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I Summary 

 

Sports performance is a complex construct of various components. In addition to the 

athletes' technical and tactical skills, medical, physiotherapeutic and sports 

psychological care, active regeneration, nutrition and performance analysis (PA) play 

an increasingly important role. 

Due to the integration of new innovative technologies and methods, an enormous 

development in the field of PA can be observed in table tennis in recent years. 

Starting from this, the dissertation first presents the status quo of scientific PA in table 

tennis (1). This is followed by a proposal for a sports specific observational system 

with a positive cost/benefit calculation (2) and a new analysis approach (3) to improve 

support for coaches and athletes and to improve the knowledge about PA and the 

popularity and acceptance of PA in the table tennis community. 

 

The published review article gives an overview about existing popular methods in 

performance/match analysis in table tennis such as performance indices or simulative 

approaches for theoretical PA approaches and additionally introduces two best 

practice examples (Japan and China) for practical PA approaches. Additionally, 

research topics and areas that need more investigation and necessary developments 

are identified. The article serves as a reference work and a starting point for scientists 

who are interested in the field of PA in table tennis. 

 

The second article is a pioneer study on game characteristics in elite para table tennis 

and gives a first insight in the basic game characteristics rally length and impact of 

serve in elite para table tennis (class 1-10). The influence of sex, standing or sitting 

position of the player and the severity of the impairment on these variables are 

investigated. A shorter rally length in standing para table tennis compare to Olympic 

table tennis or the remarkably shorter rally length in class 6 compared to other standing 

classes are examples for results which provide para table tennis specific or even class 

specific information which could be used for practical implications for training and 

education. Overall, the study serves as a starting point for future studies on para table 

tennis with more in-depth analysis, especially in the technical/tactical area.  
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The third study introduces a new structural model for a table tennis rally including the 

“first offensive shot” (FOS) as the central point of a rally. Consequently, a 

corresponding observational system was also developed for this. Besides the various 

gained information about the FOS behaviour of men and women of different level 

categories itself (e.g. techniques used for FOSs, shot number of the FOSs, winning 

probability for the FOS player), an important innovation of this study is also the shot-

number-independent approach of the technical/tactical analysis of the FOS coming 

with the introduced model and the used observational system. 

 

Many different aspects and areas of PA in table tennis are covered by this dissertation. 

Regarding the methodology, known approaches are applied to new samples, but also 

new approaches are developed and introduced. Paralympic table tennis is covered 

with a fundamental study and Olympic table tennis, for which fundamental studies are 

already available, is covered with an in-depth study on a very important and yet 

unresearched characteristic of the sport. This dissertation and the studies it contains 

are an initiative to increase knowledge about PA in table tennis and to advance this 

field, yet there is still much room for further development: 

Current methods of PA in table tennis can be further developed or adapted to the 

current state of the art in the sport and current technology. In addition, there are 

possibilities to apply methods from other sports to table tennis.  

There is also great potential in the technological area: technologies that are already 

part of everyday life in other sports (such as automated placement or stroke detection 

or artificial intelligence for analysing data) must find their way into table tennis in order 

to better utilise and increase the great potential of performance and match analysis. 

Last but not least, the understanding and acceptance of scientific PA needs to develop 

further among players, coaches and officials in table tennis. PA must continue to gain 

importance among these stakeholders in order to make an even greater contribution 

to the individuals, but also to the sport itself and its representation in the future. 
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II Zusammenfassung 

 

Sportliche Leistung ist ein komplexes Konstrukt aus verschiedenen Komponenten. 

Neben den technischen und taktischen Fähigkeiten der Athleten spielen die 

medizinische, physiotherapeutische und sportpsychologische Betreuung, die aktive 

Regeneration, die Ernährung und die Wettkampfdiagnostik (PA, aus dem Englischen 

für „performance analysis“) eine immer wichtigere Rolle. 

Durch die Integration neuer innovativer Technologien und Methoden ist im Tischtennis 

in den letzten Jahren eine enorme Entwicklung im Bereich der PA zu beobachten. 

Davon ausgehend stellt die Dissertation zunächst den Status quo der 

wissenschaftlichen PA im Tischtennis dar (1). Daran schließt sich ein Vorschlag für 

ein sportartspezifisches Beobachtungssystem mit einer positiven Kosten-Nutzen-

Rechnung (2) und ein neuer Ansatz der Spielanalyse (3) an, um die Unterstützung für 

Trainer und Athleten zu verbessern und das Wissen über PA sowie die Popularität 

und Akzeptanz von PA in der Tischtennisgemeinde zu erhöhen. 

 

Der veröffentlichte Review-Artikel gibt einen Überblick über bestehende populäre 

Methoden der Wettkampfdiagnostik/Spielanalyse im Tischtennis, wie z.B. 

Leistungsindizes oder simulative Ansätze als Ansätze der theoretischen PA und stellt 

zusätzlich zwei Best-Practice-Beispiele (Japan und China) für Ansätze aus der 

praktischen PA im Tischtennis vor. Darüber hinaus werden Forschungsthemen und -

bereiche identifiziert, die weitere Untersuchungen und notwendige Entwicklungen 

erfordern. Der Artikel dient als Nachschlagewerk und Ausgangspunkt für 

Wissenschaftler, die sich für den Bereich der PA im Tischtennis interessieren. 

 

Der zweite Artikel ist eine Pionierstudie über Spielcharakteristika im Weltklasse Para 

Tischtennis und gibt einen ersten Einblick in die grundlegenden Spielcharakteristika 

Ballwechsellänge und Einfluss des Aufschlags im Para Tischtennis (Klasse 1-10). Der 

Einfluss von Geschlecht, stehender oder sitzender Position der Spieler und der 

Schwere der Behinderung auf diese Variablen wird untersucht.  

Eine kürzere Ballwechsellänge in den stehenden Klassen im Para Tischtennis im 

Vergleich zum olympischen Tischtennis oder die signifikant kürzere Ballwechsellänge 

in der Klasse 6 im Vergleich zu anderen stehenden Klassen sind Beispiele für 
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Ergebnisse, die Para Tischtennis spezifische oder sogar klassenspezifische 

Informationen liefern, die für praktische Implikationen für Training und Ausbildung 

genutzt werden können. Insgesamt dient diese Arbeit als Ausgangspunkt für künftige 

Studien zum Para Tischtennis mit detaillierteren Analysen, insbesondere im 

technisch-taktischen Bereich. 

 

In der dritten Studie wird ein neues Strukturmodell für einen Tischtennis-Ballwechsel 

vorgestellt, das den "ersten Angriffsschlag" (FOS, aus dem Englischen für „first 

offensive shot“) als zentralen Punkt eines Ballwechsels beinhaltet. Hierfür wurde auch 

ein entsprechendes Beobachtungssystem entwickelt. Neben den vielfältigen 

gewonnenen Informationen über das FOS-Verhalten von Männern und Frauen 

unterschiedlicher Leistungsklassen (z.B. verwendete Techniken für FOSs, 

Schlagnummer der FOSs, Gewinnwahrscheinlichkeit für den FOS-Spieler) ist eine 

wichtige Innovation dieser Studie auch der von der Schlagnummer unabhängige 

Ansatz der technisch-taktischen Analyse des FOS, der mit dem eingeführten Modell 

und dem verwendeten Beobachtungssystem einhergeht. 

 

Viele verschiedene Aspekte und Bereiche der Wettkampfdiagnostik im Tischtennis 

werden durch diese Dissertation abgedeckt. Hinsichtlich der Methodik werden 

bekannte Ansätze auf neue Stichproben angewandt, aber auch neue Ansätze 

entwickelt und eingeführt. Paralympisches Tischtennis wird mit einer 

Grundlagenstudie und olympisches Tischtennis, für das bereits Studien vorliegen, 

wird mit einer vertiefenden Studie zu einem sehr wichtigen und noch unerforschten 

Merkmal der Sportart abgedeckt. Diese Dissertation und die darin enthaltenen Studien 

sind eine Initiative, um das Wissen über PA im Tischtennis zu erweitern und diesen 

Bereich voranzubringen. Dennoch gibt es noch viel Raum für weitere Entwicklungen: 

Aktuelle Methoden der PA im Tischtennis können weiterentwickelt oder an den 

aktuellen Stand der Sportart und der Technik angepasst werden. Darüber hinaus gibt 

es Möglichkeiten, Methoden aus anderen Sportarten auf Tischtennis zu übertragen.  

Großes Potenzial besteht auch im technologischen Bereich: Technologien, die in 

anderen Sportarten bereits zum Alltag gehören (wie z.B. automatisierte Platzierungs- 

oder Schlagerkennung oder künstliche Intelligenz zur Datenanalyse), müssen im 

Tischtennis Einzug halten, um das große Potenzial der PA und der Spielanalyse 

besser nutzen und sogar steigern zu können. 
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Nicht zuletzt muss sich das Verständnis und die Akzeptanz für wissenschaftliche PA 

bei Spielern, Trainern und Funktionären im Tischtennis weiterentwickeln. PA muss bei 

diesen Stakeholdern weiter an Bedeutung gewinnen, um in Zukunft einen noch 

größeren Beitrag für den Einzelnen, aber auch für den Sport selbst und seine 

Repräsentation leisten zu können. 
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1 Introduction 

 

“Using big data and AI, we can precisely simulate and predict how the winning rate will 

change when players change certain tactics.” (Zheijang University, 2021) 

 

This impressive statement by Prof. Yingcai Wu would probably be associated with one 

of the big and financially strong sports like American football, football or tennis, but in 

this particular case the quote refers to the sport of table tennis. Prof. Hui Zhang 

alongside Prof. Wu are the leading scientific researchers for the Chinese national table 

tennis team who developed – with a big team – an intelligent big data analysis platform 

to strongly support the national team in data analysis and tactical research. The 

amount of time, money and human resources that have been put into the development 

of this platform (which has already processed and stored the data of more than 8000 

matches) is a good indicator of the development that is currently taking place in table 

tennis. 

 

1.1 Professionalisation in table tennis – scientific support 

A progressive professionalisation can be observed in table tennis. On the one hand, 

the governing body, the International Table Tennis Federation (ITTF), is trying to 

improve on a commercial and economic level with their commercial brand “World 

Table Tennis” (WTT) (International Table Tennis Federation, 2019). On the other 

hand, developments on a sporting level can be observed. Players and federations are 

professionalising their structures and placing an increasing emphasis on scientific 

support to optimise their performance in various areas. Scientists and experts in the 

areas of nutrition (Kimura & Adachi, 2014), sports psychology (Probst, 2018; Przybyl, 

2022) and strength and conditioning (ASV Grünwettersbach, 2017; Hinz, 2019) are 

often already the norm, but recently also performance/match analysts are being 

increasingly engaged with by players and associations also and are slowly becoming 

a part of the “team behind the team” (Table Tennis Australia, 2021).  

 

In particular the host of the recent Olympic and Paralympic Games, Japan, has put a 

lot of effort and has invested a lot in the area of scientific support in recent years 
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(probably also due to the funds available due to the Tokyo 2020 

Olympics/Paralympics) and, in addition to increasing and improving its “internal” 

scientific support system, has even invited international experts from different fields to 

an annual meeting from 2014 - 2019 where scientific findings were exchanged 

(International Table Tennis Federation, 2020). This investment in the scientific support 

system (as part of the overall structure) seems to have paid off for Japan, as with a 

total of four medals at the Tokyo 2021 Olympics, including a gold medal for the first 

time (Mima Ito and Jun Mizutani in the newly introduced Mixed Doubles), Japan was 

second behind China in the medal rankings. It was the first time since 2004 that not 

all gold medals went to China (International Olympic Committee, 2022). 

 

But also China, the country that has dominated table tennis in the last two to three 

decades, where the sport of table tennis in general has a very high status (Zhang & 

Zhou, 2019) and the national team seems to have a comprehensive scientific support 

system already (Zhang & Hu, 2010; Zhang et al., 2010; Zhang et al., 2008), is always 

trying to develop its scientific support, for example by hiring even foreign experts as 

strength and conditioning coaches for the top players of the Chinese national team 

(Bozic, 2019; Wojczynski, 2018). 

 

In addition to the players and associations who recognise the increasing importance 

of scientific support all over the world, technological developments could also 

contribute to the professionalisation of table tennis. Technological tools such as match 

analysis software, video-based tracking technologies and artificial intelligence (AI) are 

already used in other more popular and financially stronger sports like football, tennis, 

baseball and basketball (Akenhead & Nassis, 2016; Lopez, 2013; Owens et al., 2003; 

Sony., 2020; Woodie, 2020) and would also have great potential in table tennis – 

especially in PA – but are not yet or hardly used in table tennis.  

However, their introduction or implementation in table tennis depends on a number of 

complex factors. Some technologies still have to be improved, adapted or empirically 

validated for use in table tennis, which would be the task of scientists. In addition, 

financial hurdles and (sport) political obstacles often have to be overcome (in most 

parts of the table tennis world). 
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In China, these hurdles hardly seem to be a problem due to the importance of table 

tennis, the structural conditions and the prevailing state support (the development of 

the intelligent big data analysis platform mentioned at the beginning might be a good 

indicator of that). These general structural advantages probably also lead to the fact 

that China has been the benchmark in the sport for over 25 years. China has collected 

27 of 29 gold medals at Olympic Games since 1996 and is also very strong, if not the 

strongest, in the field of table tennis science. This is evident from the fact that there 

are table tennis study programmes in universities all over the country and China has 

even a specialised table tennis university, the China Table Tennis College in 

Shanghai. The large number of articles related to table tennis in the China National 

Knowledge Infrastructure (CNKI) (Zhang et al., 2018) and the amount of contributions 

by Chinese speaking authors at the ITTF Sports Science Congress (Kondric et al., 

2017; Kondric & Paar, 2019; Kondric et al., 2015) which is held every two years, are 

a good indication of the importance of research in table tennis in China. 

In order to prevent this sporting and scientific gap between China and the rest of the 

world from widening, the above-mentioned professionalisation in the other countries 

in all areas including the scientific support, is urgently needed. 

 

1.2 Performance analysis – status quo in table tennis 

As explained in the previous paragraph, in the course of professionalisation in table 

tennis, scientific support is becoming more and more important.  

One area, however, that is too often not yet covered professionally, especially in the 

non-Asian region, is performance and match analysis. For para table tennis, this is not 

only the case for the non-Asian region, but worldwide, as the human and financial 

resources are often even lower than in able-bodied table tennis. 

While coaches and players are becoming more aware of the benefits that 

performance/match analysis can bring (more general knowledge of the sport, 

revealing strengths and weaknesses of players/opponents, creating match plans, 

etc.), the methods for scientifically sound and data-based match analysis are 

unfortunately too often not known or not used. 

Instead, the common PA practice often consists of unsystematically watching (not 

analysing) video by players or coaches. In many cases PA relies very much on the 

subjective opinions and experiences of individual coaches, but is not based on 
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scientifically sound data like it is in popular and financially strong sports like baseball, 

football and tennis. However, in order to optimise future performance, a scientifically 

based PA with valid and reliable feedback is necessary (Hughes et al., 2019). That 

was the starting point of this dissertation. 

 

1.3 Line of thought of the dissertation 

According to Paré et al. (2015), “the accumulation of knowledge is an essential 

condition for a field to “be scientific” and to develop”. It is further stated that “conducting 

effective literature reviews is essential to advance the knowledge and understand the 

breadth of the research on a topic of interest, synthesize the empirical evidence, 

develop theories or provide a conceptual background for subsequent research, and 

identify the topics or research domains that require more investigation”.  

This was the initial motivation for a review article – to give an overview about the 

existing popular methods in performance/match analysis in table tennis, to identify 

research topics that need more investigation and to explore gaps in that field which 

are not yet investigated at all. The review article should serve as a starting point for 

me, but also for other scientists who are interested in this field and who can use the 

article as a foundation or source of reference for their own research. 

Due to the high inclusiveness of the sport, certain research is beneficial for para as 

well as able-bodied table tennis. Nevertheless, there are also specific differences 

between para and able-bodied table tennis and due to the different states of research, 

it is of interest to bring approaches from able-bodied to para table tennis. Along the 

same lines, further insights in able-bodied table tennis have the potential to be applied 

later in para table tennis as well which was the reason to carry out studies in para as 

well as able-bodied table tennis. 

Furthermore, the motivation of this thesis was to create more general knowledge and 

a better understanding of table tennis/para table tennis and of PA in table tennis (i) by 

using established approaches of PA in (para) table tennis on unresearched 

samples/variables and (ii) by transferring concepts of PA from other sports to (para) 

table tennis. 

Through this knowledge, the scientific use of performance and match analysis in (para) 

table tennis should be improved in countries which already included it in their scientific 
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support system on the one hand and on the other hand also promoted in countries 

where scientific PA is not yet part of everyday practice. 

In the specific case of the author’s association, the introduction or improvement of 

scientifically based match analysis should also serve to keep top level table tennis at 

the international level competitive or even to gain a competitive advantage over other 

countries. 
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2 Paralympic Table Tennis 

 

Besides the Olympic sports, also Paralympic sports have gained more attention during 

the last couple of years in many countries (Blauwet & Willick, 2012). It appears that 

the medal race, typically seen in regular sports (De Bosscher et al., 2009), also started 

in para sports. Since Paralympic athletes with different degrees of impairments 

generally compete in different classes, there are many medals at stake in para sports. 

It also seems for that reason that national sport associations are investing more in 

para sports (International Paralympic Committee, 2017; Sportscotland, 2014). This 

has led to more awareness, attention and financial support and thereby to an ever 

increasing professionalisation in Paralympic elite sport in recent years (Bundon, 2021) 

including the awareness of a comprehensive scientific support system (Eskau, 2016).  

 

Regarding the table tennis sport, the idea of the game in Paralympic table tennis does 

not differ from the Olympic table tennis. The sport is even that inclusive that a 

Paralympian (in a wheelchair) and Olympian table tennis players could practice 

together (Lang, 2021) and Paralympic athletes may even be capable of qualifying for 

the Olympic games (European Table Tennis Union, 2016; Faulkner & International 

Paralympic Committee, 2021).  

 

The decisive difference, however, is in the capabilities of the athletes due to their 

respective impairments. These differences serve as the foundation for the current 

classification system, in which players are assigned to different competition classes 

according to their capabilities. The system is divided into classes 1 to 5, in which 

wheelchair athletes are classified, and classes 6 to 10, in which standing athletes are 

classified. The less impaired a player is, the higher the classification. Class 11 includes 

all players with intellectual impairments. Figure 1 shows an overview of the 

classification breakdown in para table tennis with a short description of each class. 
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Figure 1: Overview of para table tennis classes (Table Tennis England, 2022) 

 

Due to the fact that the physical abilities of players with disabilities are limited, the 

tactical aspects of the game come into focus even more than in able-bodied table 

tennis. Due to the different impairments (also within one competition class), it is 

important to avoid one's own physical weaknesses as much as possible and to exploit 

the opponent's weaknesses. In order to realise this in competition, detailed tactical 

preparation with valid and reliable information is required and could possibly gain even 

a bigger advantage than in Olympic table tennis.  

For these reasons, performance/match analysis has great potential especially in 

Paralympic table tennis, which is why Paralympic table tennis should explicitly be part 

of the research within this thesis. 
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3 Integration Into the Context of Sports Science 

 

“Training science is the sports science discipline that deals with the scientific 

foundation of training and competition in the application fields of sport from a holistic 

and applied perspective” (Hohmann et al., 2020) with its three subject areas: training, 

performance and competition.  

Sports PA in general is concerned with the analysis of actual performance 

(O'Donoghue, 2014) in training or competition whereby the studies of this dissertation 

focuses especially on PA of competitions.  

Following the previously mentioned subject areas of training science by Hohmann et 

al. (2020), the studies can be allocated to the areas “performance” and “competition”.  

Nevertheless, the third subject area “training” is still an important part of the big puzzle 

as “the most valuable results from a practical point of view and the most challenging 

from a scientific point of view are obtained by looking at the interaction between the 

individual areas” (Hohmann et al., 2020). The analysis of competition is leading to 

performance requirements which are the theoretical foundations for setting suitable 

training objectives. The training itself is not carried out for self-purpose but “always 

carried out with regard to the test situation of competition and in non-sporting fields of 

application always with regard to a lasting change in performance” (Hohmann et al., 

2020). Thus, the success of training is measured in competition and performance is 

largely determining the success in competition.  

Figure 2 shows the complete interaction between the subject areas of training science. 
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Figure 2: Interaction between subject areas of training science (according to Hohmann et al. (2020)) 

The particular importance of competition/match analysis (in table tennis) can be 

explained due to the special characteristics of the origination of performance in game 

sports in general (Pfeiffer & Hohmann, 2008). The actual performance is a result of 

the complex interaction of the two players in the match and not a direct representation 

of certain skills or abilities of the players (see Figure 3) which emphasizes the great 

importance of competition for our studies in the game sport table tennis (Lames, 1994). 
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Figure 3: The differences between game sports and other sports as illustrated by the relation between observable 
behaviour and performance prerequisites (according to Lames and McGarry (2007))  

 

Two basic aims of PA with respect to competition/matches can be distinguished – a 

theoretical aim and a practical aim (Letzelter & Letzelter, 1982). The aim of theoretical 

PA is to explain and understand the structure of the sport, involving for example the 

identification of performance variables or patterns of performances which are common 

and important for the sport. Theoretical PA seeks to explain sports behaviour using 

general models whose empirical foundations provide useful information for sports 

practice (Lames & McGarry, 2007). The aims of practical PA, on the other hand, are 

more connected to individual processes: analysing individual athletes and teams 

(including own players, but also opponents) and identifying their weaknesses or 

strengths. The objectives are to derive hints for training and to create an optimum 

match strategy for the upcoming competition (Hohmann et al., 2020; Lames & 

McGarry, 2007). 

 

The aim of study one is to give a review on different approaches of match analysis in 

table tennis using the just described classification with examples both in theoretical 

and practical PA. Study two and study three are using approaches of theoretical PA – 

study two in para table tennis using statistical approaches and study three in (able-

bodied) table tennis using a modelling approach.  
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Based on the above-mentioned theoretical background and the thematic content of 

the publications which include different areas and approaches of PA in the game sport 

table tennis, the thematical area of this dissertation is to be assigned to the field of 

training science. 
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4 Methods 

4.1 Literature Review 

New findings in a particular field can either build on prior existing work or are the first, 

fundamental findings in that field. In the latter case, however, it must be identified 

beforehand that there are certain gaps or no research yet in that area (Xiao & Watson, 

2019).  

In order to put future research in the field of PA in table tennis - as a very specialised 

and not widespread research area - on a good foundation, it was therefore necessary 

to identify methods/approaches that have been researched/used so far and thereby 

also indirectly show which areas/topics have not yet been investigated. 

Therefore, study one – a literature review on the most commonly used match analysis 

methods in table tennis – was carried out. 

The typology of literature reviews includes many different types of reviews (Paré et al., 

2015): Narrative reviews, descriptive reviews, meta-analysis, qualitative/quantitative 

systematic reviews and umbrella reviews to name just a few possible examples.  

Ferrari (2015) distinguishes more generally between two standard types: systematic 

and non-systematic/narrative reviews. Systematic reviews need to follow strict 

guidelines such as PRISMA (Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) statement (Moher et al., 2009; Page et al., 2021). The PRISMA 2009 

item checklist for systematic reviews contains a total of 27 items, including items for 

each section of the article (title, abstract, introduction, methods, results, discussion 

and funding).  

 

Table 1: Excerpt of the PRISMA 2009 item checklist (Moher et al., 2009) which were utilized as part of the narrative 
review 

Section Topic Item # Checklist item 

Title    

 Title 1 
Identify the report as a systematic review, meta-

analysis, or both. 

Abstract    

 
Structured 

summary 
2 

Provide a structured summary including, as applicable: 

background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal 

and synthesis methods; results; limitations; conclusions 
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and implications of key findings; systematic review 

registration number. 

Introduction    

 Rationale 3 
Describe the rationale for the review in the context of 

what is already known. 

 Objectives 4 

Provide an explicit statement of questions being 

addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS). 

Methods    

 
Protocol and 

registration 
5 

Indicate if a review protocol exists, if and where it can 

be accessed (e.g., Web address), and, if available, 

provide registration information including registration 

number. 

 
Eligibility 

criteria 
6 

Specify study characteristics (e.g., PICOS, length of 

follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as 

criteria for eligibility, giving rationale. 

 
Information 

sources 
7 

Describe all information sources (e.g., databases with 

dates of coverage, contact with study authors to identify 

additional studies) in the search and date last searched. 

 Search 8 

Present full electronic search strategy for at least one 

database, including any limits used, such that it could 

be repeated. 

 
Study 

selection 
9 

State the process for selecting studies (i.e., screening, 

eligibility, included in systematic review, and, if 

applicable, included in the meta-analysis).  

Results    

 
Study 

selection 
17 

Give numbers of studies screened, assessed for 

eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally with a flow diagram. 

 
Study 

characteristics 
18 

For each study, present characteristics for which data 

were extracted (e.g., study size, PICOS, follow-up 

period) and provide the citations. 

Discussion    

 
Summary of 

evidence 
24 

Summarize the main findings including the strength of 

evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, 

users, and policy makers). 
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 Conclusion 26 

Provide a general interpretation of the results in the 

context of other evidence, and implications for future 

research. 

 

As the main objective of systematic reviews is “to formulate a well-defined question 

and provide a quantitative and qualitative analyses of the relevant evidence, followed 

or not by a meta-analysis” (Ferrari, 2015) – although it has certain advantages 

especially in the methodological area – the (unsystematic) narrative review seemed to 

be the better choice for study one as it is a “comprehensive narrative syntheses of 

previously published information” (Green et al., 2006) on a certain subject or topic and 

summarizes and/or evaluates the content of each chosen study, show the current lack 

of knowledge and might give rationales for future research (Ferrari, 2015).  

Although narrative reviews are not underlying any acknowledged guidelines like 

systematic reviews (Ferrari, 2015; Paré et al., 2015), the methodological items #6, #7 

and #8 of the PRISMA checklist (see Table 1) were included in study one to minimise 

subjectivity in the selection process. It is precisely determined in which electronic 

databases or journals studies are searched and the selection criteria are specified. 

Additionally, the exact search strategy is explained. Based on the hits in the 

databases, basic methods of PA most common in table tennis are identified by the 

authors who are all experts in a certain area of the field of match analysis in table 

tennis. For each of those methods an exemplary study is selected which is then 

summarised and discussed in detail. Using expert opinion in the literature selection 

process is common practice for narrative reviews and can even reduce “the risk of 

suboptimal reporting” (Ferrari, 2015). The structure of study one has the standard 

IMRaD format (introduction, methods, results and discussion) in which the results 

section (main body) contains a historical outline of match analysis approaches in table 

tennis, followed by the narrative reviews of the approaches selected by the experts for 

detailed discussion which are sectioned in theoretical and practical PA approaches. 

4.2 Notational Analysis 

The major task of coaches is to enhance their athletes’ performance by providing 

feedback about their performance. This information has to be accurate, precise and 

objective (Nevill et al., 2008; O'Donoghue, 2014). Different studies have shown that 

the memory and recall ability of humans is limited (Franks & Miller, 1986; Laird & 

Waters, 2008). Provided information just from the coaches’ observations would not be 
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accurate or objective enough for high-performance athletes (Hughes et al., 2019). 

Thus, suitable methods and objective tools are necessary to provide information at the 

required quality standard to enable a valuable feedback process. One method with a 

long tradition in many different sports (and even longer outside the sports field 

(Bartlett, 2001)) that can provide such quality of information is notational analysis 

(Hughes et al., 2019). Notational analysis has been defined as an “objective way of 

recording performance so that key elements of that performance can be quantified in 

a valid and consistent manner” (Hughes, 2005). In the beginning of sport-specific 

notational systems, the notation of the information was carried out by hand (Fullerton, 

1912; Messersmith & Bucher, 1939). The first publication in the field of racket sports 

notation was published by Downey (1973) who developed a very detailed notational 

system for lawn tennis matches which has also served as a useful base for the 

development of systems for use in other racket sports (Hughes & Franks, 2004). With 

the rapid development of technology, computerised notation is state of the art 

nowadays as it brings many advantages – in data input as well as in data 

output/processing (Hughes & Franks, 2004; Hughes et al., 2019): Faster or even 

(semi-)automized data gathering, creation of large databases, coupling of data with 

video for better feedback, availability of computerised graphics and automatic statistics 

are only a few examples. 

The application of notation/notational analysis have been defined as (Hughes, 1988, 

1998; Hughes et al., 2019; O'Donoghue, 2009): 

• tactical evaluation 

• technical evaluation 

• analysis of movement 

• development of a database and modelling, and  

• for educational use with both coaches and players 

Most researches using notation will span more than one of these purposes. Tactical 

and technical evaluation as well as development of a database and modelling are the 

three application areas that have been featured in the publications for this dissertation 

(study two and study three).  
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4.3 Systematic Game Observation 

The importance and reason of the notation of information and also the application 

fields of notational analysis in sports science have been described in the previous 

chapter. In addition to that, how to observe and then notate accordingly is equally 

important. This chapter explains the essential theoretical foundations of systematic 

game observation. 

 

Literature in research methods describes different variants of observation, each of 

which is described by a dichotomy/continuum/spectrum (Greve & Wentura, 1997; 

Lames, 1994; Petermann & Rudinger, 2002): 

 

Direct versus indirect 

In contrast to direct observation of the match behaviour itself, indirect 

observation means that traces of behaviour are observed (e.g. imprint of a 

tennis ball on a sand court). 

 

Mediated versus live 

When behaviour is not assessed live but mediated, it is assessed via technical 

devices (video or sound recordings).  

 

Active versus passive versus no participation 

The observer can be involved in social interactions that produce the behaviour. 

Active participation means that the observer plays an active part of the action, 

e.g. as a coach. When the observer is present, but does not influence the 

interaction, it is classified as passive participation. No participation means that 

the observer is physically not present or invisible, thus, is not part of the 

interactions. 

 

Knowing versus unknowing 

The fact of being subject to observation is known or unknown to the observed 

subjects respectively. As sports events are (mostly) public events, it is the daily 

business for athletes to be observed. Thus, media and spectators should not 

create any reactivity (at least in top level sports).  
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Open versus standardized/systematic 

This variable describes the degree of fixing observed variables in advance. If 

there is no fixing in advance, it is an open observation. At 

standardized/systematic observation, all variables of observation are fixed in 

advance. If there are fixed variables as well as open categories, it is called half-

standardized observation. 

 

Systematic game observation can be described as standardized observation of game 

behaviour (= direct), mostly from video recordings (= mediated) where the observer is 

not participating in the interactions and the athletes at very least know that they are 

observed. 

 

Every systematic game observation is based on an observational system that emerges 

from thorough conceptual considerations. The construction of an observational system 

is to be understood as a modelling process, in which the original (sports game) is 

projected onto a representation of it (Lames, 1994). This representation consists of 

concrete data of the game. It needs to be mentioned that this data is limited to the 

perceivable surface of the behaviour as inner processes (e.g. motivation, mood, 

perception, decision making, etc.) are not directly subject to observation. 

 

Types of observational systems 

Three basic types of observational systems are distinguished in general behavioural 

observation: Sign systems, categorial systems and rating systems (Cranach & Frenz, 

1969). Sign systems are recording “signs” which are precisely defined events (e.g. 

goal, fouls). Events can be assigned to one, several but also to no signs at all. In rating 

systems, the observer is rating a behaviour/event on a predefined scale (Seidel & 

Prenzel, 2010). The course of events is not directly and fully depicted. Actions/events 

are just represented by a rating which is not detailed enough to gain relevant 

information for coaches and players (e.g. the grading of a player after a match does 

not give differentiated information about his strengths and weaknesses). Thus, the 

only suitable type of observational system to be able to describe processes and 

interactions in a sports game without gaps and thus to represent a game completely, 

is the categorial system (Lames, 1994). This system records a match by a continuous 
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sequence of events where at each point in time there is a category describing the 

actual state. The match may be reconstructed with the recorded data. 

 

Observational units, observational attributes and levels of attributes 

The choice of the unit to be observed is of central importance for the quality of an 

observational system. This observational unit is defined as the “smallest, not reducible 

event necessary for the analysis of the behaviour” (Cranach & Frenz, 1969). The 

choice of a fine-grained unit (e.g. ball contact, stroke) versus a coarse-grained unit 

(e.g. rally) determines the level and depth of the analysis. Following Lames (1991, 

1994), the selection of the attributes to observe is depending on three criteria: 

Relevance for the purpose of observation, economy (cost-benefit-relation) and the 

observability. Possible types of observational attributes in game sports are general 

attributes (e.g. player, team, score), temporal attributes (e.g. playing time, start/end of 

observational unit), spatial attributes (e.g. hitting/landing spots of ball, position of 

players, trajectories of ball), technical attributes (e.g. type of technique from 

comprehensive systematic, laterality, speed, direction, spin) and tactical attributes 

(e.g. individual tactics, group tactics, team tactics). For a systematic game 

observation, the attributes to observe are fixed before the observation. After selecting 

the observational attributes, corresponding attribute levels must be specified to 

complete the observational system. The following criteria must be fulfilled with regard 

to the attributes and their respective attribute levels (Lames, 1994): 

1. Uniqueness: one event may only meet the definition of one level 

2. Completeness: All possible variants of events must be mapped onto an attribute 

level. For each observation unit, one attribute level must apply to the current 

behaviour. 

3. Operational definition: unique recording prescription for each attribute level 

4. Relevance in terms of content: levels should be derived from documented pre-

assumptions, e.g. a sports specific, professional classification. Their number 

should represent an optimum between detail and complexity of the attribute. 

The levels can be discrete or continuous. It may be necessary in certain scenarios in 

sports to introduce a “residual level” because not all behaviours can be mapped onto 

a definition of an existing attribute level. 
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4.4 A Table Tennis Observational System 

According to Lames and Hansen (2001), any observational system can be considered 

as the result of a model building process. The authors stated that there isn’t “the one” 

model for one sport, but for each different purpose there might be a specific model 

that fits best. Based on that, a table tennis-specific observational system which covers 

the needs for systematic game analysis in table tennis in terms of technical-tactical 

analysis was developed.  

Two possible observation units "rally" and "stroke" were derived from the table tennis 

specific basic structure of a match. As both units are of great importance and interest 

for a comprehensive analysis, a particular structure was developed to be able to cover 

both units, collect data to each of them and model the relation between both units. 

 

Table 2 shows all attributes of the respective unit with a short description and their 

attribute levels.  

 

Table 2: Attributes, descriptions and attribute levels of the observation units “rally” and “stroke” 

Attribute Description Attribute levels 

Rally:   

ID Unique ID of the rally GUID (8-4-4-4-12 format) 

Number Number of the rally within the match “1”,…,”x” 

Winner Winner of the rally “First”, “Second” 

Server Server of the rally “First, “Second” 

Start Starting time of the rally (in milliseconds) 

End End time of the rally (in milliseconds) 

Comment Comment on a rally  

Length Rally length = number of ball contacts “1”,…,”x” 

   

CurrentRallyScore: (at the beginning of the respective rally)  

First Current points of player 1 “0”,…,”x” 

Second Current points of player 2 “0”,…,”x” 

   

CurrentSetScore: (at the beginning of the respective rally)  

First Sets currently won by player 1 “0”,”1”,”2”,”3”, ”4” 

Second Sets currently won by player 2 “0”,”1”,”2”,”3”, ”4” 

   

Stroke:   

Number Number of the stroke within the corresponding rally “1”,…,”x” 

Player Player performing the stroke “First”, “Second” 
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Side Side/laterality of the stroke “Forehand”, “Backhand” 

Servicetechnique Technique used for the service “Pendulum”, “Reverse”, 

“Tomahawk”, “Special” 

PointOfContact Position relative to the table where the player hits the 

ball 

“over”, “behind”, “half-distance” 

Quality Quality of the stroke “good”, “bad”, “normal” 

Aggressiveness Aggressiveness of the stroke “aggressive”, “Control”, 

“passive” 

Playerposition Position of the server when serving “0” – “152,5” (in cm,mm) 

Specials Special events (touch of net, edge) “EdgeRacket”, “EdgeNet”, 

“EdgeRacketNet” 

OpeningShot Stroke was the first offensive shot in the rally “true”, “false” 

StepAround Step around footwork/Pivot forehand “true”, “false” 

   

Spin:   

US Underspin “0”, “1” 

TS Topspin “0”, “1” 

SL Sidespin left “0”, “1” 

SR Sidespin right “0”, “1” 

No No spin “0”, “1” 

   

Placement:   

WX X-coordinate of the placement  “0” - “152,5” (in cm,mm) 

WY Y-coordinate of the placement “0” - “274” (in cm,mm) 

   

Stroketechnique:   

Type Type of the technique used “Push”, “Flip”, “Topspin”, 

“Block”, “Smash”, “Counter”, 

“Lob”, “Chop”, “Tetra”, “Special” 

Option Additional option using a particular technique “Spin”, “Tempo”, “Banana”, 

“Chop”, “aggressive” 

The respective attribute levels are based on textbooks of the German Table Tennis 

Association (Deutscher Tischtennis Bund, 2007), the experiences from projects in 

other sports and the current developments in para and able-bodied table tennis. 

 

Table 3 illustrates the multi-levelled structure of the observational system including the 

observation units “rally” and “stroke” and their respective attributes. One match is 

represented by a list of rallies (rally #1 to #X). A rally has its own “rally attributes”, 

additionally consists of a list of strokes (stroke #1 to #X). A stroke has then again its 

own multiple “stroke attributes”. 
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Table 3: Multi-level structure of the observational system with the observation units “rally” and “stroke” and their 
respective attributes 

Level 0 Level 1 Level 2 

Rallies: 

 
Rally #1: ID, Number, Winner, Server, Start, End, Comment, Length 

  
CurrentRallyScore: First, Second 

  
CurrentSetScore: First, Second 

  
Strokes: 

   
Stroke #1: Number, Player, Side, Servicetechnique, 

PointOfContact, Quality, Aggressiveness, 
Playerposition, Specials, OpeningShot, StepAround 

    
Placement: WX, WY 

    
Stroketechnique: Type, Option 

    
Spin: US, TS, SL, SR, No 

   
Stroke #X: … 

    
… 

 
Rally #X: … 

  
… 

 

The introduced observational system is the underlying foundation for the systematic 

game observation and notational analysis in the later presented study two and study 

three and the development of the Table Tennis Analysis System TUM.TT (see chapter 

4.6). If necessary, the system can also be extended accordingly to new future 

developments in table tennis or if special requirements, e.g. for para table tennis 

specific areas, are not yet covered. 

 

4.5 Technological tools – Development of Sports Specific Analysis software 

When checking the market for sports analysis software, a distinction can be made 

between two different types of match analysis software. Cross-sport software solutions 

(e.g. Dartfish, Utilius VS, SportsCode) allow the analysis of multiple sports. On the 

other hand, sports specific software solutions can be identified that are designed for 

the analysis of one specific sport.  

One advantage of solutions like SportsCode or Dartfish is that they can be adapted 

for different sports, thus they are universally usable (which might be more an 
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advantage for a company regarding target group/customers). But that universality is 

only possible to a certain degree which is also the decisive disadvantage of those kind 

of software solutions. Lames (1994) stated that, in general, it can be assumed that 

cross-sport “standard” solutions cannot meet the user’s sports specific requirements 

or at least not all. Link and Ahmann (2013) confirmed those disadvantages of cross-

sport “standard” solutions compared to sports specific software with the following: 

• A negative cost-benefit calculation from the user's point of view because of the 

high complexity of the cross-sport analysis systems. 

• A lack of efficiency in data collection, as sports specific characteristics and 

correlations are not taken into account. 

• Insufficient evaluation options, as tools should not only add up frequencies, but 

must also adequately represent the sports specific correlations.  

• The graphical user interface, which is more oriented towards database 

structures instead of sports specific issues. A simple interface design is needed 

that allows PA questions to be answered and presented with just a few clicks. 

 

Based on these deficits of cross-sport systems, a sports specific game analysis 

system for table tennis was designed and developed by the author, assisted by his 

colleague of the chair Sebastian Wenninger, in projects founded by the Federal 

Institute of Sport Science (BISp) (BISp funding number: 070602/14-15, 071604/17, 

071618/17-18) on the basis of the experience gained in former projects in beach 

volleyball (BISp funding number: 070708/10, BeachScouter: 071604/11, 

BeachViewer: 071603/11) and goalball (BISp funding number: 070405/12-13). The 

system went through various development stages and got extensions throughout the 

different projects, e.g. the extension with para table tennis specific stroke techniques, 

new visualisations of the result rallies or the integration of the first offensive shot. 

The key features and functionalities of the table tennis analysis system TUM.TT are 

presented in the following chapter. 

 

4.6 Table Tennis Analysis System TUM.TT 

In the development of the table tennis-specific match analysis software TUM.TT, the 

area of data collection is of particular importance. At many international tournaments, 

players sometimes play several matches per day (European Championships, World 
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Championships, Olympics/Paralympics; World Tour). Thus, an optimised cost-benefit 

calculation has high priority. Ideally, a match must be annotated shortly after the match 

is finished. Initial information must be available to the coaches as soon as possible in 

order to be able to filter, quantify, analyse and validate it to prepare for upcoming 

matches (Hansen & Lames, 2001). For this reason, a requirements profile was drawn 

up in close consultation with sports practice, which the software must be able to 

handle. The central points of this requirements profile are: 

• Coupling of collected data and video 

• Efficient data collection 

• Consideration of technical features 

 

Coupling of data and video 

Database-video coupling must be regarded as a "standard" feature of modern match 

analysis systems. Matching performance-relevant match information with the 

corresponding video sequences offers coaches and players the opportunity to check 

their personal impressions and draw conclusions about match events. This important 

function was implemented in the software by creating observation units (rallies or 

individual strokes). Each observation unit is linked to the corresponding video 

sequence by means of a time stamp. All collected attributes are contained in one unit 

and can be targeted. 

 

Efficient data collection 

In table tennis, as in other sports, as many performance-relevant characteristics as 

possible should be captured in a short period of time. The software meets these 

requirements by applying the following concepts: 

 

• Two-phase data collection structure 

o Live data collection (“Live Mode”): observation unit "rally" 

o Post-processing (“Remote Mode”): observation unit "stroke" 

• Reduction of manual inputs by taking into account table tennis-specific game 

characteristics 

• Optimisation of manual inputs with the help of shortcuts and clicks directly into 

the video image 
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The logic and design of the user interface are designed to minimise the necessary 

user inputs. 

 

Consideration of technical features 

Based on the prior introduced observational system, the “Live Mode” covers first only 

the rally related attributes (level 1 of the multi-level observational system), aspects of 

single strokes are to be recorded in the post-processing in addition to the features 

already recorded for a rally. The technical features to be annotated in the “Remote 

Mode” according to the developed table tennis observational system are the laterality 

of the stroke (forehand/backhand), the stroke/service technique, the position relative 

to the table where the player hits the ball, the placement of the strokes and the opening 

shot and step around variables. In addition, subjective characteristics such as 

aggressiveness and quality can be recorded as well. 

 

4.6.1 Software design 

The decision to develop two separate software tools was made taking into account 

that data collection and evaluation are, in terms of content, two independent processes 

that are often carried out by different people.  

 

The separation into two independent software tools has the advantage that each one 

can be kept leaner and clearer (Link & Ahmann, 2013). The collection of 

performance-relevant game data is carried out with the software "TUM.TT Scouter". 

The "TUM.TT Viewer" software is the tool for data evaluation. 

 

4.6.2 TUM.TT Scouter 

Data collection with the TUM.TT Scouter generally proceeds in three steps. First, 

general information about the match to be analysed and the participating players must 

be entered. Then the first analysis phase is carried out in the live mode and finally the 

analysis can be refined in a post-processing mode. The execution of the individual 

stages is always a prerequisite for the following stage, i.e. the live mode can only be 

used after the general information has been entered and the post-processing mode 

can only be used after pre-structuring the match in the live mode. 
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4.6.2.1 Start/Configuration/General Information 

 

Figure 4: TUM.TT Scouter - match information window 

When opening the TUM.TT Scouter, the start screen offers the option of starting a new 

game or opening an existing game. In the case that an existing game is opened, the 

data from the file is read in and the live mode is opened. 

If a new match is started, the configuration process begins with a window (see Figure 

4), in which the general information regarding the match to be observed can be entered 

(tournament, competition category, impairment class, round, mode, date). Within this 

window, the two participating players can also be added. Here, a click on the "+" opens 

a new window (see Figure 5), in which the information about the respective player can 

be entered (name, nationality, ranking position, playing system, material on forehand, 

material on backhand, grip and handedness). 
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Figure 5: TUM.TT Scouter - player information window 

After entering match and player information, the user must select whether the live 

mode is carried out with or without a video file. After that, the configuration is complete 

and the analysis in the live mode can be started. 

 

4.6.2.2 Live Mode 

The general structure of the live mode is shown in Figure 6. A large part of the window 

is taken up by the video or timer (if without video file was chosen previously) in the 

upper left part. Below the video there is a score display including a display of the 

server. Below that are the control elements for the actual scouting. The right third of 

the screen is occupied by the list with the created rallies including rally number, score, 

winner of the rally and rally length and the text field for comments on a rally. The 

checkbox labelled "marked" inserts a rally directly into the "marked" playlist for the 

TUM.TT Viewer. This way, important rallies can also be marked directly by the analyst 

during live scouting for coaches and players.  
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Figure 6: TUM.TT Scouter - live mode with video 

Before the scoreboard and controls can be displayed, work in live mode begins with 

the players' side selection. This is a preparatory input for the post-processing mode, 

in which the pitch for entering the placement is then adjusted accordingly for possible 

inputs at each stroke (depending on which side the currently batting player is on). After 

that, the player who will start serving at the beginning of the match must be selected. 

By setting the first server, the server of all following rallies is automatically set 

according to the table tennis specific serving rules. 

 

After these preparatory inputs, the actual scouting process begins. 

By clicking on the "Start Rally" button, the current time of the video is recorded as the 

start time of the current rally for an analysis with video (see Figure 6). For an analysis 

without video, the current time of the running timer is used accordingly. After the start 

of the rally, the "Start Rally" button disappears and the input options for the rally length 

and the winner of the rally appear (see Figure 7). 
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Figure 7: TUM.TT Scouter - live mode - rally length and winner 

By entering a number in the text field or clicking on one of the radio buttons for the 

rally length 1-6, the rally length is changed. By clicking on one of the buttons, the 

winner of the rally is notated and the current time is also saved (without an extra click) 

as the end time of the rally. Thus, the notation of a rally in live mode is completed and 

the "Start Rally" button for the next rally appears again. This way, the entire match can 

be notated in the live mode. 

In addition to the attributes mentioned, additional attributes are automatically recorded. 

Depending on the winner of the rally, the current score is changed accordingly. This 

score is automatically saved in the respective rallies. 

Thereby, it is possible to filter in the TUM.TT viewer not only by the server (which is 

also automatically recorded), the winner and the length of the rally, but also by 

individual sets or the decisive phases within a set ("crunch time"). The chronology of 

the match is also represented through the current scores saved in the rallies. The 

number and ID of a rally are also created automatically. These, like the score, later 

provide a way of sorting the rallies in the TUM.TT Viewer. 

 

4.6.2.3 Remote/Post-processing Mode 

The prerequisite for using the post-processing mode is a created rally from the live 

mode and the input of a video file. If these prerequisites are met, the tab for the post-
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processing mode in the program window of the TUM.TT Scouter becomes active and 

can be clicked. 

 

 

Figure 8: TUM.TT Scouter - remote mode 

 

4.6.2.3.1 General structure of the TUM.TT Scouter remote mode 

The structure of the remote mode is shown in Figure 8. The window has the following 

components: 

Area (1) shows the list with the created rallies from live mode, sorted in chronological 

order. The largest part of the window is used by the video player with its controls in 

the middle (2). Below the video player is the so-called rally sub-view (3), which 

contains information on the selected rally from live mode. These can also be edited 

here. Area (4) is responsible for capturing and calibrating the table to record the 

placements and shows the overview of the placements of all shots of the selected 

rally. The right-hand area of the remote mode takes up the stroke view (5). 

 

4.6.2.3.2 Video player 

In remote mode, the video player has additional operating options compared to the 

live mode (with video). Three different playback modes can be selected. In standard 
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mode, clicking on a rally in the list plays it directly, but the video simply continues to 

run after the rally. In repeat mode, the selected rally is always repeated and in infinite 

mode, after the end of one rally, the video jumps directly to the beginning of the next 

rally. In addition, there are buttons with which you can jump to the next or previous 

rally or start a rally from the beginning. Buttons are also available to jump the video 

one or five frames forward or backward. Another button provides the option to load 

another video. 

 

4.6.2.3.3 Rally view 

In the rally view area (see Figure 8 (3)), the rally length (by entering it in a text field), 

the start and end time of the rally (either by entering it in the text field or by using the 

"+" and "-" buttons) and the comment (by entering it in the text field) for a rally can be 

edited. The serve or the winner of a rally can no longer be changed in remote mode, 

as this would affect all subsequent rallies, making them useless or incorrect. 

 

4.6.2.3.4 Stroke view 

The right area of the remote mode (see Figure 8 (5)) can be used to enter the stroke 

information. Here, templates are prepared for the number of strokes entered in the 

rally length in rally view or in live mode. 

Two different types of stroke templates must be distinguished: One specifically for the 

service (see Figure 9) and another for all other strokes (see Figure 10). 
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Figure 9: TUM.TT Scouter - remote mode - service 
template 

 

Figure 10: TUM.TT Scouter - remote mode - stroke 
template 

 

Service template 

Since the service is different from all other strokes, a separate template had to be 

developed. The distinction is due to the special serving techniques, the position of the 

server (which is not influenced by a previous stroke) and the special importance of the 

rotation. 

The player performing the serve is automatically inserted and is always at the top. 

Below this is the area for recording the technique (forehand/backhand and type of 

serve technique). The input of the rotation is done via a button in the form of a ball, in 

which certain areas can be clicked depending on the type of rotation (topspin, 
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underspin, sidespin, combinations and no rotation). The analyst also has the possibility 

to record an assessment of the quality of the serve and special events. 

A large part of the service template is taken up by the two-dimensional table, on which 

the position of the server and the placement of the serve can be recorded.  

 

Stroke template 

As with the serve template, for all other strokes, the player performing the stroke is 

displayed at the top. 

Below, there is also the area for recording the technique, in each case with 

forehand/backhand and type of stroke technique. In the stroke template, checkboxes 

for additional options appear for some stroke techniques. By clicking on the button 

"opening shot" one can record whether a stroke was the first offensive shot in a rally. 

Clicking on the "step around" button notes whether a player used a pivot step before 

a stroke.  

In addition to the quality, the aggressiveness or passivity of a stroke can also be 

recorded in the stroke template. As special events, the contact with the edge of the 

net and the edge of the table can be noted. 

From the second stroke on, it is no longer possible to record the horizontal position of 

the server as in the service template, but it is possible to record the (vertical) position 

relative to the table where the player hits the ball. The possibilities for recording the 

placement remain the same as in the service template. 

 

4.6.2.3.5 Collecting the placement data 

Collecting the placement data was a particular challenge. Often, the table is divided 

into nine equal fields (short/half-long/long and backhand side/middle/forehand side) 

and the placement is then assigned to one of the fields. However, since a 

comparatively large amount of information is lost when recording (not evaluating) the 

placement, it would be an advantage if the software could record the placement as an 

x-y coordinate on the table. A grouping into fields could still be done afterwards during 

the evaluation, if needed. 

The TUM.TT Scouter now provides two options for recording the exact placement: 

1. by clicking on the two-dimensional table model in the service or stroke template 

2.  by clicking on the video image after calibrating the table 
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An overview of all placements of a rally is displayed in the two-dimensional table model 

of the rally view (see Figure 8 (4)). The numbers in the displayed circles represent the 

stroke numbers. The positions of the individual strokes can be changed by clicking 

and simultaneously dragging in the half intended for the stroke. A right-click on a 

marker deletes the placement of the corresponding stroke. By left-clicking on a marker, 

this marker is filled in black colour and the information of the corresponding stroke is 

displayed in the stroke template on the right of the window. 

 

4.6.3 TUM.TT Viewer 

The TUM.TT Viewer is an analysis tool specially optimised for table tennis and the 

needs of coaches, in which the following concepts are central: 

1. use of a clearly structured user interface with three columns 

2. availability of table tennis-specific filter options 

3. various visualisations of the filtered rallies 

4. creation of a report with statistics and visualisations to answer performance 

diagnostic questions 

 

4.6.3.1 General structure of the TUM.TT Viewer 

The TUM.TT Viewer offers a simple interface that can be operated with just a few 

clicks, without window hierarchies and branches. The program essentially consists of 

a window with three columns (see Figure 11). The left column contains various filter 

options (area 1). The middle column shows rallies as a result of the filter settings (area 

2) and the winning statistics for these rallies (area 3). The right column contains a 

video player window with the usual controls (area 4), an area where individual playlists 

can be created and managed (area 5) and a comment field (area 6). 
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Figure 11: TUM.TT Viewer 

 

4.6.3.2 Filter options 

The core feature of the TUM.TT Viewer are hierarchically organised filter options that 

make it possible to select rallies according to certain criteria (see Figure 12 and Figure 

13). Here, a distinction is made between filters for an entire rally ("basic filter" - upper 

level) – shown in Figure 12 area 1 – and filters for individual characteristics of specific 

shots (lower level) – shown in Figure 12 area 2. Filters are available for the first four, 

the first offensive and the last successful stroke. The respective stroke can be selected 

on the left side (see Figure 12 area 3). 
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Figure 12: TUM.TT Viewer – filter (service) 

 

Figure 13: TUM.TT Viewer – filter (receive) 

 

The basic filters contain the filters for the sets, the winner of a rally, the server of a 

rally, the length of the rally and the beginning/crunch time. These basic filters can be 

combined with filters for individual stroke characteristics (stroke laterality, stroke 

technique, spin (serve), placement, contact point, step around, first offensive shot, 

aggressiveness, quality). The attribute values of one attribute are linked with an OR 

operator (e.g. "rally with short or half-long serve" - OR connection of short and half-

long placement). Between different attributes, the AND operator is used ("rally with 

short serve and undercut" - AND connection between placement and spin). Combined 

with the basic filters, all rallies from the first set can be displayed, for example, in which 
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player A scored a point with a short or half-long backhand undercut serve in a rally 

that has at least four strokes (means the player scored either directly with his serve or 

with his follow up stroke). All filters can be combined without any restriction. 

 

4.6.3.3 Visualisations of the result rallies 

There are three options for visualising the result rallies: 

1. hitlist 

2. large table 

3. small tables 

 

Hitlist 

In the list view (see Figure 11 (2)), the filtered rallies are all displayed one below the 

other as list items with information about the rally (rally number, result, server, winner, 

rally length). It is possible to sort the list by any of the above features. 

 

Large table 

The second way to visualise the result rallies is the large table (see Figure 14). It 

represents a top view of a table tennis table, which is divided into two halves in the 

middle by a line symbolising the net. On the large table, all strokes corresponding to 

the current filter selection are displayed at the same time. This view provides a way to 

analyse tendencies of individual shots (in our example in Figure 14 all 3rd shots of one 

player are displayed). 

All arrows on the large table are always drawn from bottom to top, regardless of the 

corresponding player or the number of the stroke in the rally. However, since the 

position of the strokes are recorded in absolute coordinates of the table tennis table, 

it was necessary to convert them if necessary and mirror them on both axes.  

Several coding dimensions were introduced in order to present as much data as 

possible without compromising clarity. These dimensions show up in the attributes of 

the arrows: Colour, shape, width and dash. The colour, shape and width encode stroke 

techniques. Serves are also shown in a uniform colour and with a straight arrow. The 

shape is either straight lines or different curves. Finally, dashing is used to distinguish 

forehand (solid line) and backhand (dashed line) strokes. 
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A legend describing all possible colours and shapes is presented in Figure 15 and can 

be displayed in the program at any time. 

 

The large table is also interactive. The arrows, like the hitlist entries, can be selected 

individually. When one arrow/rally is selected, the corresponding video will be played.  

 

 

Figure 14: TUM.TT Viewer - large table 

 

Figure 15: TUM.TT Viewer – colour and shape 
coding 

 

Small tables 

In contrast to the large table, on which only one stroke is displayed, the small tables 

are designed to analyse rally patterns. Each table therefore represents one rally with 

the first four consecutive strokes of that rally displayed (see Figure 16).  

The general layout and colour coding is identical to the large table. The biggest 

difference is that arrows are not only drawn from bottom to top, but change sides 

according to the course of play. 
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The individual arrows are no longer clickable on the small tables, but entire rallies (i.e. 

the respective tables) can be selected and will thus be played in the video area.  

 

 

Figure 16: TUM.TT Viewer - small tables 

 

4.6.3.4 Playlists 

An important functionality of the TUM.TT Viewer, especially for the practical PA, is the 

creation of playlists (see Figure 11 area 5). Rallies that are not connected through a 

filter, thus would not be together in the hitlist, can be put together. For example, an 
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analyst can prepare a TOP 10 playlist of the most important rallies of the match for the 

coach, who then only has to use this playlist for an analysis. 

Basically, there are two "basic playlists" which are always available. One playlist that 

contains all rallies of a match and one that contains the rallies marked in the live 

scouter. 

Basically, the following applies: The filters in the TUM.TT Viewer are always executed 

on the set of rallies of the currently selected playlist! Consequently, filters can also be 

used on a "TOP 10" playlist.  

A playlist can also be exported as video file to share it. In this way, the corresponding 

rallies can also be played back outside the TUM.TT software without disturbing 

pauses, e.g. on mobile devices. 

 

4.6.3.5 Report 

With the report function, a possibility was created to export the various statistics into 

a PDF file. This enables a certain "offline" functionality. The report is completely 

adaptable and can be created according to the needs of the coaches and players.  

The following things and analysis approaches can be included in the report: 

• in the general section: 

o scores and basic statistics 

o scoring process 

o rally length statistics 

o match dynamics/momentum analysis 

o transition matrix 

o multiple performance indices/three phase method (usage & scoring 

rates of strokes, technical efficiency index) 

• in the sections for each player: 

o statistics and diagrams (incidences and winning probabilities) for the first 

four and the last successful stroke for the following attributes: laterality, 

spin, stroke technique, placement, step around 

o statistics can be generated for the complete match, all sets individually 

and for each possible combination of sets 
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5 Publications 

 

The following chapter presents the publications underlying this thesis. Thematically, 

study one serves as an overview about established approaches of match analysis in 

table tennis which are classified into theoretical or practical PA approaches.  

For the two other studies which are both original papers I wanted to cover not only 

(able-bodied) table tennis, but also para table tennis as Paralympic sports have gained 

more attention during the last couple years and should be considered to give a 

complete picture about PA in table tennis as it is a very if not the most inclusive sport 

out there.  

On the one hand, both studies have in common that they are representing the field of 

match analysis in table tennis. But on the other hand, they have different 

objectives/focus due to the different state of research in para table tennis and (able-

bodied) table tennis respectively. 

Study two investigates very fundamental parameters of para table tennis as – to the 

best of the author’s knowledge - there were no studies available that have investigated 

game characteristics in para table tennis before. Whereas study three examines a very 

specific and detailed area in able-bodied table tennis as several studies about the 

basic game characteristics in able-bodied table tennis have been already carried out 

(Fuchs & Lames, 2017; Malagoli Lanzoni et al., 2013, 2014; Malagoli Lanzoni et al., 

2007). Study two is using theoretical PA approaches (notational analysis/shot number 

based analysis) to give a better understanding of the basic characteristics in elite para 

table tennis by analysing rally length and the impact of serve. Additionally, the 

influence of sex and impairment class on those parameters is analysed as well.  

Study three investigates the first offensive shot in able-bodied table tennis. Compared 

to prevailing methods in table tennis match analysis, which are based on fixed shot 

numbers, using a state transition model and taking the first offensive shot as object of 

analyses is an innovative new approach focusing on the tactical meaning of shots that 

is not expressed in shot number. 
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5.1 Table tennis match analysis: a review 

 

Fuchs, M., Liu, R., Malagoli Lanzoni, I., Munivrana, G., Straub, G., Tamaki, S., 

Yoshida, K., Zhang, H., & Lames, M. (2018). Table tennis match analysis: a review. 

Journal of Sports Sciences, 36(23), 2653-2662. 

https://doi.org/10.1080/02640414.2018.1450073  

 

This review paper was published in 2018 in the Journal of Sports Sciences (Volume 

26, Issue 23, Page 2653-2662). At the time of publication in 2018, Journal of Sports 

Sciences had a journal impact factor (JIF) of 2.811 and an impact score of 2.75. The 

journal citation indicator (JCI) was 1.17. Its rank in the category sports sciences was 

20/83 (ranked by JIF) and 18/115 (ranked by JCI), in both rankings in the Q1 Quartile. 

According to web of science, the paper was cited 29 times and according to 

ResearchGate, the paper was cited 48 times and had 2894 reads since its publication 

until the submission of this dissertation in September 2022. 

 

5.1.1 Contribution of the Author 

The research idea for this study was developed together with the doctoral supervisor. 

The doctoral candidate was responsible for the conceptual design and the writing of 

the manuscript. The sections “introduction”, “methods of review”, “simulative 

performance analysis: Markov-chain-modelling” and “discussion” were exclusively 

written by the doctoral candidate. The writing of the other sections was done together 

with the co-authors. The completion of the manuscript was exclusively done by the 

doctoral candidate. The doctoral supervisor assisted with feedback on manuscript 

drafts. 

 

5.1.2 Summary 

The aim of this paper was to give a review on some of the most acknowledged 

scientific methods of match analysis in table tennis since the first ones in the 1960s. 

Electronic database searches for studies related to match analysis in table tennis were 

conducted in PubMed, Web of Knowledge (Sport Sciences), SPORTDiscus, SURF, 

Google Scholar and CiNii. Additionally, searches in the International Journal of Table 

Tennis Sciences and on the website of the China National Knowledge Infrastructure 

https://doi.org/10.1080/02640414.2018.1450073
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(CNKI) were conducted. The selection criteria were specified (peer-reviewed or in the 

case of CNKI, at least published in Chinese academic journals). Additionally, the exact 

search strategy was explained (advanced search term: (“analysis” OR “performance 

analysis” OR “match analysis” OR “game analysis”) AND “table tennis”). The following 

numbers of hits per database were found: PubMed (79), Web of Knowledge (37), 

SPORTDiscus (332), SURF (190), Google Scholar (34.600) and CiNii(70). Based on 

those hits, basic methods/approaches of PA most common in table tennis were 

identified by the authors who are all experts in a certain area of the field of match 

analysis in table tennis. For each of those approaches an exemplary study was 

chosen. 

The first chapter of the main body presented a historical overview of match analysis 

from all over the world. The second part reviewed the chosen approaches in more 

detail, using the PA classification of theoretical and practical PA. The review included 

the most actual theoretical PA techniques in table tennis: performance indices, 

simulative approaches, momentum analysis, footwork analysis, and finally an 

approach which uses top expert knowledge for a comprehensive technical-tactical 

analysis. In the section of practical PA, the paper presented two “best practice” 

examples describing PA procedures of the two most successful countries of the last 

Olympics: China and Japan. The paper highlighted the heavy impact of PA on the 

practical work of the leading nations, but stated also that only a few nations make 

serious efforts to introduce it to their national teams as a routine in practical work. The 

paper ended with an outlook on possible (and necessary) developments like automatic 

position/placement detection to make the usage of PA more widespread in table tennis 

and with some limitations of the review. 
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5.2 Game characteristics in elite para table tennis 

 

Fuchs, M., Faber, I. R., & Lames, M. (2019). Game characteristics in elite para table 

tennis. German Journal of Exercise and Sport Research. 

https://doi.org/10.1007/s12662-019-00575-4 

 

This original paper was published in 2019 in the German Journal of Exercise and Sport 

Research (Volume 49, Issue 3, Page 251-258). At the time of publication in 2019, 

German Journal of Exercise and Sport Research had a journal impact factor (JIF) of 

1.106 and an impact score of 1.11. The journal citation indicator (JCI) was 1.17. Its 

rank in the category sports sciences was 84/116 (ranked by JCI), resulting in Q3 

Quartile. According to web of science, the paper was cited 2 times and according to 

ResearchGate, the paper was cited 5 times and had 292 reads since its publication 

until the submission of this dissertation in September 2022. 

 

5.2.1 Contribution of the Author 

The research idea for this study was developed together with the doctoral supervisor. 

The processing of the data and the data evaluation was carried out by the doctoral 

candidate. The co-author Irene R. Faber provided support in the writing of the 

introduction and discussion section and gave feedback on manuscript drafts. The 

other sections of the manuscript were exclusively written by the doctoral candidate. 

The doctoral supervisor assisted with methodological decisions and the conceptual 

design of the manuscript. 

 

5.2.2 Summary 

The intention of this study was to give a first insight in the basic game characteristics 

in elite para table tennis (class 1–10). As probably the first study on game 

characteristics in elite para table tennis ever, it focuses on the basic variables rally 

length and the impact of the serve, i. e. the winning probability when serving. The 

influence of sex, standing or sitting position of the player while competing and the 

severity of the impairment, and their possible interactions are investigated. A total of 

227 matches of elite para table tennis players (class 1–10) ranked in the top 20 of the 

world ranking lists in their class were analysed. The results of this study revealed a 

https://doi.org/10.1007/s12662-019-00575-4
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significant main effect of sex with small effect sizes in the three-factor factorial model 

(sex versus sitting/standing versus severity of disability) and medium to large effect 

sizes in the individual comparisons on the rally length and the winning probabilities 

directly from service and first attack. Moreover, an interaction effect of sex and 

sitting/standing was found with small (for serve winning probabilities) to medium (for 

rally length) effect sizes. Female players in the sitting classes showed a lower rally 

length compared to their male peers. This is accompanied with significantly higher 

winning probabilities directly from the serve and the first attack in the sitting female 

players compared to their male counterparts. The results of the male class 1 showed 

a remarkably shorter rally length and higher winning probabilities directly from the 

serve and the first attack when compared to the other sitting classes in men. Class 6 

for men, the standing class with highest severity, also seemed to follow the same 

trend: the rally length was lowest with the highest winning probabilities while serving 

when compared to other standing classes. 

In conclusion, the significantly smaller rally length combined with the higher winning 

probabilities of short rallies when serving in almost all female sitting classes compared 

to the respective male classes supports the importance of serve and maybe even more 

the receive game in those female classes and should be an important part in training 

and education. The same can be stated for the male class 1 and class 6. The shorter 

rally length in the standing para table tennis classes compared to the Olympic table 

tennis for both females and males emphasizes the importance of a good serve and 

receive game also in standing para table tennis. Additionally, the value of the third 

stroke attack especially for males with an average rally length lower than 4 in all 

standing classes was highlighted for standing male para table tennis players. 

This study provides a first overview of typical game characteristics in para table tennis 

and is a starting point for future studies on this sport with more in-depth analyses. 

Detailed technical/tactical analyses would give more precise knowledge on the 

structure of the sport and could lead to more practical implications for training and 

education. 
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5.3 First Offensive Shot in Elite Table Tennis 

 

Fuchs, M., & Lames, M. (2021). First Offensive Shot in Elite Table Tennis. 

International Journal of Racket Sports Science, 3(1). 

https://doi.org/10.30827/Digibug.70278 

 

This original paper was published in July 2021 in the International Journal of Racket 

Sports Science (Volume 3, Issue 1, Page 10-21). This open access online journal was 

established in 2019 and has no impact factor or impact score yet. Nevertheless, it was 

consciously chosen as the journal is specialised in the publication of articles related 

with racket sports. According to web of science and ResearchGate, the paper was not 

cited yet and had 50 reads on ResearchGate since its publication until the submission 

of this dissertation in September 2022. 

 

5.3.1 Contribution of the Author 

The research idea for this study was developed together with the doctoral supervisor. 

The processing of the data, implementation of the model, data evaluation and writing 

of the article were all carried out independently by the doctoral candidate. The doctoral 

supervisor provided support in the methodology for the new introduced model and in 

the conceptual design of the manuscript. 

 

5.3.2 Summary 

In this study a new structural model for a table tennis rally including the “first offensive 

shot” (FOS) was introduced and a corresponding observational system focusing on 

recording properties of the FOS was developed. FOS may not be defined based on a 

shot number in the rally (like serve, receive, third shot, fourth shot etc.), because it is 

not known a priori which shot will be the FOS. FOSs are semantically similar shots 

defined as the first shot in a rally without any kind of backspin (serves excluded). After 

the introduction of the innovative new observational system, the aim of this study was 

to analyse the following characteristics regarding the FOS in a rally in elite table tennis: 

• techniques used for FOSs 

• position where the FOSs are performed (over vs. behind the table) 

• shot number of the FOSs 



46 
 

• serving or receiving players performs the FOS 

• differences between men and women and between top ranked and lower 

ranked players regarding the FOS behaviour 

• winning probability for the FOS player 

Two independent variables were used in this study. First, matches of male and female 

players were compared. Second players were divided into two player categories (“top 

50” and “over 50”), resulting in three possible match categories (“top 50 vs. top 50”, 

“top 50 vs. over 50” and “over 50 vs. over 50”). This leads to a two-factor factorial 

design (sex versus match category). A total of 90 matches of the 2016 Olympic Games 

were analysed, including 45 men’s and 45 women’s matches (15 matches per match 

category). The 90 analysed matches led to a total number of 7449 analysed rallies, 

3889 rallies of men’s matches and 3560 rallies of women’s matches respectively. All 

matches were analysed with the table tennis video analysis tool “TUM.TT”.  

From 7449 analysed rallies, 6771 (90.9%) rallies contained a FOS. In 668 (9.0%) 

rallies there was no FOS because of prior rally termination (serve winner (6.0%), serve 

error (13.8%), defensive shot winner (17.5%) and defensive shot error (62.7%)). Four 

laterality-technique-position combinations (out of twelve) cover 98.3% of all 6771 

analysed FOSs. The typical FOSs are: Forehand topspin behind the table, forehand 

flip over the table, backhand topspin behind the table and backhand flip over the table. 

Most used for FOS overall was FH topspin (37.4%), followed by BH topspin (29.3%) 

and the BH flip (22.3%). FH flip was used least often (10.9%).  

A different frequency order for men and women was obtained when analysed 

separately. FH topspin is still the most used FOS for both men (35.9%) and women 

(39.1%). But different to the overall order, the second most popular shot for men is the 

BH flip (27.2%) and not the BH topspin (23.2%). For women, BH topspin (36.1%) is 

on second place, followed by BH flip (17.0%). 

Chi-square tests revealed a significant relation between sex and these typical FOSs. 

Regarding the match categories, the tests prove a significant relation between match 

categories and FOS tactics for both genders.  

In both genders the majority of FOSs (women: 96.9%, men: 94.9%) were performed 

with the second, third or fourth shot in a rally. A difference in the FOS tactics between 

the serving and the receiving player was found as well. The winning probabilities show 

that using topspin (Forehand and Backhand) as FOS was an advantage in every 
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match category, whereas using flip as FOS led mostly to a winning probability below 

50% for the FOS player. 

The FOS is arguably a crucial moment in a rally, but the advantage/disadvantage by 

performing the FOS might be neutralized in longer rallies. Over 60% of all rallies 

(women: 62.3%; men: 63.5%) were finished with a maximum of two offensive shots 

after the FOS, and almost three quarters were finished with three or less shots after 

the FOS (women: 73.5%; men: 74.2%). When talking about the intention the FOS 

player should have, the statistics were clearly showing that it was more successful for 

the FOS player if a rally was finished with a direct impact of the FOS (meaning rallies 

which finished latest with the follow up attack after the FOS of the FOS player. 

 

This study provided a first overview of the FOS behaviour in elite table tennis using a 

new shot-number-independent approach with detailed technical/tactical analyses of 

the FOS behaviour, including the analysis of the winning probabilities. The reliable 

information about different FOS behaviour for men and women or for the serving and 

receiving player respectively, the differences between match categories and the 

differences of winning probabilities could lead to practical implications for training and 

competition and also to adaptions in the tactical education in the development of 

(young) athletes. 
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6 Discussion  

 

The publications of this thesis deal with the field of performance/match analysis in the 

sport of table tennis. In this chapter, in addition to some of the content-related findings 

that are mainly discussed in the publications themselves, primarily those things that 

have an impact in a wider context or are important on a meta-level will be discussed. 

 

6.1 Table tennis match analysis: a review 

In order to have a good foundation for further research, an article was written that 

reviews the most popular scientific approaches of performance/match analysis in table 

tennis. One challenge in this article was to select the approaches that would be 

presented. Since it was not a systematic review as described in the methods section, 

the selection can be considered subjective. However, the authors' proven expertise in 

the field of match analysis in table tennis, whether as match analysts of the Chinese 

or Japanese national team, or as renowned authors or members of the ITTF Sports 

Science and Medical committee who have published several studies in this field, can 

be seen as the maybe best possible basis for an objective, meaningful and 

representative selection of approaches. 

The selected approaches are described, explained and discussed. By collecting that 

information about the most popular approaches within one article, the article can serve 

at a higher level as a reference for other researchers as well as for those generally 

interested in the subject. 

Through the distinction between theoretical and practical PA approaches, in addition 

to the more methodical explanations of the theoretical PA approaches, the best 

practice examples of the leading nations China & Japan (which come from first-hand 

sources, as several co-authors have worked as scientists and match analysts for the 

respective national team) can serve as kind of a step-by-step instruction on how to 

actually work with certain methods in everyday practical life. 

One tendency that became evident as a result of the study is that the most prominent 

techniques in PA are made use of also in table tennis. Some approaches share the 

same disadvantages when applied in table tennis as they do when applied in other 

sports, for example that expert knowledge for assessing technical-tactical elements 

might be based on empirical subjective data if a larger number of experts are not 
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included who show a high level of agreement in the evaluation of technical-tactical 

activities (Munivrana, Furjan-Mandić, et al., 2015; Munivrana, Petrinović, et al., 2015). 

But nevertheless, in the game of table tennis some approaches provide specific 

solutions partly even with sustainable practical impact, for example performance 

indices like the technique effectiveness and competition performance values which 

can help to quantitatively evaluate players’ performance and identify those techniques 

most related to their competition performance which can provide pertinent guidance in 

training and competitions and further promote technical and tactical capabilities of 

players (Zhang et al., 2013). 

Besides the partial lack of knowledge, however, it seems that one big reason why, 

apart from Japan and China, only a few countries make serious efforts to introduce 

PA to their national teams as a routine in practical work, is the very time-consuming 

data collection which at the present time requires either a lot of in-house manpower or 

financial expenditure if the work is outsourced to a company. The automation of data 

collection therefore holds great potential and underlines – as there have only been 

sporadic trials so far (see Outlook) and the approaches are not yet really applicable in 

everyday life – the need for scientific and technical developments to improve and 

promote PA in table tennis. Automatic motion/pose detection of players or placement 

detection of the ball by image recognition could lead to a big simplification of the 

analysis process also in table tennis. According to this trend, match analysis could 

shift to utilization of enormous data that is automatically collected. To deal with that 

big amount of data, fields like machine learning, artificial intelligence and data mining 

may have an important role in table tennis match analysis in the future as well (Yu et 

al., 2008). By using well-structured and well-presented data, not only the performance 

of players can be enhanced, but also the education of coaches. Last but not least the 

broadcasting for TV spectators can benefit from that development, thus, the general 

promotion of table tennis can be improved. 

 

6.2 Game characteristics in elite para table tennis 

Similar to the professionalisation in Olympic sport, Paralympic sport is also gaining 

more and more popularity and importance, which goes hand in hand with an ever-

increasing professionalisation, para table tennis included. In terms of research, 

however, para table tennis is still in its infancy. Overall, very few studies have been 



50 
 

published in para table tennis and especially in performance/match analysis no studies 

have been published in scientific journals so far. Consequently, there is little to no 

scientifically sound data available in this area. 

The content-related findings from the study, such as the particular importance of the 

serve/receive game in all women's wheelchair classes as well as in the men’s classes 

1 and 6, which are not complete surprises, but rather confirm and scientifically 

substantiate the experiences from practice, lead to scientifically based practical 

indications for training and competition. In addition, the significance of the study on a 

meta-level should not be neglected. 

The present study, as a pioneering study in this field, provides a first overview of typical 

game characteristics in para table tennis and is a starting point for future studies on 

this sport with more in-depth analyses. Detailed technical/ tactical analyses could give 

more precise knowledge on the structure of the sport and could lead to more practical 

implications for training and education. Analyses of, for example, the reasons for a 

player's dominance in a certain class could support the future fairness of the sport by 

giving input for possible changes in the classification system.  

In summary, two basic strategies could be considered for future studies: (i) PA 

methods from able-bodied sport in general or specifically from able-bodied table tennis 

are applied to para table tennis to collect new data in para table tennis which are only 

currently available in able-bodied table tennis yet and (ii) studies on para specific 

things like competition classes or wheelchair specific techniques are conducted. 

The strategies do not, of course, exclude the possibility of examining para specific 

issues with known methods applied to para sports. It is rather the approach that differs. 

In (i), a known method is the starting point. In contrast, in (ii), the foundation of a study 

is the para specific item to be investigated. 

The conducted study two is therefore an example of strategy (i), as systematic game 

observation and notational analysis (as popular PA methods) combined with 

performance indices (included in the review article as popular approach in table tennis) 

are used to gather data in para table tennis. Of course, data for individual competition 

classes also emerge from the study, however, the competition classes are not 

examined as such, but are sub-samples, so to speak, and serve as independent 

variable. 
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6.3 First offensive shot in elite table tennis 

As with study two, it is essential to look at the impact of this study from two different 

perspectives.  

On the one hand, new table tennis-specific data and thus knowledge about the sport 

is generated. On the other hand, the general methodological approach is of 

considerable importance for the further development of PA in the sport of table tennis 

(or also for other little-researched sports). 

Regarding the data obtained from the study, there are several important findings with 

possible practical implications for training and competition.  

Statistically, it was an advantage to be the player who played the first offensive stroke 

in a rally, taking the initiative for offensive play, so to speak. The most used and most 

successful technique was, for both men and women, the forehand topspin. It is 

interesting to note, however, that a technique that has just really evolved in the last 

decade and is now very popular among players – the backhand flip, also known as 

Chiquita or banana flip – is statistically disadvantageous for the player executing it. It 

is interesting precisely because there is or at least was the trend, especially in the 

men's game, to use more and more this "innovative" technique, to open the game. 

This trend was confirmed by the study as in the men’s game, the backhand flip was 

the second most used technique. Another important result of the study for practice 

was that the possible advantage from the first offensive shot should be quickly 

exploited by the player with the intention to finish the rally with the follow up shot. 

Otherwise, the possibly existing advantage was lost in the course of a longer rally, as 

in longer rallies the advantage was then with the opponent statistically.  

These content-related findings alone could already be valuable for table tennis and 

lead to adjustments in tactical education in the development of athletes. In the author's 

opinion, however, it might be even more important – especially for the field of PA in 

table tennis – on which idea or with which methodological approach this data could be 

generated.  

A method – in this case state transition modelling – previously applied to other sports 

(Lai et al., 2012; Lam et al., 2021; Lames & McGarry, 2007), is applied to table tennis. 

This is paradigmatic for applying existing methods to specific features of a sport. In 

this case, the sport-specific peculiarity is that the first offensive shot has a special 

significance, as it might be considered as the turning point in the rally. With the support 
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of the developed state transition model, in which the FOS was modelled as the central 

and important state, it was then possible to develop a corresponding observational 

system focusing on recording properties of the FOS. Another innovation of this study 

was the shot-number-independent analysis approach that was then applied.  Typically, 

PA in table tennis is based on a shot-number based approach, e.g. the three-phase-

method in Japan and China, which gives feedback regarding attributes of specific shot 

numbers (Tamaki et al., 2017; Zhang et al., 2013). The problem with shot-number 

based approaches is that the shot number itself doesn’t reflect necessarily the 

semantics or meaning of a shot, which also applies for the FOS because it is defined 

by specific conditions that have to be fulfilled and not per se by one fixed shot number. 

All in all, this study not only provided new data that gained more precise knowledge 

about table tennis, but also showed that, on the one hand, methods from other sports 

can be transferred and applied to table tennis and, on the other hand, already proven 

approaches in table tennis sometimes have to be changed or adapted in order to be 

able to explore new things. 

 

6.4 Limitation 

As mentioned earlier, China is not only dominant in table tennis in the sporting area, 

but also in research, where probably no other country is making such a great effort. 

Although this dissertation and its research has probably received the best possible 

access to Chinese-language literature and first-hand information of the absolute 

highest level that one can get as a foreigner through the Chinese co-authors of the 

review paper, the further research in study two and study three is nevertheless based 

on the existing English- and German-language research. 

Thus, it cannot be entirely ruled out that studies on certain areas might already exist, 

but have been published exclusively in Chinese and are simply not accessible to the 

English-speaking research community or to non-Chinese and thus could not be taken 

into account in this dissertation.  
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7 Outlook 

 

Although PA is becoming increasingly popular in table tennis and is also being used 

more frequently in practice, there is still a lot of room for development and 

improvement. Other, more popular and financially strong sports can serve as role 

models and provide possible forecasts for table tennis. 

 

Three areas for future developments should be distinguished here: 

• methodological area 

• technological area 

• acceptance and importance of PA in table tennis 

 

7.1 Methodological area 

As already addressed in this paper, PA approaches used in other sports, especially in 

other racket sports, could also be of interest for table tennis. The FOS has been 

analysed in study 3 and has been denoted as the turning point in a rally because it is 

the transition from defensive to offensive play and can swing the momentum of the 

point heavily in favour of one player. Regardless of the significance of this shot, it does 

not automatically mean that this is the shot that decided the rally. The 

perturbation/relative phase approach already introduced in squash (McGarry et al., 

1999) and tennis (Lames, 2006) could be an interesting method to find the decisive 

shot in a rally, which does not necessarily have to be the last valid shot in a rally or 

the already mentioned FOS. Another interesting approach which was used in the study 

of Link and Wenninger (2019) in beach volleyball is dealing with the so called “cold 

hand” phenomena. The study explores the influence of sideout failure on tactical 

decisions in the next sideout, meaning if athletes change their tactics after they lost a 

point using a certain tactic. Regarding table tennis, this could be of big interest 

especially for the tactical behaviour in the serve/receive game. Exploring the 

opponent’s serve/receive tactics as a first step has been carried out already in several 

studies (Andreas et al., 2022; Djokic et al., 2020; Luini et al., 2021), but also knowing 

if or when an opponent will most likely change his/her tactics and maybe even knowing 

what tactics the opponent will use would be a big “upgrade” in the match preparation 

for players and coaches. 
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Another important point to be explicitly mentioned regarding the methodological area 

is that PA in table tennis not only has great potential exclusively in the technical/tactical 

area, but can also be used as a methodological support tool for other areas such as 

sports psychology (Leber & Höner, 2021). For example, in addition to tactical match 

preparation or opponent analysis, selected match scenes from the video analysis can 

also be used for sport psychological interventions in order to verify or underline 

possible observations of the psychologist or to clarify certain aspects for the athletes. 

 

7.2 Technological area 

Artificial intelligence is finding its way into various “big” sports like basketball (Li & Xu, 

2021), football (Ks, 2020; Tuyls et al., 2021) and tennis (Moorhead, 2021; Smith, 2020; 

Yin, 2021) and is also being used in table tennis in a few cases already (e.g. OSAI 

from Russia (OSAI AFORA LTD., 2022), betterplay.ai from Israel (Miroshnik & 

Iturriaga, 2022) and different projects in China (Cao, 2014; Yujiao et al., 2018; 

Zheijang University, 2021). AI has a lot of potential in recognising certain 

patterns/tactics and could be a great help in evaluating opponents or preparing for 

matches. Image recognition for automatic data gathering is another big topic 

connected with AI and table tennis, as the manual data gathering process is still the 

bottleneck of the PA process in many cases. “Simple” tasks like collecting the score 

automatically or who is the server might already be in use and approaches to collect 

the ball placement automatically have been carried out, e.g. by OSAI (Voeikov et al., 

2020). But in most cases – especially for ball placement - a very specific and fixed 

setup of equipment is necessary. Thus, in most cases it is not an option for 

players/coaches who only have access to their own equipment and recordings. One 

step further would be an automatic gathering of stroke techniques used. But table 

tennis is a very complex sport and every individual athlete is developing his/her 

individual technique based on his/her anthropometrics and physical prerequisites. 

Additionally, different styles or technique guidelines come into play throughout the 

players’ table tennis education. Thus, it is not an easy task to get this data 

automatically collected by a machine or an algorithm because of the very individual 

(not to mention ‘different’) movements for the same shot techniques. Maybe machine 

learning could be the solution for automatic technique/movement detection which 

would be a big gamechanger for PA in table tennis. 
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If one goes another step further and data can be collected not only automatically but 

also in real-time, it would be of great benefits to several stakeholders. On the one 

hand, media could use that data for real-time statistics while broadcasting to give a 

better presentation of the sport and enrich the spectators’ experience. On the other 

hand, a new sector for table tennis could be opened with that kind of data: real-time 

support for coaches during a match. So far, this is not an issue at all in table tennis, 

but depending on the type of information, the headset could be a possible tool used 

by coaches in the future, much like its use in American football. 

If, in the course of professionalization in table tennis, one speaks of an ever-growing 

"team behind the team" in which the performance analyst(s) will also become more 

and more important, then, on the one hand, communication between these teams of 

specialists (e.g. coaches, performance analysts, doctors/physiotherapists, 

psychologists, fitness trainers, etc.), and on the other hand, the integration of data 

from the different experts (PA data such as match analyses, game plans, player 

profiles and video databases, but also health data, training documentation, injury 

documentation) must be guaranteed. For this purpose, comprehensive information 

systems are increasingly being used e.g. in professional football clubs/teams that are 

specially adapted to their needs and that centrally collect or combine the data of the 

expert teams and offer additional possibilities for communication as well as tools for 

organisation within the sub-teams and the team as a whole (Blobel & Lames, 2020). 

Such systems could also be a useful tool in table tennis, e.g. for national teams where 

the number of involved coaches has grown and a variety of additional 

experts/scientists are involved. In particular, the storage/organisation, distribution or 

presentation of data from match analyses is still often carried out without a central 

information system, which would significantly improve communication between the 

individual parties involved. For the realisation of such customised systems, however, 

there are currently (at least outside China) various political, financial and informatic 

barriers to overcome. 

 

7.3 Acceptance and importance of PA in table tennis 

The third and last, but also most fundamental area with great potential for development 

is the area which could be summarized as acceptance and importance of PA in table 

tennis, which needs to be approached from different directions. 
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The value of PA in table tennis and also the understanding and knowledge about it 

needs to be improved. Thus, more positions for PA experts, not only in the scientific 

field, but also in the sporting and practical field of table tennis, need to be created. In 

general, the support culture in table tennis needs to be improved with regular 

exchanges between coaches and scientists, as equals, – like Australia, for example, 

recently tried to do (Table Tennis Australia, 2021). Furthermore, PA should also be 

integrated as an integral part of player education. Science-based methods need to be 

taught to players at a young age and the great potential of match analysis needs to be 

shown so that they learn to use it correctly at an early age and learn to reap the benefits 

for themselves. In other sports, such as football, this image and understanding has 

already been developed. PA is a fixed part in many clubs and their youth academies 

(Fjelldal, 2019; Martinez Arastey, 2021; TSG Hoffenheim, 2020a) and more and more 

rethinking among coaches and officials to use scientific based methods of 

performance and video analysis can be observed (Deutscher Fußball-Bund (DFB), 

2017; Finke & Notzon, 2014) – maybe also because there is more pressure from 

outside than in table tennis, e.g. to use new technical innovations or simply to use 

every possible (new) tool for improvement of their performance (TSG Hoffenheim, 

2017). Analysts increasingly even take up positions in the coaching team and are a 

close confidant of the head coach (Lotz, 2021; TSG Hoffenheim, 2020b). 

Due to the high status, the greater financial resources and also the development of an 

economic market with sports data (Link, 2018), the whole process in terms of the use 

and thereby also in terms of the acceptance and importance of PA is simply several 

years ahead in big sports like football (Bauer, 1992; Leser, 2007). In table tennis, this 

process is unfortunately still in the beginning stages in most of the countries and there 

is often pioneering work to be done to convince players, coaches and associations of 

the value of PA. 
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