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Abstract:

Although it has attracted the attention of experts only in the last decade,
sports analytics has its roots since the existence of organized sports. Any
records of players or situations in the game that contribute to later decision-
making during the competition can be considered as some kind of analytics.
Asan important part of these processes, scouting is at the core of coaching in
sport games at all levels of competition. Coaches and managers try to enable
improvements in competitive activity by exploring the key factors and mecha-
nisms on which success in competition depends, both at the individual level
as well as at the level of the entire team. The aim of this paper is to describe
how technological development and ultimately information technology have
influenced these processes, and specifically how modern tendencies affect
performance management in sports games. Primarily, the development of
data collection methods, from manual, through video, to the use of modern
digital technology has led to an "explosion" of the amount of data collected.
The huge amount of available data has resulted in the emergence of expert
data systems specific to each sport game, which provides analytical support
to coaches and managers in decision-making.
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1. INTRODUCTION

Participation in sports is usually undertaken with the intention of
improving the level of activity. One of the most important variables that
influence learning and later performance of a skill is feedback. In order
to provide meaningful feedback, the coach must somehow observe and
evaluate performance [1, 2]. Practice in coaching includes conclusions and
subjective observations on coaching perception, bias, and previous experi-
ences. However, numerous studies have found that this kind of observa-
tions could be incorrect and unpredictable. Memory capacities in humans
are somehow limited and it is nearly impossible for us to remember in
details all the important events that happened during the entire match.
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So far, it was shown that top football coaches remem-
bered just 30% of the key factors of successful football
performances and were less than 45% accurate in their
post-match assessment [3, 4]. In fact, more experienced
coaches even reported a non-existent difference in per-
formance. In addition, they were very confident in their
decisions, even when they were making mistakes [5].

Considering how people process information, the
aforementioned results are not surprising. Memorizing
certain information and retrieving it later is a complex
process with great potential for interference. Impressive
parts of the competition (e.g. controversial decisions,
exceptional technical performances, free kicks, etc.) are
easy to remember, while less impressive moments are
mostly forgotten. Moreover, all actions that take place
in the field are almost impossible to view, assimilate and
store, due to the limitation in our system. As a result,
coaches are generally focused on just a few critical parts,
while other actions generally remain neglected [1, 5, 6].

Surprisingly, it appears that standard or predefined sys-
tem for monitoring and evaluating performance does not
exist. If reliance on a human information processing system
is problematic, another way of gathering information dur-
ing sports competitions must be determined. It is obvious
from the previous text that this information must be objec-
tive, unambiguous and as comprehensive as possible. There-
fore, the aim of this paper is to describe how technological
development and ultimately information technology have
influenced these processes, i.e. how modern tendencies affect
performance management in sports games.

2. METHODS

For the purposes of this study, a bibliographic-
descriptive method was used. Literature search was
conducted with following services: PubMed, Google,
Google Scholar and Kobson. The keywords for searching
the appropriate literature were: sport games, analytics,
scouting, technology, and data.

3. RESULTS AND DISCUSSION

Technological development has improved the data
collection systems during the competition and made it
easier for statistical analysis. The emergence of video,
and then digital technology, has been shown to have two
effects on the type of activity data collected. First, there
is much more actions on which data can be collected.
Second, g of the nature of data collected by technological
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advances change the possibilities on data analysis, pro-
viding the means to collect data on deeper aspects of
activities. The analysis of competitive activity includes
not only the frequency of different types of actions per-
formed, but also data on the more fundamental dimen-
sions of performance on which actions are observed.
These more fundamental aspects of performance can
be summarized as technique, tactics, fitness and psy-
chology. The impact of technology on the collection of
data on athlete activities is discussed using a three-step
scheme: (a) manual method, (b) video analysis and (c)
digital technology (7, 8, 9].

Regardless of the level of technology, player tracking
systems had to provide data on four key elements of the
analysis. The basic key elements in system analysis are
PLAYER, POSITION, ACTION AND TIME [1]. Each
advanced system improved the data collection of the
previous system.

Phase 1 - Manuel method

The manual method, as the oldest and unavoidable
method of data collection, is a suitable system for struc-
turally simple sports games such as baseball, tennis, and
volleyball to some extent.

The structure of the game, divided into a series of
individual parts, facilitates the collection of key data on
activities during the game. The game is played accord-
ing to the rules of the break between points, the ball is
returned to the server, which starts a new segment. That
way, there is enough time to record the basic details of
the past activities. In addition, this game is viewed from
two angles: the angle of defense and the angle of attack.
Although this method is effective in sports games such
as baseball, its use is limited in sports games with the
conquest of space, such as football, basketball, handball,
ice hockey or rugby.

Scatter diagrams are frequently used to collect data
during a match and provide instantaneous feedback ath-
letes and coaches. They are usually used in the form of
drawings on the scheme of the field of the sports game
that is observed, and then actions of interest are recorded
on the positions that have taken place [1]. For example,
consider a football coach who wants to know where his
team is losing possession (Fig. 1a). Second, coach wants
to know which player loses the most balls (Fig. 1b).Third,
maybe the most important are the actions that players
perform when losing possession. In order to record
actions, it is necessary to define the most common
actions and assign them a symbol: P - pass, S - shot, D
- dribble, C - cross, K - kick-off. This level is the most
complicated and requires the most practice (Fig. 1c).
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Fig. 1. Scatter diagrams in football

Frequency tables are another common form of data
collection that allows quick, easy analysis of the activities
of athletes and teams. Using a frequency table (Fig 2) be-
low, the analyst can easily record the frequency of each
player's action in the line-up durng basketball game [1].

Sinteza 2020
submit your manuscript | sinteza.singidunum.ac.rs

Actions 1 2 3 4 5 6
Pass et dede deokek hdk  Akkk

Dribhle ek * ke

2-pit Shait ek ik Aok

3-pt Shot ek *

Assist e Adkk

Liost possession * g ]

Fig. 2. Frequency table for basketball

The main characteristics of these systems are:
« Easy and fast

o Precise (with proper practice)

o Used during competition

« Gives instant feedback

« Efficient, no need for analysis

+ No sequence of events.

It must be noted that there are dangers in the inter-
pretation these data. Namely, not only that they lack
in accuracy, they can be only analyzed by the simplest
procedures. Attempts at in-depth analysis with this kind
of data only lead towards problems [1, 2, 10].

Phase 2 - Video recording

The main characteristic of sports games with the
conquest of space is the attempt of the team to move
through the space to get into a situation to place a cer-
tain object in a certain place (basket, goal) that is de-
fended by the opposing team. Additionally, these games
are time-dependent, i.e. the result of the match is deter-
mined by the cumulative result for a certain time. The
main feature of these games is tactics and all players on
the field are directly or indirectly involved in every ac-
tion. Consequently, players in decision-making during
the match must be both spatially and tactically aware [7].

In comparison to the baseball or tennis, in more
complex sport games, a much more compound struc-
ture is noticed. Specifically, there is a much more indi-
rect connection between the individual contribution of
the players, the achievement of goals and the results of
the match. Attack and defense are much more interde-
pendent, because the possession of the ball by the attack-
ing team also has a defensive function (e.g. depriving the
opposing team of opportunities). Therefore, ball posses-
sion and time are key resources in these sport games.
For example, in order to score a goal, the ball must move
forward into areas of the field where opportunities to
score can be created, thus proving a high interdepend-
ence of different attack actions.
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This structural hierarchy of interdependent player ac-
tions creates serious problems for analysts, esspecially
when there are joint actions [7, 10,11].

Not surprisingly, the manual method can only col-
lect limited amounts of data during sports games. Ap-
pearances, results, disciplinary warnings and player ex-
clusions are the only data consistently recorded through
the history. Game recordings greatly facilitated the col-
lection of data on activities in sports games with the
conquest of space and enabled more detailed analysis.
Instead of limiting themselves to collecting data during
the match collect data by applying the manual method
to video reproductions of matches (Fig. 3). This pro-
cess was very slow and time consuming. As a result, the
teams were focused only on the critical moments. There-
fore, the video analysis was mostly qualitative with re-
constructions of certain parts, often only those in which
the result changed. Quantitative data for these games
proves to be quite restricted in range [7].

Fig. 3. Video analysis in football

Phase 3 - Digital technology

The arrival of digital technology and cheap com-
puters increased the speed of data collection in various
sport games. Digitization of video images enabled the
development of computer software for encoding and
editing videos, so that the process of data collection
became much faster. Specifically, image recognition
software became somehow automated, with limited hu-
man intervention only. Due to digital technology, data
is available for all actions of different players in space-
conquering sports games [1, 7, 12-14]

The digital revolution in activity analysis has led a
number of commercial companies to offer data collec-
tion and analysis services to a certain number of sports
teams. All of these systems provide detailed numerical
data on all aspects of the game.
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They combine numeric data with graphics and video
from the game. These systems also allow a certain degree
of interactivity so that the analyst can control some pa-
rameters when reporting [7]. Usually teams rely on these
systems to get detailed statistical reports after the game, as
a source of data on future opponents and scouting reports
to recruit players (Fig. 4). Additionally, teams often try
to create databases on their own (e.g. SportsCode, InStat
etc.) to encode and edit footage of their matches. Because
of the time pressures that are quite evident, analysts can
encode only several real time features. As a result, the fo-
cus is merely on the important data that can put some
pressure into the tactical changes [2, 10, 14].
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Fig. 4. Part of InStat basketball game report

The digital systems development has led to the im-
mense expansion in numerical data provision, as well
as to the availability of activity tracking data (including
the continuous data on the player’s position). Primarily,
these types of data were obtained by a multiple cameras
triangulation in order to place the precise player’s posi-
tions. This provided data on the sections covered and, in
combination with the weather data, the speed at which
the players move. Finally, the teams had obtained con-
sistent data on at least one feature of the players' physi-
cal activities throughout the matches [7, 11, 14].
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The use of global positioning systems (GPS) proves
to be an alternative approach to the video activity tracking
systems.. Recently, the most of sports games have in-
cluded GPS devices to obtain activity tracking data. Nev-
ertheless, probably the most ground-breaking utilization
of GPS devices (Fig. 5) is tracking sections covered and
speeds in training [7, 11-13].

Future (or present) — Expert data systems

Methods for collecting sports data has continuously
advanced, thus allowing the teams to quickly encode
and edit match videos by themselves. That led to creat-
ing the possibility data systems in which data are defined
and interpreted by trainers, and do not rely on com-
mercial providers (i.e. expert data systems). That way,
trainers can evaluate choice of actions (decisions) as well
as their execution (itechnique). In general, that refers
to “doing the right things” (choosing) or “doing things
right” (doing).

An important component of tactical decision-making
in sports games is the spatial positioning of players.
Players constantly have to make decisions about where
to position themselves when their team attacks and de-
fends. For instance, attackers must supply with opportu-
nities for the player in possession. That can be obtained
by moving to the receiving positions of the ball or by
making movements to create space. Defensive players,
on the other hand, must make position decisions to face
a particular attacking player or some exact field part. In
addition, tracking technology has greatly helped coaches
assess players "decisions about a position [10, 11, 15].

High Speed Distance

+ Usage Example 1:
+ Coach A wants to see how much of his receivers' total distance consisted of high speed

running so he plotted both metrics on a single graph.
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Fig. 5. Part of Catapult system report
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CONCLUSIONS

The technology impact on data collection in profes-
sional sport has provided an exponential increase in the
amount of collected data, which inevitably amplified the
requirement for qualitative to quantitative data analysis.
Qualitative data analysis is complemented by a quantita-
tive analysis - initially by summarizing statistics and, by
using other quantitative techniques, such as statistical
analysis to analyze models in different activities. Tech-
nological development sport related data acquisition,
has quite considerably influenced sports games through a
dominant conquest of space, which has really become pos-
sible with the advent of digital and information technology.
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