional strategies taught at the university
with real practice. The findings pointed the effectiveness of the main key instructional strategies
for inclusion; however, the reported difficulties and challenges also raisedettd for more
supported practice experiences regarding the ways to answer diverse game problems and skills
that students need to learn by improving their participation in the game actions.

Further insight and research are needed to investigate teagprmaches and key instructional
strategies allowing for the creation of a more intimate, meaningful game play environment for all,
especially for lowskilled students.
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HANDBALL COACH TRAINING STRESS RESPONSES: A PRELIMINARY STUDY

Ni kol al Zowm Nikolovékt, VI adi milr Pavlinovil
Faculty of Kinesiology, University of SpliCroatia

Summary

The study revealed several important findings; 1) handball training similarly influenced
AA and HR dynamic$ raising throughout the training and decreasing after, 2) Cortisol levels
significantly decreased throughout ttraining, 3) results of all measured markers returned to
normal values 90 minutes after training finished, 4) average results and standard deviations of
STAl indicate a similar level of stress during different training sessions and relatively low anxiety
level during the training session. Results of this study confirmed the expected stressful character
of the handball coach job during training.

Keywords: cortisol, alphaamylase, biomarkers, heart rate, anxiety

I ntroduction

Coaches must playultiple roles and endure the technical, physical, organizational, and
psychological challenges in their jobs. There is no doubt about the stressful nature of sports
coaching (Fletcher & Scott, 2010) . Co #teanh e s 0
judged by the success of their athletes (Gould et al., 2002), especially during training sessions that
represent significantly the largest part of coaching work. Often coaches encounter a large amount
of stress that is the product of different expeotes from different sides that deepened on coaching
success; fans, athletes, parents, media, team management, etc. (Olusoga et al., 2009). In team
sports games stress is even more enhanced cause of numerous social interactions that appea
between team mdmers, players and coaching staff.

To endure stressful surroundings, and find effective strategies for dealing with them, it is
important to monitor the level of stress that the coach experience during the training and the
competition. The majority of stigks that dealt with this issue used interviews or questionnaires as
the main tool (Olusoga et al., 2009; Rumbold et al., 2018). This approach is adequate for measuring
general but not sufficient for measuring actual stress that is occurring just befang, ad
immediately after the training or competition.

Several studies reported that various types of psychological stress activate the
hypothalamuspituitary-adrenocortical system (HPA) and consequently induce substantial
increases in salivary cortisigvels (Takai et al., 2004). Alpkemylase is a major salivary enzyme
and is secreted from salivary glands in response to sympathetic stimuli (White & Averner, 2001).
Levels of salivary cortisol and salivary alphaylase have been used as stress biomsa(Rai et
al., 2011). Because these biomarkers can be sampled noninvasively and fast they are an acceptable
tool for measuring acute stress of sports coaches.
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Handball is one of those team sports games in which coaches endure significant stress.
Contactnature of the game, a large number of matches and players that interact with the coach
multiply stressful situations for handball coach. Thus, the main goal of this study was the
determination of handball coach psychophysiological responses to trainiolgtdiging; stress
biomarkers (salivary C and AA), heart rate dynamics and anxiety inventory (STAI). Specifically,
to compare physiological and psychological data before, during and after training stress appear.

M ethods

In the study participated just onefessional handball coach, age 37. Participation in this
study was voluntary. stress was monitored before, during and after 5 handball training sessions.
To establish normal circadian rhythm values of stress biomarkers (C and AA) coach spent 1 day
fastingwithout any physical activity in his apartment. During this day from 9:00 am till 9:30 pm
10 samples of his saliva was taken. In the second part of the study, stress markers were monitored
before, during and after handball training. All 5 training sessiggre held in the same hall (QHA
sports hall) for 7 days. The training schedule varied between 4:30 pm and 8:30 pm. Training stress
was measured with salivary cortisol (C) and atphg/lase (AA) concentrations, heart rate (HR)
and with Statelrait Anxiety Inventory.

Saliva samples were collected in 5 time points 20 minutes before the training, at the middle
of the training, directly after the training, 45 and 90 minutes after the training. Coach avoid eating
a major meal 60 minutes before sample collectiinsed his mouth thoroughly with water 10
minutes before each sample was collected. For this purpose, SalivaBio Oral S&as
(Salimetrics LLC, State College, PA, USA) were used, placing them underneath the tongue on the
floor of the mouth for 2 mirtes. After collection, swabs were placed into a storage tube and were
refrigerated immediately. Within 2 hours following sampling, samples were frozen at-26t@v
until centrifugation. On the day of analysis, samples were thawed completely and cedtafug
1500 x g (3000 rpm) for 15 minutes. After centrifugation, assays were performed. Saliva cortisol
and alphaamylase were analysed with a commercially available entyrked immunosorbent
assay (ELISA) purchased from Salimetrics LLC (State College|/5R) on a microplate reader
(Infinite 200PRO, Tecan, Mannendorf, Switzerland). All samples were analysed in the same batch
to avoid interassay variability.

Heart rate was measured by a heart rate monitor that the coach wore 4 hours: 30 minutes
before ad 90 minutes after the training (Polar M430, Finland).

Coach emotional state was measured with the-Staie Anxiety Inventory (STAI) which
he filled directly after training finished. STAI is an instrument that quantifies state anxiety and
includes 20 gestions that indicated how the participant felt at the moment he was filling the
inventory. These questions are answered based eh scdle, with the focused areas including
worry, tension, apprehension, and nervousness. The result is presented ras(8setberger,

2010).

Statistical analysis included calculation of descriptive statistic parameters while normality
was tested using the Kolmogoi@mirnov test procedure.-fBst was calculated to evidence
differences between levels of salivary biomaskand heart rate. The software Statistica ver. 13.0
(Dell Inc, USA) was used for all analyses.
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Results and Discussions

Table 1.Results of descriptive statistics

Variable N Mean SD MIN MAX Max D KSp
HR 1 5 75.24 71.83 80.25 3.99 0.31 p>0.20
HR 2 5 90.86 81.62 104.45 8.89 0.20 p>0.20
HR 3 5 91.02 85.79 96.85 5.00 0.24 p>0.20
HR 4 5 75.84 72.41 79.77 2.94 0.17 p>0.20
HR 5 5 67.22 62.08 70.38 3.25 0.26 p>0.20

C1l 5 0.18 0.16 0.22 0.02 0.21 p>0.20
C2 5 0.15 0.12 0.17 0.02 0.22 p>0.20
C3 5 0.11 0.09 0.14 0.02 0.24 p>0.20
C4 5 0.13 0.09 0.16 0.03 0.21 p>0.20
C5 5 0.10 0.01 0.22 0.07 0.23 p>0.20
AA 1 5 39.52 25.21 47.82 8.72 0.29 p>0.20
AA 2 5 55.45 29.37 65.68 14.99 0.36 p>0.20
AA 3 5 56.21 44,92 68.19 10.51 0.24 p>0.20
AA 4 5 47.53 38.24 56.58 7.19 0.21 p>0.20
AA5 5 26.99 23.06 32.23 3.60 0.18 p>0.20
STAI 5 28.8 2.28 27 33 0.23 p>0.20

Legend: HR-heart rateC-cortisol. AA-alpha amylasel-before training2-in the middle of the
training. 3-imedietly after the trainingd-45 minutes after the training-90 minutes after the

training

Table 1 shows the results of descriptive statistics. Although the sample consisted of only 5
cases all vaables showed normal result distribution and were suitable for parametric statistical
analysis. Figure 1 is presenting the stress markers dynamic that coach endured through the handball
training sessions. These dynamics are more precisely described i {Edde 2 shows the results
of differences betweenttime points of measurement. Heart rate (HR) rose from the beginning till
the end of the training. It never exceeded 92 beats per minute. 45 minutes after the training it came
to pretraining values whé 90 minutes after the training it came to the normal level (67.22 beats
per minute). HR values were significantly different before, in the middle and directly after the
training. This points to the relatively low physical activity of the coach duringdimeng session
and HR as a more reliable indicator of coach physical rather than psychological stress. Although,
HR is sometimes considered to be connected with negative emotions and stress (Behnke & Carlile,
1971; Dishman et al., 2000), as, inour gtyd mo s t
indicators of stress (Fletcher & Scott, 2010; Olusoga et al., 2009). Cortisol (C) values were the
same before the training as on baseline testing in the same hour (0.18 vs. 0.18). The C level
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significantly decreased at the middle of the training (0.15) and after the training (0.11). In baseline
testing, the C level was also gradually decreased from 0.23 in 16.00 hours to 0.11 in 21.15. As the
training was conducted at the same time, we can conclud€ thas more under the influence of
circadian rhythm than the training stress. Results like this are familiar in recent literature.

Table 2. Differences between time points calculated witbst for independent samples

HR differences p C differences p AA differences p

HR 1vs. HR 2 0.01* Clvs.C2 |0.05* AA 1lvs. AA2 0.07
HR 1vs. HR 3 0.00* Clvs.C3 | 0.00* AAlvs. AA3 0.03*
HR 1vs. HR 4 0.79 Clvs.C4 |0.02* AAlvs. AA4 0.15
HR 1vs. HR 5 0.01* Clvs.C5 0.06 AA1lvs. AAS5 0.02*
HR 2 vs. HR 3 0.97 C2vs.C3 |0.02* AA 2vs. AA3 0.93
HR 2vs. HR 4 0.01* C2vs.CH4 0.23 AA2vs. AA4 0.32
HR 2vs. HR 5 0.00* C2vs.C5 0.22 AA 2vs. AAS5 0.00*
HR 3vs. HR 4 0.00* C3vs.C4 0.37 AA3vs. AA4 0.17
HR 3vs. HR 5 0.00* C3vs.C5H 0.81 AA 3vs. AAS5 0.00*
HR 4vs. HR 5 0.00* C4vs.C5 0.51 AA 4vs. AAS 0.00*

Legend: HR-heart rateC-cortisol. AA-alpha amylasel-before training2-in the middle of the
training. 3-imedietly after the trainingd-45 minutes after the trainind-90 minutes after the
training, *statistically significant difference

In the study of Venkataraman et al. (2007) authors concluded that C secretion shows a
diurnal thythm with the highest concentrations in the early morning upon awakening and
decreasing concentrations over the day (Venkataraman et al., 2007). It can be stated that in our
study, C is not a relevant indi chetranngathe t he
level of psychological stress is not strong enough to provoke C secretion. Confirmations of the last
opinions are the relatively low scores on STAI. That also describes general stress during a training
session as not strong enough. Oa dther side, coaches could be well adapted to training stress
and used stress management training. This type of training and adaptation may prove useful in
preventing detrimental effects of stresduced neuroendocrine activation and this way postpone
C secretion (Gaab et al., 2003).

Figure 1. Coach stress marker dynamics before. during and after the handball training
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Alpha-amylase (AA) show a nesignificant increase from beginning till the middle of the
training but a significant increase at #ad of the training session.

AA dynamics curve presented in figure 1. has almost the same trend as the HR. However,
AA levels before, during and after the training sessions were almost 2 times bigger than in the
baseline measurement at the same hourboAgh AA should exhibit a stable circadian pattern
that mirrors that of salivary C, it was not the case in our study (Rohleder et al., 2004). In our study,
baseline values of AA gradually increased and stayed on that level from 16,00 till 19,45 hours. On
the other hand, C started decrement in secretion in 16,00 hours. According to Rohleder et al.
(2004), as salivary alpkamylase may serve as an e&syse index for sympathoadrenal
medullary system activity, it is more likely that AA was the most sengitimed i cat or of t
psychological stress during the training sessions.

Conclusion

Current coaching is a stressful job and information about this area can help coaches to cope
with this issue. Handball is a team sport game in which its dynamics, huge number of players, a
huge number of social interactions, media, expectations and m@eskynositive result and
achievement could cause important stress load on the coach. It is a presumption that major of these
stresses happen during the handball match. A
job is done o0 rearthedaitraining spssions. &Résulte showettgat handball training
similarly influenced AA and HR dynamid@sraising throughout the training and decreasing after.
Cortisol levels significantly decreased throughout and after the training which was coniicted w
a) low level of training physical stress, b) low scores on STAI and, c) C circadian rhythm: Alpha
amyl ase shows to be the most sensitive indic
training session. Average results and standard densatibSTAI indicate a similar level of stress
during different training sessions and relatively low anxiety level during the training session. This
study has one major limitation; it was conducted on only one professional handball coach during
one week oftraining. Future studies should be conducted on a larger number of coaches and
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involve also match stress measurements. Nevertheless, data obtained in this study directs towards
the stressful character of the handball coach profession and could help haodbhEes in
developing personal training and match stress coping strategies.

nikolaforetic@gmail.com
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ANALYSIS OF THE GAMING EFFICIENCY OF A HANDBALL TEAM BASED ON
INTEGRAL INDICATORS

Gillard Marina, Kruglichenko Arina
Russian state university of physical education,
sport, youth and tourisg8COLIPE),Moscow, Russia

Summary

The analysis of the competitive activity of athletes is iaportant part of the
comprehensive pedagogical control and allows: expand the amount of information about gaming
activities of athletes; to identify the causal relationships that affect the result of the match; to
develop model characteristics of the effee game of the team and handball players of various
roles; to determine the development trends of the handball and the technical and tactical
peculiarities of the game of each team; to get data on the strengths and weaknesses of the
preparedness of eaphayer in the team; to carry out the correction of the training process of the
team, taking into account the analysis of the game efficiency.

Key words: handball team, gaming efficiency, integral indicators,

Introduction.

To evaluate theeffectiveness of the playing efficiency of handball players, various
methods of quantitative and qualitative grade of playing indicators are used. To evaluate the quality
of the game of a whole team and each handball player in match, the effectivenssctdhs in
attack and defense is most often used. In this case, various criteria and methods of evaluation are
used, expressed in different units of measurement. In this case, the coefficient of game efficiency
can become an integral indicator of evéilbathe quality of handball players' game.

To evaluate the contribution of the playing role to the overall team result, the individual
effective and erroneous actions of each of the female handball players analyzed, which made it
possible to further caltate the group coefficients of the players' playing efficiency by role.

Methods.

Analysis of the official protocols of the competitions of the Russian woman national team
at the 2019 World Championship in Japan, analysis of the video recordingsdtttiess of the
Russian national team, analysis of the verbatim records of the games of handball specialists. The
integral coefficient of efficiency was calculated as the difference in the sum of positive and
reflective actions in relation to their totalmber.

Research results.

At the group stage, the women's national team of Russia won 5 matches, taking 1st place
in the group with 10 points, scoring 158 goals into the gates of the opposing teams and conceding
in their 91. At the group stage, the Rusdeam showed the best difference between goals scored
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and conceded67, which characterizes the quality of the game both in attack and defense. At the
next stage, 3 victories over the national teams of Spain, Montenegro and Romania allowed the
team to redt the semifinals of the World Championship, allowing them to fight for the highest
dignity medals. At this stage of the main round, the Russian national team scored 98 goals and
conceded 72. The difference between goals scored and conceded was 26,\aggith@dest

result in the second subgroup.

In the semifinal match with the Netherlands national team, the Russian national team was
defeated with a difference of 1 goal, leaving the possibility of getting into third place. Thus, the
national team won 9ub of 10 matches, having suffered only 1 defeat.

In order to understand the reason for the loss of the match with the Netherlands national
team, it is necessary to conduct a comparative analysis of the effectiveness of the game of these
teams- both duringthe entire tournament and in the meeting between them.

The analysis of the dynamics of the efficiency factor of the team's game as a whole in 10
games of the World Championship (Fig. 1) makes it possible to single out 2 peaks of its highest
efficiency, peiods of rise and fall in 3 stages of the tournamemtdecrease in the overall team
indicator from the 3rd to the 5th game, from 7th to 8th and 9th. In the match against the Netherlands
national team, this indicator was the lowest throughout the tountaand amounted to 0.1.

To assess the contribution of playing roles to the overall team result, the individual effective
and erroneous actions of each of the team's handball players were analyzed, which made it possible
to further calculate the group caefénts of the playing efficiency of the players of the national
team by role.
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Figure 1- Dynamics of the efficiency factor of the team's game as a whole in 10 games of
the World Championship

The analysis of the dynamics of the playing efficiency otlbali players of different roles
for the tournament (Fig.2) as a whole showed that, on average, thevingilayers demonstrated
the highest quality game (efficiency coefficien0.5), point guards took the second place in
efficiency (efficiency coeffiient- 0.4). All other playing roles in this tournament showed the same
effectiveness of the game at the level of 0.3. The obtained indicators allow us to speak about a
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fairly stable game of handball players of all playing reléee coefficient of gamiy efficiency is
not less than 0.3.

GAME EFFICIENCY OF THE RUSSIAN TEAM PLAYERS

0,6
0,5
0,4
0,3

0,1 —

left wings Left back  Centre back Pivots Right back Right wings
players players

Figure 2- Game efficiency of the Russian female players by pling position

The World Championship, due to the specifics of the competition formula, is distinguished
by a large number of matches for teams that made it to the semifinals; an important characteristic
of the quality of the game is the stability of the demonstrateddtais. As can be seen from the
data in Table 1, only the righting players showed more stable game performance. In doing so,
they made a greater contribution to winning the last match in the tournament for the bronze medals.
The left wing players in thiast two matches showed a negative balance of effective and ineffective
actions, the left backs and centre back players made many mistakes in the 6th match with the
Romanian national team, and the right backsthe 5th match with the Swedish natioredrm.
The pivots in the last two matches showed a zero balance of the effectiveness of game actions, as
well as in the 2nd and 5th games they demonstrated the lowest absolute indicator of game
efficiency.

Table 1- Dynamics of the indicator of the gamindieiency of players of different positions

Player The number of the match of the women's national team of Russia on WCI

positions 1 2 3 4 5 6 7 8 9 10
Left wings 02| 08 | 04| 05 0,4 1 0,2 0,4 -0,4 -0,6
Leftback 1 6,1 05 | 01| 05 | 02 | 01| 08| 02 | 02 | 03
players
Centre back| 0,3 0,5 1 0,2 0,6 -0,8 0,9 1 0 0,2
Pivots 05| 01 | 06| 0,3 0,1 0,4 0,4 0,5 0 0
Rightback | 31 66 | 06| 03 | 03| 07 | 02 | 01 | 02 | 04
players
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Rightwings | O 1 04| 0,7 0,7 0 0,5 0,5 0,5 1

Comparison of the overall teaovefficient of gaming efficiency of the Russian national
team and the winner of the 2019 World Championship, the Netherlands national team allows us to
state the following.
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Figure 3- somparativedynamics of the integral indicator of teams' gaming efficiency

In general, the nature of the dynamics of the coefficient of gaming efficiency of the two
teams has a similar trend, but with a different number of allocated peaks. The Russian national
team ad the Netherlands national team at the end of the group stage and at the end of the main
round had the same overall team coefficient of playing efficiency. Until the 8th match, the Russian
national team in 6 matches showed a higher efficiency of ganmmscti

In the match between the two national teams, both teams showed an equally low overall
team coefficient of gaming efficieney0.1. At the same time, the effectiveness of attacks by the
Netherlands national team (57%) was only 3% higher than thag 8futksian national team (54%).

The performance indicators of the game of the goalkeepers of the Russian national team
(25%) were 3% higher than those of the Netherlands national team (22%).

Further comparative analysis of the attacking actions of the teams showed that in a fast
break attacks, the national team players showed absolutely identical performance indicators.

The coefficient of playing efficiency of players of different roles of hational teams has
a similar trend, but with a different number of allocated peaks (Tab. 2).

Table 2- Gaming efficiency of players different positions in tournament (WCh 2019)

Number of matchs of 2 teams in tournament

Teams 1 2 3 4 5 6 7 8 9 10
Gaming efficiency of left wings

Russia 0,2 08 | 04| 05 | 04 1 02| 04 | -04 -0,6

Netherlandg 0,7 02 08| O -0,2 0 0 05 | -0,2 0,5

Gaming efficiency of left back players
Russia 04 | 05[01[ 05| 02[-01]08[02] 02| 03
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Netherlandd 04 | 0 [05| 0 | 04| 01]04] 06| 05 | -01
Gaming efficiency of centre back players

Russia 0,25 0,5 1 |017| 057|-0,75/0,88| 1 0 0,2

Netherlands -0,5 08 01| 06 | 0,2 0 06| 0,2 0,1 0,2

Gaming efficiency of pivots

Russia 0,5 o106 03| 01| 04]|04]| 05 0 0

Netherlandg 0,1 -01/05| 02|01 |02]| O 0,1 0 0,2
Gaming efficiency of right back players

Russia 0,3 o6 06| 03| -03]07]02]| 01 0,2 0,4

Netherlands O 02 03| 02| 02 ]-01]|-0,2| 05 0 0,1
Gaming efficiency of right wing players

Russia 0 1 04| 0,7 | 0,7 0 05| 0,5 0,5 1

Netherlands 1 0,3 | 0,7 0 1 03]-03| O 0,5 1

Discussion

On the example of analyzing the qualitative indicators of the game of the Russian women's
national team at the 2019 World Cup, one can see one example of the analytical work of the
coaching team. The data obtained made it possible to identify problemrapéagng positions
during a long tournament. Comparative analysis of these integral indicators with the quality of the
opposing team's game allows us to draw conclusions about the level of readiness of the team as a
whole and individual playing roles bandball players. In this championship, the right back players
showed the best stability in tournament.

Conclusions

When assessing the gaming efficiency of each player in a team, it is important to take into
account not only the absolute indicatorstlod quality of play, but also their stability during a
tournament or a series of matches. Integral coefficients allow assessing the success of each
handball player's game without taking into account the time spent on the playing court. It is known
that thee are athletes performing exclusively the functions of defenders, or taking free throws,
entering the court at the most critical game moments for the team. Therefore, taking into account
the ratio of positive (effective) and negative (ineffective) actadisandball players in each match
allows us to assess their playing reliability and stability. This, in turn, allows us to formulate
objective criteria for the selection of players for the team.

dodorsahar2@mail.ru
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PORTUGUESE HANDBALL DURING COVID -19 PANDEMIC: IMPACT ON
DROPOUT RATES AMONG COACHES, CLUB MANAGERS AND REFEREES

Luis Gonzag& “& Pedro Sequeira: 234
'European Handball Federation, Vienna, Ausfiisfe Quality Research Centre (LQRC

CIEQV), Santarém, Portug&Portuguese Handball Federation, Lisbon, Portd@mort
Sciences School of Rio Maior (ESDRM), Rio Maior, Portugal

Summary: In Portuguese handb ecosystem, the organization of training and competitions for
youngsters and adults is fundamentally based on associative life and on almost voluntary human
resources. One and a half year later the declared @8vmhndemic, we returned to a possible
normality with those left behind of the prolonged pandemic vacuum. The aim of this study is to
analyse the dropout rates among handball coaches, club managers and referees during pandemic.

Keywords: covid-19, handball, coaches, club managers, referees

Introduction

In March 2020, the World Health Organization (WHO) declared the C®¥idlobal pandemic

and the world stopped their everyday life to comply with the-atdapme order and thus try to

help prevent the spread of the disease. Unfortunately the entire epmsystem stopped as well.

Al l over the worl d, players, coaches, club n
conditions.

The analysis of Covid's true impact on sport has drawn a lot of ink and many authors have written
on the subject (e.gBieseet al.,2021;Elliott et al.,2021;Grix et al, 2021).

Last summer (2021, last ®Qune), on aEHF Club / Federation Management Seminar about
handball and the Cowil9 pandemic, Stefan Walzel identify four kind of impacts on sport: impacts

on sport and physical activity, impacts on sport clubs, impacts on sport sponsorship, and impacts
of sport onsustainability, trying to show the extent and limits of the impacts of the pandemic in
the sports subsector.

The great amplitude of these impacts and the transversal nature of the possible approaches give us
the idea of a health crisis with priority overeeything else.

Considering that, in Portuguese handball, regional federations and local sports clubs play an
important role in organizing and carrying out training and competitions for youngsters and adults,
the entire structure, fundamentally based osoeaistive life and on almost voluntary human
resources, received this impact in a particularly brutal way.

Following the guidelines and prescriptions issued by the GeDaedtorate of HealtliDirecao

Geral da Saudé DGS of Portugal (14/2020, 30/202Mé 36/2020), to the entire sports sector
was asked to make an adjustment effort and the proper resilience to sustain the mitigation of covid
19. Among the clarifications published by the Health and Performance Unit of the Portuguese
Handball FederatioiFederacdo de Andebol de PortugalFAP), on September,'82020, we
could read: ACompet i tcontaot frainmg i€ allawedt wittad distaneesod 0 |,
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3 meters between athleteso and AThe shzamri ng
more hygiene rules to be followed.

And when everyone tried to savor the new concessions, again, six months later, Portugal had
another lockdown and only after that young handball players were finally able to play handball
with no restrictions (only witout spectators in the stands).

All the sports agents made their share of effort to maintain the motivation to adjust, inform,
reorganize, carry out... Finally, one and a half year later, we returned to a possible northality
Anew nor mal odanreseurdesleft byhtre prblanged pandemic vacuum.

The objective of this study is to analyse the dropout rates among handball coaches, club managers
and referees during pandemic.

Methods

In our study weuse the database of registered sporting agents of the Portuguese Handball
Federation (FAP) fola descriptive and interpretive analysi® obtain the dropout rates of
handball coaches, club managers and referees, we compared the records for the spsotirsg s

of 2018/2019 (before pandemic), 2019/2020 (during the pandemic with a mandatory confinement
period) and 2020/2021 (comprising a second mandatory confinement period). Sports agent role,
type of handball game, and geographic regions are considered.

Results and Discussion

Dropout Rates among Handball Coaches

As shown in Table 1, the global disruption in Handball Coaches is 22.92%, that is, 290 fewer
Coaches in 2020/21. In the same lapse of time, from 2018/19 to 2020/21, the loss of Coaches in
Handballof 7 was 18.64% (minus 195) and 46.26% in Beach Handball (minus 99) (in percentage
and absolute values).

Table 1
Handball Coaches registered in Portuguese Handball Federation Before and During Pandemic
Comparison 02020/21

2018/2019 2019/2020 2020/2021 with 2018/19
n %
Standard indoor
handball 1046 1087 851 (-)195 (-)18.64
Wheelchair handball 5 8 9 (+)4 (+)80.00
Beach handball 214 13 115 (-)99 (-)46.26
Total 1265 1108 975 (-)290 (-)22.92

To read this data, we have fteport to those of the players. With the dropout rates of players
(32.11%), the number of teams decreased and, with them, the need for coaches also decreased. Or
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the other hand, some coaches lost their jobs during the pandemic and the change in employment
or job schedules, prevented them from continuing as handball coaches.

The year 2012020 was catastrophic, in particular, for Beach Handball, with practically all
registrations and competition at zero. With the cancellation of the competition, clubsnable

to register any sports agent in this aspect. For the reasons explained above, only with the data from
the reopening, we will be able to analyse the loss.

In turn, Wheelchair Handball grew 80% in coaches (plus 4), from 5 to 9. There was an iimcrease
the number of wheelchair handball clubs, 8 to 11, so there was a need for more coaches.

As shown in Table 2, in geographical terms, Azores and Madeira Islands increased the number of
coaches, mainly the Azores Islands (two thirds more coaches). The issue of autonomous regions
in the management of the COUI® pandemic may explain it: thesea@omous islands were not
required to comply with DGS standards and health guidelines. Because they didn't stop as long as
on the mainland, the numbers of sports agents they had registered in recent years (before the
pandemic) were not as affected.

Table 2
Handball Coaches registered in Portuguese Handball Federation by Geographic Regions
Comparison of 2020/21 with 2018/19

2018/2019 2020/2021

n %
North 577 450 (-)127 (-)22.01
Centro 281 219 (-)62 (-)22.06
South 115 97 (-)18 (-)15.65
Azoreslslands 15 25 (+)10 (+)66.67
Madeira Island 58 60 (+)2 (+)3.45
FAP (Portuguese
HF) 0 0
Total 1046 851 (-)195 (-)18.64

Note: The data included in this table refer only to the standard indoor handball: the Handball of 7.
The mentioned geographic regions are the following: the North Region includes Aveiro, Braga,
Braganca, Guarda, Porto, Viana do Castelo, Vila Real, and Viseldriteo or Central Region
includes Castelo Branco, Leiria, Lisboa, Santarém, and Portalegre; the South includes Algarve,
Beja, Evora, Setubal; Azores Islands includes Faial, Graciosa, Santa Maria, S. Miguel, and
Terceira Island; and still Madeira IslanddaRAP (Portuguese Handball Federation).

Northern and central Portugal lost about 22% of their Coaéisese have stated before, reading
and understanding these data may require an exploratory approach to the reality of the employment
/ unemployment of # handball coaches themselves, which prevented them to continuing as such.

Particularizing, the inner central region (Castelo Branco and Portalegre) lost 50% of its handball
coaches (minus 11). The inner centre has higher dropout rates as they do nagianed
competitions and are very dependent on interregional competitions. These were the regional
federations that were practically without competition during the entire confinement and even
during the restrictions period.
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Dropout Rates among Club Magers

Table 3
Club Managers registered in Portuguese Handball Federation Before and During Pandemic
Comparison of 2020/21

2018/2019 2019/2020 2020/2021 with 2018/19
n %
Standard indoor
handball 2629 2555 1698 (1931 (-)35.41
Wheelchaithandball 17 10 17 0 0.00
Beach handball 155 13 128 ()27 (-)17.42
Total 2801 2578 1843 (-)958 (-)34.20

With regard taclub managers, the overall fall is 34.2%, that is, minus 958 club managers. Almost
all handball club managers are volunteers. Many of them are linked to clubs/teams as they have
their sons and daughters as practitioners. With the stop of activitieseanwith the resumption,

with lower numbers, there seems to be a relationship between the loss of practitioners and the loss
of club managers.

In the Wheelchair Handball, and despite the break in the first year of the C®/Handemic
(2019/20), in2020/21 the same number of club managers was recovered as in 2018/19 (i.e., 17).
Handball4all teams are mostly APDs, that is, they have their legal framework in Associations for
People with Disabilities. The managers of these teams are linked to the gxigefore they had
handball in a wheelchair. They are a different type of club manager, which may explain that there
was no great instability in terms of dropout rate.

Table 4
Club Managers registered in Portuguese Handball Federation by GeographicrRegio
Comparison of 2020/21 with 2018/19

2018/2019 2020/2021

n %
North 1437 897 (-)540 (-)37.58
Centro 655 404 (-)251 (-)38.32
South 261 155 (-)106 (-)40.61
Azores Islands 42 29 ()13 (-)30.95
Madeira Island 76 63 ()13 (H17.11
FAP (Portuguese 158 150 ()8 (1)5.06
HF)
Total 2629 1698 (-)931 (-)35.41

Note: The data included in this table refer only to the standard indoor handball: the Handball of 7.
The mentioned geographic regions are the following: the North Region includes Aveiro, Braga,
Braganca, Guarda, Porto, Viana do Castelo, Vila Real, and Viseldiiteo or Central Region
includes Castelo Branco, Leiria, Lisboa, Santarém, and Portalegre; the South includes Algarve,
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Beja, Evora, Setubal; Azores Islands includes Faial, Graciosa, Santa Maria, S. Miguel, and
Terceira Island; and still Madeira IslanddaRAP (Portuguese Handball Federation).

In geographical terms, the North, Centre, South and Azores lose between 30 to 40% of their sports
agents. These numbers are very similar to the players, with the exception of the Azores. One of
the explanations could be what was stated in the previous peinalmost all handball managers

are volunteers and many of them are linked to clubs/teams just because they have their students as
players.

Guarda lost all his club managers (100%; 18), Sao Miguel island, in the Azores (84.6%; minus
11), and Portaleg (83.3%, minus 20) also show significant los3&® regions less developed in
handball (such is the case of those mentioned above) have very rudimentary clubs / teams /
projects, some of which are still at an early stage. Club managers, therefotidl,iar@ ghase of
awareness and not in a stable affiliation.

Leiria loses 55.8% (minus 29) of its managers related to Beach Handball, constituting the most
significant loss of this summer modality.

Beach Handball, along with Wheelchair Handball, was 18@%ped during the pandemic. Most

clubs did not even register as a form of savings. The loss of club managers may be related to this
situation. It is interesting to see whether, with the resumption of beach handball in the summer of
2021, the effect was versed.

Dropout Rates among Handball Referees

The overall break is 39.8%, that is, 192 referees. With no competitions for months/dratas

to Underl18/19, including some adultgoups, the need for refereeing decreased dramatically.
There were referees who did not referee a game for over a year. It should be remembered that the
resumption of developmental age groups was carried out for many months without similar
authorization ér arbitration.

Table 5
Handball Referees registered in Portuguese Handball Federation Before and During Pandemic
Comparison of 2020/21

2018/2019 2019/2020 2020/2021 with 2018/19
n %
Standard indoor
handball 482 487 290 (-)192 (-)39.83
Wheelchair handball 0 0 0 0
Beach handball 0 0 0 0
Total 482 487 290 (-)192 (-)39.83

The absence of Beach Handball and Wheelchair Handball competitions during the pandemic also
reduced the chances of referees to referee, which was aredken for their lack of motivation
and demobilization.
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Table 6
Handball Referees registered in Portuguese Handball Federation by Geographic Regions
Comparison of 2020/21 with 2018/19

2018/2019 2020/2021

n %
North 220 131 (-)89 (-)40.45
Centro 109 87 (-)22 (-)20.18
South 85 37 (-)48 (-)56.47
Azores Islands 37 23 (-)14 (-)37.84
Madeira Island 31 12 ()19 (-)61.29
Total 482 290 (-)192 (-)39.83

Note: The data included in this table refer only to the standard indoor handball: the Handball of 7.
The mentioned geographic regions are the following: the North Region includes Aveiro, Braga,
Guarda, Porto, Viana do Castelo, Vila Real, and Viseu; The Centerdral Region includes
Castelo Branco, Coimbra, Leiria, Lisboa, Santarém, and Portalegre; the South includes Algarve,
Beja, and Setubal; Azores Islands includes Faial, Santa Maria, S. Miguel, and Terceira Island; and
still Madeira Island.

In geographiderms, Madeira Island and the South are the regions that lost the most in referees,
with 61.2% (minus 19) and 56.5% (minus 48), respectively. These are the regions where the
participation of adult teams in national competitions is low orexigtent, sohie probability of

the referees having been more than a year without refereeing was enormous.

If we consider only the Inner Center (Castelo Branco and Portalegre), they lost 77.3% of their
referees (less 17 out of 22, in 2018/19). The Algarve 168et6 (down 34). In these territories,
there is no adult team in thé" division, so the competition was residual or fexistent, so the
referees had no regional possibilities to referee without moving by appointment.

If it weren't Terceira Island, whicgrew by 1100% (from 1 to 12 referees), the Azores Islands
brutally loose referees in Faial (93.3%, less 14 out of 15) and in S&o Miguel (75%, minus 9 out of
12). The Azores have only one team in tfieliVision - Faial. On the other islands, like the tam

and south of the country, there were no regional competitions for over a year.

Finally, Coimbra has referees but does not organize competitive competitions. These take part in
regional competitions in Aveiro that did not take place.

In all regions, redrees do not live off refereeing. In regional competitions, they arbitrate practically
for pleasure and not for financial compensation, which is almost residual. The absence of
competition may have led many of them to look for other occupations. On #rehatid, several

were fired because of the economic crisis and had to find jobs that were not compatible with
refereeing (shift work, jobs (night and weekend jobs).

Conclusions

The findings suggest to the entire sporting ecosystem that there is adisisianaged. Rainbow
banners and the message of hope fAEverything
stopping the wave of sports agentsd exodus a
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As in any crisis, the challenge of resporglirecovering and thriving from pandemic is left in the
hands of the agents who remain in the sports subsector.

Here are some practical #@Acrisis management 0

1.
2.
3.

© N o O

Prevent and follow closely eventual conflicts in the sports environment;

Prevent conflict of interests between competitive sport and family or free time;

Rebuild and strengthen relationships between and with all the people who make up your
team / club;

Reluild and strengthen relationships with external partners (sports agents, journalists,
sponsors, and vendors);

How do you invite sporting agents back, but with added safety precautions?

How do you manage the risk to your sporting agents?

Get ready to potdially play without or with few fans for a while;

Consider the role of social platforms: how might you enhanceooiome digital
engagement between team and fans?

Use this crisis to evolve: seize the crisis as an opportunity and consider multiple aggroach
in this new world.

lgonzaga@esdrm.ipsantarem.pt

72


mailto:lgonzaga@esdrm.ipsantarem.pt

PORTUGUESE HANDBALL DURING COVID -19 PANDEMIC: IMPACT ON
DROPOUT RATES AMONG PLAYERS

Luis Gonzag& *& Pedro Sequeira: 234
'European Handball Federation, Vienna, Aust@uality of Life Research Center (CIEQV),

Santarém, PortugalPortuguese Handball Federation, Lisbon, Portd§gort Sciences School
of Rio Maior (ESDRM), Rio MaiorPortugal

Summary: The COVID19 pandemic had and still has a huge impact all around the world.
Unfortunatelythe sports ecosystem was one of the fields more affected. The objective of this study
is to analyse the dropout of handball players in Portugal during pandemic. For this purpose we use
the database of registered players of the Portuguese Handball Feqdmatia descriptive and
interpretive analysis.

Keywords: covid-19, pandemic, handball, dropout, handball players

Introduction

Despite the various systematic reviews that show the multiple psychological and social health
benefits associated witsports practice for children, adolescents and adults (e.g. Eime, Young,
Charity, & Payne, 2013) it is unusual see them walking away from sport, particularly in the teenage
years. By declaring COVIE19 a global pandemic and providing a global «¢sknmunicéion
outreach, WHO and national health authorities have given them new compelling and justified
reasons for doing so.

The COVID19 pandemic had and still has a huge impact all around the world. Unfortunately the
sports ecosystem was one of the fields nadiected. The analysis of Covid's true impact on sport
has drawn a lot of ink and many authors have written on the subject (e.getBaes2021;Elliott

et al.,2021;Grix et al, 2021).

Old memories woke up. It was the first time since World War 4k thrganized sport has a
lockdown and players have been unable to compete internationally (Pedersen et al., 2020).

In all events, meetings and competitions, elite and grassroots sports were closed and athletes
prevented from playing their favourite spoartugal and Portuguese handball were not left out
of these constraints and stops.

If, after a very short break, the performance athletes were able to return to normality as possible,
despite various restrictions (e.g.: not allowed audience), the yotsgatee unable to do so and
stopped practicing during the first six months. After that, in September 2020, they were finally
allowed to return and practice, but without contact, that is, without playing as a team.

Following the guidelines issued by ther@eatDirectorate of HealtliDirecdo-Geral da Saudé

DGS)of Portugal (14/2020, 30/2020 and 36/2020), and among the clarifications published by the
Health and Performance Unit of the Portuguese Handball Fede(B&drracédo de Andebol de
Portugali FAP), on September,82 020, we coul d read: ACompet i
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contact training is allowed, with a distance
ball bet ween athletes is allowed. 0

Again, six months later, Portugal haxother lockdown and only after that young handball players
were finally able to play handball with no restrictions (only without spectators in the stands).

The only cases of dropouts due to Celfiithat received the most visibility were participants in a
global sport megavent scheduled for 2020: the Tokyo 2020 Summer Olympics. It was world
news headline that, after postponing their Olympic dreams for more than a year after the original
start date (I0OC, 2020), at least 22 athletes were forced to givenupe Olympic Games,
hopelessly frustrating their dreams when they tested positive for the virus, among them the
Portuguese surfer Frederico Morais (Fagan, Close, & Martin, 2021). In handball, Portugal had
obtained the qualification for is first particijg@n and the entire nation anxiously waited to see the

5% place in Group B of our main national team.

The objective of this study is to analyse the dropout of handball players during the @OVID
pandemic.

Methods

In our study we use the database ofseged players of the Portuguese Handball Federation for a
descriptive and interpretive analysi®o measure the dropout of handball players, we compared
the records for the sporting seasons of 2018/2019 (before pandemic), 2019/2020 (during the
pandemic wih a mandatory confinement period) and 2020/2021 (comprising a second mandatory
confinement period). Age groups, gender and geographic regions are considered.

Results and Discussion

As shown in Table 1, in the 2018/2019 season(ueid-19) there were 13B6 registered handball
players. In the last season (2020/2021) only 13297 were registered.

Table 1
Handball Players Registered in Portuguese Handball Federation Before and During Pandemic
Comparison of 2020/21

2018/2019 2019/2020 2020/2021 with 2018/19
n %
Standard indoor
handball 17652 16648 12123 (-)5529 (-)31.32
Wheelchair handball 63 67 87 (+)24 (+)38.10
Beach handball 1871 56 1087 (-)784 (-)41.90
Total 19586 16771 13297 (-)6289 (-)32.11
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Data indicate that, during the pandemic and till the last season, around a third of the players have
been lost in two years: minus 11.19% in the first year and minus 32.11% last season, i.e., 6289
athletes. At the beginning of the season 2021/2022, coouhgf the pandemic, data are very
similar to 2020/2021, so it is necessary to understand, at the end of the present season, if the
numbers grow, stabilized or maintain the downward trend.

There was no Beach Handball Activity in the season 2019/2020 (Sug@®@) because of the
pandemic restrictions. This explains the very low number of registered players.

Comparing Registered Handball Players by Geographic Regions

As shown in Table 2, the North Region had a decrease of 33-3082(players). The Center
Region had a loss of 35.05%1522). In particular, the Central Coast Region had a loss of 32.06%
(-1287) while the Inner Center (Castelo Branco and Portalegre) lost 71-88%). (The South
Region had a loss of 27.34%90). The Azores Islands lost 2.87%3) and the Madeira Island

lost 21.56% {232). The players without club (but registered in the Federations) had a loss of
26.47% ¢90).

Table 2
Handball Players Registered in Portuguese Handball Federation by Geographic Regions
Comparison of 2020/21 with 2018/19

2018/2019 2020/2021

n %

North 9283 6201 (-)3082 (-)33.20
Centro 4342 2820 (-)1522 (-)35.05
South 2158 1568 (-)590 (-)27.34
Azores Islands 453 440 (-)13 (-)2.87
Madeira Island 1076 844 (-)232 (-)21.56
Eﬁ? (Portuguese 340 250 ()90 (1)26.47
Total 17652 12123 (-)5529 (-)31.32

Note: The data included in this table refer only to the standard indoor handball. The mentioned
geographic regions are the following: the North Region includes Aveiro, Braga, Braganca, Guarda,
Porto, Viana do Castelo, Vila Real, and Viseu; The Centro or Cddégibn includes Castelo
Branco, Leiria, Lisboa, Santarém, and Portalegre; the South includes Algarve, Beja, Evora,
Setubal; Azores Islands includes Faial, Graciosa, Santa Maria, S. Miguel, and Terceira Island; and
still Madeira and FAP (Portuguese Handlbadteration).

Beach and Wheelchair Handball are very asymmetrically distributed in the country. Beach
Handball is practiced only in Aveiro, Leiria, Lisbon, Setubal and Santarém; and Wheelchair
Handball in Algarve, Aveiro, Leiria, Porto and Setabal.

The dda seem to indicate that practitioners' losses had higher incidence in the North and the middle
of the country and lower in the South and Islands (Madeira and Azores). However, in global terms,
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the data are close for all regions except the Azores. Proti@lyumber of players being quite
low in the Azores may have influenced the result.

Comparing Registered Handball Players by Gender

More male athletes were lost (from 2018/19 to 2020/21) (in absolute values and percentages).

Table 3
Handball Players Registered in Portuguese Handball Federation by Gender
Comparison of 2020/21 with 2018/1¢

2018/2019 2020/2021
n %
Female 6366 4628 (-)1738 (-)27.30
Male 13220 8669 (-)4551 (-)34.43
Total 19586 13297 (-)6289 (-)32.11

There must be a variable of resilience of the female gender or the limited offer of sports for women
here that could explain this difference. Data tdusther developed in subsequent studies.

Comparing Registered Handball Players by Age Groups

In terms of age group, 14®ambiswere lost (78%).

At the youngest level, the long break, plus a resumption with many restrictions, could be the
explanation for this very large loss of players.

Table 4
Handball Players Registered in Portuguese Handball Federation by Age Groups
Comparison of 2020/21 with

2018/2019  2020/2021 2018/19
n %
Bambis(f & m)* 1910 416 (11494 ()78.22
Manitas(f & m) 178
Minis (f & m) 2508 1053 (-)1455 ** (50.92
i‘)‘blz & Subl13f & 3161 1689 (11472 (-)46.57
il)‘bm & Subl3f & 3790 2248 (1542 (-)40.69
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Subl6 & Subllf &

m) 2858 2595 (-)263 (-)9.20

2‘;“8 & Sublyr& 1667 1619 (-)48 (-)2.88

Senioreqf & m) 3010 3298 (+)288 (+)9.57

Veteranogf & m) 682 201 (-)481 (-)70.53

Total 19586 13297 (-)6289 (-)32.11
Note:

* f & m means female and male together.
** Comparing AMiniso (2@a26/2119) with AMIinis+M

In 2018/19 there were ridanitas If we combine them with th®linis, it's a drop out of 50.9%

(1455 fewer players). The previous poiBaMmbig and this one have a similar explanation: they

are the lowest age groups of handball initiation. \"éetalking between 4 and 10 years old. They

were the last allowed to restart practice but with many restrictions. In social terms, it was the most
protected generation and, often, because it was dependent on older generations (grandparents) tha
they weremore protected of the spread of the virus. It seems to us that these may be some of the
reasons for such a big dropout.

The dropout is reduced as the group ages grow.

In the intermediate age groups there is another maturity. It was possible to keepyé¢ne ipla
activity via videoconference, through individualized plans and other methodologies. When the
lockdown had lower restriction measures, physical activity in the outdoor was allowed, reasons
that may have helped to mitigate the loss.

Under18, Undefl9 and Adults are the levels where the number of players increased.

The possibility of young players to play in the upper age groups (the only ones who were allowed
to have practice and competition with no restrictionsnly spectators on the stands was$ no
allowed) gave the opportunity for this players to barely stop during the pandemic.

Also during the lockdown, the player with greater maturity continued to practice, even though
videoconference or autonomously. These are the players, between the ysuthedd@ve greater
future ambitions and because of this they probably knew the consequences of a long break.

Masters have a loss of 70.53% (less 481 athletes)

This age group of players, because of their age and some health issues, were at higher risk of
contracting Coviel9. On the other hand, most continue to play handball as a physical activity, so
the lock down may have provided these players with other alternatives in terms of physical activity.
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Conclusions

There is rarely a single reason why athletes fail to train and compete and it is the complexity of
the dropout frameworks that makes it so difficult to deal with. Thinking of the €®mhndemic
situation as the cause of these abandonment is simphstieveen more incautious is the version
that "everything will be all right" when the pandemic declaration is withdrawn.

Stopping the tide of the exodus of athletes is not easy. The findings suggest to the entire sports
ecosystem that there is a crisisrianage.

Here are some practical Acrisi s management o

- What will it take to find a new normal? Consider multiple approaches in this new world,
potentially starting with special and Il nnov
regional tournaments;

- How do you invite players back but with added safety precautions?
- How do you manage the risk to your players?

- Follow closely and rebuild players' relationships, between players and between them and other
sports agents, withithe team and in the club;

- Gamming and ESports have a significant rate of growth during the pandemic: what can we retain
from this information?

- Consider the role of social platforms: how might you enhanceooimme digital engagement
between playeror fans and teams?

lgonzaga@esdrm.ipsantarem.pt
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Summary

This study examined the physical fitness, anthropometry, and throwing ball velocity of normal
weight and overweight male team handball players. The results of this study indicate that %BF
seems to be important for predicting sprint and agility performancer lsliégmtion should be paid

to multifactorial parameters to further expand the investigation of-iatrd interrelationships
between physiological and anthropometric characteristics, including %BF and the performance of
handball players.

Keywords:physicd performance; handball players; anthropometrics; body fat; body mass index

I ntroduction

Team handball is a contact sport with brief epochs of-mggnsity movements, placing demands

on anaerobic and aerobic metabolism, and change of dir€btRjnBody composition parameters

and physical fitness are fundamental to succeed in handball [1,2]. During matches, rapid changes
of direction (COD) actions are consided among the activities most frequently performed [4].
Past handball, studies haveported anthropometric characteristics, body composition, and
maximal strength, muscle power, and throwing ball velocity constitute the determining factors for
com-petitive success in professional team handball][IFew studies have compared physical
characteristics and anthropometric charagstics in team handball players of different levels
and/or different playing positions{4]. Throwing ball velocity is a fundamental skill and handball
coaches and scientists concur the main determinants ofitigroall velocity are technique, timing

of movement in consecutive body segments, and strength and power of both the upper and lower
limbs [7,8]. Concerning anthropometric characteristics, team handballefdapave been
characterized by values of body ssaheight, body fat percentage (%BF) and body mass index
(BMI) [2,9]. Recent studies suggested anthropometric measents may be related to physical
fithess components in team sports7]1 For example, high body mass and %BF measurements
were relatedd poor muscle power in soccer [10], basketball [11], and handball [9,12,13] players.
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It seems that increased %BF presents different implications for running and jumping performances
among athletes and this must be considered by coaches and trainersnfeuethinere is a need

to clarify associations between factors such as %BF and fitness affecting performance in team
handball. Therefore, the aims of this study were a) to describe and compare the anthropometric
and physical performance stratifying basedBMI and b) to evaluate the association between
BMI and %BF with physical fitness and ball throwing velocity. We hypothesized that
anthropometry, sprinting, muscle power, jumping, and aerobic performance would be different be
tween normal weight and oveenght team handball players. In addition, we hypothesized that
%BF would be negatively associated with performance in sprinting, -jngypball throwing
velocity, and running tests, even after accounting for other basic anthropometric measures like
body heéght and mass.

M aterial and Methods
Subjects

Procedures were approved by the national university institutional review board (Approval
Number: QUIRB 1303EA/20) for human subjects and complied with requirements of the
Declaration of HelsinkiParticipants provided written informed consent after receiving a verbal
and a written explanation of the experimental design and its potential risks. Two groups were
devised based upon BMI agéjusted groups charderistics (normal weight; 18:85.0: age25.6

+ 5.8 years, body mass: 88.4 + 6.2 kg, height: 1.91 + 0.06 m, body fat 18.0 + 3.4%; overweight;
25.1-29.9: age: 25.3 £ 6.4 years, body mass: 97.8 £ 14.4 kg, height: 1.84 + 0.13 m, body fat 20.6
+ 5.4%).

Testing Schedule

Anthropometry

Body massrfiodel TBF 105; Tanita Corporation of America, Inc, Arlington Heights, IL, USA)

and height (Holtain stadiometer, Crosswell, Crymych, Pembsbke, United Kingdom, accuracy

of 1 mm) and were measured to the nearest 0.1 kg and 0.1 cm, respectively. Bidlovksed

as the ratio between body mass in kg and height in m squared. %BF was assessed with Harpenden
calipers (Baty International, Burgess Hill, Sussex, United Kingdom) to the nearest 0.1 mm.
Duplicate readings were taken at each site, and the avemyeecorded. If the two readings
differed by more than 2 mm, a third was taken, and the closest two were averaged. The sum of the
four skinfold measurements (biceps, triceps, subscapular, and suprailiac) was useddteasii

body fat according to theex and agespecific DurninWomersley equation [20].

Sprint Tests

The sprint times were measured by siAggam electronic photocells (Rate 2 SF, Microgate,
Bolzano, Italy) mounted to the floor and walls. The starting photocell was placed 20 eertlado
ground, while the § 10- and 15 m photocells were placed 100 cm above the ground.

Squat (SJ) and Counter Movement Jump (CMJ) Tests
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Participants followed a general waup preceding 2 min of jumping exercises. SJ and CMJ
heights were assessed usfdgtojump photoelectronic cells (Optojump Next, Microgate, Italy)
[21]. Jump heights were measured from contact and flight time of with an accuracy of 1/1000 s (1
kHz). The best of four jumps was recorded for each test, and a 30 s recovery interspérsed eac
trial.

The YeYo Intermittent Recovery Test Level 1-{wIR1)

The Yo Yo IR1 was conducted as described by Krustrup et al. [24]. Thebigtiaof the test has

been established with a coefficient of variation of 3.6% and araatass correlation QIC)
coefficient of 0.94 [24]. The test was terminated if participants failed twice to reach the front line
in time (objective criterion) and/or felt unable to complete another shuttle at the required speed
(subjective criterion). The total distance covene considered as the test score.

Medicine Ball Overhead Throw

Medicine ball throws were performed using a 3 kg rubber medicine ball with a diameter of 21.5
cm (Tigar, Pirot, Serbia). Subjects began with a familiarization session. A brief descriptien of t
optimal technigue was given, suggesting a release angle to achieve a maxirtameale throw

[23]. Criteria for an acceptable test were recording of the better of two definitive trials. The
distance was recorded to the nearest 1 cm.

T-half test for bangeof-direction (COD) ability

A 10-min warmup including jogging, lateral displacements, dynamic stretching, and jumping
preceded the-half test for changef-direction (COD) ability [22], wherafter data were recorded
using electronic timingensors (photocells, Kit Racetime 2 SF, Microgate, Bolzano, Italy

Throwing Ball velocity

Explosive strength was evaluated on an indoor handball court, usiatep 8inning throw and a
jump throw. [25]. The throw with the greatest average velocity wastsel for further analysis

Statistical Analyses

All variables are expressed as means, standard deviations (SDs), minimum and maximum values
(range), and 95% confidence intervals (95% CI). Mean differences between normal weight and
overweight weregested using onfactor univariate general linear model [26]. Differences between
means were considered statistically significant-ifapues were less than 0.05 and partiat eta
squared values were higher than 0.15 [27]. In order to evaluate the infhfdnody fat and the
additional explained variance, in the second step %BF was included in the regression analysis as
third predictor. R? and the change of r?2 between step 1 and 2 and teandardized regression
coefficient 3 for all predictors and stepvere reported. The magnitude of Pearson preduct
momentcorrelations (r) between measures was interpreted according to the following guidelines:
if r was <0.1, the correlation was deemed trivial; in the rang®.3.,1it was judged small; in the

range 0.305, moderate; in the range @%, large; in the range O09, very large; and in the

range 0.91.0, almost perfect [28]. Therefore, r2>0.5 (explained variance>50%) was defined as
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meaningful and marked in bold. Regarding the sample size of n = 25jtibal walue for the
productmomentcorrelation, based on a tvaided ttest [29].
Results

BMI based comparisons

Based on the category of BMI norm (cut off: 25.0 kg/m?), 56% (14/25) of the subjects were
overweight. The BMI varied from 22.4 #1.9 kg/m2. Three handball players (12%) showed a BMI
above 30 kg/m2. The body fat values ranged from 13.3% to 30.1% and only one athlete showed a
body fat above 30%. Only for the bicep skinfold were significant differences observed (p=0.027,
h,?=0.196).0f course, the distinguishing criterion BMI was significantly different between both
groups (24.1 + 0.84 vs. 29.0 + 4.57 kg/m#=0.339).

Table 22.Par ti ci pantsd physical characteristics
overweight) and comparis®f parameters between both groups based on the first testing set. Data
are presented as means +* standard deviation. Significant differences (p<OlQ5>antb) are
marked in boldSJ = squat jump; CMJ = countermovement juli@- Yo IR1 = Yo-Yo Intermittent
Recovery Test 1.

normal weight  overweight total ANOVA
(n=11) (n =14) (n =25) p hp?
Age (years) 25.6+5.82 25.3+6.41 255+6.04 0.918 0.000
Anthropometric parameters
Body height (m) 1.91+0.06 1.84+0.13 1.87+0.11 0.098 0.114
Body mass (kg) 88.4+6.15 97.8+14.4 93.6+12.3 0.056 0.150
BMI (kg/m?) 24.1+0.84 29.0+4.57 26.8+4.19 0.002 0.339
Body fat (%) 18.0+ 3.35 20.6+5.39 19.5+4.70 0.180 0.077
Bicipital skinfold (mm) 5.00+£1.90 9.25+5.68 7.38+4.86 0.027 0.196
Tricipital skinfold (mm) 11.4+ 3.59 13.4+6.81 125+5.62 0.380 0.034
Subscapular (mm) 15.5+6.61 18.4+10.0 17.1+8.65 0.410 0.030
Suprailiac (mm) 13.0+6.31 18.2+8.12 159+7.69 0.096 0.116
Performance parameters

15 m sprint (s) 2.51+0.44 248+ 0.46 2.49+0.44 0.874 0.001
30 m sprint (s) 4.38+0.38 4.49+0.43 4.44+0.40 0.489 0.021
Agility T-half (s) 6.28+ 0.47 6.22+0.47 6.25+£0.46 0.772 0.004
CMJ (cm) 48.8+4.72 43.3+5.64 45.7+586 0.016 0.227
SJ (cm) 40.8+ 6.90 38.2£6.60 39.3+6.71 0.361 0.036
Yo-Yo IR1 distance (m) 1284+ 210 1211+400 1243+326 0.594 0.013
Medicine ball ovethead g g1, 120 063+1.96 971+184 0791 0.003
throw (m)
Jump shot (m/s) 29.8+4.30 26.4+4.83 27.9+4.82 0.083 0.125
Running shot (m/s) 33.0+2.09 30.1+5.34 31.4+441 0.101 0.113

Only for CMJ was a significant mean difference was detected (p=h§.227). The smallest
difference wagalculated for the 15 m sprirti£=0.001) and medicine ball throwu£=0.003). For
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15 m sprint (2.51 + 0.44 vs. 2.48 + 0.46 s) and agiitgt test (6.28 + 0.47 vs. 6.22 + 0.47 s), the
performance level in the overweight group was slightly higherithtive normal weight group.

Relationships between anthropometric and physical performance parameters

Before the twesteplinear regression analysis, the collinearity of anthropometric data (body height,
body weight, body fat) was checked usinglby var i at e Pearsonbd6s produ
calculation:

1 Body weight / body height: r=0.320,

1 Body weight / body fat: r=0.343,

1 Body height / body fat: 6.317.

Regarding BMI, markedly higher relationships were found (body heigtd:521, body weilgt:

r=0.633, %BF: r=0.578). The twateplinear regression analysis with the predictors body height and
body weight (step 1) and %BF (step 2) displayed an increase of explained variance by adding %BF
in the second step. Thieahanges between the first asetond step ranged from 0.04 (CMJ, SJ) and
0.53 (Agility-T-half test).

Relationships between anthropometric and throwing ball velocity

Normal weight and overweight handball players did not show significantly differences regarding
throwing performance pameters. The largest difference was detected for jump shot (p=0.083,
hy?=0.125). Normal weight subjects showed a higher throwing velocity (29.8 + 4.30 m/s) than
overweight athletes (26.4 + 4.83 m/s). All throwing parameters displayed the stretaf@stship

to body height, body mass and body fat (step 2; Table 3). In sum, these anthropometric parameters
showed the highest predictive potential for running shot (r?=0.65), jump shot (r>=0.61), and medicine
ball throw (r2=0.57). The additional bertedf adding the parameter %BF was smallest for running

shot (r2 change: 0.13).

Discussion

The aim of this study was to examine anthropometry, physical fithess, and ball throwing velocity
in normal weight and overweight male team handball players. Iti@udive examined how %BF
explained variations in fundamental field measures of physical fitness and ball throwing velocity.
The main findings of this study were that except for %BF, anthropometric parameters were
different between BMI groups. Past studiesre shown large anthropometric dimensions were
advantageous in handball-f]. A limited number of studies have assessed the anthropometric
characteristics of adult male handball playerg [ 1However, comparisons are difficult because

of different agesplaying positions, competition levels and test procedures utilized. For height and
body mass, handball players appear to be between volleyball players and soccer and field hockey
players [9,17]. Pertinently, the incidence of overweightness in our staslymexpected given the
average BMI of elite adult handball players. Consequently, BMIs observed in our participants
should not be attributed to spapecific physiological adaptations.
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Similar results were observed for performance parameters. OnlyMdr &Csignificant mean
difference was detectedh£=0.227). The smallest differences were calculated for sprint 15 m
(hy?=0.001) and medicine ball throvin£=0.003). For sprint 15 m and agilityhalf test, the
performance level in the overweight growps slightly higher than in the normal weight group.
These results may be useful for coaches and trainers, as they were based on tests that reflect the
specific characteristics of individual handball playing positions. The findings of the current study
may assist in identifying performance capabilities and player development based professional
pl ayerds anthropometric measurements and fit

Anthropometrics and aerobic capacity

Overweightness impacted jumping performance to a large extent (p=0,3%6,227; normal
weight vs. overweight). Stepwise regressions exploring the contribution of %BF to test
performances shed light on the specific role of %BF after adjusting for body height and mass.
Body height and body mass alone (step 1) were onlyaetder throwing parameters, especially

for running shot (#42=0.52), and the aerobic capacity. Together with %BF (step 2), we calculated
the largest r2 for running shot (0.65), jump shot (0.61), medicine ball throw (0.57 and duality t

test (0.54). Te agility thalf test was also the test with the largest increase of r2 (0.53). Even though
results are in line with the literature, it was necessary to consider the broader impact of %BF, as a
continuous variable, on performance characteristics. Thit re# line with previously published
studies indicating that having more %BF is associated with lower aerobic fitness in children and
adolescents [37,38]. This correlation has been relatively well explored in the general youth
population [37,39]. In adition, other findings also indicated that the negative correlation between
%BF and VQmaxwas not significant in 25 female athletes of 27 years old [40]. In adult male
soccer players and youth basketball players, a negative effect of fatness wasrf@asiected
parameters of physical fitness, including both anaerobic and aerobic components [10,11].

Anthropometrics and aerobic capacity

Normally, eliteand professional team handball players have greater aerobic capacity than other
divisional players, possibly resultant from greater overall weekly training volume [1,2]. As such,
the ability to perform higlintensity intermittent exercise for match duoati and to recover from

high intensity exercise bouts should be considered a logical criterion irhtadiball selection,
training, and testing [1,2]. Based on the results of the presented study, it seems that the combination
of body height and body magsa sufficient predictor for medicine ball throw (r?=0.29),-Yo

IR 1 distance (r2=0.29), jump shot (r2=0.30) and running shot (r?=0.52). The additional benefit by
adding step 2 was greatest for the agilitigdlf test (r? change: 0.53). The lowest poéisie power

for all anthropometric parameters was observed for SJ (2 step 1: 0.05, step 2: 0.09). The largest
additional explained variance was calculated for Agilithalf test (0.53), 15 m sprint (0.38) and

jump shot (0.31). A decreased %BF lead toighér performance in almost all parameters
(exception: sprinting and agility parameters). For example, a reduction of 1% body fat induced an
increase of jump shot velocity by 0.69 m/s, an extension of tR€drkiR1 distance by 32 m and
improved medicine bethrow by 23 cm.
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Conclusions

Professional team handball players from the Qatar handball first league presented a %BF of 19.5
+ 4.7, which is considered relatively high for athletic populations. Team handball players with
increased %BF showed lower fgmance in fundamental physical fithess tests. BMI
measurements are unable to differentiate between fat and lean masses, and therefore can be
considered a poor indicator in predicting components of physical performance in handball.

shermassi@qu.edu.ga

85


mailto:shermassi@qu.edu.qa

ANTICIP8 T DESIGN AND EVALUATION OF A COGNITIVE MOTOR TEST TO
ASSESS ANTICIPATION AND DECISION MAKING IN TEAM HANDBALL

Matthias Hinz"2 *, Nico Lehmannt3, Kevin Melcher!, Norman Aye', Vanja Radi 2, Herbert
Wagner>* & Marco Taubert®

1 Department of Sport Science, Otto von Guericke University, Zschokkestral3e 32, 39104
Magdeburg, Germany;
2 Sportclub Magdeburg, FriedridibertStral3e 68, 39114 Magdeburg, Germany;
radicvanja@hotmail.de;
3 Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences,
Stephanstrale 1a, 04103 Leipzig, Germany
4 Department of Sport and Exercise Science, Paris Lddinorersity of Salzburg, Schlossallee
49, A-5400 Hallein/Rif, 5020 Salzburg, Austria
5 Center for Behavioral and Brain Sciences (CBBS), Otto von Guericke University Magdeburg,
39106 Magdeburg, Germany

Summary

Perceptuatognitive skills in sports were often assessed with the usage of the temporal occlusion
paradigm, often without motor contributions within test setups. We designed a temporal occlusion
test with multidimensional motor response characterisérg assessed intrand intersession
item reliability.i0oSi5gni yaaanobl)@&apmestistsiévéaldd 4
moderate agreement of motor responses, indicating reliable psychometric properties of a complex,
neargame test setupf assessing anticipation and decision making in teanaball.

Keywords: temporal occlusion; decision making; anticipation; decision time

Introduction

In team sports, players use relevant visual cues of their opponents to score or prevent goals, or
simgdy to position themselves in an advantageous initial situation in attack or defense. Visual
information about player positioning (Abernethy et al., 2001; Murphy et al., 2018) or postural cues
(North et al., 2016; Runswick et al., 2018; Ward et al., 20@2) lme used to anticipate an
opponentés intention (Gredin et al ., 2019; F
allows for making punctual decisions. To investigate anticipation and decision making in
laboratory settings, temporal occlusiorQ(T{Jones & Miles, 1978) is a wadktablished paradigm

that has been applied in several studies. In TO, action sequences are occluded at different times in
order to restrict the visual information available and thus to create varying stages of anjicipator
requirements. TO can therefore be used to identify postural cues that influence predictions of future
actions or to distinguish better from worse players (Brenton et al., 2016; Causer et al., 2017; Miller
et al., 2006).

Previous studies using this methtmave demonstrated that higkill athletes outperform their low

skill counterparts in response quality, meaning that they pick up less visual information to foresee
intended movements in action sequences. A systematic review, conducted by Mann eatral. (Ma
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et al.,, 2007) found an overall expexvice betweemgroup difference < .001) for response
accuracy with an effect size of 0.25 in 64 selected TO studies.

When considering that the TO paradigm has been applied in the past 40 years, very limited
knowledge about reliability and reproducibility of the paradigm itself exists. Even though-expert
level comparisons indicate validity, reliability is an equally important psychometric property with
direct relevance for applied and basic research on develoghoeritaininginduced changes in
decision making. So far, reliability analyses in TO are mostly based on the prediction outcomes of
the participants. In volleyball, a cressctional study using a computer test with binary choice
options (Loffing, Hagemam et al., 2015) investigated the internal consistency of prediction
responses in a visual anticipation test. A dpdil-technique, using the Spearri@mown formula,
revealed a reliability coefycient fionmcqueti de o
sports demonstrated high irtér =.92) and intrarater(r =.98) reliability for decision accuracy in
cricket (Brenton et al., 2019) or for response accuracy in tennis :369QWilliams et al., 2002)

and softball ( =.74 andr =.99) (Gabbt et al., 2007). Here, intrelass correlation was used, and
accuracy calculations were executed with interval scaled variables. Especially the effect of choice
of outcome parameter, test design (cresstional or longitudinal) or test setup on later
interpretations of the obtained findings remains to be questioned.

Moreover, other works with TO examined mainly accuracy outcomes in the form of dichotomous
choice options (e.g. ball flight direction or type of throw). In tdaandball, especially the 7 m
penalty, a rather isolated closgdme situation, was mostly the central object of investigations.
Here, a study by Loffing, Hagemann et al. (2015) revealed differences between experienced and
novice goalkeepers in anticipating hard or lobbed shots, andgtaagcincreasing with later
occlusion conditions. Results were confirmed
outcomes were obtained in compdbased test settings or as a verbal report, and often without a
timely restriction. Such labasel test setups could surely lead to diminished expert advantages
but it seems to only partially capture anticipation skills (Mann et al., 2007). In one of a few studies,
Williams et al. (2002) noted more rapid decision times of skilled players in -avoedl test
scenario in tennis. Here, participants had to respond tdifeetdnnis serve projections by taking

a step to one of four pressure sensitive pads and by swinging the racket as if to intercept the ball.
Ratcliff et al. (2016) also emphasized Ireir work the inclusion of response times measures in
multialternative choice assessments.

To sum up, investigations dealing with opgaime situations in team sports, in which field players
face multialternative attack or defense decisions, are straagiting. The general importance of
sportspecific anticipation measures with ngame tasks and resize projections is
recommended in the given literature (Dicks et al., 2010).

Methods

Apparatus and stimuli

Sixty-six male team handball playersl = 17.89 yearsSD = 7.64 years) from six teams, of
different age and performance levels (elite uritieramateur and elite und&v; elite undel9;
amateur and elite adult), participated in this study. Four elite teams (n = 44) belonged to a youth
acadermy of a professional team handball club of the German Handball Federation, competing at
the highest league possible within their age category. The elite adult competed in the professional
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Third League as an und2B team. Two amateur teams (n = 22) wereuiged from the rural and

city area of Magdeburg, Germany, competing at the local level. All participants completed one
test session for withisession reliability analyses (session 1). Two teams42) underwent two

test sessions for betwesassion (lagitudinal) reliability analyses (session 1 and 2).

To create the test scenario, first of all we recorded four representative attacks of an elite center
back player Breakthrough, Jump throw, Standing throw, Passgmer 2015) which later were
temporally occluded within a general time frame of the ball being passed to an attacker (t6) and
the obvious end of the attack (toOot)y =with0aGQq n
t4 = 1800 ms,; t3 = 17600 ms; t 2 Fg. 1. BNy, wens ; t
doubled every video clip for the envisaged reliability analyses. We created 112 videos, resulting

in a total of 224 video clips when dummy trials are also considered (4 base stimuli x 2 dummy
trials x 7 TO conditions x 2 doubled x 2 handesfe

t6 t5 t4 t3 t2 t1 t0

Figure 1. Screenshots of occlusion time points of the 4 tlggntd baseline video stimuli.

Break
through

Jump
Fass throw

Standing
throw

Four defensive action$ofward movement/tackling, sideways movements (left/regttpassive
position/blocking) were assigned to the SpeedCourt® contdatepsystem and a ldsize
projection screerHg. 2).

@  Start position

--»  Defense actions:
= forward movement/

offensive block
* sideways movements
* block/passive position

Figure 2. Motor responses as defensive actions with respective contact plates on the
SpeedCourt® in front of the projection screen.
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Our experimental test setup required participants to negpond with one of the four defense
actions forward movement/tackling; sideways left or right movemgatssive position/blocking)

on the actions executed by the attacker in the video clips. Participants always started as a center
block player in a clasc manto-man defense system, positioned on the 7 m line on the central
contact plateKig. 2). When assuming the starting position, a 3 s countdown appeared on the screen
with an attack video following. Participants were instructed to respond as fastsble after
each presentation ended. Throughout the test
the information content in it as well (one rigahd one lefhander video block with randomized

video clip orders, starting with #6deos, enthg with tO videos). We recordethoice ofmotor
responsémulti-categorical) andecision timgas initialized time of motor response, in ms).
Cohends kappa (Cohen e tsessidn reliability®fedoupledwidess far s e d
respective agreementsafoice oimotor responseithin-s e s si on from sessi on
(Fleiss et al., 2013) was used to assess betaession relibility of two x doubled videos for
agreement ofhoice ofmotor response&essions 1 and 2). With respectiezision timewe were
interested in whether the expected pattern of faster initialization times in response to videos
containing more informatiowas present. After a kst for normality distribution, differences

in decision times a function of occlusion time point within test session 1 were assessed with one
way repeated measures ANOVA. The si gventionaance
p<.05.

Results

Discussion

The aim of the present study was to create and evaluate-aaedllike test environment to
address cognitivenotor skills in tearrhandball. Specifically, in line with recommendations in the
literature(Loffler et al., 2020 Travassos et al. ,201Boca et al., 2011, Dicks et al., 2010; Motris

Binelli and Muller, 2017, van Maarseveen et al., 201®ur test uses a) a l#gzed projection

screen on a contact plate system, b) varying -gaene attack actions from teamandball, and c)
multi-categorical motor defense actions. Withiand betweetsession reliability analyses
generally revealed modeeatigreements of the motor responses chosen. With increasing visual

i nformation about the attackersé6 unfolding a
actions.

With temporal progression in the videos, the attacker offers more informadimut the intended

action through an ongoing occurrence of kinematic cues, what apparently lead to facilitated
clarifications about the tactical decisions made by the defending participant. The resulting
accuracy increase in later occlusion time poirgsraline with several computéased TO studies

(Farrow et al., 2005; Loffing, Hagemann, et al., 20Bggarding the motor aspect in this study,

our results are also in good agreement with the findings of Farrow(20@b) where accuracy

of decision quality from tennispecific return strokes improved over occluded time points.
Through the overall linear decreasfemotor initialization times in the occlusion time course, we
suppose that motor response times in our TO model are associated with decision making processes
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and accuracy outcomes. Projected to the-mmene situation in tearhandball, an earlier
percep i on from an attackeros future motion cou
actions realized with embodied choices. Generally, using motor initialization times in complex TO
settings could also benefit future accuracy outcomes (e.g. thrideglhification of waiting
strategies before decision maki(gfonso et al., 2012)or in the context of embodied choices
(Raab, 2017)

Reliable measurements constitute a basic prerequisite for reproducible correlational studies, cross
sectional group comparisons, and longitudinal studies (within or between gfidopg&)ns, 2000;

Loken & Gelman, 2017)Yet surprisingly, to the best of our knowledge, no study to date
systematically investigated the reliability of migdtategorical performance metrics in TO research.
Crosssectional studies rexaled some evidence for reliability in the TO paradigm in tepants.

Internal consistency analysis of a comptiased TO test in volleyball, where participants had to
distinguish between smash and lob, found acceptable reliabikty'2) for video pair responses

on interval scale leve{Loffing, Hagemann, et al., 2015When novices (no experience in
competitive volleyball) and skilled volleyb
decreased to .66 and .55, respectively. With respect tesession reliability, we generally found
moderateto-substantial respons®nsistency (rightand lefthanded) in all occlusion time points
evaluated. Therefore, besides one exception (Pass), reliability estimates reported here were
comparable to the Loffing, Hagemann et(2015)study.

A closer look at our data revealed attagecific differences in terms of reliability, which
emphasizes the specificity of varyingesmrgame situations. For example, in Breakthrough, the
late occluded videos (t3; t2; t1) revealed relatively high levels of agreements. In these occlusions,
the full action intention of the attacker seemed to be terminated due to a highly dynaumic run

(t0 till t1) and a deception movement at which is why most participants just reacted
subconsciously in the following occlusions (t4 till t6) with most likely identical decisions. That
may explain the visible rise of the level of agreement in Breakthroddhrther example for
necessity of varying gangtuations is given by the different distinctions of reliability between
right- and lefthanded Jump throw attacks (irs&ssion). Higher lefhander reliability in later
occlusion points (t4 t0) could ke traced back to a different defense behavior based on greater
uncertainty, of how to defend a léfanded player. In fact, leffanded players in teatrandball

are less frequently represented in tdaandball(Loffing, Sdlter, et al., 2015)which leads to
divergent level of agreements.

Similar to withinsession reliability, there are only a few longitudinal studies that report between
session reliability. Without a TO approach, a related study of Raab and J§B66@assessed
long-term reliability in the context of optiegenerating research in tedrandball. Over a-§ear
measurement period, their experimental setup contained full video clip presentations of
competitionlike attack situations, with the perspective of an attacker onto the defense line. After
the end of each video clip (frozen video frame) participarse instructed to verbally report
generated options of the player in possession of the ball. Reliability estimations for decision quality
within four measurement points were calculated using the-regifittest. SpearmaBrown
coefficients for quality othe first option ranged from .49 in test wave one to .89 in test wave two.
The variability of response reliability in their analyses can be compared to the distinctions of our
inter-session Kappa values, ranging between fair and substantial. Recommerigiatiomnauthors

about further longitudinal studies in heuristic settings in sports were given as well. Other
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investigations with the TO paradigm, executed in cricket, tennis and softball, found overall high
reliability (r = .747 .99) for decision and rpsnse accuracf{Brenton et al., 2019; Gabbett et al.,

2007; Williams et al., 2002Probably, the high reproducibility reported in these studies can be
explained by the closgame character of test setups (batting in softball and cricket; tennis serve),
with accuracy outcomes consisting of binary predictions of ball flight directioypefdf throw.

In this study, we found response agreements ranging from fair to substantial. A possible
explanation for the fact that agreement in our study was slightly worse compared to racquet sports
studies is that we used a complex test environmesarrbination with multicategorical (instead

of binary) response outcomes.

A detailed view on intesession agreement data reveals that the highest Kappa values occur in the
earliest or latest occlusions. This provides margins for interpretative patbeutssther easier or

more difficult tactical decisions to make at these time points. High Kappa values can be explained
by the participantsd full knowl edge about th
the late occlusions at the endaof attack sequence. High Kappa values in the earliest occlusions
seem to suggest that too few kinematic cues in the video clips were given for an early and risky
defensive intervention by the participant. Few information at the beginning of an attactoseem
rather excluded certain response options, such as sideways movements for example, within the
decision making process. The exclusion of options increases the response probability for the
options that are left, and so the chance to identify the appm®ppéibn at the same time. Based

on a more concentrated number of the likelihood of responses, the Kappa agreements increase.
The comparably low Kappas later in the ongoing attack {8 seem to suggest that the amount

of kinematic cues in the attackérs mov e ment s reached an oversupf
decision making, shifting from intuitive to rather deliberative. In particular, we suspect these time
points to be crucial for the perceptalgnitive skills based on anticipatory informatjiok-up.

Conclusion

In sum, we have extended previous studies by demonstrating that the TO method can be considered
as a reliable measurement tool based on «essonal and longitudinal investigations in team
handball. We found fair to moderate agreements of ratggorcal defense responses with
obvious tendencies to substantial and excellent agreements. We have also illustrated that the
combination of the TO paradigm with tedrandball specific motor responses on a test battery
demonstrate feasibility. The teamandballspecific nature of the test battery, including a reliable
anticipation test method (TO) in a rdiéé inspired decision making setting, can contribute not

only to improvements in cognitive study designs and interpretations, but also to a deeper
understading of cognitive mechanisms in tedmndball. As psychological abilities are claimed

to be one of the most momentous performance prerequisites iFhtgatball(Groeger et al.,

2019) our test offers possibilities not only for visuomotor training interventions but also for talent
identification and talent development processes in-teamnadball.

matthias.hinz@ovgu.de

91


mailto:matthias.hinz@ovgu.de

DEVELOPI NG A TOOL TO ASSESS HANDBALL PLAYE

Luciano Santos Alve$*"*', Leilane Alves De Lim&'“', ElsonAparecido deOliveira3,
Anténio Lopes’™, Riller Silva Reverdito?

luniversidade do Estado de Mato Grosso, Centro Interdisciplinar de Pesquisas em Esporte e
Exercicio Fisico, Caceres, MT, Brasil.
2Faculdade de Educacéo FisiddNICAMP; Secretaria de Estado Beucagide SEDUC/MT.
3Centro Universitario de Varzea Grande, Varzea Grande, MT, Brasil.
ACIDEFESI Centro de Investigacdo em Desporto, Educacéo Fisica, Exercicio e Satde. Lisboa,
Portugal.
* Correspondence: lucianolsa2@gmail.com

Funding: Fundacédo de Amparo a Pesquisa do Estado de Mato Grosso (FAPEMAT) / Mato Grosso
State Research Support Foundation

Summary

The aim of this publication is to present the work in progress of an instrument developed to
evaluate the essentiebmpetences of players in team sports and its pedagogical possibilities in
handbal |l . Content validation was performed b
Content validity coefficient was calculated, and the results show means abowg-tiffevaelue

(0.80) in all criteria.

Keywords: Handball; Assessment tool; Validation; Essential competences.

Introduction

Handball is one of the most prominent sports in our time. The chain of actions resulting from the
conflict of objectives (in attack and in defense) generates a context of a certain unpredictability,
requiring those who play it competence to act in accaelavith the circumstances of the game
(Reverdito & Scaglia, 2007; Galatti et al., 2017; Garganta, 1995). The circumstances of the game
are triggered by the relationship of opposition and cooperation between two teams, whose
objective is determined by th@gsession (or not) of the ball, seeking constant success in actions
(Lamas et al., 2012; Gonzaélez et al., 2017; Menezes & Kings, 2017). Therefore, it presents itself
as an environment in which a broad repertoire of skills is required to the players be adtle
efficiently and effectively during the game.

In this context, information about the players' game level, that is, their competence to act in the
game, is essential for the coach to be able to organize and plan future steps, which makes the
assessng an essential tool. From the assessment and evaluation instruments, it is possible for
coaches to collect important information about the level of play and progress of their team (tactical,
strategic, and technical), helping them with data to be altettel and guide game and training
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sessions (Greco et al., 2015; Tavares, 2017; Costa, 2010). However, a study by Leonardi et al.
(2017), points out that the number of instruments available for assessment is still small,
considering the need to observe otaspects of the learning process. From this perspective, our
aim is to present the work in progress of an instrument developed to evaluate the essential
competences of players in team sports and its pedagogical possibilities in handball.

Methods

A mixed method research approach was used to stage the elaboration of indicators in two steps:
based on theoretical references and validation of the instrument's content (Thomas et al., 2012).
The first step was to study and analyse theoretical references availdhé scientific literature
regarding the assessment in team sports games (TSG) and essential skills. From this it was possible
to appropriate the theoretical framework capable for the development of indicators to assess
teaching and learning in TSG. Bstablish the indicators, proposals for the systematization and
organization of team sports based on the idea of competences (Scaglia, 2014; Scaglia et al., 2013;
Lima et al., 2017; Reverdito and Scaglia, 2018), and studies that signalize the impoftance o
understanding the TSG as a complex system with different levels of play (Garganta, 1995;
Reverdito and Scaglia, 2007) were used. With the indicators formulated, the next step was the
content validation process of the indicators, where 5 experts wetedmand 3 of which agree to
participate (Cassepporges et al., 2009). Based on their assessment, experts pointed out the
necessary corrections. The experts were Brazilian researchers with PhDs in Physical Education
and Sports linked to public higher edtioa institutions with scientific productions in team sports

and evaluation.

Content validation

Content validation is a way to assess the weaknesses and strengths of an instrument (indicators),
So it is possible to check its reliability and assess whabsosed. For this content validation, we

use the following criteria: clarity of language (GLgonsiders the language used, considering the
target audience; practical relevance (RPgonsiders whether each item is relevant to the
instrument; theoreti¢arelevance (RT)- considers the level of association between the item
(indicator) and the theory; theoretical dimension (BT9oks for if the items are adequate with

the studied theory. Professionals evaluated each instrument indicator using a Lakert sc
(CassepiBorges et al., 2009; Folle et al., 2014; Hernandexzto, 2002).

Data analysis

For content validation, the Likert scale was used to assess each of the indicators in the following
criteria: CL, PP, RT and DT. To analyse the data obtained (CL, PP, RT), the content validity
coefficient (CVC) was used, which was considered valid whey pinesented general indices
equal to or greater than > 0.8 (Hernantketo, 2002). To assess the DT of the instrument, the
response of 2 evaluators was used, which were explored from the Kappa coefficient, according to
the criteria of Cassepporges et al (2009). For statistical analysis Excel 2019 and SPSS 25
software were used.
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Results

In the final version of the instrument for the Content Validation Coefficient (Ca@d) all

criteria of the 19 indicators managed to reach satisfactdgxes (Cassepporges et al., 2009;
Morales et al., 2012). The CL presented a result of 0.80, the PP 0.90 and the RT 0.89, and,
therefore, they are all equal or higher than theofuscore. For the DT evaluation criterion, the
indicators obtained a meavalue of 0.45 in the Kappa coefficient, presenting an agreement
considered moderate (Cassdpgrges et al., 2009). With the new format in relation to CL, 52.6%

of the indicators reached indexes above 0.80, for PP they were 94.7% and RT were 94.7% of the
items in relation to CVGdinal.

There are indicators with values below 0.80 for C\Mi@el, for the CL evaluation criteria they
correspond to 47.3% of the items that obtained values below 0.80, and of this value 21.05% had
indexes between 0.63 and 0.68d#6.31% reached values of 0.76. For the PP and RT, 5.2% of
the indicators presented indexes below, with a score of 0.76 for both criteria. Analysing the
instrument, it was decided to keep all current indicators (19), even those with indexes below 0.80
in one of its criteria, since this feature is provided for in the content validation methodology
(CassepiBorges et al., 2009) and are important for the coherence of the study, as the average
(CL+PP+RT/3) of each item exceeds 0.80.

Discussion

We seek to deslop an instrument that brings a new perspective to the assessment in team sports.
Based on the results of the content validation, we arrived at the final version with 19 indicators,
with evaluative criteria above 0.80 for the C\/otal. For the DT critéa, which showed moderate
correlation (Kappa= 0.45), and the CL criterion, the results can be justified by the characteristics
that result from the game circumstance (Reverdito & Scaglia, 2007). Competencies do not occur
in isolated, but simultaneously @ylia et al., 2013). In other words, the circumstance of the game
may demand different skills from players. Therefore, it is possible that the indicators in our study
(actions performed in the game) can be classified into different theoretical dimensions.

The evaluation criteria that stood out the most were in relation to practical relevance, with a score
of 0.90, and theoretical relevance, with a 0.89 of C¥i@al. These results reveal that the
developed indicators have the attribution to assess whattesded to, having relevance
recognized by the evaluators, also that the items are related and based on the theory of essential
competences (Scaglia et al., 2013; Scaglia, 2014; Reverdito & Scaglia, 2018; Lima et al., 2017).
Therefore, it shows that theditators are well grounded in theory, with the ability to assess what

is intended (Cassegporges et al., 2009). That said, in Table 1 (next page) we present the
indicators in their final format.
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Table 1i Final Indicators

INDICATORS

Action
communicatio
n (attack)

- The player does not understand the game, does not know|
actions to take during the game's attack and does not understg
game rules.

- The player is already able to understand attacking situai
creating passintjnes and putting himself in a position to score.

- The player observes the game (opponent and teammatey
chooses the best decision (score, keep the ball, progression)
conclusion of the attack.

Action
communicatio
n (defence)

- The player doeshworry about defending and does not unders
the rules of the game.

- The player tries to defend but struggles to recover the ball.

- The player can read the opponent, managing to recover the b
prevent attacking situations.

- The player can angte the game, choosing the best deciy
(individual or collective marking, etc.), occupying spaces in suf
of defense.

Space - Bundling around the ball when attacking.
structure - The player moves to receive or pass the ball.
(attack) - Players canintentionally organize themselves on the field
progress to the attack.
Space - Bundling around the ball in the defensive moment.
structure - The player tries to move to defend and/or retrieve the ball.
(defense) | - The player manages to position itselépace collectively, obtainin
spatial and/or numerical advantage to recover the ball and preve
attack, achieving success in these defensive actions.
Relation with | - Difficulty handling the ball and/or body movements when
the ball possession of the ball.
(attack) - Can even minimally handle the ball and thus perform or positi
receive passes.
- Can be effective in handling the ball, thus managing to perforr
best action (finishing, keeping the ball, progression) tow
attacking.
Relation with | - Focuses only on who is in possession of the ball, in the defe
the ball moment of the game.
(defense) | - Perform interception or can effectively prevent some attacks.

- Can recover the ball, being effective in recovery.
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SourceAuthors

The final version presents indicators divided into 3 skills (communication in action, relationship
with the ball and space structure), where each of these groups has corresponding items for the
different phases of the game (attack and defense yphéss division in relation to the game
phases was attributed considering that team sports are constituted by a dynamic and complex
context, where moments of cooperation and opposition occur (Reverdito & Scaglia, 2007; Scaglia
et al., 2013; Machado et al019). Understanding these characteristics, we attribute to the
indicators the idea of operational principles of attack and defense (Bayer, 1994), as the skills
required for each game phase differ.

With these indicators, the coach will be able to analgmd evaluate the development of
students/athletes, individually and collectively in the handball game environment. In a simple and
practical way, the indicators are based on direct observation of essential skills to respond to the
circumstances of the garat some level, and, therefore, as a method of procedural assessment
(Lamas & Seabra, 2017). Thus, it will be possible to recognize the competences of the players at
some level, since everyone is able to play, and able to obtain the adequate feedibackert
teaching and learning objectives.

The instrument did not consider specific skills defined by positions in handball in this validation
stage, for example, goalkeeper, pivétlibers and wingers, which could be considered in future
research. By understanding these indicators characteristics, it can be considered an assessment too
for the initial stages of handball learning, where training should offer the opportunity tcegxgeri
various positions within the game (Vieira et al., 2017; Collet et al., 2017), And, fundamentally,
assess the repertoire of essential skills for a good level of play. Therefore, the instrument presents
itself as a good alternative to help coacheséir tevaluative practice.

Conclusions

In the validation of the content of the indicators, satisfactory values were reached, showing that
the indicators are well grounded in theory and that they have the capacity to evaluate. Therefore,
it can become a totthat can help coaches with information capable of supporting the development

of quality handball practice. It is important to highlight that the content validation process shows
that the indicators formulated in this study assess what they really intessetss. However, it is
necessary that these indicators still need new assessments and tests (e.g., user field test) to
demonstrate their efficiency and reliability during the assessment. Next steps would be to consider
specific skills defined by handbglbsitions andnstrument content validation to English language

to make it available to more coaches. Therefore, this study opens new possibilities for research in
the handball assessment, based on essential skills.

We hope that this instrument will allov/oaches to observe and asse
collective developmental process, to support their pedagogical decisions and, to contribute with
new pedagogical possibilities to I mprove coa

antonio.m.lopes@ulusofona.pt

96


mailto:antonio.m.lopes@ulusofona.pt

MY HANDBALL SYSTEM

DRAWING, STORING AND PRESENTING TRAINING EXERCISES AND GAME
IMAGES DIGITALLY

Dr. ZoltdnMarczinka (Hungarian Handball Federation), Hungary
Zoltan Kélya (My Handball System), Hungary

Summary

My Handball System® is a newly developed complex software which supports hanedbozit
professional activities in a revolutionary new and unique wawiding limitless creativity to its

users. The programme offers many quick and simple alternatives for modelling game situations in
2D and 3D by using authentic images, objects, lines and multiple handball court templates. It
allows for storage and aneimg this information on an external data medium.

Key words: handball, digital planning,-3D images, design tool, software, game situations

Introduction

There is a variety of software on the international market which helps the work of handball
coaches. At the top of the market, XPS Network for example, is anwugtzhcoaching platform
for high profile teams and focuses on the key elements of planmalyse, and communication.
Similarly, Dartfish provides high quality video analysis solution that allows mostly analysts to
capture, analyse and share videos of training sessions and matches. Yet these programs do not aic
(were not designed for) the evday work of those coaches working with not so kagbfile teams
in planning and designing training sessions. The other range of available software better focuses
on graphic design. Therefore, we closely analysed and compared them to each other according
using the same criteria then drew conclusifireble 1).

Do,

Basic 39,99EUR | M 1 PC/MAC ENG
Team 99 EUR Y[ 1 PC/MAC/And. Lic. ENG
Tactic 3D Handball -
Club 299EUR | Y | 2 PC/MAC/ANd. Lic. X X X ENG
Pro Individual | ¥ | E PC/MAC/And. Ind. | x | x| x| x |[ENG| x | x
Sportdraw Handball Sportoffice + Sportsdraw | 78440HUF| M | 1 n.a. X X X | x| 30 ] x
Free FREE - 1 PC X ¥ |ENG| x
Premium A4 99EP | Y 1 PC x ® ® |ENG| x
sportplan Club Individual | ¥ | E PC/And./iPad X X X ENG| x | x
School 99 EP ¥ | 15 PC/MAC/And. X X X ENG| % | %
TacticalPad 63 USD Y 1 | MAC/PC/And./iPad X X X X ENG| x
Handball Board Soft Free FREE 1 MAC/And. % | ®x |ENG
Tactical Board Free FREE 1 PC X 7
Easy 154EUR [ M| 1 PC/MAC x ® ® 5
Easy Sports-Software Club FIDEUR | M| 5 PC/MAC b by b b 5 b
Sportscoachingsystem Full pack A9EUR | M | 1 PC/ MAC X | % ENG

97



Table I Summary the features of sports drawing and analysing softWaetical 3D
Handball, Sportdraw Handball, Sportplan, TacticalPad, Handball Board Soft, Tactical Board,
Easy SportsSoftware o Sportscoachingsystem

We found that most of these programs focus on a specific area or the programs which
integrate the different areas of handball coaching are not detailed enough and not of high quality.
Moreover, they provide little possibility for thesers to be creative because most programs work
with set templates. Thus, users do not have any real opportunity or possibility for feedback to the
designers to indicate their experiences and specific needs. Furthermore, half of these programs use
2Dmodd es onl vy, they donét support cloud servi
users with a pool of exercises.
We have also noticed that Hungarian handball coaches had to work with a multitude of different
foreign programs for modelling thigining and game situations or in some cases even needed to
use other, not handball specific programs/software. Therefore, based upon the needs, a thorough
market research and by utilising the best points of the existing programs we have developed this
digital drawing, storage and presentation tool for teachers, coaches and trainers working in
handball.
My Handball System is a clodshsed program developed in JAVA, so it can be widely run on
currently used operating systems (Windows, Android, Mac / iO&nKs to this, it also runs on
smartphones and tablets, which provides added mobility for users.

Methods

The first steps to mathematically describe the curves were taken by aircraft and car design
engineers as early as the early 1940s. There were continuous developments in the 1960s and 1970
about curves that could be described by mmakimber algebraic expssions. The initial steps were
taken by the aircraft and automotive industry in 3D surface design in the 1960s and the
involvement of large computer companies in the development was also key. A turning point in the
development of CAHComputer Aided Desig) systems was the creation of the SKETCHPAD
(the first program ever to utilize a complete graphical user interface) systelf61 at
Massachusetts University of Technology. For the first time, the opportunity arose here for the
designer to intervene dirdy in the graphics system. In this system, this was accomplished using
a cathode ray tube (graphics display interface) and a light pencil (the mouse used today).
Displaying and modelling Sketchpad objects on the screen has become the foundation of modern
graphic computing used in advertising, business, entertainment, architecture, and web design. As
computers gradually became cheaper and easier to use, and personal computers appeared, so dit
the use of CAD in virtually every engineering design.

By utilising the latest discoveries and modern technology, our goal was to support the
professional work of handball experts working for federations, clubs, educational institutes and
other handball related organisations with a kaghlity IT based digital handbadlrawing and
professional, planning software. In order to achieve this, we laid dowmds¢ important
principles,defined thdaarget groupand specified th&unctionsfor creating the program.
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The principles of creating the program

Credibility and authenticity - Handball professionals were involved in the software
development process. They gave input and added value to the users to satisfy their needs, to make
them feel comfortable using it.

Tailor made design- Although set templets and figures help the flow of the work, some
functions can be customised according to the demands of the individuals.

Ergonomics- The working environment must be comfortafde the users, soptimally
placed fumtions, simple use of equipment and access of areas with minimal interactions are
necessary.

Efficiency - In order to save time a very clear interface must be provided, focusing on the
most important functions and providing quick access to users.

Aestheic appearance- Modern graphic design, comfortable user interface and functions
needed to present handball as a modern game in a spectacular and appealing way.

Artificial Intelligence - Multiple built-in automations help to prepare trainings/ practices
the fastest way possible.

Affordable 7 Creating a fair priceralue ratio, which makes it readily available and
accessible to handball professionals and teams with lower budgets.

SIMULA'I1NG

o PRESENTING
oosnc | / upey
N ——

= S EDEE
(%.

R
FITNESS COACH
\ GOALKEEPER TRAINER
_FQW VIDEQ ANALYST

SKILL TRAINER TECHNICAL DIRECTOR

Table 2 Specific functions (marked in blue) and target gro(rparked in green) of My
Handball System

@
(
handbaH °

system® I ?

BEACH HANDBALL COACH

1. Target groups of the program
The program supports the work of all handiralated professionals, such as:

Coachegqhead coach, assistant coacBhily training plans can be easily created, by using
previously gt layouts and exercise templets.
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Trainers (goalkeeper trainer, individual skill trainer, fithess trairie@llocating group
work during training or conducting an individual training for the players, the exercise pattern,
particularly in cirait training, can be easily set up.

Analysts (video analyst, performance monitoring)interesting playing patterns and
tactical moves from footage can be transformed and animated.

Officials (referees, delegates)Important poing of observation can be visualised, and
movement paths of referees can be simulated and converted into a digital program.

Leaders (sport director, technical directoi)A program leader of the club or federation
will be able to create a game phidgdy, set up a pool of exercises in different categories and
demonstrate them to his/her coaches.

2. Specific functions for the users

Digital planning - The software offers a quick modelling of training and game situations with
the help of objects, lines dmultiple handball pitch templates.

Simulation -The programme can transforrdinensional images prepared with pictograms
and lines into dlimensional images within seconds. In the 3D view, users can easily examine
various situations from different angland distances.

Documentation editor - It is possible to include relevant written professional content to
training and game situations in the side panel. This text will become an integral part of the
document which can be saved andmeorted.

Presentation and saving formats Images and doenents can be saved in different formats.
Editable format: mssd; Image and image book format: png; document format: pdf; presentation
and phas@nimation format: html.

Education - The software uses internationally accepted signs and symbols (eg.: tioe ball
player movements) and the spectaculas3IDgraphics make the program easy to understand for
students.

Publication - The quality of images saved (with a png extension) in FULL HD, so they can be
used for publishing and for printed media.

Internet knowledge base Users can select exercises from 10 themed databases through our
website (www.myhandballsystem. com) and import them into the project they are working on.

Following the establishment of these set of goals, our next tadlo weesite a digital platform
that integrates all areas of professional work of the handball exjmeaige 1) As for the IT base,
we heavily relied on some proven methods from My Soccer System. For the 2D drawing the
international symbols from handball liteuee was adopted and partly modified. While for the
perfect 3D appearance we have carefully desigrstelraotype handball playéman and woman)
by digitally putting the muscle groups on a skeleton. Then we checked this player from all angles
and selectethosetypical body posturethat often appear in the game and demonstrates well the
given movement.
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Image 1 Opening page of the digital platform, featuring game images of the handball player

Having established the platform and the tools, the next step was to put all these into action and
create handballke movements. Apart from simple moves like player advancing on the court,
marking the path of the ball, we programmed unique yet very gaafiinctions such dsall-focus
(for a click every player turns towards the ball)tomatic set ugwith every click a player or
objectives can be placed on the court without going back to the main ncefa; chart
(changing the skin and the playingag of the players individually or as a team), exercise
progression(putting the sequence of movement automatically). Apart from these functions the
software was already programmed for visually helping the learning process (e.g.: converting 2D
drawinginto 3D images with a single click, being able to turn the handball court around 360
degrees, setting the height of the players and the path of the ball, attaching name tags or numbers
to the players, etc.) Combining the possibilities of the software @mogrith our handball
expertise, it has become possible to create spectasedmences of exercisaad reproduce
images from the real game for reasons of analysis.

Image 2 Converting 2D drawing into 3D images with a single click

This function leavesoom for creativity for sports professionals in a form never seen
before, digitizing professional ideas in a simple, fast and spectacular way so images then can be
used for different purposextual informatiorcan be assigned to the created plans agyl ¢hn
be saved together and then reloaded at any timeegyhases can also be represented in time, as a
sequence of motiorend the end product can be an animation or a story telling sheet. A well
known uniformalised and internationally well accepiteg¢ of symbolmarking system has been
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developed focusing on the most important parts of the game: the player, the movement of the ball,
the line markings and the playing court. These symbols help coadrefer and share
information more easily, dismouimg the language barrier between coaches from different
countries. The movement patterns of the players, the tools that occur, and the tracks make the final
representation even more realistic. Moreover, since players and equipment are scaled
proportionaly, the coach sees exactly what they are in re@ditage 23).

My Hahl baIISysteﬁ ®)

Image 3 Automatically creating a pictorial storybook, using preade images

The next task was to findow to best savihe created images and to file them in such a way,
that they can be called upon at ease, extended, presented and dgétdéat purposeand at the
highest quality possible. So, we programmed the software in such a way that the image created
can be usgfor multiple purposes: it is possible to crdatgh quality PDFrom the image, convert
the drawing directly to @ower Point Presentatigmumber the sequences and thus create a
pictorial storybook or ananimated movidy simply pressing a button. Hewer, high quality
visual presentation without information and instructions would not be complete as a teaching and
learning aid. Therefore, we designadunified templetwhere instructions, important points,
coachesd hints and ktethe thiaingexercise. Thegenconiplete teathidge d
exercise sheets can then be tagged with pictorial symbols and saveditaldibrary with a
unified catalogue syste@image 4).

ATTACK v
TEAM ACTIVITY

INDIVIDUAL WORK |

DEFENCE A\ 4
GOALKEEPING v

oOrpOor-2g00

_______

Ty e

Image 4 Tagging exercises and saving them in the digjiibary with a catalogue system

Results
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After achieving our initial aims and realizing our goals we created a-\Riteton of My
Handball System and decided to put it to the test. The annual coaclsenyice of the Hungarian
Handball Federation proved an excellent opportunity for us to introduce the concept to the
coaches and to seek feedback. We included this project in the course program so from May to
August 2021 at nine venues, a total of 2410 handball coaches (all the coaches renewed¢keir licen
for the 2021/22 season) were made aware of and became familiar with this new digital tool for
handball experts. Having collected the feedback from those coaches we have further perfected My
Handball System and created an English version for those spaehehers, experts who wish to
extend their knowledge and facilitate their planning work.

Conclusions

Handball has reached the stage that our spectacular sport deserves a betterqaradityigh
i mage/ presentation at ahdtimecandabetter utilised and, nstemad h 6
of the traditional and timeonsuming way of old, digital software can be used for planning and
storing training sessions, as well as for presenting their work at a high quality. The Pilot project
was well acceted by the people working in the field of handball and demonstrated that this digital
tool has definitely got room in the word of handball. Furthermore, some functions can even be
tailored made and customised according to the demands of the coachesodraenme can
transform 2dimensional images prepared with pictograms and lines haion8nsional images
within seconds. In the 3D view, users can easily examine various situations from different angles
and distances. Images and documents can be savestj attd archived in different, editable
formats. These highjuality drawings then can be presented in FULL HD for educational purposes
or can be used for publishing and for printed media. We strongly believe that My Handball System
with its modern graphidesign, user friendly interface and with various functions can be a very
useful tool for handball coaches at all levels.

info@myhandballsystem.com
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PHYSICAL TESTING IN ELITE TEAM HANDBALL: SPECIFIC PHYSICAL
PERFORMANCE VS. GENERAL PHYSICAL PERFORMANCE

Lars Bojsen Michalsik, Herbert Wagnet

! Department of Sport Science and Clinical Biomechanics, Muscle Physiology and
Biomechanics Research Unit, University of Southern Denn@akenseDenmark
2 Department of Sport and Exercise Science, University of Salzburg, Salzburg, Austria

Summary

Twenty-threefemale adult togelite field team handball players from the Danish Premier Female
Team Handball League performadeam handball gar®ased performance test (GBPT) and two
standardized general physical tests, theY¥antermittent reovery test, level 1 (Y&¥o IR1 test)

and a separate linear-B0single sprint performance test (SSPT). Overall, the results revealed that
the GBPT is better than the ¥¥o IR1 test to evaluate female adult telite field team handball
players” ability toperform physical matchelated activities including both locomotive and
technical playing actions. The present data also suggest thatth&S@T only to a certain extent

can measure the individual sprint capacity of elite team handball players. lastongcthis study
clearly indicated that team handball specific physical performance, as measured by the GBPT, and
general physical performance, as measured by thédri®1 test and the 3th SSPT, are different
components.

Keywords: Team handbalkpecfic physical performance, technical playing actipnsxygen
uptake, blood lactate, general physical performance

Introduction

Based on previous scientific studies and knowledge about the practical world of sport, testing of
the physical performance in team ball sports seems to have been performed mainly by use of
general tests that are almost identical for the various teanpbaisThis also applies specific to
team handball (Granados et al., 2013; Michalsik et al., 2015a; Hoppe et al., 2017). The results of
these general tests have, e.g., been used to determine individual physical performance profiles, to
evaluate the effectsf various kinds of training, to separate players into various performance
groups and to determine if the players were ready to return to play after a period of injury.
Furthermore, it has been used in the player selection process-l@vébgeams. Thuysit is
absolutely essential to know if the results from general aerobic, anaerobic or strength tests are
specifically related to the ecourt performance in team handball maptay.

A previous study showed that a highly advanced ghased performance test (GBPT) for
team handball was a valid and reliable test to analyse team handball performance (using both
physical, physiological and biomechanical variables) under conditions sitmileompetition
matchplay (Wagner et al., 2016). The GBPT was developed according to préw@dasiotion
analysis of elite team handball matches, which has shown that match activities every minute
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include numerous highntensity events (accelerations,cderations, and change of directions)
and also various team handball specific movements like passes, throws, blocks, screenings, jumps,
claspings, tackles, and fast breaks (Michalsik et al., 2013, 2014, 2015b,c).

In the team handball GBPT, peak oxygqrake (VQ-peak), blood lactate concentration
(BLC), heart rate (HR), sprinting time, time of offensive and defensive actions as well as running
intensitiestime (in offence, defence, fast break, and fast retréatpwing velocity, and jump
height were raasured (Wagner et al., 2016he playing intensities during the GBPT were for the
same players similar to the intensities during a team handball test game, and identical to the playing
intensities found while analysing match performance in Danish @ée thandball players
(Michalsik et al., 2013, 2014). Furthermore, when comparing the physical and physiological
variables, high correlations were found between the GBPT and the team handball test game. Rating
of motivation, exertion, and specificity of tBPT showed that the players were highly motivated
to perform their personals best. Moreover, exertion during the test was very high and close to the
exertion of a typical team handball game. Thus, the GBPT was proved to be vesyiteellto
measure tea handball performance and closely reflects the physical performance during real team
handball matciplay.

The weltknown Yo-Yo tests were developed for testing the physieald more specifically
- the locomotive performance of athletes while runningkbend forth on an indoor or outdoor
court. There has been special interest in thevgantermittent recovery tests (the ¥ IR tests),
since they evaluate the athletesdo ability t:¢
exercise and withhiat, their potential to recover from intensive exercise. In many sports, for
example team ball games like team handball, the exercise is namely intermittent, and the physical
performance is related to the plcesgteraughbutteb i | i
entire game.

The Yo Yo IR test may be performed at two different levels with different speed profiles
(level 1 and 2). Level 1 (Y0 IR1) starts at lower speed and with the increases in speed being
more moderate than for the levek3t. For a trained person, the-Yo IR1 test is mainly focusing

on an individual s ability to repeatedly p
component towards the end of the test (Krustrup et al., 2003, 2006). The test also evaluates the
indi vi dual 6s ability to r eYodRltstfullystimmates both the s e

aerobic and anaerobic systems for less trained persons and is therefore normally used to test male
nonelite athletes, beginners and female athletes. Consthgue the present study with female
elite team handball players the Yo IR1 test was used.

In team handball, the number of physical confrontations with opponents and the number of
technical playing actions like tackles, screenings, jumps and shots are high. Thus, there are great
demands for especially upper body explosive muscular strengthg Bsin locomotion match
data seems to underestimate the physical demands of elite team handbaplayatbhichalsik
etal., 2013, 2014). Consequently, it seems reasonable to believe, that it is decisive in team handball
to use a test that is not solelyn@asure of the locomotive capacity of the players.

Therefore, it is highly relevant and very interesting to examine and compare the results of
the advanced and complex GBPT and the more practicdortR test for elite team handball
players. The GBPT islosely resembling the physical performance during real team handball
matchplay (Wagner et al., 2016), which may be due to the fact that itontrast to the Y<&ro
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IR test- also contains technical playing actions like tackles, specific movemenngatteffence
and defence, multiple changing of directions, and jumping and shooting with a ball.

The 30m single sprint performance test (SSPT) is also a general test, which is often used to
test elite team handball players”™ ability to sprint withdwtrges of direction and including a ball.
The linear 3ém SSPT was chosen as sprint test in the present study, since it is the most applied
sprint test when scientific studies have used general tests to examine the sprint ability of team
handball playersligebrigtsen et al., 201&ruger et al., 2014; Hermassi et al., 2019; Wagner et
al., 2019a).In addition, it is easy to standardize. Consequently, it is relevant to compare this
version of a sprint test to the other two tests in the present study.

Moreover, it can also bapplicable to investigate the potential differences in test results
between the abovstated tests in relation to the different field playing positions (wing players,
backcourt players and pivots) to establish the sensibilityeofebts the ability to capture small
differences in physical performance between individual players in the various test catétsies.
study was designed to examine possible relationships between the GBPFnt&SII and the
Yo-Yo IR1 test for elitdeam handball field players. Gaining knowledge about these aspects may
provide insight into the value of more general tests like thimm E5PT and especially the Y@

Il R test regarding specifically t hphysidalaraitingr 6 s
and to use the results for planning of optimal physical training regimens in elite team handball.

Methods

Subjects

Twenty-three female players (age: 24.6+3.3 years (group means * SD); body height: 1.75+0.76 m;
body mass: 72.4+9.1 kgplunteered to participate in the present study. They were recruited from
three teams of the Danish Premier Female Team Handball League and included ten backcourt
players (BP), seven wing players (WP) and six pivots (PV) of whom seventeen wetearightl

and six were lefhanded players. Since the activity pattern of goalkeepers obviously differ greatly
from those of field players, all the subjects were field players.

All participants were adult teplite team handball players. During the two precedeassns,

sixteen players were champions in the Danish Premier Female Team Handball League. In addition,
sixteen players were playing or have played in the Women’s European Handball Federation
Champions League, and twelve players were woldds players andere playing or have played

in the European and/or World Championships for their respective national teams, representing
multiple nations. All subjects were physically healthy and reported no injuries, infections or
cardiopulmonary risk factors during thime of the study.

Study designtesting procedures

The study was carried out during the beginning of the last part of the preparation phase where the
players were not involved in any important matches. All testing procedures were performed indoor
unde thermoneutral conditions in terms of temperatureZ28C) and humidity (500%). Each

club were tested separately, but within the same training wesdtwe the impact of seasonal
variation on physical performancéhe tests were performed on twofdient days. On the first
testing day, all players from the same club performed th& & t(R1 test at the start of a normal
training session on their home indoor playing court. On the second testing day, all players
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performed a linear 3th SSPT and the GBPon an indoor playing court at the University of
Copenhagen in Denmark.

The YeYo Intermittent Recovery Test, level 1-M®@IR1 test)

All the players completedhe YoYo IR1 test, which was performed as previously described
(Krustrup et al., 2003). The ¥W@o IR tests consist of repeated 2 x@0shuttle runs back and

forth between the starting, turning, and finishing line at a progressively increased speed until
exhaustion controlled by audio signals from a compésst player. Between each running bout,

the players have a i9active recovery period, consisting of 2 x 5 m of low intensity exercise
(decelerating and walking back to the starting line). When thyedare not able to maintain the
speed twice, the distance covered at that point is recorded. The total distance covered is considered
as the test result in which the last running bout that the players is starting to perform has to be fully
included. Thusthe last 2 x 20 m is included in the final test result. The HR was monitored
throughout the entire test.

The 30m Single Sprint Performance Test{30SSPT)

In the SSPT, each player performed a maximal, linean3print. The players had to repeat the
sprint test twice with at least 4 min of recovery between testgder to record the time to cover
the sprint distangehree light beams/timing gates waaqad at 0 m, 15 m and 30 m of the testing
distance. The fastest 4B and 30m sprint times were considered to be the test results and was
used for analysis.

The Team Handball Gartgased Performance Test (Team Handball GBPT)
The players completed the team handball GBPT in accordance to a description by Wagner et al.
(2016, 2018)Briefly, all players performed eight heats of team handball specific movements
including defence, defence to offence, offence, offence to deferttacawve recovery (see Figure
1). Sincethe GBPT was developed according to previtoge-motion analysis of elite team
handball matches (Michalsik et al., 2013, 2014, 2015b,c; Michalsik & Aagaard, 2015),-the on
court movements varied in the eight heaf$eoting that the activity pattern of team handball
players isconstantly changing throughout a match.

During defensive actions, players had to tackle padded roll mats omthen@ 9m line
with both hands, starting at then line and finishing at the-m line. In offence, players had to
catch and pass the ball during sprinting between-tindife and 12 m, whereas they have to touch
the 0.5%0.5m touching fields on the floor, starting at 12 m and finishing at threl@e. In five
out of eight heatglayers had to finish the offensive actions with a jump shot, throwing as fast as
possible to the lower left corner of the goal after maximal-tdkéom the left foot (for the right
handed players, and vice versa for-ledinded players). In heat 3 afdthe players had to sprint
from defence to offence, finishing with a jump shot (fast break), and in heat 4 and 6 sprint from
offence to defence (running back/fast retreat).
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Figure 1. Schematic diagram of the team handball gdéasedperformance test (GBPT)
including measuring and testing equipment.

Pauses (15 s between two defensive or offensive actions, 20 s between offence and defence and
vice versa, and 40 s for blood lactate measurement) between two heats were preciselydcontrolle
The oxygen uptake and HR were measured in each heat using a portable respiratory gas exchange
measurement analysis system in brdgtreath mode and a HR belt with a sensor module- VO

peak was determined as the peak value of. M@is was due to thiact that only shorterm (less

than 30 s) increases in oxygen uptake occurred during the GBPT. BLC was obtained from the
hyperaemic earlobe by an experienced medical laboratory technologist.

To determine offence and defence times, the time betweengharfd last contact on the
padded roll mats (in defence) or touch fields (in offence) as well as for the fast breaks and running
back (fast retreatsjvas measured. Throwing velocity and jump height during the jump throws
were measured by calculation of -fiosition of the center of the ball and flight time from high
speed (200 frames per second) video files.

Results

Descriptive data group means, standard deviations (xSD) and 95% confidence intervals (ClI)
for all variables are depicted in Table 1 and 2. No significant differences between the different
playing positions were found. However, both large and mediuectedizesvere found in several

of the variablesSome significant relationships in test results between the GBPT and t¥ie Yo

IR1 test regarding the locomotive distances\p@ak and HR were found. However, the-Yo

IR1 test results were not correlatem the team handball GBPT in any of the matelated
activities in the GBPT that included technical playing actions. Several significant relationships
between the sprint performance in the SSPT and in th&/drdR1 test performance and
locomotive resultsn the GBPT, respectively, were demonstrated. However, the S&PT was
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also not correlated to any of the team handball GBPT activities, which included technical playing

actions.

Discussion

Yo-Yo intermittent recovery test (level 1)

The mean body mass, body height and age in the present group of players were 72,5 kg, 175 cm

and 25 years, respectively, which is comparable to that of other female adelitedpeld team
handball players from the DanidPremier Female Team Handballdgeie (Michalsik et al.,

2015c), National players from the First Spanish Team Handball League (Ferragut et al., 2018),
and players in the Czech and the Serbian Female National Handball Team, respectively (Mala et

al, 2015;P e t k et @l.j 4019). The meaotal running distance covered in the-Yo IR1 test

was ~1330 m,
Playing positions All players Backcourt Wing Pivots
combined players players (n=6)
(n=23) (n=10) (n=7)
i +
Variables Mean = SD Mean + SD Mean = SD Méa; B
[0) 0, 0,
(95% ClI) (95% CI) (95% CI) (95%Cl)
Anthropometric variables
+
Body mass (kg) 72.4+9.1 726+£103  66.6+5.3 78(;31‘46'2
(68.476.3) (65.2-80.0) (61.7-71.6) 85.8)
Body height (cm) 1753+ 7.6 175.6+9.1  173.1+8.2 1737'13 *
(172-179) (169182) (166-181) (175183)
Age (years) 24.6+33 255+4.1  23.8+33 2‘1:22;61'5
(23.226.1) (22.628.4) (20.7-26.9) '
25.9)
Yo-Yo intermittent recovery test,
level 1
Running distance (m) 1380 +
1329 + 236 1268 + 263 1371 + 89 287
(12271431) (10801456) (12901453) (105G
1710)
Heart rate (beats-nif) 1936 190+ 7 196 £ 4 195+6
(185190) (185195) (188201) (188201)
30-m single sprint performance
test
15-m sprint time (s) 2.36+£0.11 2.35+0.12 2.34 +0.07 241 +
(22.322.41) (2.27-2.44) (2.282.40) 0.10
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(2.29

2.53)
30-m sprint time (s) 4.46 £
4.36 +0.18 433+0.21 4.33%0.11 0.17
(4.284.44) (4.184.48) (4.234.43) (4.25
4.67)
Playing positions All players Backcourt Wing Pivots
combined players players (n=6)
(n=23) (n=10) (n=7)
Variables Mean = SD Mean + SD Mean = SD Mzagl *
(95% CI) (95% CI) (95% CI) (95% CI)
Team handball gamebased
performance test
VOz-peak (ml Q-min-kg") 62.9+6.2 622+46  607+47 00981
(60.265.6) (58.965.4) (56.365.0) (75675)
Blood lactate concentration (mM) 96+28 9.1+£3.0 95+£26 105+28
(8.4-10.8) (7.011.3) (7.1:12.0)  (7.213.7)
Heart rate (beats-nih 188 + 6 185+ 6 190 + 6 190 + 4
(185-190) (181-189) (185195) (186-194)
Jump height (m) 0.34 +
0.32 £ 0.05 0.29+0.04 0.35+0.05 0.06
(0.30:0.35) (0.27-0.32) (0.30:0.39) (0.28
0.41)
. . 4
Throwing velocity (ms’) 230+ 1.7 233+1.6  223+18 292'210?"91'9
(22.323.7) (22.224.4) (20.924.1) 25.4)
Defence time (s) 6.09 +
6.08 £ 0.24 6.06 +0.26 6.11+0.28 0.16
((5.986.19) (5.87-6.25) (5.866.37) (5.9%-
6.27)
Offence time (s) 6.04 +
6.13+0.35 6.07+0.29 6.30+0.46 0.25
(5.986.28) (5.866.27) (5.87-6.73) (5.76
6.32)
10-m fast break time (s) 2.02+0.11 200+0.10 2.06+0.14 2.00+%
(1.97-2.07) (1.922.07) (1.932.19) 0.08
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(1.92-

2.09)

20-m fast break time (s) 4.05 £
4.14 +0.22 409+0.17 4.28+0.23 0.20

(4.054.24) (3.974.22) (4.064.49) (3.7

4.33)

Fast retreat time (S) 2.16 +
2.24 +£0.18 228+0.13 2.26+0.23 0.16

(2.17-2.32) (2.192.37) (2.052.48) (1.97-

2.34)

Table 1L Anthropometric characteristics and results from theYYointermittent recovery test,

level 1 and the single 3@ sprint performance test for female adult-edpe field team handball
players. Group means + standard deviations (SD), and 95% confidesreals{Cl) for the main
effect of measurements are specified.

Table 2 Results from the team handball gabesed performance test for female adultebie

field team handball players. Group means + standard deviations (SD) and 95% confidence
intervals CI) for the main effect of measurements are specified

which is somewhat lower (~ 7%) than previously reported in adpielite field team handball
players from the DanisRremier Female Team Handball League (~1440 m, Michalsik et al., 2014)
and the Brazilian Female National Handball Team (~1440 m, Michalsik, 2017), and also much
less compared to female youth (mean age 17 yearg)itepnternational players (~1660 m, Moss

et al., 2015).

One of the reasons for this difference could be due to the timing of the testing in the present
study. The tests were carried out in the first days after the summer break, where the players were
not used to team handbdéike movements sth as accelerations, decelerations and change of
directions and high intensities in the same manner as during the competitive sleasever, all
the mentioned results for adult players are still lower than previotéoYiR1 test performances,
for exampé measured in the Danish Female National Team, which won Olympic Gold in 2000
(~1510 m, mean body mass 68,5 kg, n=16), finished fourth in the World Championships in 2001
(~1675 m, mean body mass 65,5 kg, n=12) and won the European Championship #8802 (

m, mean body mass 66 kg, n=18) (Michalsik, 2003). This may indicate that the mean results of the
Yo-Yo IR1 test has not improved significantly for at least female aduklitefield team handball
players the last couple of decades. One reason ceutddb the mean body mass (and hence
probably the muscle mass) has increased markedly for female adult elite field players since the
millennium (Michalsik, 2015c; Ferragut et al., 2018; Konstantinos et al., 2018; Martinez
Rodriguez et al., 2020).

Today sfemale adult elite players are larger with increased body mass, which may have a
negative impact on the ¥Ygo IR1 test performance due to the many repeated decelerations,
accelerations and 180 degrees change of directions during the test. On the dtitbehacreased
body anthropometry will enhance the-court performance in other important match activities as
tackling, screening, blocking, throwing, jumping eeone situations and rapid change of
directions and hence on the total performance dumatghplay. Muscle mass, maximum muscle
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strength and muscle power are essential factors in modern female elite team litadhaks et

al., 2007; Granados et al., 2007; Vila et al., 2012; Granados et al., 2013; Michalsik et al., 2015c;
Ferragut et al.2018; Michalsik, 2018)which is required in actions like sprinting, eteeone
situations and rapid change of directions. In the present study, two players with high body mass
(80.8 kg and 79.9 kg) performed badly in the Yo IR1 test (880 m and 1000 njowever, they

both reached a high \ibeak (64.4 and 65.9 ml@nin-kg?) during the GBPT. Apparently,

they can perform at a high level during competitive maliely, but are both too heavy to achieve

a high total YeYo IR1 running distance. In returthey will be strong in the numerous, crucial
physical confrontations with the opponents.

Team handball gamebased performance test

It is definitely not a surprise that the ¥ IR1 total running distance corelated with the high
intense locomotive measurements in the GBPT, considering thoYR1 test ends with repeated
exercise bouts performed at very high intensity. In support of this notion, téYR1 test
performance was aissignificant correlated with B and 30m sprint time in the SSPT.
Furthermorethe Yo Yo IR1 test has been proved to measure the ability to repeatedly perform
intermittent exercise with a high aerobic component towards the end of the test (Krustrup et a
2003). Thus, a relationship betwe¥o-Yo IR1 total running distance and ¥Peak and HR in
the GBPT, respectivelyand also betweelYo-Yo IR1 HR and VQ-peak in the GBPTwas
expected

In both tests, the aerobic component has been shown to approactahvalues. The player
with the absolutely highestO.-peak (79.7 ml @mint.-kg?l) also covered the longest total
running distance in the ¥®o IR1 test (1760 m). Interestingly, this woidthss player was the
only one who was able to perform thetire GBPT without a decrease in time in the offensive and
defensive actions. A greater contribution from the aerobic metabafiparently helped the player
to avoid a decrease in the repeated, anaerobic actions throughout the entire test (Wagner et al.,
2020).Noteworthy this may also happen for elite players during real competitive mafthes.
high level ofVO2-peakin GBPT may enable a faster recovery during both training and match
play, and players will be able to perform on a higher level for gelotime.

30-m single sprint performance test

Thirty meter is the longest linear distance that team handball players may sprint duringlanatch
(wing players). However, most sprints in team handball are of shorter distance and usually
performed with changes of direction where the players may newaeh rtheir maximal sprint
velocity (Michalsik et al., 2013, 2014, Luteberget & Spencer, 2017; Font et al, 2021).
Consequently, a B split sprint time was also measured in the present study. However, it may
happen that team handball players (especialhgwiayers) sprint for 30 m during matplay, for
example, a goal scorer lying/standing in the goal area close to the goal when the opponents are
taking a fast throvoff. The correlation between 4% and 30m sprint time was found to be very
strong.

Several significant relationships between the sprint performance in tme SSPT and in
the YoYo IR1 test performance and locomotive results in the GBPT, respectively, were
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demonstrated. These correlations indicated that-en Eprint test are more relevaior team
handball players than the-80 sprint test, which is in agreement with results from previous studies
regarding sprint distances covered during elite team handball 1platciiMichalsik et al., 2013,
2014). This support previous findings showitgtt sprinttraining exercises in team handball
primarily should target reaction speed and acceleration (i.e., rate of force development, RFD)
rather than focus on maximum running speed (Michalsik et al., 2013, 2014; Michalsik, 2015).
Additionally, the 36m SSPT was not correlated to any of the GBPT activities, which
included technical playing actions like tackles, jumping and throwing with a ball (during defensive
and offensive actions). These data suggest thabart sprinting withand without a ball may not
be the same, and that the-@0OSSPT only to a certain extent can measure the individual sprint
capacity of elite team handball players who during matalg always are sprinting with or looking
for the ball. The special movemepgttern during training and matches is unique for team handball
(specific team handball agility), and the higitensity actions in team handball are performed very
differently compared to the activity in a linear-80sprint test.

Relationships betweerthe various tests

Somesignificant relationships in test results between the GBPT and thé@YRB1 test regarding
the locomotive distances, \éPeak and HR revealed that the-Yo IR1 test were related to the
GBPT and hereby also to the-oaurt performaoe in team handball matgihlay. However, it is
notable that the Y<¥ o IR1 test results were not correlated to the GBPT in any of the yrelatked
activities in the team handball GBPT that included technical playing actions like tackles, passes,
jumping aml shooting during specialized movements in offence and defence. The indirect validity
of Yo-Yo IR1 test was in this study found to be only valid for locomotive activities, but not for
team handball matehctivities including technical playing actions, whiotherwise is a very
important part of elite team handball match performance (Granados et al., 2013; Wagner et al.,
2014; Kgger et al., 2014; Michalsik, 2015bello lacono et al., 2018/ila & Ferragut, 2019;
Akl et al., 2019; Bragazzi et al., 2028aavedra et al., 2020). The -Yo IR1 test is solely a
measure of some of locomotive activities used in team handball (e.g., ntd-side change of
directions and fulpower, explosive accelerations). Moreover, using only locomotion match data
seems tainderestimate the physical demands of elite team handball-plaickMichalsik et al.,
2013, 2014).

It seems reasonable to believe that it is decisive in team handball to use a test that contain all
kinds of activities performed by the players duriragring and matciplay. Using the Yevo IR1
as a test to evaluate the physical capacities of elite team handball players will therefore not give a
full picture of the level of physical performance of the players in question, instead, the test must
be supplenented by others tests. This is an important finding in order to establish the potential use
of the YoYo IR1 test in elite team handball. Consequently, the results of the present study
confirmed that the GBPT is better than the Yo IR1 test to measurdl &ypes of team handball
actions i.e., both locomotive and technical matelated activities for female adult tahte field
team handball players.

Moreover, this study clearly indicated that team handball specific performance, as

measured by the GBRand general physical performance, as measured by théoYR 1 test
and the 3ém SSPT in the present study, are different elements in line with previously study data
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(Wagner et al.,, 2019b). Using general tests for examining the physical performarezamof t
handball players provides information of general, separate physical qualities, which may differ
substantially from the physical aourt performance during matgtay. This must be taken into
consideration when evaluating the effect of relevant phlys@iaing, and when the coaches are
using the results of general tests for the planning of optimal physical training regimens in elite
team handball, which aims to increase thecourt performance during matgtay.

Positional differences in testesults

Surprisingly, no positional differences were demonstrated in all three physical tests. Potential
positional differences in the team handball GBPT have not been examined before, but in regard to
the YoYo IR1 test and the 3th SSPT, our study findgs are in contrast to data from to previous
studies in team handball (Michalsik et al., 20ddjger et al., 2014owever, there were several

large effect sizeg¢ 4O 0 .esbekiplly in the GBPT (V&peak, HR, jump height and 20 fast

break time), and numerous medium effect s{z&© 0 wéresa)so seen primarily in the ¥¢o

IR1 test (total running distance covered, HR) and in thRm&SPT (18m and 36m sprint time).

This indicates that the saube size in the three groups (six pivots, seven wing players and ten
backcourt players) in many cases was too small (Sullivan & Feinn, Z¥i23, had the sample

sizes been larger, significant positional differences would probably have been demonstrated,
especially in the GBPT.

Conclusions

Both the YoYo IR1 and the 30n SSPT test results were not correlated to any of the team handball
GBPT activities that included technical playing actions like tackles, passes, jumping and throwing
with a ball during specialized movements in offence andraef. The present data collectively
suggest that the ¥¥o IR1 test performance does not reflect and measure the overall specific
physical orcourt performance of female elite team handball players, but sateipdividual

pl ayer 6s abi lerdfotmyintetmitent renpireg @xereisk land the ability to recover from
such intense exercise, which does not include technical playing actions. Addititreajtyesent

data also suggest that-oaurt sprinting with and without a ball may not be the same tlaat the

30-m SSPT only to a certain extent can measure the individual sprint capacity of elite team
handball players who during matplay always are sprinting with or looking for the ball.
Unexpectedly, no significant differences between the varitaysng positions were found either

for the team handball GBPT, the-BOSSPT and the ¥¥o IR1 test.

The main study finding was that the results revealed that the team handball GBPT is better
than the YeYo IR1 test to measure and evaluate feradldt topelite field team handball players”
ability to perform physical matetelated activities, including both locomotive and technical
playing actions executed as during competitive matalg. Furthermore, this study also clearly
indicated that teamdmdball specific physical performance, as measured by the GBPT, and general
physical performance, as measured by theY®oIR1 test and the 3th SSPT, are different
components.
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Practical applications

To conduct the team handball GBPT requires maspurces intense planning, high advanced
equipment, a lot of space, high knowledge and experience about physiology and testing, including
blood sampling and portabtespiratory gas exchangeeasurement ofO>. In addition, the test
is very time consumig, since only one player can be tested at a time. As a consequence, this is
not a test which is suitable for regular testing of players in small clubs or at a lower performance
level.

Instead, general physical tests such as th& ¥ tR1 test and the 3th SSPT may be used.
Both tests can test a whole team squad within an hour. Additionally, théoYIR1 test, in
particular, does not require a lot of equipment or human resources. It can easily be performed, also
in clubs at a lower leveHowever, it musbe emphasized that these tests have to be supplemented
with other general tests, for example different strength and jumping tests, to give an overall picture
of the physical capacity of team handball players. Then3print test can advantageously be
reduced to a 20n sprint test. It may also be performed several times with short breaks in between
as a repeated sprint test in order to measure the repeatedly sprint ability of the players. Furthermore,
it can be conducted with changes of directions or affince and defence movements as a specific
test for agility in team handball.

Ib@michalsik.dk
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PLANNING OF THE TRAINING IN TEAM HANDBALL

Lars Bojsen MichalsikDepartment of Sport Science and Clinical Biomechanics, Muscle
Physiology and Biomechanics Research Uditiversity of Southern Denmark, Odense,
Denmark

Summary

Any training schedule for a team handball player should be based on an analysis of the demands
of the game to determine what qualities are important for a good perforrEecethough elite

team handball is a team sport, fllayers must be loaded differently. It is during breaks between
training sessions that the improvement of the physical capacity occurs (supercompensation).
Therefore, adequate recovery between training sessions is an important part of proper training
planring. The training must be periodized, so the players will reach the best possible performance
in the most important matches/tournaments of the competitive match s€hsoglements that

are crucial for the anaerobic performance are built up faster tedadtors which are important

for the aerobic performance. Thus, anaerobic training should only be intensified as the competition
season approaches. Performance gains and improvements in physiological parameters can be
achieved up to important matches &murnaments by using tapers with large reductions in training
volume, moderate reductions in training frequency, and maintenance or increase of training
intensity.

Keywords: Individual planning, recovery, periodization, time course of physiologicalgdsan
tapering.

Introduction

In team handball, the training time for the physical training is limited, since the technical, tactical
and mental aspects are of great importance for the playing performance, and therefore also need
to be extensively trainedhus, a thorough planning of the physical training is necessary in order
to best utilize the sparse training time and to achieve variation and development, which can be of
great importance for the players to retain the motivation to perform physicahgrainiorder to
plan an effective training coursi,is necessary to make use of both practical experience and
researctbased knowledge. When planning, the trainers must constantly try to be open to new ideas
and training methods. By changing the trainmgthods and the planning, errors can occur, but
this is crucial to be able to develop continuously.

Even though elite team handball is a team sport, match analyses have shown that physical
training in modern elite team handball should be directed apibeific playing position and the
pl ayersd i ndivi dand heedpfdr yesaveryslithalsik aetp a.,c2013,y 2014,
2015a,kc). Furthermore, clear gendgpecific differences in the physical demands of modern elite
team handball have been demonstrated, strongly suggesting that central areas of physical training
should be conducted differently in female elite team handball asedpo male elite team handball
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(Michalsik & Aagaard, 2015). Consequently, the aforementioned aspects must be taking into
consideration, while designing physical training regimens for elite team handball players.

Any training schedule for a team handl@byer should be based on the analyses of the
demands of the game to determine what qualities are important for a good performance. This must
be compared with a capacity analysis of the individual players, so that their strengths and
weaknesses can beeittified. This allows the trainer to assess which aspects the training should
contain in particular. Based on the analyses, realistic objectives can be estaBkgmethough
elite team handball is a team sport, gh@yers must be loaded differently. &r is no training
program that is optimal for everyone.

Training and recovery

Physical training helps to maintain or improve the physical capacity of players. It degrades the
parts of the body that are exercised. In turn, the body is able to rebuddautdo the new physical
demands. During training, a large amount of energy can be consumed, and the body's energy stores
can be emptied. When the training is completed, the balance between degradation and formation
of proteins is restored as the synibas being stimulated, and the degradation is returning to a
normal level. Thus, after training during the recovery period, there is a net production of proteins.

In addition, the energy stores will be rebuilt, and the liquid balance can also be ftdiedes
Furthermore, fatigue substances will be removed. Consequently, it is actually during breaks
between training sessions that the improvement of the physical capacity occurs. Therefore,
adequate recovery between training sessions is an important peosper training planning.

The basic training principle is that the body should regularly be subjected to loads that
differ from the loads it is normal used to (the overload principle). During the training session itself,
the detrimental processes dominate, which briefly resuétsigcrease in performance. During the
recovery period between training sessions, the building processes dominate, which results in the
body not only is build up to the initial level, but also to above this (see Figure 1). This provides
performance improveant compared to prior tetart of the training session, which is called
supercompensatiorcémbetta2007) The ri ght r el ati onship betwe
preuiesgi te for achieving supercomp éimsshereformn ar
important to start the next training session at the time when the supercompensation is at its highest.
The purpose of training is thus to load the body in order imbtupercompensation.

Performance P

A 27
rd /l
- s /
/ -

L Increase
Hl Training Optimal recovery time
A — — PRecovery after each training session
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Figure 1. Theoretical examples of the interaction between training and recovery and thus on the
body's adaptability to physical loading. Fithess enhancement is achieved by optimal recovery time
after each training session, where supercompensation is obtained gitog).fiDecrease in
performance is caused by too short recovery time after each training session and without any
supercompensation (middle figure). The physical fithess is maintained by too long recovery time
between each training session, despite theliatta supercompensation occurs (bottom figure).

The recovery time from training and matches is complex and is typically dependent on the nature
of the training/game (intermittent exercise, volume, intensity and durati@y)layer's training

level, the total training volume and the conditions for vecy (diet, sleep, relaxation, treatment,
massage et¢.and outside stress factors such as health, lifestyle, nutrition, psychological stress
and environment (Barnett, 2006; Erlacher et al., 20&%ell, 2011) The duration of the recovery
process depednuch on the training load. A large volume and high intensity of the training results

in an extension of the time needed for recovery and adaptation, while the recovery takes place at
a faster rate with a smaller volume and lower intensity of training.

However, it is not only the training volume, but also the players training level that plays a
huge role in how long it takes to recover after training. Provided that the total volume of training
is comparable, it takesl things being equahortest timeo recover from aerobic training, longer
time after anaerobic training and longest time after intensive strength training. This means that in
training planning, the timing and order of the different types of physical training must be carefully
considered d ensure optimal recovery and adaptation. Recovery is dependent on the
aforementioned factors, so it is not possible to specify exactly how often a player shoukbtrain.
some players, the volume and intensity of the training will be optimal, whereathés it will
be too hard or too easy. The rate and quality of recovery from training and matches is extremely
important for high performance in elite team handball, and optimal recovery may provide
numerous benefits during repetitive hilglvel trainingand long tournaments.

An appropriate training plan is based on some general concepts and considerations. Some
of them are mentioned here:
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Training volume

The total training volume is an expression of the total training load the body is expos@aro. It

be varied in several ways because the training volume (per week) = training duration (hours/
minutes/seconds) x training intensity (work per unit of time) x training frequency (number of
training sessions per week). For example, 30 minutes offtemsity aerobic training and 30
minutes of anaerobic production training do not provide the same training volume as the intensity
of the training is very different. The weekly training volume during e.g., formal running with three
training sessions of 30 mites duration at a speed of 15 km per hour is 22.5 km.

Training progression

To ensure continuous development and progress in performance, the intensity or volume of
training must be constantly increased concurrently with a fithess improvement, so thadyhe

can be loaded according to the overload principle (see Figure 2). If this does not happen, the
development in performance will stagnate. But the load must be increased at a pace, where the
body is able to tolerate the physical demands.

Training spedficity and variation

In order to achieve hightraining effect, it is important that the training takes place in situations
that are similar to the match situatiens mu c h  aThe ptagess simplyl become good at
what they trainUnilateral training will eventually lead to body wear and result in injuries. Variety
in training is also very important to maintain the players” desire and motivation to train.

Training continuity

Training continuity nmeans tthatoutghhe ugl ayer £ nrt
|l onger to increase a capacity than it takes
Therefore, It I s appropriate and i mportant

per ibedsveen compet i-std aseo s epaesroinsd s .i n of f

Training periodization

It is not possible for elite team handball players to be constantly at a top level during the entire
competitive match season. The training must be periodized, suayers will reach the best
possible performance in the most important competitions/matches of the competitive match
season.The physical trainingshould be organized with preplanned, systematic variations in
training specificity, intensity, and volume dgiifferent periods or cycles within the overall training
program for the seasdissurin, 2010)Training programs for elite team handball players should
use periodization to break up the training into e.g., thesedson, preeason, ikseason (and
divide it further to provide multiple peak performances during the competitive period), and the
postseason, which should focus on different goals in the various periods of traihung). the
players get the opportunity to reach performance peaks and reduisk thiecollapse periods or

that the players become overloaded.
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Performance improvement

20—

Figure 2. The figure shows the progress in aerobic performance after a long period of aerobic
training. The arrows indicate that the intensity of the training was increased aftardi]18 weeks

of training, respectively. This was done to ensure continuous progress in performance. Note that
the progress was greatest at the beginning of the training course, where the output level was lowest.

There are different forms of periodizatitivat can be combined during a specific training period.

A known and used term is linear periodization (traditional periodization). This is a periodization
model, which is characterized by decreasing training volume simultaneously with an increasing
training intensity over timé€Simé&o et al., 2012). As a starting point, the players begin with high
volume and low intensity and gradually end up training with high intensity and low volume. Thus,
a relatively linear increase in the training intensity and a relatively linear decreasening
volume occur during the periechence the namewhich is utilized to build a performance peak
that can be achieved concurrently with a taper period (see Table 1).

Linear periodization can be used in sports where fewer competitions araeihefglalyear
(macrocycle) or within team handball for shorter periods, such as from the end of the season to the
beginning of next season or during the winter break (mesocycle). However, it is not optimal if it
is necessary to peak the physical performangkiple times during the season.

Another periodization model is block periodization (Issurin, 2008; Breil et al., 2010). This
form of periodization is often used by elite athletes who want to peak in performance many times
yearly (48 times a year). Gmequently, it is suitable for team handball players with many matches
during a season. This is a system of short training blocks with carefully selected content and focus
on few physical qualities at a time. The blocks are trained in the correct ordehigve an
accumulated training effect, so that the athlete is optimally prepared for the competition/match day
(Regnnestad et al., 2014). This relatively short course can now be repeated and provides good
opportunities for adjusting the training based lom dctual performance.
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Muscl e Maxi m|Expl o Perfor |

h ertr muscl gmusc| e ak
yp strengstrenp

Set s 35 3-5 2-4 1-3

Repeti| 812 RM 46 RM| 214 RM| 1-3 RM

I ntengdg Lommoder| Moder { Hi gh Very h

Vol umeg Very hi|High Moder| Low

Table 1. Example of linear periodization (macro/mesocyclus) within strength training. Notably,
gradually increase the intensity, gradually reduce the volume.

The following applies for block periodization:

1 Thetraining is varied in the different blocks (microcycles).

The primary physical qualities of the first blocks must be maintained.

1 The physical aspects where the physiological training adaptations last the longest (aerobic
effect, basic strength) are usudlhgined primarily at the beginning of a block periodization,
while elements such as anaerobic performance, speed and explosiveness, which change rapidly,
are placed at the end.

1 Everything is planned, so all parameters are peaking at the same time withgohlock of
typically 4-6 weeks.

==

Reduction of the training volume (tapering)

In team handball, it is advisable to reduce the training volume (carry out a taper) during certain
periods. The main reason for reducing the training volume for a period ntayopéimize the
performance in important upcoming matches or tournam@uasquet, 2007 Mujika, 2010).
However, tapering is also sometimes performed to avoid getting into overtraining, to get time to
work with other aspects of team handball e.g., teehr@ements, or to get rid of an injury as
quickly as possible.

The most important facts about tapering are:
1 Significant improvements in performance can be achieved by reducing the training volume in
the last weeks up toraatch/tournament. The reduction of training should take place gradually.

1 Studies have shown that maintaining or increasing training intensity is necessary to avoid a
decrease in physical performance during a period of reduced training.
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1 The prerequisite for effective tapering is that the players have achieved a sufficient physical
level before the training volume is reduced.

1 In team handball with a long competitive season, the players have the opportunity to change
between periods with a laggnd a small training volume.

1 Studies have shown that the reduced training volume results in supercompensation, while the
high training intensity is stimulus enough to maintain the physical form. In addition, this
reduces the risk of overtraining and ings.

The el ements that are cruci al for the anaer
which are i mportant for t h&hisaneansthat for clgpegearh o r m
handball players it is not necessary to perform anaenabrgrig all year round, for example, the
activity of the glycolytic enzymes can be significantly increased during a month of appropriate

trainingThus, anaerobic training should only be i
Thi s insi ceerfyor the players, since anemrgbic
deman@€obngequentl vy, nNo systemadgdaas cam aparoibadc. t

witklhkoawurmrt anaer6@bweelds ald enfi nrge 4a p e re oTranbal nec e3 )p.

Vari abl e Ti me for a ch
Heart size months- years
Blood volume months
Muscle capillaries (weeks)- months
Oxidative enzymes days- months
Glycogen weeks
Glycolytic enzymes days- weeks
Buffer capacity weeks
Na'/K*- pumps weeks

Table 2. The time course of physiological changes for aerobic and anaerobic parameters,
respectively.

Annual planning

Annual training planning should be based on when the most important matches or tournaments
take place. In order to make the planning clearer, the year is divided into smaller periods for which
partial aims are set and agreed concerning which type ofrigasfiould be prioritized when and

to what extent. Hereafter, the more detailed weekly planning can be done. Here emphasis should
be placed on training periodization. Finally, the content of each training session can be planned.
The season will normally baivided into the following periods, which can vary widely in length
depending on the specific season:
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= =4 -4 -4

Maintenance period (recovery or fason period)physical and mental recovery.
Preparation perioedeveloping the physical capacity.

Precompetiton period- functional training, preparing for the season.

Competition period (tournament period)maintaining/increasing a high level of playing
performance.

The most important elements of an annual plan for aerobic and anaerobic training are:

1 Aerobictraining is performed regularly every week of the year, as it takes a long time to achieve
a training effect on the central (circulation and respiration) factors.

1 During the precompetition and competition period, aerobic higtensity training is priorized
at the expense of aerobic modesatiensity training, which at the same time gives more time
to train other aspects of team handball.

1 The maintenance and preparation period contain limited amounts of anaerobic training.

1 For toplevel players, anaerabtraining for the last 8 weeks up to the competition season
(during the precompetition period) is performed up te53times per week. During the
competition season, anaerobic training is performadithes per week depending on the match
schedule.

Competition Bet we g Competition
Aerobic season season
. Pr-eeasqg
training seasor
first half hal v e d second half
|M2 ? 2; : It 3344 4445 3333 3323 3443
. 5544 32 3333 3323 3231 4443 32 3322
tral nin
o 2223 3234| 5454 5454 5454 3345 54 5445 4445 5555
Hi gmt e n|
o 4445 55 4544
tral nin
Competition Bet we d§ Competition
Anaerobic season season
. Pr-easag
training seaso
first half hal v e d second half
Speed 1111 1111 5454 5455 4344
endur an]| 234555 5454 3545 5459 1134 55 5454
training
1111 1111) 5555 5554 554§ 1345 55 5555 5555 5454
Speed training | 3445 55 5545
1: Very low priority (need not to be trained)
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2: Low priority (can be trained)

3: Moderate priority (should be trained)
4: High priority (must be trained)

5: Very high priority(need to be trained)

Table 3.Overall planning of aerobic and anaerobic training for each week during an entire season
in team handball for a male elite team. One number represents one week of training, i.e., four
numbers represent one month of trainifige preseason period includes the maintenante
preparationand the precompetition period, respectively. The length of the different periods may
vary between different countrieslotable, the anaerobic training has a very low priority in the
beginning and the middle of the pseason (ofseason) period.

A sensible training planning requires knowledge of the aims for the training period, the starting
level, the different types of training, time perspective for training adaptations, rehabilitation,
maintenance and detraining, tapers to matches/tournaments, and concrete planning of training
duration, intensity and frequency.

Specific aspects in team handball planning of the physical training

1 A significant part of the physical training shouldgerformed with the ball, since the specific
muscle groups used in team handball then will be trained.

1 To be sure to peak the team performance at the most important times in the competitive season,
it is necessary to select®periods as the most signifida

1 The competitive period will often be divided into two halves due to national team activities
(WC, EC etc.), so there will be an opportunity to periodize the training for the club players.

1 The physical training planning must take into consideratioretht@s/ers who do not play much
in competitive matches etc.

T Itis important to dose the training sensibly in the weeks where two or more matches are played
per week.

1 Attention must be paid to the players who play both on the club team and at varioud nationa
teams to ensure they are not overloaded.

1 National team players must often be in top form at a time other than club players. Special
considerations must be taken.

1 The most important period in planning of the year for elite team handball players is-the off
season period. In this period, all aspects of physical fithess can be improved, which is a
precondition for being able to tolerate to train at high intensity and with a large total volume
and to play many matches on a high level during the competitiongppet. The pl ayer
be able to tolerate to traino in order to |
and injuries. During the offeason period, tegplite team handball players should train more
and with a better planning, often twanegs each day.

Ib@michalsik.dk
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Abstract

The continuous need for education (coach education programs anlifdole@rning education
programs) and the significant changes in National and European policies and regulations
overseeing sports coaching and training requires the adjustment of teacuaty and methods

to the needs and potential of lecturers, coaches, and technology.

In the last years some coaches education programs begun tteaseirgy, distance learning and
virtual environments i n t hei rtantdiétheaseiofrthis newe t h o
teaching processes influence the coach education models and how they influence it.

With this preliminary study we present some ideas how the usdeafr@ng, distance learning

and virtual environments influence the coach etiacanodels.

Through an exhaustive documental research, we could achieve some data and results of studies
about the use ofkearning and virtual environments in coach education programs.

Motivation, success, new perspectives, teamwork, different mataralsome of the ideas that

are presented by studemto aches and | ectures in the studi
possible to build coach education models based on this new teaching models and methods.

Keywords: Coach education,-learning, disince learning, virtual environments, education
models

Introduction

Although in the last years-learning, distance learning and virtual environments have been
introduced by coaches in their teaching methods, the importance of this approach has been
upgrackd by the pandemics of SARS COV2.

The unequalled growth of online learning in recent years (Aparicio & Bacao, 2013; Chen et al.,
2010; Guo et al., 2016; Schwarz et al., 2015; Shao, 2018; Steiner et al., 2013) has been boosted by
these phenomena. In fasyyddenly, the quarantine in most states of the world, the constant need

to focus on public health issues, have imprinted in various institutions note only in traditional
education, but also in multinational corporations, law enforcement, health, sportajtaout

doubt the coaches, the need to change. That change involved the use of virtual environments of
nonttraditional learning, which involved indexing bytes of information on the network, following

the proliferation of virtual environments, conferewedls, reunions, and lectures.
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It is not our place here to reflect on the contours of this multifaceted intrusion in the domestic
dynamics. What is certain is that from one day to the next, everything changed, and with that
coacho6s models.cat i on

In fact, if the classification of the collection is Education or Pedagogy we take for granted the
aphorism that teaching and learning are inseparable processes (Ward, 2012) or, in the words of
Freire (1996) that teaching is the consecration aohleg.

It has been known that satisfaction with | ea
is for basic, university, coaching and training, or-ldag education in organizational context, or
simply for pleasure.

Bloom Taxonomy and technology

Technology and distance learning should have the same SCRUM principle, to develop agilely the
complex products that arise from the transmission of knowledge, whose societal dynamics leads
to more complex and adaptive procesgénose are the element of value creation, when the human
being is transformed, with tools for analysis and criticism, playing, and developing mentally and
physical, generating evolution.

In fact, traditional teaching is increasingly supported by teduichl content (Sun et al., 2008;
Wang, 2003) which directly or indirectly affects education and the respective tedednining
processes.

Thus, elearning emerges as the paradigm of today's education with a 35.6% growth (Sun et al.,
2008), which hasden consolidated with the SAREOVID19 pandemic, as a normality after the
definition of elearning emergency protocols for teaching, for the redefinition in the form of
educational interaction, from the initial levels of education to the higher edutater{Murphy,

2020).

The concept of 4earning in an evolutionary concept that derives from the overall computer
assisted instruction, learning, or every description that mentions the learning with the support of
computer, that helps the practice, tiabapproaches, and engagement with the tasks, that might

be asynchronous or synchronous (Zinn, 2000). Since the begging the usefulness of the computer
assisted learning has been debated and the common ground between every debate is the hardware
computerthat allows the performance and the interacting between givers and receivers of
knowledge (Bain et al., 1998; Bong, 1998; Fiol & Lyles,1985; Grabinger & Dunlap, 1995;
Godwin-Jones, 2012; 1981, Hart, Levy, 1997; Ismail, 2001; Kemeny & Kurtz, 1968; Lee & Lee
2008; Lee et al., 2005; Ludvigsen & Morch, 2010; McAuley et al., 2010; A. Morch, 2012;
Rosenberg, 2001; Rovai, 2004; Sthal et al., 2006; Zinn, 2000).

Due to the misbelieve that online learning is the same tletreing, it is important to start by
clarifying that online learning refers to acquiring knowledge on the internet, without a given time,
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a place or a region (Sun et al., 2008). On the other haledrm@ing is a more complekiven

concept that involves and is sustained by learning technologistsuctional strategies and
pedagogical models or constructs (Dabbagh, 2005). The author called althsedyapproach,

that congregates collaboration, articulation reflection, problem solving, exploirdtistructional
strategie$ in an environmenof asynchronous od synchronous communication tools, multimedia
tools, course management systems (such as moodle, nau, sharepoint, Leed, Microsoft teams,
among othersj Learning technologies embedded by Pedagogical models or constructs, that
considers pen or flexible learning, distributed learning, knowledge building communities.

Because dearning conveys into the enhancement of individual and organizational environment,

by using internet technologies that create and deliver a rich learning envitoffResenberg,

2001), its use is fundamental in every level of education, sport, or other activity. The learning
mi g ht be more dAactivisto, irefl ector o, it he
experience, reflecting on it, concluding, andtputng i n practice the | ec:
cycle, cited in Miniano & Rui, 2020).

A reflexion must be taken upon, because the concept of online learning might overlap the concept
of distance | earning. I n ear | distance @dudaton tha¢ e g a
all owed to cosgpagate oof ofiquasaicher and-I| ear-t
way communication (Keegan, 1980, 1986, cited in Rumble, 1989, p. 10). More recently the
concept presented by Csarotti et al. (2002) mmaet that the physical void between students and
teachers is filled by means of technological resources.

However due to the evolution of technology, the notion of private study situation was overcome,
and the stiffness of the concept turned into a noam@plex, broader, and appealing form of
learning.

Even though distance | ear-miensige médiaaldt piedates thee g i
computero now, as then it «conv-paged, intdividaalizade e d s
instructionale gi meno (Tomei , 2017, p. XL 111).

Both involves the elements of behaviorism (matured from behavioral roots-hasext content),
cognitivism (epitomized by LMS -based mstrucnogal pl a
presentation) till the humamg by the personalization of knowledge, considering the interactive
synchronous package, and a fa@dace interactive environment promoted by virtual technology.

The fundamental fact is that the concept is still in its evolutionary phase (Aparicio & Bacao, 2013;
Aparicio et al., 2016), but no matter where the concept will guide us, main elements are common
to all, technology, accessibility, new methods, interriebalization of knowledge. This is due to

the flexibility of technology in all its forms, including virtual environments, that allows to
overthrow the spatial, time restriction, and human physical possibilities.
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Sports and virtual environments: The impatance of technology

Cogitating that the process of online, distanekaening, and Bearning are complemented by
computer it can be added to the education models the virtual environments. Engaging in different
methods of learning can help players, stuid, and coaches to be more effective, independent, and
selFmotivated in this process. The technology assisted learning has its benefits, first its a way of
reducing of selisolation, and enhance knowledge to stay relevantowlate, and aware of the
changes and sports evolution. Though the desirable positive outcomes, it must be a complement
to the more traditional faem®-face education, where depth, convenience and human connection is
of major added value, in the build of human beings.

The up surgeof virtual environments (VE) in learning is not a recent process, although the
pandemics helped to accelerate the need of tools and convergence of methods, that can help
different actors to keep the focus in training and the development of skills anditmesle
Aftechnol ogies momentumo (Zhang et al ., 2006,
From the traditional input devices (2D) to thhdiemensional ones (3D), of virtual environments to
immersive ones, provided by virtual reality (VR) (Mendes et al., 2018), and augmented reality
(AR) (Uhm, et al., 2019) are natural resources and conjoint ground for the incorporation, without
fear, of these technologies in sports, and its education/learning models.

Second life is one good example of a virtual thitleeensional world that providedtatnative
realities, in which people interacted, with the reproduction of game segments, dynamics and
features, which increased the understanding of the game itself (Lopes et al., 2009).

This kind of environment creates a sense of presence which ha®pmssiological impact (Uhm

et al., 2019). I n fact, the use of VR is wuse
et al ., 2018, p . 2) , in a sterilized Aworl dc¢
conditions, sports hiinfrastructures, fans, can be made and controlled (Faure et al., 2020). In
md906s Mine (1995) already pointed out that
were the underlying mentors of VE. In our opinion they help to create the perfediaofmli a

better understanding of reactions and strategies in sports.

As so,providing interactivity between coaches and players (teachers and students) isfémoked
because has positive effects in education and training. The reinforcement of contents, skills and
cognitive perceptual skills in sports (Gray, 2019), provided byalignvironments upheavals the
multisensory state of awareness by all owing
et al., 2006), and scenarios that are more easily reproduced in virtual world that in real world, and
that allow the repetition ithout physical, and material restrains.

To state the importance of this new learning method, virtual environments are prom in studies and

literature reviews in many sports, such as endurance sports (Neumann, 2017), soccer (Wirth,
2018), surfing (Farleytal., 2020) and team ball sports (Faure et al., 2020).
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Handball challenges: The future direction

Handball faces a landmark for strategies of training which could make a significant contribution
towards improving the quality of education, teaching, arckss to the sport. When considering

the future of handball, it is important to consider all the trends related to coaching that are already
influencing current trends and planning. As so memorizing facts or instructions will be of added
value, while exfwiting information for scrutiny and decisianaking process will be a core
aptitude for coach, educational and professional evolution.

Studies shown that introducing new learning environments in education students are more prom
to work on the subject, mersatisfied with the process (Dvorak & Burchanan, 2002). This fact is
also seen in training of handball coaches that involved hybrid training, whereas the satisfaction in
the process met is expectations in turns of knowledge, tools and dynamization es$sproc
(Theunissen, Delfosse, & Cloes, 2016).

The insights provided by studies (Bideau et al., 2003; Bideau et al., 2004; Bolte et al., 2020; Fan
& Li, 2021; Lochman et al., 2021) consider that the realism of VR is enough to promote
effectiveness of the movemt, to understand and anticipate the interactions between players and
to improve training.

New learning environments in sports are exponentially increased by the recurrence to technology
because they open more opportunities, and access to learningasmidg. As a motor of
development, it offers the possibility to upgrade and update information, retraining and individual
or collective enhancement, improves cost efficiency of scholastic resources, enhances, and
consolidates capacity.

The accessibilityo a variety of instruments, techniques, and diversified approaches to Handball
learning might better adjust to the needs of each of the players, allowing the coaches to personalize
the intervention in each one of them improving their performance andiliggsmhn fact, not all

the students and players learn the same way. Some learn from repetition, others from visual stimuli,
and others by listening or interacting with a computer program or virtual reality.

E-learning, blearning, virtual environmentsare considered the present and the future of
learning/coaching and a vital part of any type of educational/learning process in the future.

Its use, and a policy of satfiade, personalized, customized educational policies, and management
systemzould amplify the possibility to improve results, interact with different actors, leading to
a more efficient system.

The incorporation of different methodologies conveys to a multisensory system of learning that
takes advantage of every single elemethiumhan morphology and learning capabilities, providing
more flexibility, freedom of selflirected learning without compromising the students/players in

anyway.
129



Combining strategies to develop percepitagnitive skills that concurs to psychological fidelit

and physical skills, for the physical fidelity is the core of sports and handball evolution. None of
the elements can be underestimated, and must work as a partnership for life, taking advantage of
the benefits that traditional, virtual learning and emwinents provide.

The path of technology is grounded is the ma
that will not fade away, because online learning and its tolls have finally come of age. Is up to
Handball structure to face these chaljes, as to grow and take its place as the sport mentor, being

the first to assume that the change and use of new tools are of added value to coaches and players

soniamorgado2006@gmail.com
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Summary

This explorative study compared the dagk block of an adult female Danish nationaftéam

goal keeper and five elite U18 female goal kee
distinguished by a highemmount of concentric work from the muscles around the hip, and as a
result she reached the highest foot position and velocity. Indicating that coaches should focus on

i ncreasing hip flexion and o u tkiskdheightandelocttyat i o n

Keywords: Goalkeeper, Biomechanics, Movement Analysis, Performance

Introduction

It is well recognized within the handball community, and documented in the scientific literature
[1,2, that goal keeper 6s per f ochioarmment suceesshnieliteh | y
handball. Goalkeepers performance is influenced by their ability to anticipate and/or read the game
development and particularly the movement of attacking playing. And subsequently use this
information to position themselvesa body posture that enables them to block the shot with their
arms and/or legs. Whilst anticipation skills might be the most important factor for successful
goalkeeping performangs,4], fast reaction times, agility, flexibility and movement coordination
(technique) is required to block the shot from a facing attacker.

Goalkeepers userange of traditional and untraditional movements patterns to block the ball with
their hands, arms and/or feet. The-kégk block is among the more traditional techniques and is
characterized by a singleg stance (Figure 1), whilst the opposite lelified from the ground to

bl ock the area around the goal keeper6s wai st
arm/hand. The legick is a fundamental goalkeepgpecific skill frequently employed by both

male and female goalkeepers ata@bels to block 7 meters throws, fast breaks or shots from wing
players.

Nevertheless, the biomechanical movement pattern of the haispbalfic legkick movement is
yet to be established in the current literature. Therefore, the aim of this exgtaiily was to
compare the leggick movement pattern of a female nationaleam goalkeeper and five elite U18
female goalkeepers.
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Methods

A female Danish national #eam goalkeeper and five elite U18 female goalkeepers volunteered
to participate in thisstudy (Table 1). The goalkeepers attended a single test session in a
biomechanical movement analysis laboratory, where they completed a total of 6 maximal
simulated legkicks (3 trials for each leg).

The goal keeper 6s | ower tROOHzIwithkan S&aenera Yidorcnsotiowa s r
capture system (Vicon Motion Systems Ltd, Oxford, UK). More specific from 24 retroreflective
mar kers attached to the pel vi d5. Kihematie markeri mb s
trajectory data werelfered with a Woltring cubic spline filter using inherent Vicon Riog5ait

software (Vicon Nexus 2.11).

Table 1. Age and anthropometric profiles of the adult and five U18 goalkeepers.

A-team Elite U18 Goalkeepers

Goalkeeper A B C D E
Age (yr.) 21 18 18 17 18 17
Body height (cm)  185.1 1676 173.3 1726 173.3 160.2
Leg length (cm) 101 84 88.5 89.5 90.5 80
Body mass (kg) 84.7 63.0 62.7 58.9 64.4 57.8

Threedimensional hip and knee joint angles were calculated for the kicking leg, from movement
onset (defined as the first timeframe where the vertical heel marker was 3 standard deviations
higher than its static position) to the timeframe where the hadenreached its maximal vertical
position (Figure 1). Subsequentl vy, | ocal ma >
outwards rotation, knee flexion and extension angles were calculated for each trial.

Additionally, net positive (concentrignd negative (eccentric) joint work was calculated for the

hip, knee and ankle joints by integrating the positive and negative parts of the instantaneous joint
power curves with respect to time, respectijély. The total amount of positive and negative

lower limb joint work produced by the kicking leg were subsequently calculated as the sum of the

i ndividual jointdés (hip, knee, and ankl e) wo
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Figure 4. lllustration of the leekick movement recorded with a 3D motion capture system (left
side). Representative examples of the vertical heel marker position, sagittal plane hip and knee
joint angles for the adult Aeam goalkeeper (right side).
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Results & Discussion

The adult goalkeeper was on average able to lift both feet (Peak Po)#®e3& her body height

and reached maximum foot velocity (Peak Vel) of 8.4 and 8.5 m/s during thicke(able 2).

I n comparison, the U1l8 go a lfr«me7g% te 80% @f theivbedya g e
height and the generally reached lower maximum foot velocities (betwe&n/en's).

Table2.Sel ected output variables (mean N SD) fo

Heel Marker A-team Elite U18 Goalkeepers
Data Goalkeeper A B C D E
Z/igtb POS R-97+1 R:83+1 R:81+2 R 78+1 R:7241 R:90%1
) L:95+1 L:82+2 L:83+1 L:74+£3 L:72x3 L:90x1
Height)
R: 440 R: 413 %
Time ToPeak R:488+5 R:463+6 R:407%+6 18 R:415+1 22
Pos (ms) L:480+£12 L:463+5 L:420+x8 L: 450 = L:422+6 L: 418 +
11 27
R:. 83 + R: 76 + R: 72 £+ R: 69 =
Peak Vel R:84+0.2 R:6.0+0.1 0.1 0.1 0.1 0.4
(m/s) L:85+03 L:6.0x04 L: 72 = L: 63 + L: 6.7 £ L: 7.7 %
0.7 0.2 0.1 0.7

Peak Joint Angles (deg)
R:112+1 R:104+3 R:86+3 R:84+4 R:81x1 R:104+%2

Hip Flex L:117+1 L:82+1 L:93+5 L:96+2 L:81+1 L 115+5
Hip Abd R:49+1 R 46+1 R 45+1 R:48+2 R:41+1 R:54+1
L:55+1 L:53+3 L:52+#1 L:48+1 L:42+1 L 48+1
HpouRor R26%3 R6¥2  R9%2 R4xl R6:3 Ri25%2
1:33+2 L:24+2 L:10+#2 L:17+1 L:3+1 L:16+4
oo Flog | RP110£4 R:97#5 Ri118+1 Ri113+4 R:19435 R:108+2
L:94+4 1:92+1 L:95+6 L:119+#1 L:99+7 L:117+4
R17+3 R:3+1 R-7+1 R -3+0 R -2+3 R:2+3
Knee Ext

L:4+£2 L:-1+2 L:-5+1 L:1x2 L:-1+1 L:2%6
Pos: vertical position; Vel: vertical velocity; Flex: flexion; Abd: Abduction; OutRot: outw:
rotation.

The adul t g-kick wds gengradlyr chasactdrized by higher peak hip flexion (average
values between 112 and 117 deg) and outwards rotation (between 33 and 26 deg) compared to the
U18 goalkeepers (Table 2). Furthermore, the movement analysida@vieat the adult goalkeeper
generated 69.5% of the total joint work (Figure 2), required to lift her kicking leg, from the hip
joint (knee: 22.7%; ankle: 7.8%). Whereas, the U18 goalkeepers almost generated a similar amount
of positive joint work from lhe muscles around the hip (between 36.7 and 56.0%) and knee
(between 34.7 and 57.5%) joints. Finally, high eccentric demands were observed for the hamstring
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muscles, with the knee joint accounting for the majority of negative joint work &840 of the
total negative joint work) during the whiplash like movement of the lower leg in the final stage of
the movement.

Positive Joint Work Distribution Negative Joint Work Distribution
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Figure 5. The goalkeepers average positive (concentric) and negative (eccentric) joint work
distribution.

The dility to lift the feet/leg higher and faster may enable goalkeepers to cover a large area of the
goal, but we acknowledge that the ability to lift the leg higher is not necessarily directly associated
with higher saving rates. Similarly, we acknowledg thariation of the legsick movement exist,

and that a high knee/thigh position, rather than a high foot position, might be more favorable when
the aim is to block the area between the goalkeeper waist and arms.

Conclusions

The findings of thgresent study indicate the importance of hip flexion and outwards rotation to
increase the maximal foot height and velocity duringkieg blocks. Thus, coaches should focus

on hip flexibility and movement when working with young developing female ggatkse
Though, coaches should not neglect the combineekrme joint coordination, including the
whiplash | ike knee extension in the Il-lackt pat
performance.

niels.jensby.nedergaard@regionh.dk
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CHARACTERIZATION OF ASIAN HANDBALL BASES ON A COMPARATIVE
ANALYSI S OF THE REGI ONGS TWO LEADI NG NAT

Roland Nemé's Shiro Ichimurd, TetsushMoriguch?, 1. Hosei University, Tokyo Japan, 2.
Tokyo University of Science, Chiba, Japank8culty of Sports and Health Scienéekuoka
University,

Summary

We compared the Japanese and the Souttheir Kor e
performance in ® matches at the 2048nd 202iMen6s Handb al | Wor |l d Ch
goal was to identify some variables that can describe differences between their playing styles.
Data was recorded and analyzed using the XPS Sideline systemtafBhsheets were downloaded
from the official website of the IHF (International Handball Federation). The results showed that
the South Korean team finishes the organized atta8kseZonds earlier than the Japanese, utilizes
parallel thrust play and ifes significantly more often than the Japanese team. On the other hand,
Japan tries to create advantage position change between the back players and/or including the pivot
90% more than the South Korean team. The results showed a clear differenceng gt
between the Japanese and South Korean team. While Japan is trying to finish the organized attacks
from many position changes, the South Korean backcourt players are creating chances with
frequent feinting and quick parallel passes without changisgions.

Keywords: handball, playing style, comparison, Japan, South Korea

Introduction

The spread of the game of handball from Europe can be traced to other continents. The Asian
region rivals other continents in terms of size, but, as in Europeaige;, we can observe
different national handball cultures. If we compare only the national teams of the Middle East and
the Far East, we can already see significant differences, but if we look only at the two dominant
countries of the latter region, welleve we can also find major differences between the big rivals,
Japan and South Korea. Japan has a long and rich handball history, but never was able to obtain a
medal in a world level adult competition. Tokyo 2020 Olympic Games gave a chance to their
female and male national teams to compete in an Olympic tournament after decades (45 and 33
years) with two European head coaches. Japan has been trying to elevate its competitiveness with
coaches from Europe from time to time. Due to our -fiemtd knowledg and continuous
experience, we chose the men handball teams
achieved the historical win against South Korea after 27 years lead by Carlos Ortega. South Korea
had won a gold (womehdédémemédm)tanct)afsrbventm
in 1988 and has been dominating the Asian handball since, especially their female national teams.
Unlike Japan, the South Korean national teams have been coached only by Korean coaches.
Although both teams nyaseem playing a similar type of handball, usually described by coaches,
as fAqui cko. We assumed that Japan with the
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attack compared to the South Korean counterpart. This study aimed to identify somersdicato
organized attack, that can describe those differences.

This study does not aim to clarify success rate of all the indicators. More focused on the occurrence
rate of certain indicators in organiewale att ¢
unable to find any previous scientific research on playing styles in handball, we tried to find
qualitative indicators that can show difference in several aspects of speed (fast breaks, lengths of
the organized attacks), and strategies in orgaraitadk.

Our hypotheses (H) were the followings:

The Japanese team tries to create a situation (attack finishing) with faster flowing attacks than the
South Korean team (H1). The South Korean team prioritizes set attack plays involving four or
more phyers, the Japanese team organizes attacks based more on group combinations of four or
less players for creating gestoring opportunities (H2). The South Korean team utilizes parallel
thrust without changing positions more often, than the Japanesedearadting attack finishing
situations (H3). Both national teams use fast counterattacks in the same degree (occurrence) and
success rate(H4).

Methods

The sample entities were comprised of a total of 24 matches, 696 scenes of the 2019 and 2021
Mends Handball Worl d Championships. These a
teams competed. In 2019 South Korea participated with dfoatlan team, lt North Korean

players did not play significant role in the team, they ended up on th@la2e. Japan on the

other hand, participated with the help of the IHF wild card and finished s2p21 World
Championship was an unordinary tournament, in the middle of the pandemic with the participation
of 32 teams first time in handball history. Japan finishéd 43/oung Korean team ended31

Our research method had been data analysis usitigtisal data sheets from the tournament in
addition to the video of the matches. Data from the videos was recorded using the XPS Sideline
system. The data sheets were downloaded from the official website of the IHF (International
Handball Federation).

Data processing

Beside the descriptive statistics with its fundamental measures, hypothesized significant
differences between data were analyzed using a -2Mayo v a t esguare test with ac
significance value of 0.5

Results

Table one shows the resuif the descriptive statistics in regard with the average lengths of the
organized attacks in seconds.
Table 1. Average organized attacking time (H1)

Year 2019 2021 Total Avg.

Japan 37+42 sec| 34151 sec| 35.5 sec
South Koreg 39+98 sec| 41+54 sec| 40sec.
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Table 2. ANOVA Effect Test (H1)

Source DF Sum of| Mean F Ratio Prob > F
Squaures Square

Year 1 |1 2082.3129 |9.1555 0.0026

Team 1 |1 1517.4119 |6.6718 0.01

Year*Team 1 |1 1.8363 0.0081 0.9284

ANOVA test was used to determine t@gnificance of the differences that were found in
organized attack lengths.

Table 3. displays the descriptive analysis regarding the number of the players who are involved in
the last active preparatory phase of the organized attacks.
Table 3. Total nnber of related players (H2)

Number of players 1 |2 3 4 5 6
South Korea

Grand Total 6 |58 103 | 136 47 2

Number of players 1 |2 3 4 5 6
Japan

Grand Total 6 |29 101 | 143 53 12

1-6 Number of players involved in the last active phase of the atiatdre the finishing
(individual, group or team tactical element)

Beside the easily measurable quantitative indicators, we have chosen some qualitative indicators
too, which can describe certain elements of play (table 4).

Table 4. Totabccurance number of the qualitative indicators (H3)

Sout . Cross /| Contra |1- |P- | P-P- | Dribb | Pivot Long Sk
Indicator
h Yugo play 1 (P |P le pass pass y
Kore | Grand 17
a Total 74 56 9 83|20 |97 62 7 2
. Cross /l Contra |1- | P- | P-P- | Dribb | Pivot Long Sk
Indicator
Japa Yugo play 1 |P |P le pass pass y
noo|Grand g 38 12128116 141 |29 17 3
Total 3

Cross/Yugo Crossing with or without the balontra play Quick contra pass or movement
without feinting;1-1 Feinting with the ballP-P Two continuous parallel passgsa(allel thrust)
without changing positions?-P-P Three or more continuous parallel passes (parallel thrust)
without changing position®ribble Dribbling; Pivot passPass to the pivot,ong pass Passing
with one or more positions omitte@ky Volley Shd
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Figure 1 and 2 pie charts were created for the better visualization of the differences.

Japan Play Total South Korea Play Total

o

P2

o 4

= Cross/Yugs Contra play= 1-1 = Cross/Yugs Contra plays 1-1
P-P = P-P-P = Dribble P-P = P-P-P = Dribble
= Pivot pass = Long pass = Sky = Pivot pass = Long pass = Sky
Figure 1. Ratio of qualitative indicators Figure 2. Ratio of qualitative indicators

We r -agnaredest to clarify the relation between the differences of the indicators and created
this mosaic plot (figure 3) for easier understanding.
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Figure 3. Analysis for PI

Finally, descriptive statistics itable 4 are showing the total number of fast counter attacks and
their rate of success.
Table 4. Fast break success rate (H4)

Year 2019 2021 Total

G/S Goal/Attack | % Goall/Attack| % Goal/Attack| %
Japan 33/39 85%| 20/26 77% 53/65 82%
South Korea | 20/26 82%| 11/21 52% 34/49 69%
Discussion

The results proved most of our hypotheses, except the one regarding the number of fast breaks and
their success rate. The South Korean team organized attacks average length was significantly
longer than thdapanese. However, both teams use more time than 33.3 seconds, which was found
average on the 2017 Menés World Championship
that the lengths of the organized attacks is not an indicator of their speedy Bo#lyteams were

trying to build up the attack finishing phase mainly witld ®layers cooperation. Hence our
hypothesis was not correct, we could not find real difference in the number of players, but we
could find significant difference in the way thesere aiming to create chances in the finishing
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phase of the organized attacks. The findings show that the South Korean team has been utilizing
feinting in various positions and distances, contra play, cooperation with the pivot and 2 or more
lateral passewithout changing positions much more frequently than the Japanese team. They were
typically changing rhythm and adding speed by quick contra movements or passes and continue
with parallel passes to the other side. Japan on the other hand was tryingetthendefenders

with frequent position changes and direct passes to a farther position (e.g., left back to right wing).
These findings had proved our third hypothesis was right.

Lastly, the data we found on fast breaks did surprise us a little. Wetiggzhthat both national

teams use fast counterattacks in the same degree (occurrence) and success rate(H4). Well, the
Japanese team has led 25% more fast breaks with a 36% higher success rate than the South Korea
team. Thus, our fourth hypothesis haém@roven wrong.

Conclusion

Understandably there are large number of studies of performance indicators that are related to win
or lose. This study had not aim for that, rather a view on playing strategy or philosophy. As it
happens with qualitative analg, it is always difficult to create an objective system of criteria.
Further studies are needed in order to find variables for being able objectively describe playing
styles, playing philosophies.

rolandnemes@hotmail.com
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THE WAY WE SEE HANDBALL

How are the rules and the adaptation of the game shaping a more dynamic Handball?

Rosario Ragusa
FIGH (ltaly) - USA Team Handball, Boston (USA)

Summary

The purpose of this paper isérplore the way we currently see handball. A more dynamic
game is shaped by the IHF rules and from the adaptation of the game. Defensive and attacking
principles are influenced by new approaches and paradigms. In this scenario coaching philosophy,
strategy, and tactic are important to find the synergic mix of all elements: physical, technical,
psychological, and technological, that could give the opportunity to create a winning team.

Keywords
Handbal l coaching phil os ophoach, deféhsive and btacking d y r
principles.
Introduction
The Handball 6s game is a continuous evolu

thirty years several changes have occurred in the rules of the game with the goals to increase
attractivity, speed, and fair game from one side and reducing interruptions, violent actions, and
passive play from the other one. These changes are influencing the way to see handball, and are
improving the technical, tactical, and strategic approacth@fgame. Other changes are also
planned in the next few years to avoid simulation and faking fouls to increase a fair game.

All these changes and the consequent evolution of the game are increasing the requirements
for the coaches to adapt their philosppd this scenario in defense and attack. Many top coaches
are also calling for innovating the way we are coaching and training,

~

Aln order to make progress and to have fu
must change the technology, i.e., thethodicaldidactic approach in our daily training.
Those are the changeso (Cervar, 2015, p.

Nowadays handball defensive and attacking systems are changing. Players adapt their
movement to the attack and vicersa. From a welllefined setlefense &), we are reaching a
very dynamic game in attack and in defense, where collaboration, adaptation, and anticipation are
the major principles for a faster game. Therefore, it is necessary to identify the possibilities of
changes in the dynamics and strategiderstanding of the handball game. It could also be useful
to discuss the possible reorganizations of the individual and group tactical actions, the offensive,
and defensive systems, by coaches and other stakeholders.
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Methods

A qualitative research appach was adopted to search for elements on articles, speeches,
interviews, books, and videos available of elite handball coaches and experts to study the coaching
phenomenon, using an inductive method of analysis. The qualitative methods approactegives th
opportunity to generalize from the observation of specific examples, and content analysis is a good
way to highlight knowl edge through the <coac
collecting information f r ospeesheshsalscustgied byatheir i c |
ability to analyze the game and team perform
the dynamics of the game for validating and developing some general conclusions.

Framework

This papeexplores coaching team handball using the framework of the dynagstsms
theory to analyze the defensive and attacking principles in relationship with the team opponent.
The reason to use the dynamsystems theory as theoretical framework is baseti® dynamics
of the game and on the balance of power betw
school 0, G &Godbouy R.£2012)J .

Breaking / Continuity

Balance / A N Oppositl'on \ | Risk /
Imbalance /' \ Disorder / Order ' V Security

.

Delay / Advance

Figure 6 - Rapports de forces (OppositieBalance of power)
Source: Gréhaigne, <F., & Godbout, P. (2012) Dynamic Systems Theory and Team Sport
Coaching, 96156.

Foll owing this theory, the teams invol vec
systems n movement, where opposition is paramount. A key element for the observation of
gameplay is the notion of configuration of play and its @nging shape, namely through
phases of contraction and expansi on, and it

Develgpment

Philosophy of the game

Defensive Principles

The innovation on the rules of the game has changed the way we see handball nowadays.
From a traditional defensive game@f based on tall and strong defenders, especially in the center
of defense, we oved to more dynamic defensive systems (5:1; 4:2; 3:2:1, etc.) where "mobility
and anticipation” (Roman Seco J. D., 2016, p. 153) are the new characteristics of the defense.
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The new rules have changed the dymraaohi c p
power) between attackers and defenders, fdcre
to the defenseandviceer sao. (Cervar, 2015)

In this scenario, the defensive systems require a more creative and dynamic approach where
space, timig, and anticipation of the attack are preferred to the previous principle of-action
reaction. Individual and collective defensive skills are extremely important as well as in attack.
Aggressive mindset in defense is necessary to recover the ball andcheeadlividual and
collective movement of the opponent.

The role of the defender is enriched today from several functions that are not only to block
the opposition or avoid scores. Players then should understand and practice the strategic function
of thedefense. Understanding and visualizing the game with the same glasses as the coach to have
the same vision of the game.

The application of the defensive principles is constantly challenged from the attack. During
the game, the attacking team (oppositiavill try to continuously create new situations to
unbalance the defense and score. Strategic and tactical preparation is important, but the coach
needs to consider that the application of fixed defensive movements (tactics) could be the limit of
the defesive system by itself, especially against creative and fast attacks.

The coach needs to help the team to overcome these situations building confidence and
collaboration on recovery of the mistakes. Teamwork and collaboration are the best way to answer
the dynamics of the attack and recover unbalanced situations and mistakes. In this case we can
tal k about fAbalance of power o and every defe
attacker’s action on time or quickly recover the mistakes. Trs i t uat i onds princ
players who are in the trajectory of the ball become responsible for the attacker to anticipate or to
avoid the shot. The other players have the task to help and recover eventual mistakes. At the same
time,weneedtb e aware that the team in attack know
situation in the defense there are more opportunities to score in another zone of the court.

The defensive action should be continuous. Furthermore, defenders need t@oddkest
dynamics of the attack and their game to anticipate and intervene simultaneously on the attacker
and prevent the pass, the blocking, or the penetration with or without the ball.

Anticipation is the key for solving situations of disadvantage. Aigfno anticipation alone
will not be enough, and sometimes even dangerous if this is not coordinated with the rest of the

team or performed too | ate. Also, anticipati
passing or exiting a situation gbssible blockage, deterring the attacker's intent by creating
density and using arm movement, or making it

Garcia Herrero highlights this idea in the past pointing out different possibilities fon aetio
defensive anticipation (Garcia Herrero, 2003, p. 201).

Other authors said that defenders must cause uncertainty on the contrary of distorting
i ntentions, hiding, or changing them. Al ndi v
and theeam is equipped with more than a possibility of resolving the same situation. A defensive
system must be sufficiently flexible without
the concept of not defining ourselves if it is not preventingearaeading of the attack. The
defense, individually and collectively, needs to maintain a constant dynamism. Laguna (2005
pp.1213) concludes his article by stating that in defense, "the evolution of the defensive systems
come from ambiguity,” a "calcuiad ambiguity” (Avila Moreno, 2015, p. 150).
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The evolution of the defensive game requires a more physical, technical, and tactical
preparation than in the past, at both, an individual and collective level. Individual defensive
training should be focusechaacquiring skills that could help to reach the previous defensive
objectives with more creativity and flexibility following the major principles of anticipation and
continuous mobility.

Attacking Principles

The changing in the philosophy of tdefense, and the consequent development of new
defensive systems, created the need for new paradigms and approaches in attack.

Over the course of several years, attack and defense are continuously modifying each other and
the way we see contemporary hballl The transition from one defensive system to another is,
most of the time, a tactical decision to overcome the attacking system aneersee This
dynamic model can be analyzed as a power of balance (Figure 1: Rapports de force) between the
two functions of the teams during the game.

The major tactical objectives of the attack are to occupy the maximum space and constantly
mobilize the defense using several collective solutions like penetration, combination, changing
rhythm, faking, ball circulatin, crossing and other technical and tactical means to defeat the
defense.

The principles of attack help a team in possession of the ball to react to any situation during
the game. These basic principles of attack may apply when a team is looking fmokeession
of the ball, move the ball forward into an attacking position and create chances to score a goal.
The activity of the players during the game is based on the tactical principles in attack as well as
in defense. Their physical, technical, aadtical abilities determine the execution of the strategy
and the level of their performances. The different level of preparation, knowledge and skills
underline the level of the individual and collective activity. In contemporary handball, the
individual activity is related in a synergic way with all the other players of the team and the
collaboration with and without the ball are extremely important to create attacking opportunities.

Analysis of the players

Handball roles and positions are changinghowadays game. It is no longer a fixed
position that identifies the characteristics of the players, but more and more the different functions
and the synergic tasks that the handball players perform during the game.

Goalkeeper

The goalkeeper’s mindsetgclus, and leadership are particularly important in Handball.
Leading the defense, with the ability to read the game, the playing, and the shooters, are just a few
of the important things that goalkeepers need to do besides the most important thagithsavin
ball. Intelligence, cleverness, and the ability to stay focused are some of the skills that we need to
evaluate when we recruit and train a goalkeeper. During the IHF Coaches 2017 Symposium in
France, Mats Olsson said:

nlf you | ook sdoday,tthle ¢op lgvel afl tikeenerfa,eone of the biggest
differences between the top goalkeepers, both men's and women's, is the focus when you're
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playing. How focused you could be on the game. How focused you can be under the ball,
and you can anticipaterwat wi || happenédo (Ol sson, 2017

The goalkeeper should be able to read the game and needs to be prepared as well as any
ot her player following the tactical sessions
useful resource to set up the defepsomptly.

Decision making, timing, and individual tactic is important as well as technique. Therefore,
their training should be focused not only on physical work and technique, but in reading the game,
the shots, and the several ways to avoid the gdwdn, the role of the goalkeeper requires a
coaching plan and analysis to learn, and practice in how to react in different situations. The focus
is no longer on the technique but in reading the game. Every goalkeeper needs to develop his own
mindset, inghct, and a way to understand the situations:

AWe work the physical part, but we do n«
goal keeper coach ¢éit's |l ess talking about
have more in the mind and mental aspdd¢he brain of helping the goalkeeper to read his

shot that really keeps him in the game. 0

To this day, the level of the shooters has improved and therefore we can see from the
statistics that goal ke e pseimldternatomalMcompefiton @lIssen, r e d
2017). The changing rules and the application of the progressive punisiomarfair play are
also changing the way the defense approaches the game as well. The defender must not hold or
push too much as in thegidecause of the application of the progressive punishment; and this is
changing even the training of the individual defense (1vsl) in many countries. The attack was also
improving the quality of the shooting, from one side because the major opportusitgdt and
from the other side the improvement in the individual technique:

ALooking at the games | can see especial
players that always try to make it last change with the fingers, and now | can see also the

back payers are using more and more shoulder, elbow hand and fingers and making new

t wist the ball and the | ast moment it mak
2017)

Goalkeeping is extremely important, and we need to give this role the righticatten
terms of training, time, and sources.

Players

The ability to read the game and understand quickly the different situations could be
extended at any position in defense and attack. Anticipation mindset, adaptation, and collaboration
are vital. Irdividual and group defensive and attacking skills are under revision because the need
of a fair and less violent game. The changes in the IHF rules about the punishments in defense
(reduce aggressive and violent defense, avoid provocations and simubatbrthe quality
improvements of the attackers are modifying the way defenders are approaching the game. The
players need to change their mindset to use the fouls all the time to stop the attack and need to
improve their individual performances if they wantwin within the new scenario (Roman Seco
J. D., 2016, p. 6).
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Coaches must rethink and adapt their approach to the game within the new rules with
players physically, psychological, and technically well prepared able to use timing and space in a
perfectway. The old approach of the individual defense, even if it is still valid, needs to be changed
for a more creative defense if you want to stay in the game. Many countries have already changed
the way to develop individual and collective skills. For examnipistead of looking for the arm to
block, the attention now is more focused on the ball and body control by means of the arms forward
position. Timing and space are now more important for the defender because they are not able to
close the attacker orehgap easily with a nepermitted foul anymore because this can increase
the risk to get a progressive punishment than in the past. This already leads the way how defenders
will be prepared and will bring a compromise between strength and speed.

i H a n ldhbsadken an evolution or a leap in its physical aspect or dimension. Now the
pl ayers are denser and faster than the pa

Today, we see that players are not only stronger, but the dynamism of the game requires
that they must be even fas than in the past. This is leading the way how the coach will recruit
athletes and train them. Under the new scenario the players need to continuously improve their
individual and collective technique. Individual defensive skills are related to indivatia group
defensive tactics. Nowadays the ideal defender is one who, not only prevents the score but also
understands the attack and the attackers and can collaborate with the other defenders to get the ball
back. This mindsetntiewnftliucemn ceensd firtehlea tteadc tsitcrad c
1982, p. 96).

Mobility and collaboration are extremely important in both attack and defense. These
characteristics require a solid physical and technical preparation to be competitive and apply
defersive and attacking principles. Attackers are usually the most skilled athletes, but individual
skills are not enough in handball. We need players who collaborate with each other and can make
quick decisions in any condition.

Conclusion

Since theorigins of Handball, the philosophy and rules of the game have changed several
times. Over the past thirty years, several changes have "shaped" a more dynamic game, both in
defense and attack, with the aim of increasing attractiveness, speed, and fair play

The purpose of this study was to explore how these changes affected coaching and the way
we see contemporary handball. Using a qualitative method, we focused our attention on the change
in the contemporary philosophy of the game and in the evolutidafehsive and attack systems.

In this scenario, defensive systems require a more creative and dynamic approach in which space,
timing, and anticipation of the attack are preferred to the previous reaction principle. In
addition, individual and ctdctive skills are extremely important in defense and in attack.

The aggressive mindset is necessary for quick recovery of the ball and read the individual
and collective movement of the opponent. Anticipation and mobility are the keys for solving
disadvatageous situations. The different levels of preparation, knowledge and skill underline the
level of individual and collective activity. The increase in player level and the demand for
attractiveness required by contemporary handball, is increasing sdirtteetime as the level of
complexity and efficiency of the game systems.
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In contemporary handball, individual activity is synergistically related to all other players
on the team and is extremely important to create new attack opportunities. Mobility and
collaboration are both vital in attack and in defense. The evolution of the game therefore requires
greater physical, technical, and tactical preparation than in the past, both individually and
collectively. Therefore, today we need more technical andardin players, with excellent
individual and collective skills who can read the game and quickly make the best decision. One of
the major goals of the coach is to help players, with knowledge and skills, to recognize situations
and adapt their decisionsfunction of the context of the matches.

Further studies could investigate how coaches are rethinking and adapting their training approach
to the game within the new rules and in the application of the new philosophy of the game.

ragusarosario@hotmail.com
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TEAM HANDBALL AND EMPTY GOAL (7VS6) RULE T THE COACHES
PERCEPTION

Duarte Filipe Jesus Sods@&mérico Ramos Cardo5oAna José AguiaRodrigues, Helder José
Arsénio Lope$?3 Ana Catarina Rocha Mendes FernarrdbJo&o Filipe Pereira Nunes
Prudenté&?3
! Faculty of Social ScienceBepartment of Physical Education and Spetisiversity of
Madeira.Funchal. Portugal.
2C.1.D.E.S.D-- Evora, Portugal
3C.L.T.U.R.i Funchal, Portugal

Summary

The introduction of new rules in Handball has been a constant in the last two detageger,

few rules were as controversial as the rule that allows the change of a goalkeeper fpiaygeld
(Empty goal) allowing teams to play 7 vs 6. With this study we intend to evaluate the perception
of coaches from several countries about the rule that allows them to play 7 vs 6 without goalkeeper.
The results show that 76% of the coaches agreetiatpossibility of playing 7 vs 6.

Keywords
Handball, 7 vs 6, Empty Goal ,Coaches, Perception.

Introduction

The introduction of changes or new rules in Handball has been a constant in the last two decades.
This aspect arises to make the game faster, spectacular and increasing intensity.

However, few rules were as controversial and not consensual as the traléoths the change of

a goalkeeper for a field player (Empty goal) allowing teams to play 7 vs 6. This rule has been
contested and caused some division between the coaches opinions, despite being an increasingly
frequent practiceln the last major compéibns, there has been an increase of the use of this
tacticatstrategical option leading to some investigations and studies about this topic (Krahenbuhl,
Sous a, Leonardo, Gal atti, & Cost a, 2019; Kor
2020; Marog, Silva, Oliveira, & Filho2020; Spate, 2019, 2020)

We think it is important to continue to evaluate the implication of these rule and the way coaches
see and use it in order to reduce the lack of studies on it.

With this study we intend to evaluate the perception of coaches from several countrieseabout th
rule that allows them to play 7 vs 6 without goalkeeper.

Methods

In order toevaluate handball changes, nothing is better than all major competitions such as the
Olympic Games, the World and European Championship. In a previous study Prudente, Cardoso,
Rodrigues and Sousa (2019) registered only 19 attacks with empty goal, a nons@ered poor
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by them. The increase was notorious since that competition. Considering that, we tried to
understand how coaches manage that rule.

The sample included 125 coaches (10 women and 115 men), aged between 21 and 69 years old
(43.01+11.74),from different continents such as European (n=104), Southern American (n=14),
African (n=6) and Asian (n=1).

To collect the data, a questionnaire was used, duly constructed, and validated by 17 experts through
a questionnaire, with a-point Likertscale (from 1 Totally Disagree to 8 Totally Agree) and

to validate the categories, a @ft value of 75% of agreements was considered. All coaches had

at least 10 years of experience. The questionnaire had 41 questions divided by two topics:
characteration of coaches and coaches 7 vs 6 opinion. The final questionnaire was applied
through google forms. We analyzed data using simple and descriptive statistics.

Development

With this study it was our intention to evaluate the perception of coachesladoule that allows

them to play 7 vs 6 without goalkeeper.

Our first big question was about the possibility of playing 7 vs 6 (Figure 1). After the division of
coaches opinion about this, we can see that 76% of the coaches agree with that pd3sithiey.

other hand 24% did not agree with that option. 3 out of 4 coaches of our sample were in favor of
the new rule.

mYes

H No

Figure 1i Do you agree with the possibility of playing 7 vs 67?

Figure 2 shows the coaches answers about the handball game beofgcbatacter with the
introduction of the rule that allows teams to play with empty goal.

This figure shows that almost 60% of the coaches do not consider that possilidlityer words,
the opinion of the coaches who called for the game to {mhaecterized is not confirmed in our
sample.
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mYes

m No

Figure 2- Do you think the handball game was out of character with the new rule that allows to
play 7 vs 6?

When we asked coachebaait the introduction of the 7 vs 6 being the natural evolution of the
game, answers were not consensual. Results shows that some coaches Agree (31%) or Totally
Agree (10%) contrary the ones who Disagree (17%) or Totally Disagree (16%). In this Figure 3
we can verify that 26% of the coaches Do not Agree nor Disagree (26%).

m Totally Disagree

Disagree

Do not agree nor disagree

Agree
H Totally Agree

Figure 3- The introduction of the 7 vs 6 game situation was the natural evolution of the game.

We asked the coaches if they were in favor of changing the rule that allows tedaystop 6

as it is today (Figure 4).
It was curious that 58% of coaches agreed with that, contrary to those 42% that agreed to maintain

the rule as it is today. We can suppose that some coaches agree with the rule but would change
some part of it.
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EYes

m No

Figure 4- Are you in favor of changing the rule that allows the 7 vs 6 game as it is today?

One of the most i mportant questions was the
of this rule abolishing?d6 and the | arger par
Although 34% agreed with the abolition of the rule, 66% desad) with this possibility.

H No

mYes

Figure 5- Are you in favor of this rule abolishing?

Analyzing the results, we can say tha76% of the coaches agree with the possibility of playing
7 vs 6; ii) 41% indicates that the game was uncharacterized,; iii) 40.8% say that the introduction of
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7 vs 6 is a natural evolution of the game; iv) Although 33.9% are in favor of the rule thz allo
play 7 vs 6 being abolished, 66% are against it, just as the majority (58%) are in favor of changing
the rule without abolishing it.

Conclusions

These results give another reflection on the coaches perception about the rule that allows teams to
play 7vs 6. We strongly believiirther studies are needed to understand what changes this rule
caused in the game and in the behavior of teams, players and coaches, and verify if it is more used
by coachesincreasing the sample and observing ntmepetitions is recommended.

duartesousaa@gmail.com
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ASSESSMENT OF THE EQUALITY OF WOMEN'S HANDBALL MATCHES IN
TOKYO 2020 ACCORDING TO THE RELATIONSHIP BETWEEN RESULT AND
PLAYING TIME

Andrés GonzalezRamirez, Jorge Botejara, Rodrigo Botejara and Alejandro TrejeSilva

Christian Youth Association University Institute (IUACJ). Montevideo, Uruguay.

Summary
The competitive level at Female Tokyo 2020 is expected to be very high. The evaluation of the

evolution of the score throughout the playing time allows establishing the critical moments of the
match and analyzing the competitive equality of the tournarResults showed that 58% of the
games were very balanced or baland&thnerspresented better throwing indicators at critical
moments.

Keywords: dynamic time warping; balanced games; critical moments; offensive indicators;
winners and losers.

Introducti on
The study of different factors that affect the development of the game of handball has been studied

from various approaches within different elite competitions (Saavedra, 2018). Static or dynamic
approach has been used indistinctly in order to anahsedrformance in team sports (Prieto

etal., 2015). The dynamic approach analyses the data not only limited to a descriptive level, but
also seeking to understand the context where the actions are developed for example during the
time line of a match. lis, in this type of studies that among other indicators such as scoring
efficiency, critical moments or the discriminating variables between winners and losers are
present.

Currently, this approach is very present in the different investigations witkéenhelndball. For
example, Lozano, Camerino & Hileno (2016) analysed through the detection of temporal patterns
(T-patterng the variables that influence the offensive phases, taking into acddterent
elements of the competition. The use of polar coordinates exposes the relationships in the
finalizations of winners and losers (Gonzalealet2013) or the tactical behavior patterns of the
players according to the numerical relationship oa tourt (Prudente et al, 2019). The
coordination of the match status during games has been studied using temporal series (Lames,
2006; Prieto et al., 2016).

On the other hand, some studies have classified the games depending on the final score in order to
analyse the even competitive situations. In this sense Botejara et al. (2012) considered as balanced
games those were the final score difference was no more than 3 goals. Meanwhile Prieto et al.
(2016) used a cluster analysis and grouped the games opdhests handball league with a
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maximum difference of 5 goals in the score and Paula et al. (2020) with a maximum difference of
8 goals in female handball.

Olympic Games (OG) are an important competition stage where sport performance has been
studied in thdast years (Krahenbuhl et al., 2016; Montoya, Moras & Anguera, 2013- Bigja,
GomezRuano & Brazo Sayavera, 2020). The competitive level is expected to be very high at
Tokyo 2020 OG. Following this assumption, the aims of this research were t@uattie games
according to their level of equality in the final score and to analyse the offensive performance of
winner and loser for each stablished group.

Methodology
Sample was composed by the 38 matches of the female competition at Tokyo 2020aPata w
coll ected from the APl ay by Playo sheet avai

actions were registered.

For the statistical treatment of the data, the measures of central tendency, mean and standard
deviation were used. The groupgre compared using the nonparametric Wilcoxon test. In all
cases, valuewith p <0.05 were taken as significant. Glgjuare test was performed to analyse the
correlation between variables.

The clustering of the matches was carried out using the dyrnam@ovarping (dtw) algorithm

that allows comparing time series (Giorgino, 2009). This technique measures the similarity
between two time sequences that do not line up exactly in time, speed, or longitude. In this case,
the time series of each game eswdi#d by the difference in the score over the playing time were
compared. Processing was done using R.

Results
Clustering using time series analysis of the difference in score between teams over time generated

four groupings of matches (Figure 1): unbakxuhenatches, poorly balanced matches, balanced
matches, and very balanced matches.

Cluster Dendrogram
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Figure 1. Match classification dendrogram according to the evolution of the result over time. From
left to right: unbalanced, veryalanced, balanced and poorly unbalanced matches.

Figures 2 to 5 show the behaviafrthe scoreboard throughout the playing time for each of the
four clusters of matches.

Diferencia %

30 35 40 45

Minutos

Figure 2. Evolution of the difference in the score between winning and losing teams in unbalanced

matches.
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Figure 3. Evolution of the difference in the score between winning and losing teams in poorly
balanced matches.
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Figure 4. Evolution of the difference in the score between winning and losing teams in balanced
matches.
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Diferencia %

Minutos #*

Figure 5. Evolution of the difference in the score between winning and losing teams in very
balanced matches

The evolution of each match separately can be found in
https://public.tableau.com/views/LineadetiempoHandballFemeninoJJO0O2020/Dashboard1?:lang
uage=ef£=S&:display_count=n&:origin=viz_share_link

The distribution of the matches in the tournament phases showed that 57% of the matches in the
first phase were balaed orvery balanced, as were the semifinals and the final. In contrast, two
quarterfinal matches and the match for the bronze medal were unbalanced or poorly balanced

In the very balanced and balanced games, thes@lare test showed that there wasignoiicant
association between finalization in goals and the condition of winners and losers. However, shots
that ended in saves by the goalkeeper’s opposite teams did present a statistical significant
relationship (p <0.01) having the winners less sahetsshan losers (Table 1).

Table 1. Distribution of the efficacy of the finalization actions of winner and loser within the
clusters referred to very balanced and balanced games.
Winner/los No Techinca Bad

Cluster Goal 7m 2 Min Saved handlin
er goal |fault

458% 8,1% 4,3% 135% 7,2% 7,3% 13,8%

*

40,2% 8,3% 5,1% 19,2% 8,0% 6,7% 12,5%

*

Winner
Very
balanced Loser

Draw 42.8% 72% 54% 144% 96% 59% 14,7%
Balanced Winner 450% 6,8% 45% 18,0% 7,7% 7,0% 11,0%
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Loser 40,1% 6,8% 6,0% 17,1% 7,7% 8,0% 14,3%
(*) shows the significant differences between winners and losers with p <0.01 in the adjusted
residuals test.

Regarding the playing period, in the very balanced matches the Wilcoxon test showed significant
differences in the number gbals scored between winners and losers in the minute 26 to 30. In
the case of balanced matches, no differences appeared in any of the periods of play (Table 2).

Tablel. Mean and standard deviation of the goals scored bwthering and losing teams in the
different time periods according to the different groupings of matches.

Very balanced Balanced
Period Winners Losers  Winners Losers
166 18+12 22+10 28+15 1.7+£09
6406 21+12 28%+08 23+12 20x1.1

13165¢ 26+0.7 17+16 2310 2106
160H0¢C 24+12 24+11 2717 2210
21H5¢ 25+12 20x15 28+10 23x11
26390C€28+£10* 19+12* 20+14 26+13

3163 25+11 1909 22+10 18z%1.2

364600¢ 24+11 20+x08 28+13 16+0.7
4 :4H5¢ 22+11 24+x13 30x11 21+12
46%0¢ 23+12 21+11 18+11 2614
51%5¢ 25+11 19+14 23+12 2114
5600¢ 2709 29+13 21+06 31%13

Total 24+11 22+12 24+x12 22+1.2

Significant differences are noted in the Wilcoxon test between winners and losers for a period with
values p<0.05 (*).

Discussion
Olympic Games are the most important sporting event in handball where the best teams from each

continent participate. The competitive level is expected to be very high. The evaluation of the
evolution of the score throughout the playing time allows estahly the critical moments of the
match and analyzing the competitive equality of the tournament. The aim of this study was to
classify the matches according to their degree of equality in the final result andlysethe
offensive behavior of winners and losers for the established groups.

The grouping of time series was performed wi
from the cluster analysis presented four types of matches: very balanced (13) 24#ded#9)

24%, poorly balanced (8) 21% and unbalanced (8) 21%. This classification allows to distinguish
between the matches with more adjusted results than other groupings made previously (Prieto,
Gbomez & Sampaio, 2016; De Paula et al. (2020). In this,¢he number of balanced and very
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balanced matches seems adequate to the competitive level expected in the Olympics, although on
the other hand, the unbalanced matches can be considered quite large.

In order to critical moments, in the very balanced gatiesiumber of goals obtained at the end

of the first half presented a statistically significant difference between winners and losers (p<0.05);
In addition, in the case of balanced matches, the advantages obtained by winners in geriods 1'
‘and 36'40' were noticeable, although they did not reach significant differences. The importance
of the initial and intermediate periods of play during the game have already been reported
previously (Botejara et al., 2012; Rogulj et al., 2011). The advantages obisredhaintained
throughout the final minutes of the match, where the losing teams cannot reverse the score.

Conclusions

The time line score of the clusters showed that women’s tournament at Tokyo 2020 was a
competitive championship. Winners presentedebétirowing indicators at critical moments. The
differences between winners and losers show moments of play that should require attention when
evaluating performance.

titirejo@hotmail.com
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COMPARATIVE ANALYSIS OF THE GAME 6vs6 AND 7vs6 WITH EMPTY NET IN
MALE ELITE HANDBALL AT EURO AND WORLD CHAMPIONSHIPS 2017 -2020

Alejandro TrejeSilva; Camila Bonjour
Christian Youth Associath University Institute

Summary

Since Rio 2016 it is allowed to change the goalkeeper for a field player, affecting the game during
stationary attack and having an incidence in the conceparogrical equality It appears to be
relevant to study the offensive performance in both 7vstpfe net) and 6vs6. Results showed
that 5.9% of the total actions were played under 7vs6. Despite not having significant relationship,
attack efficacy was better during 6vs6 (51,3%) than 7vs6 (42,4%).

Keywords: goalkeeper change; offensive performancégcht efficacy; number of players in
court.

Introduction

Rules of the game in handball suffered one of its last most important modifications in 2016, which
had a direct and massive impact on the development of the game, mainly at the elite level. This
modification in rule 4.1 allows the exchange of the goalkeeper for any court player without the
need to use a distinctive vest (IHF, 2016).

In a more current way, and by Floresedriguez and Ramirddacias , in press; Krahenbuhl,
Sousa, Leonardo, Galatti &osta, 2019; Prudente, Cardoso, Rodrigues & Sousa, 2019; Musa et

al, 2017 and Spate (2020) under the current rules.

The game using the exchange of a goalkeeper for a field player in handball has been studied by
Antén (2010) in tournaments played with @10 IHF game regulationRoman Seco (2019) in

his analysis of the change of rules thorough a period of time, mentioned that one of the main
reasons is the need to make the sport more attractive. In addition, these changes have made, for
example, the gamieself faster after the throw off modification. The last modification seemed to

be focus more on an aesthetic improvement (goalkeepers were previously allowed to be changed
by a court player provided this player may use a torn shirt in order to recdgsinember).
However, the change has ended up in real modifications in the way some teams play, impacting in
both: the numerical context of players in court and the identification of roles (goalkeepers and
court players).

Within the development of a matcbgaches make use of this rule as a strategy or a tactical
resource in a systematic or specific way (Beiztggasado, OlivelCorona and Sos&@onzalez,

2019). Some coaches stated that they prefer to use this strategy during exclusions rather than 6vs6
moments (Krahenbul, Menezes & Leonardo, 2019). On the other hand, Krahenbihl, Sousa,
Leonardo, Galatti and Costa (2019), suggest that the use of a seventh player in the attack does not
reflect a direct benefit in the game. Being a relatively recent regulatodyfication, it is still

difficult to interpret whether the use of this strategy can benefit or harm the teams that use it.
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Prudente, Cardoso, Rodrigues and Sousa (2019) studied 20 games of the 2017 men's world
handball championship, observing a total98D offensive actions and registering 17 offensive
actions in a 7vs6 EN context. FloRedriguez and Ramirédacias (2021) carried out a study of

the last stage at the 2019 men’s handball world championship, observing that in total, the use of
the rule 41 to generate numerical superiority represented 4.6% of all attacks. On the other hand,
The attack efficiency of the teams that used this strategy in the 2019 men's adult world
championship was 48.7% (Spate, 2020). Krahenbiihl, Pereira, Menezes, AmaZo@safdo

(2021) found that the attack efficacy was 44.1% during the 2017 women's world championship.
Bonjour and Tortajada (2019) analysed attacks without goalkeeper in the women's EHF
Champions League 204819, finding out that when using rule 4.1 théensive efficiency was

35.5%, however, when observing the situations where rule 4.1 was used to produce numerical
superiority, they observed that the offensive efficiency it was above 45%.

Based on the above, it is evident the importance of studyingféesofe aspects of teams in both
context: numerical equality and during exclusions. It appears to be a lack of numerous studies in
the hole game time of numerical equality context. For this reason that the objective of this research
was to compare offenssituations during 7vs6 empty net (EN) attacks with 6vs6 attacks at elite
male handball during the period 202020.

Methodology

Sample consisted of a total of 1451 offensive actions belonging to the 16 matches of the semifinals,
third and fourth place and final of the 262019 World Championships and the 2&®0
European Championships. The teams analyzed were Germany, NorwayafRe France,
Slovenia, Spain, Croatia and Sweden. The study followed the observational methodology
procedures (Anguera and Hernandez, 2013). An ad hoc observational instrument was developed
by combining the field format and category system. A recordisggument was developed by

using the Lince software (Gabin, Camerino, Anguera & Castafier, 2012).

Offensive actions where at least one of the teams had a 2 minutes exclusions were not registered.
However, finalizations ending in 2 minute exclusions fordpposite team were registered. In
addition, for the analysis of attack efficacy, the classification elaborated by Gutiérrez, Fernandez
and Borras (2010) was used, which includes three categoegative finalizationgtechnical
regulatory error or witta recovery of the ball as a consequence of a successful action defense),
positive finalizationgshot on goal but not a goal; defense blocks the shot; the goalkeeper saves,
the shot goes wide or hits the post) andcessful finalizationgoal).

After cdlecting the data, they were analyzed using Microsoft Excel and SPSS 25 software (SPSS,
Chicago, 2013). For statistical analysis, the Pearsos@iare coefficient test was performed, the
value of Cramer's V coefficient was calculated, as well as thes@lithe corrected residuals.

Results

Results showed that within the analysed championships 1365 situations of numerical equality 6vs6
(94.1%), and 86 situations of 7vs6 (5.9%) were registered. The EN situations with the aim of
generating a 7vs6 superity presented their highest utilization value017 (9,7%), decreasing
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throughout the championships, being the 2019 World Championships with a 0.6 % the year that
registered the less used of 7vs6 EN (Figure 1).

2015

WEVSE

V56
-y

0 100 200 300 400 500

Figure 1 Distribution of the use of 6vs6 and 7vs6 numerical relationship during 2047 period.

Regarding attack efficacy (AE) an overall efficacy of 52.6% was observed. When considering the
numerical relationships, no statistically significant relationship (p> 0.05) was found between
finishing in goal or not, and playing 6v6 or 7v6 EN. However, ratale is to say that the AE
during 6vs6 situations was higher (51.3%) than during 7vs6 EN situations (42.4%) (Table 1).

Table 1 Analysis of the finalizations actions during 6vs6 and 7vs6 EN.

Goal No goal Attack Efficacy
6vs6 668 635 51.3%
7vs6 EN 36 49 42.4%
Total 704 684 52.6%

When discriminating the offensive finalization actions in five variables (goal, saved, blocked,
missed and turnovers) no statistically significant relationship was found (p> 0.05). However, it can
be deduced that both 6vs6 and 7vs6 EN, the turnovers are similar (237 of 1303 for 6vs6 actions
and 15 of 85 for actions 7vs6). Therefore, teams tend to finish in throwing more than 80% of their
attacks (1066 out of 1303 during 6vs6 and 70 out of 85 during 7vs6 EN). MBareddes are

found in saved and blocked shots, where teams presented a better performance indicator during
6vs6 than 7vs6 EN (Table 2).
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Table 2.Discrimination of finalizations during 6vs6 and 7vs6 EN offensive actions.

Goal Saved Blocked Missed Turnover
6vs6 51.2% 20.4% 2.8% 7.3% 18.3%
7vs6 EN 42.4% 27.0% 5.9% 7.0% 17.7%

From the total 1451 finalization registered, 63 ended in a 2 minutes exclusions. When using the
previous concepts afuccessful, positivand negative finalization§Gutiérrez, Fernandez and
Borras, 2010), no statistically significant relationship was found between the assessment of the
finalizations and playing 6vs6 or 7vs6 EN (p > 0.05). However it is remarkable to mention that
positive inalizations(saved, blocked, missed and 2 minute exclusion) presented a better indicator
during 7vs6 EN than 6vs6 and tlstccessful finalizationgyoal) where better during 6vs6 than
7vs6 EN (Table 3).

Table 3.Discrimination of type of finalization (gcessful, positive and negative) during 6vs6 and
7vs6 EN.

Successful Positive Negative
6Vs6 48.9% 33.7% 17.4%
7vs6 EN 41.9% 40.7% 17.4%

Discussion

In the present study, most of the teams used the option of changing the goalkeeper for a player in
situations of equality, generating a situation of 7vs6 EN numerical superiority of court players,
coinciding with what Anton (2019) stated, who assertsftbat the regulatory modifications Rio

2016, a widespread use of this strategy has been envisioned by most clubs and national teams in
many countries. The decline in the use of the rule from 2017 to 2020 it may refer to the fact that
coaches and players dmbt observe such an positive consequence in their constant use, as they
did see during numerical inferiority situations.

Bonjour and Tortajada (2019) observed that when using rule 4.1, the offensive efficiency in the
20182019 women's handball Champiohsague was 35.5%, however, when observing the
situations where rule 4.1 was used to produce numerical superiority , observed that the offensive
efficiency was above 45%. Although the present study did not evaluate all the situations where
rule 4.1 was useuh order to produce numerical superiority, but only one of those situations (7vs6
EN), the offensive efficacy of the present study in actions of 7vs6 EN (42.4%) is similar to that
reported by Bonjour and Tortajada (2019). Some differences were foundehetiage attack
efficiency in this study and Prudente, Cardoso, Rodrigues and Sousa (2019), which may be due to
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the fact that the present study only evaluated the matches where these four best selected of the
tournament faced each other in the sénal ingances, final and match of third and fourth place,

while Prudente, Cardoso, Rodrigues and Sousa (2019) evaluated all the matches that these teams
played. This information suggests that during the clashes with teams that failed to advance to the
final stage of the tournament, the offensive effectiveness in 7vs6 EN actions by the teams that
were ranked among the best four of the tournament is higher than when these teams face each
other. This may be due to a greater defensive capacity on the part of teentigtauan higher level

against these actions. According to Anton (2018), the advantage that the use of 7vs6 actions may
suppose could decrease over the years due to the improvement in specific defensive training for
this type of actions.

Attack efficacy wa better during 6vs6 than 7vs6 EN. Reason of this could be that during inferiority
context, defenders react in a more aggressive way having an impact in their attitude towards defend
the opposite teams actions (H&r et al., 1990). Another important issuis the relationship of

space per player. Due to the anthropometric characteristic of players, adding a court player in the
positional attack area, reduce the space between players and therefore in the mobility of them
during the offensive phase (Prudeeteal., 2019). Therefore the possibilities of causing 2 minutes
exclusions are higher, being the reason why positive finalization are better in 7vs6 EN than 6vs6.
The same fact of space and mobility may explain the fact of having differences in the nbmber
saved and blocked shots. However, deeper research should be done in order to explain the reasons
of this indicators.

Conclusions

The use of rule 4.1 with the aim of generating a numerical superiority of 7vs6 EN, was decreasing
throughout thenalyzed championships, accompanied by a decrease in its novelty and a decrease
in its levels of effectiveness.

The game 6vs6 presented better offensive performance than 7vs6 EN offensive situations during
the final stages in elite championships. Thisedénce was evidenced in the shots blocked by the
defense and saved by the goalkeepers. However, during 7vs6 EN qooséite finalizationgre

higher than 6vs6 context, giving the possibility to use this strategy not only for scoring reasons.

Further research and discussions considering
order to study the use of this new rule. The match status, game time and numerical inequality
context could be taken into account in order to evaluate the irapdase of this starategy.

titirejo@hotmail.com
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EFFECTS OF BILATERAL EXERCI SES TIARESEBRCHHOG S H.
PROGRAMME IN PROGRESS

Elke Weyermann & Stefan Konig
University of Education, Weingarten (Germany)

Abstract

Research in various sports indicates that systematic and specific bilateral exercises show positive
effects on different factors of athletic performance, e.g., on the quality of skills, on tactical
intelligence, and on creativity as well as on the prevaendif muscular imbalances. However, and

in particular with regard to handball, the state of the art is not highly advanced. As a consequence,
we have been conducting a research programme in cooperation with the German Federal Institute
for Sports ScienceB3|SP), the German Handball Federation (DHB), and the Handball Federation

of Wirttemberg (HVW) to find answers for some of the most interesting questions concerning the

effects of bilateral exercises i n cdseibsdesen 0 s
affect the outcomes of a specific intervention programme for improving tactical behaviour,
athletesd motivation, a balanced muscul ar sy

Keywords: Bilateral exercises, tacticahtelligence, game test situations, field study, theory
building.

Introduction: Research Framework

Research on bilateral exercises shows that a specific and regular training oftteemioant side

of the body has various positive effects on skills andactical behavioin this context bilateral

exercises in handball are defined as the repeated and systematic application of both hands in drills

and games in order to learn or to improve both skills and abilities. Hence, bilateral exercises should
not only be applied during the learning process (skill acquisition), but also and in particular for
automatisation as well as for the stabilization and variation of skills. A bilateral approach seems
most relevant in disciplines that are characterized bycaked functional dominance of one side

of the body, e.g., like handball or football. All in all, the following advantages of bilateral training

are reported and might be relevant for handball:

A Technical proficiency and tactical capacitgtudies from arious sports show that bilateral
exercises lead to higher learning effects as to both the quality of skills (Stéckel, 2010) and
tactical behaviour (Guilherme et al., 2015).

A Aspects of prevention and rehabilitatidrarious studies have reported that bilateral exercises
have a positive effect on muscular asymmet@esh imbalances may affect different physical
parameters negatively (Parrington & Ball, 2016).

A Talentscouting Meanwhile it seems to be widely accepted that the capability of acting with
both hands can be an advantageous issue in the scouting process (Pabst & Scherbaum, 2018).
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A Attractiveness of lessonoté et al. (2007) found out that monotony is one main refso
dropout. Consequently, bilateral exercises may help to confront players with new challenges in
motor behaviour while remaining specific within the sport context.

A Skill optimization.Some biomechanical approaches (e.g., Sachlikidis & Salter, 200&) ha
brought to light thabilateral training has an effect on the precision and speed of throwing skills.
However, there are only few studies which have tested these theoretical assumptions and insights
under the conditions in the field, i.e., in everydagqs of adolescent handball teams. Thus, we

have developed a research programme which consists of two phases:

A In phase 1ilot study we focused on the effects of bilateral exercises on the functionality and
flexibility of adol escent athletesd6 skelet
velocity. In addition, we expl or ed-domimamt at hl
hand. This research strand has already been finished.

A In phase 2rfain studyour focus is on tactical decisions (game intelligence) of 11 and 12 years
old handball pl ayers and on an anal ysiiss of
background. The latter issue corresponds with the idea of theory building.

In sum, the effects of bilateral exercises in juvenile handball seem to be both a research

desideratum and a promising approach for improving the quality and effectivertesgraining

process. In the following chapter we will show how we approached this issue with a multimethod

research study.

Method

Our studies were designed as either intervention studies in the field or oral inquiries, thus following
the quality criteria of quantitative or qualitative research. The following research objectives were
addressed, whereby the study strands having beddwaith an (*) were part of the pilot study:

(1) Analysis of the effects of a bilateral tra
-é tactical intelligence and creativity of
- €& the |l ayersd functionality and flexibildi

(2) Development and validatn of a test method for measuring tactical performance in everyday
situations.

3) At hl et esd6 accept anc adomnantlaxdg*?y. ci si ng with th

(4) The building of a sport specific theory of bilateral training on the basis of an expert approach.

(5) Developmat and evaluation of an agg@propriate and developmental programme for
improving the tactical capacity of 9 to-¥2ars old handball players.

The pilot studyds time structure encompassin

is displayed in figure 1. The main study was designed alike, however without being able to

implement the principle of crossover due to Corona pandemieasadime (cf. figure 4).
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Figure 1. Time structure of the pilot study.

As to data collection and data analysis we implemented the following instruments, analysis tools,

and procedures:

A Bodyfunctionality and flexibilitywere measured by means of thé4lance test (Neves et al.,
2017) and the Functional Movement Screen (Cook et al., 2014) at three test points (baseline,
intermediate, podest). Additionally, the Landing Error Scoring Syst@adua et al., 2015)
was applied to analyse if the athletes were able to land correctly in a plyometric jump.

A Tactical intelligencevas measured with specific test situations in which the participants had to
solve rather simple and standardized situetiMemmert, 2004). These were videotaped and
validated by three independent experts on the basis of a validateldveheating scale.

A Both quantitative strands were analysed using statistical methods, e.qg., descriptives, effect sizes,
and analysis ofariance with repeated measures (rANOVA).

A Both the guided interviews with athletes (pilot study) and experts (main study) were transcribed
and analysed via qualitative content analysis (Kuckartz, 2014) using MAXQDA 18 & 20.

A Finally, the ageappropriate andevelopmental programme was evaluated by interviewing the
participating team coaches.

Results

Currently, we can report the following results:

Pilot Study (20182020)

(1) Body functionality and flexibility

Among others, less trained handball players terghtwwv muscular asymmetries in the shoulder
girdle (see figure 2a). This may be attributed to a functional dominance of one side and urgently
asks for preventive exercises, regardless of which form they are.

Furthermore, we found that a majority had considerable problems in the T&s$Sve assume

that this may lead to injuries in the near future. Figure 2b shows an examples of the issue.
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Figure 2a/b. Examples of shoulder asymmetry and LESS analjsiice the asymmetrical
scapulae, feet, knees, and rotated trunk in both photos.

Our approach was to counteract these pathologies and to test the effects of a specific intervention

with standardized bilateral exercises. The following results can beedport

- In general, the majority of the participating handball players shows both deficits in basic
movement patterns and bad functional parameters as well as large differences between the sides
and an increased risk of injury.

- Considering the results of thiS-Tests, both groups show a significant decline from test 1 to
2 (Fas9) = 19,810p = . 020=0337); iowever, we have to take into account that group 2
(nondominant side) had a lower decrease which was not statistically signifigas € .709,
p= . 42G:5018). @his reduction in the test score may be attributed to both a change in the
testing time (afternook morning) which was necessary due to organizational conditions and
the early period of the season which seems to have tedgegreat deal of injuries.

- Similarly, both groups improved significantly from test 2 tdF3.§»= 11,915p= . 0%G2, d
.271); again group 2 {d before d) obtained better results. However, the group difference was
not statistically significantf132=2,251p= . 124 366). q

- Results of the YBalance Test show that the rate of injury risk decreases more after exercises

with the nordominant side. Thus, bilateral training can make a contribution to prevention.
Summarizing the results of the gtilstudy we can carefully conclude that bilateral exercises
following the order nordominant before dominant lead to a better score in the FMS and a lower
injury risk; hence, this method seems to be more effective as to muscular dysfunctionality than
puredominant exercises.

(2) Athletesd acceptance of bilateral exerci

Guided interviews have shown that bilateral exercises, in particulathveithondominant hand,

seem to be appreciated by the athletes. The main reasons for this assumption are:

- At the beginning of the training programme, the players notice a weaker musculature on the
nondominant side and describe a remarkable increaseangstr and an improvement in

fatigue resistance as a result of the exercisds.or exampl e, you can cat
because the muscles in y(®muWd21dand are much s

- Technical improvements are perceived in various hangpatific movements (catching,
passing, bouncingand throwing)f] 1] catch [ ...] much better
do, because ball control with my | eft hand,
(17: 107 109).

169



- The players describe that bilateral training leads to an improvement in tactical behaviour, in
terms of their variability and repertoire of actions during the game, and produces advantages
over the opponenb For exampl e, when we comesuran therright t a c k
and then you jus(fl.aw®d.nce | eft and passb

- The players express various reasons that stimulate their motivation to perform. An expanded
repertoire of actions and greater variability due to a$wled competence are perceivasl
parti cul ar Bscauseiyaircanfuse @ e the gamedand you are also more variable
when you need it, | i ke whe(i2:216219).AAaincreasad y t
enjoyment of training and training variety are regarded as furthdivations to train
bilaterally. Idols and role models who act bilaterally are also regarded as an incentive. In
addition, it is mentioned that in case of an injury on the strong side, the opportunity to play can
be maintained through bilateral competence.

- Overall, an increased motivation to perform was evident in most of the young handball players
as a result of the bilateral training. All players report that they enjoy the additional training with
t he we allhavénaabit mare fum because | know thasisformé ( IT1@8). 6 7

(3) Skill quality

Skill quality has exemplarily been measured using the example of the straight shot. We found the

following results based on velocity measurement with the Sport Pocket Radar Traffic Aélvisor

and a qualitative evaluation with a specific rating sheet.

- First, bilateral exercises lead to a statistically significant improvement in the movement speed
on both sides (d sid&u27)= 12,550p< . 02G-1317; gl side:Fu.27)= 10,077 ,p < .001,

d? =.279).

- Second, bilateral exercises had clear effects on the technical quality. However, no statistically
significant differences between exercising with the-dominant Fa1.07y=9,932p< . 001, (
= .276) and the dominant side{>7=22,867p< . 001, d2 = .459) <coul

Main Study (20202022)

Initially, we have tccall in mind that the main study is still in progress. This especially applies to
the cluster randomized control trial (CRCT) with which tactical competence is analysed.
Nonetheless, we are able to account some preliminary results:

(1) Current status and prehinary results from the expert interviews
Expert interviewsrf = 12) were conducted in July and August 2021. The sample consisted of 4
specialists for childrenbés handball, 4 handb
a focus onthe science of training or on movement science. The interviews were recorded,
transcribed, and analysed with Qualitative Content Analysis (Kuckartz, 2014).
Currently, we can report that our participants regard bilateral exercises and its benefit it juven
handball players differently. In detail they answered some of our questions as follows:
- First, they assess the significance of bilateral training in general as average (5-paiat 10
rating scale); however, the range of the answers stretches fmgh 1 t
- Second, this assessment proves itself as re&
a higher level: The average assessment is 6.75 with a range from 1 to 10. The highest mark is
justified with ar gument.gdIltdevelbps théchildrencsothatithey i v e
are much more flexible in their choice of action. They are more versatile. They can play just
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about anywhere on the field. They are not limited. But at the same time, the child's brain

develops much better. Saitiot just an effect that relates to handball itself. It also develops the

pat hways in thei2®nai nhe[ éowest! W2t h281 woul

is not important if | am doing something performacented. But there can be ethgoals,

then it suddenly beB%mes i mportant. o (1 10:
All'in all, there still seems to be an enormous research desideratum as to the theoretical basis for
bilateral exercises in handball training. Nevertheless, we have the impression that there is a
tendency to give it a higher value in everyday praxis.

(2) Current status and preliminary results from the CRCT

Two waves of data collection have been finished. They took place before and after the summer
holidays of 2021 (distance of time: 7 weeks) andewmplemented to get a first impression of
tactical competence over time without any purposeful intervention (cf. figure 4).

/- Phase 3: Testing W
% tactical intelligence
s Phase 2: Intervention Programme | without intervention
2 ~
& Group 1: Exercises with dominant
£ side
o
= Group 2: Exercises with non-

St .
b — dominant side
> || Phase I: Testing
(53} PR 3

tactical intelligence

without intervention

CG

Control Group (CG): Training without guidelines ‘

MTP_3: MZP_d:
12121 0222 /

Figure 4. Time structure of the CRCT in the main study.

v

As to this part of the research programme data is currently analyethiee objectives:

- Validation of the test situations 1 to 3 computing interrater reliability (ICC).

- Computation of the performance level over time (rANOVA).

- Analysis of a longer break (holidays [phase 1] and regular exercises [phaset&ttical
performance (rANOVA).

Discussion

I ntegrating our various results onwebounbdaut er al
that theyconfirm the need for injury prevention and for functional training contents, a demand to
which bilateral training can make a contribution to. In addition, and with regard to skill
optimization, bilateral exercises can improve both the throwing velocityotim sides and the
quality of specific techniques like the slap shot. Furthermbieaems to be useful to integrate
exercises with the nedominant side into the training of younger ageups (8 to 12 years) to
benefit from collateral processes. Finaldy increased motivation to perform was evident in most

of the young handball players as a result of the bilateral training.
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Regarding our assumptions in detail, we have
unsolved. In our pilot study thehdetes realized exercises over 12 weeks with thedooninant

for 60 minutes per week. This is doubtlessly a fraction in contrast to the amount of training with
the dominant hand. Beyond that, we cannot deny that a rather low appreciation among tlse coache
could be noted. Insofar we apprehend a rather small readiness to implement bilateral exercises into
everyday praxis. Both issues need further research and persuading.

Conclusion

Summarizing our research in its current state we can say that wielae a lot about muscular
dysbalances and asymmetries as well as about deficiencies in basic movement patterns in our pilot
study. Differences between the two sides of the body may increase injury risk during the season,
less developed skills may reduthe performance in the matches.

After all, from our point of view an integration of bilateral exercises into everyday practice is
highly recommended as to the following reasons:

- Allin all, juvenile handball players show rather bad functional parameters

- Bad quality also applies to relevant skills.

- To agreat extent our participants rated he exercises as interesting and rich in variety.

Despite the rather positive evaluation one should reflect the following aspects: We believe that
bilateral exercisedsoul d be i ntegrated as early as poss
development (Lloyd & Oliver, 2012); and it is still unclear in which relation as to time exercises
with the nondominant and the dominant side should be.

koenig@phweingarten.de & weyermann@jweingarten.de
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INFLUENCE OF GOALKEEPERS ACCURACY INTO FINAL SCORE

EHF CHAMPIONS LEAGUE
David Aguilar Cardona

EHF Master Coach

Summary
Among the most trendy opinions and views i nt
how i mportant goal keepers6é performance are

even a whole compiéibn, both from club or national teams or at European or world level.

Over the last years, gekle e per s6 training has i mpressivel
comes to a more specific and individually tailored approach and with an increasingprese

video analytics as well, whose exclusive feedback can be easily leveraged and therefore allow
them to push up their chances to make a difference into the final score of the games.

The present work is based on a sample of 112 games, belongingthesaps A and B from
VELUX EHF Champions League group phase. Out
strongly linked are these two variables: gba¢ e per s 6 accuracy and tea
of thegames.
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Introduction
VELUX EHF Champions League itdéds the main cl

the 24 best teams among the whole European handball Sdemecompetition flows as
explained in the following points:

a. Teams are splittedut in 2 groups of 8 teams (A and B) and 2 ones of 6 (@MOand

b. Groups A and BBoth are disputed under a double rowobdin basis, which
means 14 fixtures. The winners of each group will qualify directly to quarter finals
whereas runnefsip from 2nd to6th position will qualify to Last167th and 8th
will be eliminated.

c. Groups C and DDouble rounerobin too, 10 fixtures in this case. Once this league
Is completed, the first two teams from each group will go through a qualifying
round, in which the winns of each group will play a knoakut round against the
second one from the other group. The two winners will gain the right to move on
to Last16.

d. Lastl6:From here onwards the whole competition changes its shape from round
robin to knockout style.Last16 reunites the following XBams:

I. 5 coming from Group A (2nd, 3rd, 4th, 5th a6iti).

ii. 5 coming from Group B (2nd, 3rd, 4th, 5th &td).

iii. 2 winners from Groups C andkdockouts.
All them will be placed into 6 duels of two legs each one. The one who scores more
goals after both games will qualify for the next round. In the event of & tid| be
broken firstly after an extra game and, if tie persists, victory will be decided after a 7
meters shootout.
The 6 winners will go through and meet with Groups A and B champions into the Quarter
Finals.

1 Quarter FinalsThe remaining eighteams will get paired into 4 duels. Everything will

work in the same manner as in Last16 and the 4 winners will meet into th&umal

1 FEinal Four:The 4 qualified teams will meet in Lanxess Arena in Cologne (Germany) to
play semifinals, 3rgplace matctand f i nall in a single weeke
the new European champion. Aside of the neutral scenario, the only significant change
is that knock outs will switch from a doubleg basis into a singleg one. Due to
Covid-19 crisis, thiscurrers eason 2019/ 2020 itds been de
teams on groups A and B to qualify directly to the Final Four since it became impossible
to find room into the calendar to place all the fixtures that would be necessary if we were
to follow with the regulaflow.

There are a bunch of studies that determine victory and defeat when high performant teams
are involved do depend on some key offensive and defensive actions which are especially
relevant, such as the ones from Pokrajac (2008), Tap¢26K8), Daza (2010), Montoya
(2010) or Lozano (2012).
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To illustrate how important godleepers accuracy is commonly considered among
professional s, |l et ds take a | ook o+keepehat h
Daniel Saric:

It was into 2014~inal Four when playing FC Barcelona against SG FlensHarglewitt, the

formers wasted a-@oals gap on the last ten minutes of the game, allowing the latters to come
back and firstly equal i -betenandtfifallywintHeogbgfer Gl a
two extra games and a penalty shootout, making this game one of the most remembered among
handball fansvorldwide.

Once the game finished, Saric broke down i
pl ayed and awf ul game, I didndét stop a bal
2015 Final Four came. FC Barcelona was once again in Cologne with Sandidg its goal.

He played a superb role stopping a huge de

contributing dramati cwactolyy i nto FC Barcel ona
The wusual purpose of these kind of i nquir
contribution from certain game features into some collective actions on elite handball teams.

Al l this i nformation is meaningful when it¢

allowing us to optimize itperformance.

Goal

The goal of this study is to statistically determine whether thelg@ale per sé speci |
measured in saves accuracy percents makes a
this variable. The investigation will be quantitative, using theofagionalmethod.

Hypothesis

Our baseline hypothesis is that goalkeepers saves percentage is critical when it comes to
determine the final result of a competition.

Method
In this observationahotational nature study, the data weoenpilated through the observation

of a bunch of 112 games corresponding to all the matches from VELUX EHF Champions
League 2019/2020 groups A and B, being supported too by the official reports published by

t he EHF. Wedbl | get tflomeaGhkobefttese gamesaboth forgher ¢ e
whole 60 minutes of each one and broken down onto their two periods, in order for us to be
able to infer more accurate insights aodclusions.
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Results
3.1. Group Phase. Groups A and.
Look at the table below in order for you to be able to check on each one of the games analysed.

Each row contains information about when wa
were the teams involved (06GameAway whcaadl uwmarss )t
what was the over al | akceceuprearcsy (fcroo nu nenasc hd % eGKr

GKS Awayd) .

In order tomake the table more insightful, find highlighted in green all the games in which the
final score matched my initial hypothesis whereas those in which this did not happen are
highlighted in red

Date Game Home Away % GKSHome% GKSAway
14/9/2019  Montpellier - Vardar 31 32 2195 18,42
14/9/2019 Pick Szeged Barcelona 32 30 30,23 21,95
14/9/2019  Porto- Meshkov Brest 27 25 30,56 32,50
14/9/2019  Zagreb- Paris SaintGermain 29 35 18,60 12,12
15/9/2019 Celje- Flensburg 24 25 32,43 35,14
15/9/2019 Elverum- Aalborg 24 34 24,44 36,84
15/9/2019 Kiel T Kielce 30 30 16,67 28,57

Veszprém Motor
15/9/2019  Zaporozhye 40 28 34,88 23,08
18/9/2019  Flensburg Elverum 26 19 40,63 29,73
21/9/2019 Barcelona Celje 45 21 41,67 13,46
21/9/2019 Meshkov Brest Montpellier 25 27 28,95 30,56
21/9/2019 Veszprém Kiel 31 37 21,28 29,55
22/9/2019 Aalborgi Zagreb 30 19 36,67 23,08
22/9/2019  Kielce - Motor Zaporozhye 34 26 29,73 15,00

Paris SairGermain- Pick
22/9/2019 Szeged 31 25 32,43 31,11
22/9/2019  Vardar- Porto 32 26 27,78 21,95
25/9/2019  Kiel - Meshkov Brest 31 23 42,50 27,91

Elverum- Paris Saint
28/9/2019 Germain 22 25 32,43 35,29
28/9/2019 Pick Szeged Flensburg 24 24 31,43 2941
28/9/2019  Porto- Kielce 33 30 31,82 15,38
28/9/2019 Zagreb- Barcelona 19 36 20,00 52,50
29/9/2019 Celje- Aalborg 27 28 24,32 20,59
29/9/2019  Montpellier- Veszprém 23 20 47,37 36,11
29/9/2019  Motor Zaporozhye Vardar 30 31 30,23 12,12
9/10/2019  Flensburg Zagreb 20 17 46,88 39,39
12/10/2019 Barcelona Elverum 32 24 35,14 21,95
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12/10/2019 Kielce - Montpellier 25 29 23,68 26,47
Meshkov Brest Motor

12/10/2019 Zaporozhye 33 31 27,91 21,43
12/10/2019 Vardar- Kiel 19 29 25,64 44,12
13/10/2019 Aalborg- Pick Szeged 28 35 23,91 28,21
13/10/2019 Paris SainiGermain- Celje 26 18 51,35 40,91
13/10/2019 Veszprém Porto 38 28 33,33 26,92
Barcelona Paris Saint
19/10/2019 Germain 37 32 30,43 21,28
19/10/2019 Meshkov Brest Kielce 27 31 27,91 30,77
19/10/2019 Montpellier- Kiel 29 33 26,67 27,50

19/10/2019 Veszprém Vardar 39 27 30,77 13,33

20/10/2019 Celje- Elverum 32 27 30,77 28,89

30/10/2019 Flensburg Barcelona 27 34 30,61 32,50

2/11/2019 Paris SainGermain- Aalborg 37 23 36,11 19,57

3/11/2019  Elverum- Zagreb 31 30 31,82 31,11

3/11/2019 Pick Szeged Celje 31 24 31,43 16,22

9/11/2019 Meshkov Brest Veszprém 29 35 23,91 27,50
10/11/2019 Aalborg- Barcelona 29 35 23,91 34,09
10/11/2019 Celje- Zagreb 24 22 37,68 24,66
10/11/2019 Kiel - Porto 27 29 30,95 34,15

10/11/2019 Pick Szeged Elverum 32 27 34,15 23,81
14/11/2019 Zagreb- Celje 28 32 20,00 24,32
16/11/2019 Barcelona Aalborg 44 34 26,09 18,52
16/11/2019 Kielce- Vardar 32 25 35,90 20,00

17/11/2019 Elverum- Pick Szeged 25 26 16,13 32,43

Paris SainlGermain-
17/11/2019 Flensburg 30 31 29,55 31,82
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20/11/2019
23/11/2019
23/11/2019
23/11/2019
23/11/2019

24/11/2019
24/11/2019
24/11/2019

27/11/2019
30/11/2019
30/11/2019
30/11/2019
1/12/2019
1/12/2019

1/12/2019

1/12/2019

5/2/2020

8/2/2020
8/2/2020

8/2/2020
8/2/2020
9/2/2020
9/2/2020

9/2/2020

12/2/2020
15/2/2020
15/2/2020
15/2/2020
15/2/2020
15/2/2020
16/2/2020

16/2/2020
19/2/2020
20/2/2020
22/2/2020

22/2/2020
22/2/2020
22/2/2020

23/2/2020 Celje -

Kiel - Motor Zaporozhye
Barcelona Flensburg
Meshkov Brest Vardar
Montpellier- Porto
Veszprém Kielce
Aalborg- Paris SainiGermain
Celje- Pick Szeged
Zagreb- Elverum

Motor Zaporozhye Porto
Kiel - Montpellier

Kielce - Meshkov Brest
Pick Szeged Zagreb
Elverum- Celje

Flensburg Aalborg

Paris SainiGermain-
Barcelona

Vardar- Veszprém

Kiel - Vardar

Montpellier - Kielce
Pick Szeged Aalborg
Porto- Veszprém

Zagreb- Flensburg

Celje- Paris SainlGermain
Elverum- Barcelona
Motor Zaporozhye Meshkov
Brest

Kiel - Veszprém
Barcelona Zagreb
Elverum- Flensburg
Kielce - Porto

Montpellier- Meshkov Brest
Vardar- Motor Zaporozhye
Aalborg- Celje

Pick Szeged Paris Saint
Germain

Flensburg Pick Szeged
Motor Zaporozhye Kielce
Meshkov Brest Kiel
ParisSaintGermain-
Elverum

Porto- Vardar

Zagreb- Aalborg
Barcelona

23/2/2020 Veszprem Montpellier
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13,89
35,29
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28.57
16,67

21,43
28,57
26,67
19,57
27,50

26,83
19,44
19,51
38,46
38,10

37,50

28,57

30,95

35,90

29,55
25,64
28,57
19,44
25,64
21,05
17,78
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27,27
19,05
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26,67

16,67

28,57

24,39
27,27
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29/2/2020 Kielce- Kiel

29/2/2020 Meshkov Brest Porto

Motor Zaporozhye

29/2/2020 Veszprém

29/2/2020 Vardar- Montpellier
1/3/2020 Aalborg- Elverum
1/3/2020 Paris SairGermain- Zagreb

Fi nal Four .
3.1.1. Final Four 2020.

Firstl y, glimeséatthe GKas&ves aauracy among all the teams taking part into this
group phase on the chart below. The teams highlighted in green are the ones who got qualified
for the Final Four.

Flensburg 167

Kielce 168 389 30,16
Pick Szeged 162 376 30,11
Montpellier 148 374 28,35
Meshkov Brest 168 426 28,28
Porto 160 406 28,27
‘Kel 184 397 2795
Aalborg 157 416 27,40
Celje 158 449 26,03
Elverum 144 416 25,71
Motor Zaporozhye 156 455 25,53
Zagreb 152 446 25,42
Vardar 117 431 21,35

As per the chart, we can easily check that 3 out of thel tgams in terms of GK saves
percentage gained their right toibe&Cologne. Only THW Kiel got a significantly lower figure
than their upcoming opponents in Final Four 2020.

Qu a | iarfalyse.d

376

32
32

22
27
30
37

30,76
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35

31
31
28
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t eamso6s

34,78
23,91

29,55
24,39
30,00
35,00

25,58
33,33

45,00
30,77
23,08
21,28
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Final Four 2019.

Results
Final 1st time 2ndtime
1st semi final
FC Barcelonai HC Vardar 271 29 167 9 117 20
2nd semi final
Telekom Veszprémi PGE ViveKielce 3371 30 1371 13 2071 17
3rd 1 4th place
FC Barcelonai PGE Vive Kielce 407 35 2071 16 2071 19
Final
HC Vardar 1 Telekom Veszprém 271 24 167 11 117 13

3.1.1.1. GK saves accuracy breakdown by game angeriod.

% Saves Vardar Veszprém Barcelona Kielce
Semi final 1st half 36% 48% 44% 24%
Semi final 2nd half 35% 26% 13% 13%
3rd - 4th place 1st half 38% 33%
3rd - 4th place 2nd half 27% 17%
Final 1st half 31% 20%

Final 2nd half 28% 31%

1st half average 33.5% 34.0% 41.0% 28.5%
2nd half average 31.5% 28.5% 20.0% 15.0%
Average in F4 32.5% 31.5% 29.5% 22.0%

As per the chart, it seems crystal clear how much relevant thekgoad per s 6
performanceavere in each game, especially in Vardar games. Both in their comeback

on the second half against Barcelona on semi finals or along the first period against
Veszpr®&m as welll, t he huge gap between Va
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compared to Barcelona or ¥gprém ones are strongly correlated with how the score
evolved in both games.

Global insights

Summi ng up the main facts webve cameleantr oss
facts found.

1 81 out of 112 games were won by the team whoselgmders got the higher accuracy
percentage.

1 39% accuracy: Every time the goalkeepers from any given team did surpass this
threshold, their team always won the gaift@s fact took place in 2@ccasions.

1 5% gap: Whenever the gap between the goalkeepers accuracy from both teams in the
court was equal or higher than this figure, the teams whose goalkeepers were more

effective did won 82% of the times this condition came piay.

1 GK accuracy haplayed a key role for the leading teams on group phase to gain its
qualification towards Final Fo020.

1 GK accuracy came up as a major fact for the last Final Four 2019 to be decided in favour
of Vardar.
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Discussion

Several works and studies haéten place over the past decades about the importance-of goal
keepers role in handball, such as:

e. Suter (1975), Menéndez Falkowski and Enriquez (1979), Konig (1981), Roman
(1981), Torres Todibio (1983), Pokrajac (1985) and Antén (1990) reflected about its
training specificities according to their singutate.

f. Closer on time, on season 2004/2005 the French Handball Federation published an
article compilating the views about the matter and its singularities from some of the best
goalkeepers from th@0's decade such as Mats Olsson or BiMadini.

Perceptive and decisional approach has gained a lot of interest over the last decade. Velandrin
(2004) and Pascual and Pefia (2006) published its investigations on this subject, proving that
enhancing goallapers' perceptivdecisional skills is key in order to make a difference into
their performance, and that their training tasks should focus more on the tactical approach based
on this facts rather than a traditional techrlzased approach, which shoule & complement

to the former.

Conclusions
As a result of all my analysis, the main conclusions | take away from it are the following ones:

Goalkeepers accuracy...

g. ... is key for any team to be successful in an elite competition such as EHF
Champions Leagus.
h. ... can gain even a major relevance when top teams are opposed to each other in the event
of top contests such a Final Foutas.
i. ... reduce the likelihood of a defeat to the lowesgel:
i.  ..asmuch as it gets close to reach higars, and makes it impossible
from 39%upwards.
ii. ...as bigger is the gap between both teams playing ofediige.

speci i

Therefore, any efforts to do in ordertompr ove goal keeper 0s
l'y 1i kel

i ncrease their performance are real
elite competitions.

davidaguilarca@yahoo.es
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STUDY ON THE IMPACT OF THE APPLICATION OF THE U21/U23 RULE IN THE
WOMEN 6S NATI ONAL LEAGUE

FIl orentina Toni Wwa, Romani an Ameri ce
Nicoleta Cristina Alexandrescu, Romanian Handball Federation
Bucharest, Romania

Summary

One of the most commatthfficulties is how handball players are selected to play for-teghl,
opentage competition. The impact of the U21/U23 rule on the 24 U21/U23 players in the Women
National League was analyzed through a survey. We conclude that the rule imposed by the
Romanian Handball Federation, as applied in its current form, must be subject to amendments to
ensure real playing opportunities for young talented players.

Keywords: handball, performance, young player, transition

Introduction

Career transitions as turigrphases in career development involving appraisals of, and coping
with, transition demands leading to successful or less successful outcomes and relevant changes
i n an individual 6s c ato-sergor) (Stambalpve et allp2021). (e. g . ,
The transition from junieto-s e ni or sports typically happens

it is difficult to identify exact chronological age of entry to this transition because of gender,
individual, and type of sport differences. The transifimm juniorto-senior sports begins when
individual sports athletes start to participate in the senior competitions in their sports and team
sports players start to practice with a senior team and play for at least some time in senior games
(Stambulova, Fanck & Weibull, 2012).

Senior sports are characterized by more intense competition seasons, much stronger opponents,
and higher publicity and financial incentives compared with the junior level. All of these create
demands for transitional athletes initirag and competitions (e.g., more intense, and deliberate
practice and earnings visibility in senior competitions/matches) and in lifestyles and relationships,
including, for example, optimal recovery; balancing sport, education, social, and privadedife;
renewing oneb6s support network (Stambul ova,
successful transitional experiences and envi
athletic abilities, selfesponsibility, and time managentgand a supportive environment with
available role models and professional assistance (e.g., medical, psychological), complemented by
athletesd optimal interactions with coaches,
2020).

To ensurancreased opportunities for U21/U23 Handball players to access the first teams, the
Romanian Handball Federation proposed and implemented the rule according to which the teams
have the obligation to use at least one player under 21 years old, on averagat86 per match

and at least one player under the age of 23, on average 30 minutes/match. The average is calculatec
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by dividing the total number of minutes played by the athlete in a competitive season, the number
of matches played by the team in Natibheague, and the result must be greater than or equal to
30 and 30, respectively. If a team uses more than one eligible player in this situation, the average
is calculated dividing the total minutes played by these athletes, to the number of mataus play
by the team in the season.

The objective of the present study was to assess the impact that the application of the U21/U23
rule has on players in transition from juniors to seniors.

Methods

Participants

Participants were 24 youth handball players from National Women League, of which 11 U21 and
13 U23.

To patrticipate in this study, the handball players had to have started practicing with a senior team.
All participants were fully informed about the ainfdtee study and written informed consent was
obtained.

Instrument

In the development of the survey, the recommendations of Dyer (2006) were considered: the study
of the specialized literature, the transformation of ideas into raw questions, the trahsfooha

raw questions into survey items, the testing of the comprehensibility of the survey.

The survey consists of 5 closed questions, with 5 possible answers, related to: the way the players
appreciate the U 21 rule; the help received by applying thes thie correctness with which the
coaches apply the rule; the extent to which the application of this rule ensures a place for the
players among the 16 on the game sheet; and how this rule is viewed by their colleagues to whom
this rule does not apply. &rnatives to answer the 5 closed questions included 5 options.

To the 5 closed questions are added 2 open questions, related to the emotional impact of this rule
on the U21 and U23 players and how this rule could be improved in the future.

Development

The U21 and U23 players were asked to answer the survey after 1 year of applying the U21 rule
in the Womendés National League.

Results

Basic psychometric data on the survey are summarized in Table 1, 2, 3, 4, and 5, and in every
Table, we present means (M).

185



Table

1

What do you think about the U21 and U23
rule in the Women National league? M=4.41

| \/ \/ \_/
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1
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234567 8 9101112131415161718192021222324

Table 2

To what extent do you thinkthis rule will help
you? M=4.25

o = N w ES ol »
|
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Table 3

3,5

To what extentdo you considerit to be
correctly applied by coaches? M=2.03

2,5
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Table 4

To what extentdoes ths rule ensure a place in
the 16 sports on the game sheet? M=3.04

\ AAA A
[N

S B N W b 00 O

1234567 8 9101112131415161718192021222324

Table 5

How is this rule viewed by your colleagues to
whom this rule does not apply? M=2.95

ANVARLY,
AR'AVALY;

6 7 8 9101112131415161718192021222324
-~ |

12345

Discussion

Of the means obtained for the 5 closed questions, the highest value was recorded in question 1
(M=4.41), considering the U21 rule very useful; the lowest value was recorqed ms t i on 3
what extent do you consider it to be correct
The introduction of U21 rules is seen by players as an opportunity to develop and gain more
playing time, but some coaches do not apply it correctly, which canéhaegative impact on the

mental state of the players.

The answers to question 6 (ABriefly describe

a continuum from Alt is a positive i mpact be
Ilwill gain more confidence in myself and exp:
and that he wil/l put me on the fieldo; nGair
rule that helps me gain courage and confidence onlyiftaecch e s apply it pr ope

187



it a plwus if it is imposed correctlyo, to a
pressure: fAlt can be demoralizing because <co
rest of theyonger pl ayers do not have this chancebo
protected by it, it does not assure me that | will play in the official matches in the National

Womends Leagueo; AAt the moment ,buselfithe qualityl e i
of the players in the age criteria. | believe that more attention should be paid to this issue as the
emoti onal i mpact is beneficial and trustwort
The answers to question 4 (fiHow do you thi
c arifications and proposals for 1| mpegadléesng U2
of the number of players in a team that falls under this rule, they must have a minimum number of
minutes in each match?o; i le nntroduged hnot tha mandkatory t h e

mi nutes should be counted at the end of the
changing the fact that there must be an average of minutes at the end of the year. It would be best
to impose a fixed number of minstplayed on each game and validate the minutes in a truthful

way . 10/ 30 minutes per match counted on the
pl ayer and not just one player to get rid of

Conclusions

Ensuring acorrect application of the U21 rule and adding the necessary clarifications can create
the conditions for a beneficial evolution for the players to whom this rule applies.

Considering the data resulting from this study, within the Romanian Handball f@déravas

decided to introduce, starting October 2021, a not¢he accounting of one minute of play for
rules U21, Uu23 and U25 in the rules of seni
eligible for rules U21, U23, U25 will be counted onlytlile player has completed at least one
attack phase or a defense phaseo. But this ¢c
are used on the field only in matches without the pressure of victory (maxirriméatches per
championship) and no¢very match the 10 minutes. These situations can be prevented by
increasing the awareness of coaches about the obstacles in the development of players that such
situations can bring.

floritonita@yahoo.com & nicoleta.alexandrescu@frh.ro
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Summary

The purpose of this study was to clarify the anthropometric and physical fithess
characteristics of Japanes@olescent handball players. The elite court players were significantly
taller, heavier and better in fithess variables, whereas no significant difference was observed in
fithess variables between the goal keepers selected for elite category later anchihagere not
selected, except for offeanded handball throw.

Keywords: physical fithess, Japanese adolescent players

Introduction

Handball is a high intensity intermittent team sport that requires primarily aerobic
capability, interspersed by anaeroperformance with maximal or submaximal efforts such as
changes in pace and direction, jumps, throws and-bodtacts (Povoas et al., 2012). It has been
reported that mean heart rate (HR) was 86% of maximum HR and the total distance was 5000m
and more, with consisted of 9.2% sprints, 26.7% fast running, 28.8% slow running and 35.5%
walking, in elite female handball field players (height: 175.2 £ 6.3cm weight: 67.8 + 4.8kg) during
the competitive entire games (2*30min.) (Manchado et al., 2013). Althoegtedm handball
performance is influenced by individual factors (e.g., constitedisposition and nutrition), team
factors (e.g., cognition, social factors and tactics) and external factors (e.g., material and
environmental conditions) (Wagner et al.,12], it would be still recommended that each player
highly develops his/her physical fithess to achieve successful outcomes in competitions.

Physical fitness test is a common method in preventive and rehabilitative exercise
programs and includes the followy objectives: 1) demonstrating about current healiited
fitness status, 2) providing data to effectively develop exercise prescriptions, 3) evaluating of
progress by program participants, 4) motivating participants by setting goals and 5) strétéying
risk of cardiovascular disease (Walter et al., 2010). It is widely carried out in sports settings also,
especially for young athletes to identify and develop their talefitse Japan Handball
Association (JHA) has set up the Natioffahining System (NTS) and conducted the physical
fitness test for young players since 2009. The components of the physical fithess test by NTS have
been revised 2 times so far. The NTS projects have been cancelled because of1OQG\ice
2020, thus th@&™ Revised Physical Fitness Test had been undertaken in the training camp from
2017 to 2019. It is important to provide comprehensive and updated normative data to maximize
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his/her potential for success (Samantha, 2013). Therefore, the aims of thisvetedy(1) to

describe the anthropometric and fitness characteristics of Japanese adolescent handball players
during the years 2017019 based on school grade categories and (2) to evaluate the
anthropometric and fitness variables based on their playsitg® and performance levels.

Methods

Participants were 2,472 adolescent handball players (male = 1,249; female = 1,223)
recruited from each region to thE'S Block Training Camp (BTC) 2017, 2018 and 2019 in total.

All players were organized into atpased groups: 13 (school grade: undet"7male = 558;
female = 559) and 416 (school grade:"8- 11, male = 691; female = 664). Also, outgifiyers

who participated in BTC, a few dozen players discovered their potentials by NTS coaches in the
training camps were annually selected to the higher category after BTC. The total number of
players selected to the elite category over three years#Bg&/a3 male = 88; LL3 female = 92;

U-16 male = 96; L6 female = 99).

The 3¢ Revised Physical Fitness Test included anthropometric and physical fitness
variables. The anthropometric variables were height and body weight. The unit of measurement
were 0lcm and 0.1kg, respectively. The physical fitness variables were: (1) 30 m straight sprint
test (30mSS) (unit of measurement: 0.1 second), (2) standing long jump (SLJ) (unit of
measurement: 1cm), (3) chanded handball throw (BT) (unit of measurementm), 14) lllinois
agility test (IAT) (unit of measurement: 0.1second), (5) SLJ to height (J/H) ratio and (6) IAT to
30mSS (I/S) ratio. In 30mSS, the subjects started from a standing position. The measurer whistled
after confirming the starting position wasationary. The measurement was initiated by the
movement of the subject after the whistle. The best time out of 2 attempts was recorded. In SLJ,
the subjects twdooted jumped forward from a standing position and landed on both feet. The
distance from thdakeoff line to the back of the closest heel on landing was measured. The
maximal distance out of 2 attempts was recorded. In BT, the subjects placed toes on the edge of a
line with the feet apart and throwed a handball with no steps. The distancéé&atanding line
to the point of ball falling was measured. The maximal distance out of 3 attempts was recorded. In
IAT (see Figure 1.), the subjects started from a prone (front lying face down) position with the
elbows flexed, the hands under the chin #redpalms on the floor. The measurer whistled after
confirming the starting position was stationary. The subjects sprinted straight ahead to the first
turning point after the whistle, then turned and sprinted diagonally back to the end marker cone in
the center of the course. They then turned around the cone and weaved in and out around marker
cones spaced 3.3 meters apart, turning back around the far marker cone. Then, they weaved again
in and out around marker cones, turning around the end marker aienlossprinting diagonally
to the second turning point. They then turned on the second turning point and sprinted diagonally
back to the goal point. The measurement was initiated by the movement of the subject after the
whistle. The attempt was one tineelie recorded. J/H ratio was the proportion of SLJ to height.
The higher ratio indicated that the subject had better jumping ability. This index evaluated SLJ
record by excluding the effect of height difference between subjects. I/S ratio was the pmoportio
of IAT to 30mSS. The lower ratio indicated that the subject had better sprinting ability only when
he/she had faster 30mSS record.
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Figure 1. lllinois agility test
O : start point,© : goal pointe : first turning poir@ : second turning poxwt, : marker cone
All data obtained in this study were represented as mean = SD. The data was calculated
statistically by using th&lannWhitney U test to compare the values based on playing position
and performance level with p<0.05 as statistical significance. The Statistical Package for Social

Sciences (version 24.0 Statistical Base, SPSS, Inc., Chicago, IL, USA) was used #&becalcul

Results and Discussion

The data of the subjects whose 30mSS records were over mean rech8Isdle: 4.89;
U-13 female: 5.05; 116 male: 4.33; LL6 female: 4.81) was excluded in I/S ratio. Also, the data
of the subjects whose playing positions &v@mknown was excluded (Table 2., 3. and 4.).
Tablel.and 2. shows the anthropometric and fitness characteristics of Japanese adolescent handbal
players. The average height and weight of U16 male and U16 female were 175.6 + 6.3 cm 66.7 +
9.2 kg and 162.7 5.5 cm 54.8 + 6.1 kg, respectively. The taller and heavier players would take
advantages in many situations during handball games. JHA has reported youth players would need
the height and body weight (187cm 80kg for male; 173cm 63kg for female) to adieter
results in world competitions (JHA, 2020). The results revealed Japanese youth players were short
of the required physique. The number of adolescent basketball players (school grade® under 6
registered in Japan Basketball Association was 1833ii42019, meanwhile 6,719 adolescent
handball players registered in JHA in 2019. The delay in the spread of the popularity of handball
among youth could be one of contributing factors. There were significant differences in few
variables in U13 elite categes but in most in U16 regardless of sex (see Table3.). Significantly
greater differences for height and body weight preferred and 30mSS, SLJ, BT and AT non
preferred were observed in goalkeepers compared to court players. This was likely because those
who had better morphological properties, but relatively inferior physical

Tablel.Physical fitness characteristics across age groups

U13 (school grade: under 7th) U16 (school grade: 8th-11th)

varighles Mde Femae Made Female
n=558 n=559 n=691 n=664
7 Height (cm) 155.9 N 9.7 1539 N 8.4 175.6 N 6.3 162.7 N 5.5
7 Body Weight (kg) 453 N 10.1 434N 71 66.7 N 9.2 54.8 N 6.1
7 30m Straight Sprint ~ (sec.) 4.89 N 0.37 5.05 N 0.33 433 N0.23 481 N0.28
7 Standing Long Jump  (cm) 199.2 N 20.2 186.2 N 155 236.8 N 16.6 198.6 N 14.7
7 Bal Throw (m) 258 N 5.0 206 N 3.8 36.1 N 4.9 250 N 35
7 lllinois Agiliy Test ~ (sec.) 17.83 N 1.15 18.48 N 1.06 16.44 N 0.77 17.74 N 0.93
7 JH ratio 1.28 N 0.11 1.21 N 0.14 1.35 N 0.10 1.22 N 0.10
n=155 n=385 n=216 n=375
7 1/Sratio 3.80 N 0.19 3.76 N 0.17 3.89 N 0.17 3.76 N 0.16




Table2. Physicalfithess characteristics across playing positions

U13 (school grade: under 7th)

U16 (school grade: 8th-11th)

sex variables
court players god keepers court players god keepers
mae n=453 n=71 n=527 n=112
Height (cm) 1555 N 9.9 159.0 N 9.5 175.0 N 6.4 1781 N 55
Body Weight (kg) 445 N 9.5 51.0 N 13.3 655 N 8.2 721 N 117
30m Straight Sprint ~ (sec.) 4.86 N 0.36 5.04 N 0.44 430 N 0.21 448 N 0.26
Standing Long Jump  (cm) 200.3 N 20.0 1949 N 23.0 238.2 N 16.3 230.1 N 17.8
Bdl Throw (m) 26.0 N 5.0 254 N 4.9 36.7 N 4.6 33.0 N 48
Illinois Agiliy Test  (sec.) 17.73 N 1.09 18.3 N 1.34 16.31 N 0.71 16.97 N 0.84
JH ratio 129 N 0.11 123 N0.12 1.36 N 0.10 129 N 0.11
n=136 n=14 n=312 n=38
1/S ratio 3.80 N 0.19 3.82 N 0.19 3.87 N0.17 3.92 N 0.15
femde n=455 n=62 n=520 n=85
Height (cm) 153.6 N 8.7 156.6 N 5.9 162.1 N 5.4 165.8 N 4.9
Body Weight (kg) 430N 7.0 471N 73 542 N 5.8 58.0 N 6.3
30m Straight Sprint ~ (sec.) 5.03 N 0.33 5.22 N 0.35 478 N 0.24 4,99 N 0.41
Standing Long Jump  (cm) 187.0 N 15.3 181.8 N 16,5 199.3 N 13.8 1945 N 18.1
Bal Throw (m) 208 N 3.8 19.6 N 3.8 253 N 3.4 232 N30
Illinois Agiliy Test  (sec.) 18.38 N 1.03 19.20 N 1.19 17.59 N 0.76 18.54 N 1.33
JH ratio 122 N 0.15 1.16 N 0.10 1.23 N 0.09 118 N 0.12
n=193 n=35 n=315 n=30
1/S ratio 375 N 0.18 3.80 N 0.14 375 N 0.14 385 N 0.22

fitness capacities had been selected as goal keepers, while this might be due to the accumulation
of different training styles imposed by the different playing positions. diffcult to suggest

reasons for this finding and further research is required. Elite court players had significantly better
values for almost all variables as compared to-@lda court players, whereas there was a
significant difference for height andTBn U13 male, height, body weight and BT in U16 male,
30mSS, SLJ, IAT and J/H ratio in U13 female and height and BT in U16 female in elite
goalkeepers versus natfite goalkeepers (see Table 4.). These findings suggest it was hard to find
outanindividuh 6s fitness | evel of goal keeper only
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Table3. Physical fitness characteristics of court players compared to goalkeepers

. . U13 (school grade: under 7th) U16 (school grade: 8th-11th)
sex categories variables
court players goal keepers court players god keepers
mae dite n=76 n=12 n=84 n=12
7 Heght (cm) 164.0 N 9.2 165.6 N 6.9 1785 N 55 183.3 N 4.7*
7 Body Weight (kg) 520 N 9.0 57.0 N 13.8 675N 79 79.0 N 7.8+**
7 30m Straight Sprint  (sec.) 4.65 N 0.29 493 N 0.32** 4.26 N 0.18 4.47 N 0.17**
7 Standing Long Jump  (cm) 2132 N 20.4 203.6 N 26.8 2434 N 14.3 232.3 N 13.8*
7 Bdl Throw (m) 307 N 45 295N 3.3 392 N 45 36.6 N 4.0
7 llinois Agiliy Test  (sec.) 17.08 N 0.74 18.12 N 1.32** 16.13 N 0.67 17.03 N 0.71***
7 JH ratio 1.30 N 0.11 1.23 N 0.14 1.36 N 0.08 1.27 N 0.10%*
n=43 n=1 n=60 n=3
7 1/Sratio 378 N 0.19 4.14 3.86 N 0.15 3.96 N 0.12
non-elite n=377 n=59 n=443 n=100
7 Height (cm) 1538 N 9.1 157.6 N 9.4** 1743 N 6.3 177.4 N 5.3+**
7 Body Weight (kg) 428 N 88 49.7 N 12.9*** 65.0 N 8.2 71.0 N 11.8***
7 30m Straight Sprint  (sec.) 491 N 0.36 5.06 N 0.46* 431 N 0.22 4.48 N 0.27***
7 Standing Long Jump  (cm) 197.7 N 18.9 193.1 N 22.0 2372 N 16,5 229.9 N 18.2%**
7 Bdl Throw (m) 250 N 45 246 N 47 36.2 N 45 32,6 N 4.8¢**
7 lllinois Agiliy Test  (sec.) 17.86 N 1.10 18.38 N 1.35** 16.35 N 0.72 16.96 N 0.86***
7 JH ratio 1.29 N 0.10 1.23 N 0.12%** 1.36 N 0.10 1.30 N 0.11***
n=93 n=13 n=252 n=35
7 1/Sratio 381 N 0.19 379 N 0.18 3.88 N 0.17 392 N 0.15
femae dite n=82 n=10 n=85 n=14
7 Height (cm) 159.3 N 5.7 159.2 N 3.9 165.1 N 165.1 169.3 N 2.7%*
7 Body Weight (kg) 46.6 N 5.1 454 N 47 55.1 N 55.1 60.5 N 6.0%*
7 30m Straight Sprint  (sec.) 481 N 0.27 5.01 N 0.24* 470 N 4.70 4.84 N 0.27
7 Standing Long Jump  (cm) 1955 N 13.2 196.1 N 10.2 204.8 N 204.8 193.9 N 15.2*
7 Bal Throw (m) 239 N 28 21.2 N 4.2 276 N 27.6 24.8 N 2.4%*
7 |llinois Agiliy Test  (sec.) 17.69 N 0.71 18.39 N 0.61** 17.33 N 17.33 18.27 N 1.17+*
7 JH ratio 1.23 N 0.09 1.23 N 0.05 124 N 124 1.15 N 0.10%*
n=55 n=5 n=67 n=9
7 1/Sratio 3.75 N 0.20 3.78 N 0.08 374 N 374 3.82 N 0.19
non-elite n=373 n=52 n=435 n=71
7 Height (cm) 152.3 N 8.8 156.1 N 6.1%* 1615 N 5.2 165.1 N 4.9%**
7 Body Weight (kg) 422 N71 475 N 7.7%** 539 N 6.1 57.3 N 6.3¢**
7 30m Straight Sprint ~ (sec.) 5.08 N 0.32 5.26 N 0.36*** 4.80 N 0.24 5.02 N 0.42+**
7 Standing Long Jump  (cm) 185.1 N 15.1 179.3 N 16.2* 198.2 N 13.8 194.6 N 18.8*
7 Bal Throw (m) 20.1 N 3.7 19.3 N 3.7 248 N 3.2 22.9 N 3.0%**
7 |llinois Agiliy Test  (sec.) 1854 N 1.02 19.35 N 1.21*** 17.64 N 0.78 18.60 N 1.36***
7 JH ratio 122 N 0.16 1.15 N 0.10%** 1.23 N 0.09 1.18 N 0.12***
n=138 n=30 n=248 n=21
7 1/Sratio 3.75 N 0.17 377 N0.18 375 N 0.15 3.86 N 0.23**

" p<0.05,” p<0.01," p<0.001

Note: elite = the groupamsisted of the subjects selected for the higher category after the training camp;
non-elite =the resbf the subjects

during practices/games in player selection. Howevdna# been suggested that the necessary
elements for goalkeeper are intelligence, courage, good physical condition and above all physically
fit (Adrian S., 2020). The assessment of physical fithess would be still important to evaluate the
potentials of godleeper.
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Table4.Physical fitness characteristics of elite players compared teliterplayers

. . U13 (school grade: under 7th) U16 (school grade: 8th-11th)
sex positions variables
elite non-elite elite non-elite
male court players n=76 n=377 n=84 n=443
Height (cm) 164.0 = 9.2 153.8 + 9.1%** 178.5 £ 5.5 174.3 £ 6.3%**
Body Weight (kg) 52.0 £ 9.0 42.8 + 8.8%x* 67.5 + 7.9 65.0 + 8.2%
30m Straight Sprint ~ (sec.) 4.65 £ 0.29 491 £ 0.36%** 426 + 0.18 431 + 0.22*
Standing Long Jump  (cm) 2132 + 204 197.7 £ 18.9%** 2434 + 143 237.2 £ 16.5%**
Ball Throw (m) 30.7 £ 4.5 25.0 + 4.5%%* 392 + 45 36.2 + 4.5%%*
Illinois Agiliy Test  (sec.) 17.08 + 0.74 17.86 + 1.10%** 16.13 £ 0.67 16.35 + 0.72%*
J/H ratio 1.30 = 0.11 1.29 = 0.10 1.36 = 0.08 1.36 = 0.10
n=43 n=93 n=60 n=252
1/S ratio 3.78 + 0.19 3.81 + 0.19 3.86 + 0.15 3.88 + 0.17
goal keepers n=12 n=59 n=12 n=100
Height (cm) 165.6 + 6.9 157.6 + 9.4%* 1833 + 4.7 1774 + 5.3%+*
Body Weight (kg) 57.0 £ 13.8 49.7 £ 12.9 79.0 £ 7.8 71.0 + 11.8%*
30m Straight Sprint ~ (sec.) 4.93 + 0.32 5.06 + 0.46 4.47 + 0.17 4.48 + 0.27
Standing Long Jump  (cm) 203.6 + 26.8 193.1 + 22.0 2323 + 13.8 2299 + 182
Ball Throw (m) 295+ 33 24.6 + 4.7%* 36.6 + 4.0 32.6 + 4.8%*
Illinois Agiliy Test  (sec.) 18.12 + 1.32 18.38 + 1.35 17.03 + 0.71 16.96 + 0.86
J/H ratio 1.23 + 0.14 1.23 + 0.12 1.27 + 0.10 1.30 + 0.11
n=1 n=13 n=3 n=35
/S ratio 4.14 3.79 £ 0.18 3.96 + 0.12 3.92 + 0.15
female court players n=82 n=373 n=85 n=435
Height (cm) 1593 + 5.7 152.3 + 8.8%** 165.1 + 165.1 161.5 £ 5.2%%*
Body Weight (kg) 46.6 £ 5.1 422 £ 7.1%%* 55.1 + 55.1 53.9 + 6.1*
30m Straight Sprint ~ (sec.) 4.81 + 027 5.08 + 0.327%** 470 + 4.70 4.80 £ 0.24%**
Standing Long Jump (cm) 195.5 + 13.2 185.1 & 15.1%%* 204.8 + 204.8 198.2 + 13.8%**
Ball Throw (m) 239+ 28 20.1 + 3.7%%* 27.6 + 27.6 24.8 + 3.2%*
Illinois Agiliy Test  (sec.) 17.69 + 0.71 18.54 + 1.02%%** 17.33 + 17.33 17.64 + 0.78**
J/H ratio 1.23 + 0.09 1.22 + 0.16 1.24 + 1.24 1.23 + 0.09
n=55 n=138 n=67 n=248
I/S ratio 3.75 £ 0.20 3.75 + 0.17 3.74 + 3.74 3.75 £ 0.15
goal keepers n=10 n=52 n=14 n=71
Height (cm) 159.2 + 3.9 156.1 = 6.1 169.3 + 2.7 165.1 + 4.9%*
Body Weight (kg) 454 £ 4.7 475 £ 7.7 60.5 + 6.0 573 £ 6.3
30m Straight Sprint  (sec.) 5.01 £ 0.24 5.26 + 0.36* 4.84 £ 0.27 5.02 + 0.42
Standing Long Jump (cm) 196.1 £ 10.2 179.3 £ 16.2%* 1939 £ 15.2 194.6 + 18.8
Ball Throw (m) 212 + 4.2 19.3 + 3.7 248 + 2.4 22.9 + 3.0%
Illinois Agiliy Test  (sec.) 18.39 + 0.61 19.35 + 1.21* 1827 + 1.17 18.60 + 1.36
J/H ratio 1.23 + 0.05 1.15 £ 0.10% 1.15 £ 0.10 1.18 £ 0.12
n=>5 n=30 n=9 n=21
1/S ratio 3.78 + 0.08 3.77 £ 0.18 3.82 £ 0.19 3.86 + 0.23
Conclusion " p<0.05,” p<0.01,” p<0.001

The results of the present study found the anthropometicfitness characteristics of
Japanese adolescent handball players. It would be necessary to conduct the physical fitness test in
older age categories and further longitudinal research to demonstrate adolescent players the
required physical fitness lewel

jun-f@ip.kyusanu.ac.jp
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Summary

The porposef this work is focused of the effect that feedback has on performance in a throwing
task (speed and accuracy). Thyfitye college students without previous experience in the task,
and thirty nine expert women handball players participated in this sBat. groups were
randomly assigned to tree experimental conditions (positive, negative, an lack of feedback).
Throwing speed and accuracy were assessed.

1. Introduction

The provision of information to encourage athletes to continue progressingeixettigtion of
tasks is among the various responsibilities that a coach assumes. The impact of feedback on both
performance and motor learning is no longer looked at solely as a means of improving
performance.

Studies related to aorhawahowndhat trdinegng cbbddiengkwhiahn d &
induce positive feelings related to participants' outcomes can increase perceived competence and
self-efficacy as well as performance and motor learning][1n a study by Schunk & Cox [4]
part i ci fdperfarnsadce laad rio nekevance on the feedback that they received. The results
revealed that feedback has a strong impact oneffathcy beliefs. The study by Badami,
VaezMousadi, Wulf & Namazizadeh [5], which provides feedback on accuracy of golfgputtin
trials to a group of university students, indicated that feedback regarding the accuracy of their trials
resulted in more effective learning as well as increaseetarffdence. However, it is important
to mention all the participants in this study preed higher levels of experience.

Positive feedback is identified by coachesé

throughout the task or those which praise or encourage athletes. Several studies including non
expert participants have explorde role of positive and negative feedback in sports tasks [6,7].
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Positive feedback seems to be related to higher levels of intrinsic motivation and perceived
competence [0]. In addition, several theories of motivation suggest that positive feedback is
more effective in motivating oneself to pursue goals than is negative feedback, because it increases
the expectation of r eac h-eficacy[B hld?2].dndhe Fesearchddy o f
Krenn, Wirth, & Hergovich [13], the type of feedbdplsitive or negative) did not influence the
participantdés performance, although it did i
given positive feedback set higher goals for themselves compared to participants who were given
negative feedck.

2. Materials and Methods

2.1 Procedure

Participants warmed up before the test. To measure the maximum throwing speed, each
participant performed five standing maximal throws on the goal without any instructions as to
accuracy, and with one minute efst between each throw. The throw with the highest speed was
then selected from the five attempts. Participants were randomly assigned to three groups: positive
feedback, negative feedback and or no feedback. The instruction given to the participaats was t
throw as fast and precisely as possible. Positive and negative feedback groups were not given any
type of feedback until trial number 5. The Aeedback group performed 30 pitches respecting
the same time intervals, but without receiving any informatooughout the task. Participants in
the positive and negative feedback groups were given information every five trials, regardless of
their actual performance.

2.2 Measures
Throw speed

To measure throw speed, the average maximum speed percentage was calculated by averaging
the value of ten pitches. To calculate this percentage, the absolute value of the velocity tin km / h
of each participantds t hr owgspeed, ad thenimdilgplyingb y t
the result by 100.To measure individual''sdé n
five standing maximal throws on the goal without any instruction as to the accuracy and with one
minute of rest between each throthe throw with the highest speed was chosen out of the five
attempts.

Finally, the percentage of performance in relation to maximum throwing speed was utilized to
measure this variable. A radar gun was obtained from Sports Radar Ltd. (model SR 3600) to
measure throwing speed.

Throw accuracy.

A digital Panasonic SDRI80 (Paasonic Corp., Osaka, Japan) camera was placed opposite the
goal at 9 m from the goal line and at a height of 2.5 m. The center of the ball as it entered the goal
was digitalized by the computer software nKi
with respect to the goal. The points at which the ball entered the goal were indicated digitally, and
the coordinates of the real position were calculated (for deviation in both the X and Y axis) by
taking the goal dimensions as a reference. The meaal eachr (MRE), as described by Hancock,
Butler, and Fischman [14], were used to measure the throw accuracy. The mean radial error was
measured as the average of the absolute distance to the center of the target.
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Figure 1. Graphical representation of thall throwing task.
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2.3 Statistical analyses

A n -leMel of .05 was employed for all the analyses. Violations of normality and variance
homogeneity in all repeated measures ANOVA models, the small sample size, and the use of
ordinal Likert-type scales data, required a fmarametric approach [155] using an fdd-f1
function in the software package 6énparLD6 [ 1
In the case of significant interaction effect (feedback*time of measure), post hoc Tukey contrast
effects of psychological variables and performance between the three types of feedback for each
ti me of measure were calculated using the f
Post hoc pairwise comparisons between the different times of méasaeeh type of feedback
group was tested using a nonparametric studentized permutation analysis with 10000 repetitions
(function npar.t.test.paired of the R packag
multiple comparisons (the observedg@ues dr each comparison were multiplied by the
number of comparisons). At Il ast, Cliffds Del
size of pairwise comparisons using the R pac

3. Results

Expert Players

The interaction feedback*time afeasure (#10 pitches, 120 pitches, and 230 pitches) was
found significant for throwing speed. Participants who received negative feedback showed higher
levels of throwing speed at 2D and 2130 pitches than at10 pitches, meanwhile no differences
were found in the other feedback groups (see Table 1).

Likewise, time main effects were determined for throwing speed and feedback main effects for

throwing accuracy. On one hand, independent of the type of feedback received, throwing speed
was higher at 1-20 pitches (p < .01) and D pitches (p < .001) thal-10 pitches. On the other
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hand, independent of the set of pitches, positive feedback group showed a higher accuracy than
the negative (p < .01) and the no feedback (p < .01) groups.

Table 1. Non-parametric repeated measures ANOWAe models of perforance variables for
each type of feedback, time of measure and their interaction, arRdgost c ompar i sons
Delta effect size.

Performance

o Feedoack  Time  Feedb*Time Post-hoe comparisons for significant interactions (Cliff's Delta®)

ariables

F F F NoFegdh.  Negative Feedb. Positive Feedb.  1-10gifches®  11-20 pitches.  21-30 piches
(%) () (%) fi £ f t f o
Throw 0.29 11.48™ 3.06° t=t1(-25,8) iS00 tet(-04,N)  BeE(-23,8)  BRR(15,98)  fRE(28,9)
Speed (1.98) (1.83) (342) t=h(14,N)  t=t(-15,8)  t=0(-21,8)  fefe(-02,N)  fefe(08,N)  ffi(-30,8)
t=t2(21,8)  t<b(-64, L) tet(-16,8)  £=£:(-30,8)  f£=R(10,N) f£<E(1,N)

Throw 419" 041 210

Accuracy (1.82) (1.87) (349

Non-Expert Players

Time effects were determined for throwing accuracy and autonomous motivation. In the case
of throw accuracy, participants showed higher levels of accuracyt 80 Ziitches than ati10
pitches, independent of the type of feedback received. The interanimof measurexfeedback
was statistically significant for all the variables except for that of throwing accuracy. At last,
regarding performance variables, between group-pastcomparisons found that those who
received positive feedback showed higharele of throwing speed than those who received
negative or no feedback ati&ZD pitches, whereas no differences were found among the previous
sets (see Table 2).

Table 2. Nonparametric repeated measures ANGWYpPe models of performance variables for
eachtype of feedback, time of measure and their interaction, andhpost c ompar i sons
delta effect size.
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Feedback Time Feedb®Time Post-hoc comparisons for significant interactions (Cliffs Delta®)

Negative

Performance F F F No Feedb. Feedb. Positive Feedb. 1-10 pitches”  11-20 pitches.  21-30 piches
Variables (df)  (df) (df) f, f- f, ty t t,
Throw 251 018 298" to=t (08N t=t,(17,5) to=t,(-04,5) fy=f (<1, N) f=f- (44 M) f,=f (-38 M)
Speed (196) (186) (322 t=1(319 t=t,(0LN) ty=t;(-26,5) fo=f, (<12, N) fy=f,(~08N) f, <f, (=56, L)*

t=t (319 t=t(21,5) to=t(-22,5) f-=f (=159 f=f (41, M) f<f, (=71, L)
Throw 055 627" 127
Accuracy (192) (195 (332)

Note. a-level is set at .05; *p< 05,
* The denominator of all df values is «; e.g. 1.96, .
® Cliff's Deka interpretation: N = negligible, S = small, M = medium, L = large.

4. Discussion

The results found in our work are not consistent with these previous findings given that there
were no changes jperceived competence due to the type of feedback received. It is possible that
the effect of feedback may be moderated by t
the other hand, social comparisons allow people to obtain information regtrdingbility in
relation to others. For Cheng and Lam [20], such social comparisons are a mearsvaiisation
and of the development of selbncept.

With respect to performance variables (throwing speed and accuracy), those who received
negative fedback showed a higher throwing speed are coincident [21]. No diferences in throwing
accuracy were found due to feedback. These findings not only dier from studies in which
inexperienced participants who received negative feedback performed no worseofeawtib
received positive feedback [22], but also from other studies such as Saemi [7] or Avila [8], in
which the positive feedback group in the retention test demonstrated greater accuracy in a throwing
task.

Non-expert players involving the use of soc@mparative feedback with inexperienced
participants observed throwing speed and accuracy, the results show that in the last set of pitches
(217 30) the positive feedback group pitched the ball at a faster rate than did the other two groups.
These resultgliffer from those found in other studies in which the participants subjected to
negative feedback did not perform any worse than those subjected to positive feedback [23].

5. Conclusions

In light of the results lead to the conclusion that the feedback provided to an expert player does
not have the same effect as that provided to aexpert player.

dsotg@unileon.es
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Abstract: The first purpose of the present study was to identify the possible effects of isolation
caused by the COVH29 pandemic omaximum running speed/¢t) andthe maximum aerobic
capacity YOomay in female handball, using the -3® IntermittentFitness Test30i 15¢7). The
second purpose was to compare the results obtained by the players before and after the home
isolation, period of time in which the training took place under unsuitable training conditions.
The recorded data show a decreaséhénaverage of the maximum level achieved in running
between the two tests, as 68 km/h {3.83%), from 18.43 to 17.75 km/h. The reached level

at exhaustion varies between 17 and 19.5 km/h insptation and between 16 and 18.5 km/h
after the isolatin. Regarding/Oomax the maximum aerobic power decreased®9 (-3.85%),

from 54.58 mlkg'min when tested before the isolation to 48.53 ritkin? after the isolation.
According to the noiparametric Wilcoxon test, the difference reached the thresiistdtistical
significance,z = -3.297,p = 0.001 < 0.05, with a large effect size=@.59) for the maximum
running speed anzl= -3.384,p = 0.001 < 0.05, with a large effect size.58) for theVOzmax
indicating a statistically significant mean dease in physical and physiological capacity of the
players, after the lockdown caused by the C&dcandemic.

Keywords: maximum aerobic capacity; female handball players; COY9pandemic

1. Introduction
In March 2020, the World Health Organization declared the new coronavirus (EARS

or COVID-19), the cause of an unprecedented pandemic [1] and urged governments from all
around the world to fiurgent and a gthgerindestiosn v e &
[2]. However, the COVIBLY virus, which existed already since December 2019 in Wuhan China,
spread very quickly at a global level, throwing the world in the middle of a crisis with many effects

in all areas of activity.

Thus, for the first the in history, it was a worldwide timeout for all sports. As a result, all the
competitions were suspended, the common trainings were forbidden and the athletes were obliged
to quarantine at home like the rest of the population. The health of the athteiebes and
spectators has become primordial. The Tokyo Olympics have been postponed for the summer of
2021 [3], a situation that has never been seen in the history of world sport. Other major sports
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competitions, such as the European Football Championdie European Women's Handball
Championship, etc., were scheduled for other dates [4], this kind of situation being encountered
the last time in the Second World War.

On 16 March 2020, the State of Emergency was established on the territory of Romania fo
30 days, caused by the COVI® pandemic, which was subsequently extended until 15 May
2020, after which the State of Alert was settled.

At the beginning of quarantine, all mankind experienced unusual living situations imposed
both by restrictive rulesiorder to protect public health and for fear of the unknown and the danger
of the new virus, aspects which led to imbalances in all aspects of social life. One of these was at
the level of physical activity. Home isolation involved the limitation and ewemplete
disappearance of outdoor movement in order to reduce the risk of infection.

In performance sport, the training of athletes under normal conditions has become impossible
and thus the need to continue training has been raised, according touadplahs, adapted to
the period of the current competition season, in order to make possévialuation of the activity.
Coaches were forced to submit individual training protocols tailored to the needs of the athletes
and the training conditions thdyad at their home. Normally, the transitional period must assure
the link between two preparatory macrocycles, while ensuring the overcompensation phase for the
next phase of effort. In order to continuously improve the performance, athletes must loe able t
start a new higlevel training cycle, and the complete rest, free of any form of physical activity,
is the wrong approach, even under conditions of major force, as the imposed situation by the
pandemic caused by COVIDO. More than that, maintaining ptigal capacity is a crucial
requirement for professional players, because physiological adaptations are reversible and physical
accumulations could be lost in2weeks when sportsmen stop training [5]. It is suggested that
time off training and competitis should also be used for other purposes too, such as goal setting
or psychological development [6] based on different tests or pedagogical experiments,
implemented in an attempt to acquire new knowledge, by players with different levels of memory
developnent [7]. Recent studies [8, 9] talk about the need for continuity in sports training, so that
the effort capacity of athletes is maintained at abou®® of the maximum possibilities, even
in the seasons breaks.

The implementation and monitoring of theorts training program in isolation regarding the
team subject to our study, has mainly followed up the accommodation and improvement in
energetic and control parameters [10] of the muscles, tendons and ligaments for the new training
plan through individal development programs for general force and articular mobility. Although
the effort during matches and handball training is mainly anaerobic and includes actions such as
throwing, jumping, accelerations, changes in direction, duels and physical cobtdbten the
counterattack, positional and defensive phases [9], the importance of aerobic capacity should not
be underestimated.

In this context, the first purpose of the present study was to identify the possible effects of
isolation caused by the COVID9 pandemic on the maximum aerobic capacity in female handball
players. The second purpose was to compare the results obtained before and after the home
isolation, period of time in which the training took place under unsuitable training conditions.
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2. Materials and Methods

2.1.Subjects

Our sample of subjects were sixteen well tr
(28.2 £ 6.1 years, 173.1+ 5.8 cm, and 66.3 = 6.9 kg), who during the 2019/20 season participated in
the second division copetition, in Romania. Handball leagues competitions were suspendetl on 11
of March by the Sports Ministry and home exercises started onApril. The players underwent
a period of two months (63 days) of individual training in isolation, by respecting the protocols sent
by the coach through internet means. Because players had little and inadequate space for training at
home, the protocolsere based mainly on developing physical capacity, by the use of body weight
exercises.

30-15 Intermittent Fitness Tes8@ 15rFt) was applied, in order to evalua¥f®,max capacity,
when the team returned to collective trainirgs 8" of June and thesesults were then compared
to the ones from February 2020 (players have this test twice a year for monitoring the physical
capacity).

All subjects were familiar with field exercise evaluation and were tested, on both occasions, on
a wooden indoor floor (taperature 22°C).

2.2.ExperimentalApproach to the Problem

In order to an accurate evaluation regarding the conducting matches conditions, it is
recommended the use of tests which require physiological responses and field movements similar to
those during the game. Because the effort in the handball game is discontintoosxinal,
submaximal and medium alternations, thel8dntermittent Fitness Te|@ 15rt), an intermittent
and shuttle incremental field test, is recommended. Jtid5-r shown to be accurate for
individualizing intermittent and shuttle running exeeci{11] and was first validated in 2005 [12].

Since its appearance, the author has published numerous articles related to it and was validated in
other sports too [13, 14, 15].

The test protocol consists of-8Gshuttle runs interspersed with-4 passiveecovery periods
and the initial velocity is 8 km/h and grows by 0.5 km/h with every repetition. Sound signals dictate
the velocity and players run until they are unable to keep up with it. The test is completed when they
are unable to reach the selectie lon the court three consecutive times (or 3 m of the tolerance
zone in front of the line). The velocity attained during the last completed stage is determined as the
p | a yVertr addsthen one can estimat®max

40m

3M ZONE
Z20m EL

RECOVERY RumN

LINE A LINE B LINE O

Figure 1. Schematic representatiohtbe 3615IFT procedure.
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To calculate th& Oxmaxfor each player we used the following formula:

|V07m,,y(ml kg™ min~1) =283 -2.15-G —0.741- A —0.0357 - W + 0.0586 - A - W - Vipr + 1.03 * Vyperr (1)

In equation 1Vier (velocity T intermittent fitness test) is the final running spegdtands for
gender (female = 2; male = B for age, andVfor weight [16].

2.3. Statistical analysis

We calculated the means, minimum, maximum, progress and standard defoatossimum
running speed\{rr) and maximum aerobic capacity@may before and after isolatiorhe
ShapireWilk test (SW) was used to verify the normality of distribution. Results showed that data
were not normally distributed (p < 0.05). The ymarametic Wilcoxon signeerank test was used
in order to understand whether there was a significant differenmesutts for maximum velocity
speed and maximum aerobic capacity, before and after isolation. We also calculated the effect size

measure forthengpar ametri c analysis. We defined the
by Rosenthal [17] wher2is derived from the-score of the Wilcoxon test andidthe total number
of observations. Cohends critelasamaleff&tjr=was

0.3 as medium effect and r = 0.5 as large effaettistical analysis was performed using IBM SPSS
Statistics for Macintosh, Version 25 (IBM Corp., Armonk, N.Y., USA) preD.05 was taken for
the significance differences.

3. Results
Regarding Table 1, from the total number of players (n=16) included in the research, we see

a decrease in the maximum level reached in running, with only two players able to register the
same level in both tests. All the other players registeriedvar level to that made before the
isolation. After obtaining all the data relatedver (maximum level of running), we applied the
necessary mathematic formula for calculating W@ max (maximum aerobic capacity) for each
player.

Table 1.P | a y ethrap@netacrmeasures and results3ois IFT andVO2max

. VIFT VOZmax
Anthropometric measures PRt
(km/h) (ml-kg™=-min™)
Players .
Age Weight Before After Before After
Gender ) : : :
(years)  (kg) Isolation Isolation Isolation Isolation
Playerl 2 26 66 18.5 18 49,62 48,56
Player2 2 36 63 18 17.5 51,6 50,55
Player3 2 30 63 195 18.5 53,89 51,1
Player4 2 38 65 18.5 18 53,8 52,15
Player5 2 33 65 19 18.5 53,54 52,05
Player6 2 30 62 19 18 54,53 51,74
Player7 2 30 83 18 18 48,99 48,99
Player8 2 34 66 18 16 50,86 45,75
Player9 2 25 66 18.5 18.5 49,28 49,28
Player10 2 32 70 18.5 17.5 51,54 48,63
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Playerll
Playerl2
Player B
Player 4
Player b
Player B

N NDNDNDNDDN

26
32
19
19
18
24

60
66
80
58
71
58

19
195
17
17.5
17
19

18
18.5
16
17
16.5
18.5

51,11
54,58
43,51
45,36
43,58
50,52

48,56
51,68
41,37
44,29
42,53
49,09

Table 2 presents the descriptive statistic data obtained for both maximum running/spged (
and maximum aerobic capacity@may. We can observe a decrease in the average of the
maximum level reached in running of 0.68 km/B.83%), from 18.43 km/h to 17.75 km/h in
between tests. The level reached at exhaustion varies between 17 and 19.5 kmiéoiatye
test and between Ehd 18.5 km/h after isolation. ConcernM@zmax the maximum aerobic power
decreased by 1.87 (ml ®gnin?) (-3.85%), from 54.58 in prisolation testing to 48.53 (ml Kg

min’t), after isolation.

Table 2.Descriptive statistics fd30-15Ft andVOzmax.

. i Mean Std.
N Minimum. Maximum Std. Progress Deviation
Statistic Statistic  Statistic Statistic ' gres: o
Error Statistic
V\eT Before
i 16 17.00 19.50 18.40 0.19 -0.68 0.77
Isolation
. (-
Virr A Isol 1 16. 18. 17. 2 .87
T After Isolation 6 6.00 8.50 68 0.20 3.83%) 0.8
V Bef
Oz maxBefore 16 4351 5458 5039 09  -1.87 3.6
Isolation
VO2 maxAfter (-
Isolation 16 41.37 52.15 4852 0.84 3.85%) 3.37
Valid N (list wise) 16
VIFTandVVO2 max
18,4 18,22 51
18,2 50,5
18 50
17.8 495%
€76 17,37 49 E
Elr4 %
17,2 52 48,5%
17 8 E
16,8 475

Before Isolation After Isolation
I VIFT em—\/02MAX

Figure 2.Virr and VO maxbefore and after isolation.
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Figure 2 show the evolution of the maximum aerobic capacity and the maximum velocity
calculated by following th80-15 IFT test. Players were tested in two separate occasions: before
the isolation period, under normal conditions of training organizatiohirarthe posisolation
period, after two months of training under improper conditions.

Table 3.Wilcoxon Signed Ranks Test Statistics.

Test Parameters VT Before Isolationri VO2 maxBefore Isolatiori
Vet After Isolation VO2 maxAfter Isolation
z -3.372 -3.297
Asymp. Sig. (2tailed) .001 .001

PBased on positive ranks

According to the Wilcoxon neparametric test presented in Table 3, it can be observed that
both, maximum velocity and maximum aerobic effort capacity decreased statistically significantly
at the end of the isolation period, z-3.384, p = 0.001 <.05, rpsctively z =-3.297, p =
0.001<.005.

Table 4.Average values of the analysed indicators meadwéate versus after the
isolation period.

Before Isolation  After Isolation p-value Effect Size
Virr (km/h) 18.43 17.75 0.001 0.59
VO2 max(ml-kg-1-min-1) 50.39 48.52 0.001 0.58

4. Discussion

As an unprecedented situation, the COVIB19 pandemic has changed the conditions of
preparation and competition at the level of all individual sports and team sports. We can list
here a number of consequences on the way in which training was organized dugirsolation
[19]:

A lack of training and competitions;

A poor communication between coaches and a
A lack of free movement and adequate expos
A inadequate training conditions.

Total inactivity, decreased intensity or mishandling training programs, can lead to the decrease
and even total loss of physical accumulations over a period e¥€eks, thus, in order to maintain
an optimal performance, is essential for an athlete towatontrolled training protocols, based
on both aerobic and muscle strength.

Si xteen well trained healthy female handba
5.8 cm, and 66.3 + 6.9 kg), who during the 2019/20 season participated in the diecdod
competition, in Romania, were tested. The aim of this study was to compare the resuti®in 30
Intermittent Fitness Test, before and after the isolation period caused by thelQowidis
pandemic, when training took place under unsuitableitrgiconditions. We hypothesised that
the imposed quarantine caused by the CO¥®Dpandemic, would compromise the maximum
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aerobic capacityMOzmay in female handball players by leading to the partial or total loss of
accumulations during the training . In this study, a significamheandecrease imaximum
running speedon average of 1.3 + 0.46% was observed aftersthlationperiod The Vet (dif.

X =-0.68 km/h, p = 0.001 < 0.05) and tM©2 max (dif. X = -1.87 mlkg'min™, p = 0.001 < 0.05)
supports these claims, recorded data showing significant main effects of home isolation. The level
of maximum velocity and maximum aerobic capacity, in 14 out of 16 players showed negative
developments.

In order to evaluate if there weeany changes in the maximum aerobic capacity as a result of
home isolation caused by the Codil pandemic, the Wilcoxon Signed Rank Test revealed a
statistically significantly negative change in performance following the improper training
conditions athome,z=-3.297,p = 0.001 < 0.05, with a large effect size=Q.58). Our findings
contradict a recent similar study in soccer [20], where the researchers observed no effests in
maxperformance in the Yo test. This may be explained by the differeatrting conditions and
protocols of the players and of course by the quarantine length in their case (40 days), which was
shorter then in our study (63 days).

5. Conclusions
The COVID19 pandemic compromised sport industry on many levels: physical,

physiological, psychological, nutritional and financial [21]. Moreover, the virus caused illness
among the athletes [22], which led to withdrawals from competitions and even teyripesaof
financial income.

Taking all these aspects into account, it is advisable for athletes and even coaches to plan
ahead their life after sport. One way to do this is by completing their professional knowledge,
through conversion programs that irope the quality of their education [23[he most recent
studies state that it is necessary to continue the training during the transition period, thus the
pl ayersdé effort capacit y-70% Somnhe maximam possibilitiest a [
[24, 25].

The imposed quarantine is a completely new, unknown situation, which can compromise the
ability of sports performance by leading to the partial or total loss of accumulations during the
training period.The new living situatiorpermitted little outside tiaing, near the house, and
mainly indoor practices, which made it difficult to carry out, due to the lack of necessary conditions
(space, material facilities, moral support, etc.).

In this context, it can be said that the training protocols at home asamitar to the aerobic
and anaerobic ones in the field environment and can have negative effects on maximum aerobic
capacity and general physical performance.
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Summary

We aimed to develop a system that can edit video by tagging each scene, automatically generate
statistical data by taggingnd share the edited video and statistical data. we were able to developed
a sports analysis system that can share video and statistical datatimeday combining three
applications, YouTube Live Streaming, Google Spreadsheet, and Google Datavoctalcan
be used by anyone with Internet access.
Key word: notational analysis, video analysis, live analysis

Introduction

In recently, video sharing and statistical data have been used to evaluate players and their play to
create training plans all sports coaching processes. Similar, video sharing and statistical data of
events during training and games are analyzed to help for development of the team in handball.
Software and tool using video sharing and statistical data for sports araalysigailable from
many manufacturers. However, they are very expensive for amateurs and glass tools teams. In this
study, we have designed a novel system that combines YouTube live Streaming, Google
Spreadsheet and Google Data Portal, which can be ussed/bge on the Internet for free.

By combined these applications, we aimed to develop a system that can edit video by tagging
each scene, automatically generate statistical data by tagging, and share the edited video and
statistical data.

Methods

In thisstudy, YouTube Live Streaming was used to view the video, Google Spreadsheet was used
to input the descriptive data, and Google Data Portal was used to display the URLSs of video sharing
and results of statistical data.

About the part of data input

This spreadsheet contains the following sections: 1. the section for defining the variables needed
to perform descriptive analysis of the game (columns C to E), 2. the section that sets the start time
of the movie and the names of the teams and players (colanis), 3. the section for input text
for descriptive analysis (columns S to V), 4. the section for adding a timestamp function to
YouTube URLSs for video sharing (columns S and AV to BD), and 5. the section for calculating
statistical data by descriptianalysis (columns BF to DH) (Figure 1).
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1. the section for defining the variables needed to perform descriptive analysis of the game
(columns C to E)

In this study, in order to conduct descriptive analysis of a handball game, the game phase was
classified into four moments: offense, retreat, defense, and fast break, and the descriptive symbols
were set as fiao, Aro, Ado, and Af O, respecti

In order to record various situations such as numerical advantage and disadvantage, at each
moment, the situatianfrom the own team's side were classified as numerical disadvastage (
numerical advantage (+), attack with 7 players (7), and attack with 6 players during a numerical
disadvantage attack (6). In addition, fast break were classified into four phaSegas (f1), 2¢
wave (f2), ¥ wave (f3) and after goal (ag).

In order to record the shot location, the shots were categorized as wing shot (w), 6m shot (6),
pivot shot (pv), break through shot (bt), 9m shot (9), 7m shot (7), and empty shot (e).

The resllts were classified into ten categories such as goals, saved shots, shots off frame, arm
bl ocks by defender ds, turnovers due to- miss
minute suspensions, penalties, attack interruptions by the attackeifhans timeouts.

2. the section that sets the start time of the movie and the names of the teams and players (columns
H to K)

For the reatime sharing of YouTube videos, which is the originality of this research, we recorded
the URLs where the videosene streaming. In addition, YouTube has the function of adding a
time stamp by adding the time from the start of the video streaming to the URL. The timestamp
function of YouTube can be used by adding the command "&t="to the YouTube URL and adding
the elgsed time from the start of the video after the command. To use this function, we recorded
the time in "MovieStartTime" when the video streaming was started. In addition, we set the delay
time in "TimeDelayYouTube" to compensate for the video streamiray dséhce there is about
20-30 second video streaming delay in YouTube live streaming. In addition, the time difference
can be set in the "TimeDifference" field if there is a time difference between the arena and the
analysis site. At the same time, here, ean set the team and player numbers and names.

3. the section for input text for descriptive analysis (columns S to V)

Columns S to V were used to input the symbols set in columns B to E, respectively. We set the
S column to input the moment, the T aolu to input the situation, the U column to input the
shooting position, the V column to input the result, and the W column to input the player's number.
By inputting the moment in the S column, the name of the attacking team was shown in the AB
column, andhe input results in the V column can be checked in the columns AC to AR as well.

4. the section for adding a timestamp function to YouTube URLSs for video sharing (columns S
and AV to BD)
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The current time was get using Google Apps Script (GAS) when moment in column S was input.
The code of GAS was as follow.

functiononEdit) {
var ss= SpreadsheetApgetActiveSpreadshegt
var sh= ssgetActiveShed];
var range= shgetActiveRang@;
var row = rangegetRow);
var col = rangegetColumi);

if(col==19){ // 19 mean col of S
vartime = Utilities.formatDaténewDatg), 'Asia/Tokyo, 'hh:mm:sg;
shgetRangé&ow, 17).setValugtime); // 17 mean col of Q

}

}

i bt e I

383¥383838383338833838338338883883y333838

Figurel. Data input sheet

The time difference between the video start time and the current time at the moment input,
obtained using GAS, was calculated between the AV and BD columns. Time stamped YouTube
URLSs were created for each moment input by addiogTube URL with "&t=" and calculated
the time difference between the video start time and the current time at the moment input.

5. the section for calculating statistical data by descriptive analysis (columns BF to DH)

Between columnBF and DH, the inputted data were counted and/or calculated, respectively, in
order to demonstrate statistical data in the Google Data Portal.
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Data output

Time-stamped YouTube URLs and statistical data createthenGoogle spreadsheet were
displayed using the Google Data Portal (Figure 2). The game pace and number of possessions,
shots, and goals scored and the ratio of shots per possession (xS), ratio of goals scored per
possession (XxG), and shot efficiency bgleteam were displayed in the upper left of dashboard.

Trend of xS and xG
Count_Pace COLPOsA|  Count_shot A Count_Goal A
S5 | 42

Count_Poss. B Count_Shot_B Count_Goal 8

57 46 29

Count xG_B+ = Count xS A+ = Count xS _Be

Count_xS_A Count xG_A %G_A

0.76 0.53 0.69

Count_xS_B Count_xG_B %G8

0.81 0.51 0.63

Timeline of Game
Athlete2 - Athlete2 -
-

|=—— —

0 Timer - Te.. Situat.. Athlete2 Sho.. Resu.. URL

S
. 12521 PN Majorlty 2.6M  1.Goal | hupsiw-

1
2. 12509 PN Majority 4.Am..  hlips/w.

3. 12455 PN Mejority 8.Ga..

3

4. 12251 PN Majority 5.TOV  hups/w.

5. 12206 PN 6x6.-1 8.Ga..

6. 12027 JPN  phasel 2.6M  1.Goal  hitps/w. 20 .Ga.  hups/w-

7. 14945 | N 48T 2.5eied | hitps/iv.

8. 11839 PN 6.7M  1.Goal  hups/iw. . . RSN
. 11813 | PN phase2 6.Pen. | hURS/N.- i

10. 11722 PN 2.6M 3. OffT. hutps/An.

. 11634 | PN phasel 2.6M  1.Goal | bupsiw.

12 11523 PPN 5.TOV Dups/Aw..

130 1247 | PN 2.6M  1.Goal | hupsiw.-

Results at each moment Number of attack and xG at each situation
Team / Moment / Record Count Team / Moment / Count_xG_AB / Count_Poss

Results2

1.Goal Shuationz  Count... un
2.Saved | [ [

3. OffTarget

4. AmBlocked

5.TOV

6. Penakty [ [ 6 inom

8.Gamestop |

9. Ownstop

®H | 6 1 0 16 | 158

igureZ. Data outpu

dasnpoarad

In the top right, the graph of time series changes in xS and xG of each team was showed. The table
in the center shows the timeline of game trends for each team. The URLSs to the right in this table
shaed the video of each scene. In addition, interactive links have been set up in tables and graphs
to search the statistical data and videos.

Testing of this system at the Men's World Championships in 2021

In this study, we examined the availability ofslsiystem for six of Japan's matches at the 2021
Men's World Championship.
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Results

Figures 1 and 2 were showed a Google spreadsheet with the data input about gad#R#lthe
against CROATIA and the Google Data Portal with the output of the results. On the Google Data
Portal, it become possible to share video ¢
fdefenseso, and Af ast b reeatikedinkd alowedaisers to quicklya m.
search for the URLs of the scene they want to watch. The URLs for the data input and output
results of the six games analyzed are shown as below.

Discussion

Data input
https://docs.google.com/spreadsheets/d/1AgcUbrus-
DdgDr_ddCgJK9UwiA4mb5olfgtéutJNJNmA/edit?usp=sharing

Data output

JAPAN against CROATIA
https://datastudio.google.com/reporting/193d #8aB)-490e944¢57¢758913bfa

JAPAN against QATAR
https://datastudio.google.com/reporting/a84de@16540f5-b716d1b0bd2d286e

JAPAN against ANGOLA
https://datastudio.google.com/reporting/b27dbd®894162988c21al5cfad424

JAPAN against ARGENTINE
https://datastudio.google.com/repod/d2f529df61ca4d0ab66+70682ff5al7e

JAPAN against DENMARK
https://datastudio.google.com/reporting/38032&8h%54deaad2968eel456fcec

JAPAN against BAHRAIN
https://datastudio.google.com/reporting/b0b3588354d028f4f-d45¢c349e2004

In this study, we were able to developed a spanalysis system that can share video and
statistical data in redime by combining three applications, YouTube Live Streaming, Google
Spreadsheet, and Google Data Portal, which can be used by anyone with Internet access. This
analysis system has almosg timilar functions as commercially supplied sports analysis software
to share video and statistical data.

The unigue advantage of the system in this study was that data input and output could be operated
by different terminals. As a result, multiple tenais can collaborate on data input and output.
Furthermore, one of the unique advantage in this system is that the location of the data input and
output can be ignored by sharing them over the Internet. To the best of our knowledge, there is no
other systm that can be used free of charge and can share video and statistical daténrereal
around the world.

In this study, we classified the game into 4 game moment, 9 attacking situations, 7 shooting
positions, and 10 outcomes to obtain for statisticalyamain handball. In this system, it is possible
to flexibly set the variables to be analyzed in 1. the section for defining the variables needed to
perform descriptive analysis of the game (columns C to E). As a result, the analysis variables can
be set acording to the ideas of the team or the analyst. Similar, In the data output, display of
variables, table and graph can make to the ideas of the team or the analyst.

This system can be used freely by anyone. Of course, we will plan to creatgbase of the
video and statistical data analyzed for each match in the future. If arsopere sports analysis
system like this is developed, a database similar to soccer's like a Wyscout can be created in an
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https://datastudio.google.com/reporting/b0b350a3-a815-4d02-8f4f-d45c349e2004

open environment with the cooperation ehldball friends around the world. We also believe that
handball friends around the world will be able to freely analyze the games and create a database
of video and statistical data, which will lead to the further development of handball. And we hope

it will.

The three applications from Google used in this system are very useful on the Internet and can
be easily linked to several other applications, which is much easier than developing new
applications on own. However, this system is fully dependent on I&odbus, this system
contains the risk of becoming unusable due to the modification and/or termination of the services
of these applications, which is unavoidable. In addition, this system uses the time stamp function
on the video sharing site. Therefaiteere is a limitation that only statistical data can be applied in
this system on sites where the video publication does not have a time stamp function.

Conclusion

We were able to develop a video sharing and statistical analysis system with functi@mgsim
those of paid sports video and statistical analysis software using combined three applications, such
as YouTube Live Streaming, Google Spreadsheet, and Google Data Portal, which can be used by
anyone with Internet access.

shiro@rs.tus.ac.jp
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Summary

We investigated the effects of repeated skenh maxinal anaerobic exercise on the stability of

the center of gravitylt was evident that when the elite handball wing player repeated intermittent
high-intensity wholebody exercise, the sway of their center of gravity gradually increased.
Instability of the center of gravity due to repeated anaerobic exercises can adversely affect the
performance of handball players.

Introduction

In a handball game where all players are involved in attack and defense, the average heart rate
during the gameeaches 80% to 90% HR max. The specific movements in a handball game are a
complex mix of sprinting, higispeed running, physical contact, jumping, landing, and strong and
accurate throwing. Consequently, the ability to repeatedly exert anaerobic pogegriied. It is
important to understand the physical effects of repeatedihighsity exercise in sports such as
handball, which requires intermittent higlower exertion. One test that can accurately assess the
anaerobic exercise capacity of handb&lyprs is the Wingate anaerobic test (WANT). Thes30
submaximal effort pedaling test has been shown to involve a large amount of anaerobic energy,
and the percentage of aerobic energy supply in this test has been reported to be a2@%d 13
(Inbar et al, 1996). In addition, the test does not capture information about a specific muscle group,
but rather evaluates the power involved in a systemic muscle group. Conversely, the repetition of
high-intensity exercises is predicted to cause acute central aipthgral fatigue (Gonzalo et al.,

2017). In particular, acute fatigue immediately after hiigknsity exercises may not only impair

the playerés handball performance but may al
gravity, thus increasing érisk of injury. Previous studies have shown that fatigue increases injury
incidence (Frisch et al., 2011) and an impaired balance performance may increase the risk of ankle
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injury (Willems et al., 2005). In this study, we investigated the effects ohtegpeshorterm
maximal anaerobic exercise on the stability of the center of gravity.

Methods

<Subjects>

Six elite university handball wing players (age, 19.3 years; height, 171.2 £ 3.7 cm; weight, 62.7
5.7 kg) were included. They were players wholbeeh playing handball for five years and training

6 days/week, 3 h/day. Previously, the team won a silver medal in the Japan Intercollegiate
Handball Championship. Subjects with {erasting lower extremity conditions that put them at

risk for further injuy or with known visual, vestibular, or balance impairments were excluded. As
per the Declaration of Helsinki, the purpose and methods of this study were explained to the
subjects, and the experiment was conducted after obtaining their consent.

<Experimental Protocol>

Subjects were measured for anthropometry and sprint running (30 m and 50 m) a few weeks before
the experiment. On the day of the experiment, after a light waarof approximately 10 min, the

WANT was conducted at maximal effort 80 s and repeated to obtain three sets of results, using

a cycle ergometer (POWER MAX V3, KONAMI, JAPAN). The WANT loading was set at 7.5%

of the weight of each subject (Inbar et al., 1996). The rest period between each set was established
for 2 min, anch center of gravity balance test (BT-80f dominant ordeg standing with vision)

was included. The BT was started 1 min after the end of the WANT. Duringntie r2st period,

the subjects were kept at rest in a standing position, except during-thBB0Overall, a 3&

bicycle exercise under maximal effort and-ai rest in the standing position were repeated three
times.

<Measurements (WANT and BT) and Statistical Analysis>

Peak power (PP; w), mean power (MP; w), peak rotations per minuteRpadk and peak arrival

time (PAT; s) were measured as indices of anaerobic capacity during the 30 s of bicycle exercise.
The trajectory length (TL; mm) and sway area (SA;?nai the center of gravity change were
measured using a center of gravity trapegtmeasurement device (TAKHKIKI, JAPAN). The
obtained results were examined by -oveey analysis of variance and multiple comparisons
(Bonferroni). Pearson correlation coefficients were used to analyze the correlations between the
indices. Statistical ghificance was set g < 0.05 Statistical analysis was performed at the
Universiti Teknologi MARA Sports Clinic (Malaysia).

Results

The mean subject sprint time at 30 m and 50 m was 3.94 £ 0.14 s and 6.20 £ 0.12 s, respectively.
There was a very high oelation between sprint time and power exerted during the first WANT.

In particular, the correlation coefficient between the 50 m sprint time and PP per body weight (1st
set) was r =0.911 p < 0.01).
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Table 1. Results of the Wingate anaerobic test and Balance test
*TL: trajectory length of the change in the center of gravity, SA: sway area,
**MP: mean power, PP: peak power, RPM: rotations per minute, PAT: peak arrival time

Balance Test* Wingate Anaerobic Test**
TL (mm) TL/sec. (mm) SA (mm?) peak RPM PAT
MP (w) PP (w) A
Pre. |681.154#134.62 | 22.72+4.46 | 490.92+165.72 (/min) (sec.)

1stset | 882.85#129.94 | 29.421+4.34 871.324265.70 1stset | 572.0455.2 | 706.5+47.9 | 150.5489.5 | 6.740.7

2nd set | 846.98+119.07 | 28.25+3.98 883.73+106.65 2nd set | 511.7+#52.9 | 660.5+65.6 | 140.5+8.2 | 6.1#0.6

3rd set | 992.32+224.80 | 33.10+7.49 | 1497.58+1182.94 | 3rdset | 464.3+46.5 | 605.2+62.5 | 129.0+14.6 | 6.2+1.4

The anaerobic power output obtained fromWenT decreased significantly with repeated testing
(Table 1 andrig. 1). Immediately after the third set of the WANT, the MP was reduced by 18.8%
compared to the first sgb € 0.01). The rate of decrease in PP was 14.3% lower in the third set
than in thefirst set p < 0.05. The PAT was 6.7 s for the first set of WANT, but was reduced to
approximately 6 s for the second and third sets (Table 1 and Fig. 2).

Mean Power (Watts) Peak Power (Watts)
One-way ANOVA; p<0.01 One-way ANOVA; p<0.01

800 istvs 2nd; p<0.01 800 Ist vs 3rd; p<0.05
700 1st vs 3rd; p<0.01 700 g 'l'
600 oo BN B g I
soo B ... 500
400 400
300 300
200 200
100 100

0 0

1st set 2nd set 3rd set 1st set 2nd set 3rd set

Figure 1. Changes in mean (left fig.) and peak (right fig.) power during the repeated

Wingate anaerobic test. A two-minute rest was taken between each test.

Conversely, TL immediately after the WANT became longer with each repetition (TL: Pre/ 681.15
mm, 1 set/ 882.85 mm), 2 set/ 846.98 mm, 3 set/ 992.32 mm; Fig. 3 left), and the SA also expanded
significantly (SA: Pre/ 490.92 minl set/ 871.32 mfm 2 set/ 883.73 mMm 3 set/ 1497.58 mn

Fig. 3 right). The length of the center of gravity trajectory afieze sets was extended by 1.47
times compared to the pexercise valuep(< 0.05. The SA of the center of gravity showed a
tendency to increase with each WANT, but the increase was not statistically signifisah0.

After three sets, the SA ohé center of gravity showed approximately a threefold expansion
compared to the prexercise value.
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Discussion

In this study, it was found that elite handball players experienced a gradual increase in their center
of gravity sway after intermitterhigh-intensity wholebody exercises. Even after only three sets

of 30 s of submaximal exercise, the anaerobic power exerted by the players gradually decreased.
Moreover, the balance ability also decreased, which is thought to be due to acute fatigue. Hig
intensity wholebody exercise exacerbates both central and peripheral fatigue. Heavy resistance
training loads have also been reported to induce central fatigue (Walker et al., 2012). Furthermore,
it has been shown that total body exercises such adrtgsity cycling and repetitive running
sprints can cause central fatigue (Goodall et al., 2015). In the present study, subjects showed a
clear decrease in power output due to intermittent repetitive maximal anaerobic exercise. In
particular, the reductioin PP and PAT was very interesting, and highlighted the ability to produce
high power for very short durations (less than 8 s) was not fully restored-byirar2st period.

The supply and utilization of oxygen by blood circulation during and after isgencay be
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