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profiles, principles for delivering feedback and telestration within video sequences, An In-
troduction to Performance Analysis of Sport reviews the different types of data and information
that performance analysis can generate and explains how to test for reliability.

This cutting-edge book presents a step-by-step guide to developing both manual and
computerised analysis systems and writing up and presenting findings from performance
analysis programmes. Representing the most up-to-date, concise and engaging introduction
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1 Introduction to sports
performance analysis

Introduction

This chapter is roughly divided into two parts. The first part is concerned
with sports performance analysis and its purpose within coaching. The first
section does touch on other application areas such as uses of performance
analysis in the media and officiating. The second part of this chapter is more
concerned with the academic discipline of sports performance analysis and
discusses research into sports performance and also covers research processes
in sports performance analysis as well as writing up sports performance anal-
ysis research.

Sports performance analysis in practice

The first edition of this book asked the following questions about sports per-
formance analysis:

e What?
e Why?

e Who?

e When?
e Where?
e How?

This led to different versions of the question “What?” for What is perfor-
mance analysis? What are the application areas of sports performance analy-
sis? and What information is required? Indeed, when we consider why we do
performance analysis, we are also discussing what it is being used for and by
whom. So, rather than trying to discuss the what, why, who, when, where
and how of sports performance analysis, the second edition of this book will
answer a longer list of questions. So, let’s begin.

DOI: 10.4324/9781003375463-1
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2 Introduction to sports performance analysis
What is sports performance analysis?

Sports performance analysis is primarily a support activity within coaching.
Performances are analysed in order to identify areas of good performance
as well as areas of performance requiring attention during training. Perfor-
mances of individuals, teams, opponents and referees can be analysed. The
performances can include training as well as match performances. The anal-
ysis of performance provides information and valuable insights for coaches
and players to support decisions they make about preparation. Performance
analysis should not be seen as a threat to players or coaches. Instead, it should
be viewed the same way as management information systems are viewed
within major businesses and industry. The information is produced for use by
the coaches and players, and it is very much a service in this respect to allow
more informed decisions to be made.

Why do we analyse sports performance?

As mentioned above, performance analysis produces information to inform
coaching decisions. However, the rationale for performance analysis support
comes from the knowledge of coach recall in the absence of such informa-
tion. Detailed recollection of events is difficult in many areas of life. Studies
of eye-witness testimony have highlighted limitations in the ability of hu-
mans to accurately recall events (Benton et al., 2006; Bornstein, 2017; Loftus,
2019; Wixted and Wells, 2017). I want you to think about somebody you met
and spoke to today. What were they wearing? What colour were their shoes?
‘What colours were the other items of clothing they were wearing? There is
nothing unusual about struggling to remember such details, even when it is
important to remember such details. We are very efficient in our use of infor-
mation in our daily lives, that we sometimes only recall what we really need
to recall to do what we need to do or get where we need to go? Now I want
you to think of somewhere you travelled in recent days, perhaps shopping,
or to work or college, or to your home. Think about some landmarks on the
journey that you must have passed on the route you took. Can you remember
passing these landmarks on this particular journey? Can you remember what
was happening at these landmarks? Can you remember whether it was busy
with people or quiet at the different landmarks? Again, if you are struggling to
recall some of this information, there is nothing unusual about this. This also
applies in coaching. An early study by Franks and Miller (1986) found that
novice coaches only accurately recall 42% of critical incidents from matches
on average. They also found that the accuracy of recall varied between dif-
ferent events, with details of set pieces being recalled more accurately than
details of other events. Laird and Waters (2008) did a similar study finding
that 59% of critical incidents were accurately recalled by qualified soccer
coaches. This improvement may be due to the more qualified coaches used in
Laird and Waters’ (2008) study and advances made in continuous professional
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development for coaches since the 1980s. While there has been improvement
between 1986 and 2008, coaches still have an incomplete and inaccurate rec-
ollection of the match. There are a number of reasons for this, including bias
and favouritism influencing coaches’ perceptions of events. Fatigue may also
play a role in coaches’ ability to concentrate during the match. They may be
distracted from key events during the match if their attention is focused on
other areas. This is understandable, especially in team sports where it is not
possible to observe all of the players all of the time. Simply looking down to
write something in a notebook can cause a coach to miss something impor-
tant that occurs. A further reason for inaccurate recall of events is emotional
involvement in the game. This can be experienced by spectators as well as
the coaches and players involved. While the outcome of a contest may be un-
certain, viewers may consider the chance of a successful outcome to be lower
than it actually is. The first edition of this book described the author’s percep-
tions of a professional boxing match he was watching live at the venue. The
author felt that the boxer he was supporting was losing the contest up until
the point when he won on a stoppage. Subsequently, the author was able to
view a video recording of the contest in full knowledge of the result and, on
this occasion, he felt the boxer was leading on points from the end of the first
round. Readers will probably be able to compare their own perceptions of
sports contests they have watched both live and on video afterwards. Timing
of feedback can also impact the accuracy of recall. For example, Jones et al.
(2004) suggested that the accuracy of recall decreases over time and that de-
lays in providing feedback may result in inaccurate feedback being provided.
Given the misperceptions of performance that can result from bias, emotion,
fatigue and the limited ability of humans to remember detail, there is a strong
rationale for having an accurate record of a sports contest. This can take the
form of video recording, match statistics or a combination of both.

Who uses the sports performance information?

The previous subsection of this chapter concentrated on coach and player use
of the information generated by performance analysis. The information is
also of use to other management and support staff in the coaching context.
High-performance managers can use the information from multiple matches
to identify trends and make strategic decisions that are at a higher level than
day-to-day coaching decisions. Performance analysts can also provide in-
formation to other members of the sports science support staff. For exam-
ple, performance analysts may work closely with strength and conditioning
coaches, helping them analyse movement data. This may be data from GPS
devices or other player tracking technology. There have also been exam-
ples where sports psychologists have requested video sequences of periods of
play they wish to discuss with the squad or individual players. It is typically
the performance analyst who deals with the match videos and who may do
some ad hoc analyses of these videos to provide the necessary sequences to
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the sports psychologist. Some large performance analysis departments within
professional clubs may have “recruitment analysts” who may liaise with
scouts as well as coaches. A detailed discussion of performance analysis
within multidisciplinary teams and interdisciplinary teams can be found in
Butterworth’s book (2023b). The distinction between multidisciplinary and
interdisciplinary approaches is where collaboration between sports science
support services happens. Within multidisciplinary approaches, these ser-
vices tackle common problems and eventually discuss the problem from their
different perspectives. By contrast, the collaboration between sports science
support services commences from the outset of dealing with a problem in an
interdisciplinary approach. This chapter of Butterworth’s book describes the
types of problems in sport that benefit from an integrated use of performance
analysis and other sports science support services. It also recognises the barri-
ers that exist to multidisciplinary and interdisciplinary sports science support
as well as the importance of establishing frameworks to manage integrated
sports science support. The integrated use of information streams from mul-
tiple sports science support services is also important in the strategic manage-
ment of high-performance sport (Wiltshire, 2013). Wiltshire describes how
high-performance management systems should be holistic covering physical,
psychological, medical, performance lifestyle as well as the technical and tac-
tical information used in coaching.

Besides the use of sports performance information within coaching, there
are other uses of the information. There are broadcast and media uses of match
statistics to help commentators and enhance the viewer experience by pro-
viding additional talking points. Kirkbride (2013) used the term “infotain-
ment” to cover the broad spectrum of performance analysis activity within
broadcast coverage of sport as well as social media. In recent years, there has
been an increase in the availability of data about sports events targeting the
betting market. Apps providing such data rely on data being collected using
special purpose systems live during matches. Thus, we can see coders work-
ing live at matches using special purpose data entry systems. The authors have
personally met students they have taught who collect data for these platforms.
The need for reliable coders has meant that some have been recruited before
completing their undergraduate degrees and they code matches as a week-
end job. Sometimes, an analyst may be recording more than one match per
day where the matches commence at different times but in the same general
locality. Sports performance data can also be analysed by those concerned
with “sports integrity”. Data analysis, in itself, cannot prove that match fix-
ing, for example, has occurred, but it can alert interested parties to where
it may have occurred. Omoigui (2022) interviewed Jake Marsh, the global
head of integrity at StatsPerform (Stats Perform Group, Chicago, IL) about
the range of work they do including monitoring of sports performance and
the integrated analysis of performance data and betting patterns. A challenge
for detecting match fixing is that the performances of teams and individual
players vary. Indeed, variability in sports performance has been an important
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area of research over the last 20 years (Bliss et al., 2022; Gregson et al., 2010;
Hopkins and Hewson, 2001; Malcata and Hopkins, 2014). Therefore, there
is a need to understand normal variability in sports performance in order to
be able to detect potentially abnormal performances. This can be quite so-
phisticated given that some performers may be more consistent than others.
An example of this was Henry Stott’s predictive modelling of the 2002 FIFA
(Fédération Internationale de Football Association) men’s World Cup where
he found that the opening match between France and Senegal was one of
the five matches most likely to be an upset. An upset was counted as a match
where a team lost against a lower ranked team according to the FIFA World
rankings (Mayfield, 2022). This match was actually an upset with Senegal
winning 1-0. Stott included “patchiness” (or inconsistency) of teams’ perfor-
mances within his model. This meant that a match between two relatively
inconsistent teams could be more likely to be an upset than a match between
two more consistent teams who were closer to each other in the FIFA World
rankings. UEFA (Union of European Football Associations) are conducting
research into variability in soccer performance in collaboration with Middle-
sex University (Parmar, 2023). Specifically, they are profiling performance
to analyse “change in performance”. Whether or not this is to be applied in
the detection of match fixing is unknown by the author of this chapter at the
time of writing, but it would be a potential application area.

Those who judge sports performances would not consider themselves to
be performance analysts. Certainly, referees and umpires have a different role
to performance analysts. They observe contests in order to apply the rules
rather than discover useful insights for the performers. Nonetheless, there
are activities within the officiating of sports contests that are similar to what
performance analysts do in coaching scenarios. One only has to think of
some of the images shown of VAR (Video Assisted Refereeing) rooms dur-
ing the 2022 FIFA men’s World Cup to appreciate the use of technology to
review play for this purpose. The criteria used to assess sports like trampoline,
gymnastics, diving and figure skating require judges to analyse performance
in a similar level of detail to analysts working with athletes and coaches.
This subsection is more concerned with analysis of referee, umpire and judge
performance rather than the observational analysis activity of the officials
themselves. Governing bodies in sport can monitor referee performance and
give feedback to them after matches. Research has found gymnastics judging
to be sufficiently valid and reliable (Bucar et al., 2012; Pizzera et al., 2018),
while research into diving scoring has been evaluated against performance
variables determined from video observation (Luedeker and McKee, 2023).
Johns and Bourner (2013) compared trampoline judge performance with an
observational approach applying scoring criteria to lapse-time video observa-
tion. Statistics on refereeing performance are now provided for some sports
(Whoscored, 2023) and may be useful to teams playing in matches where the
referees are in charge. Performance analysis research has considered the accu-
racy of refereeing decisions in team games (Garcia-Santos et al., 2020) as well
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as the physical demands of refereeing (Blair et al., 2022). Physical demands
can be analysed using a combination of distance, speed and heart rate varia-
bles (Bester et al., 2019). Some research has investigated the decision making
of officials in team games, considering their positioning on the field of play
(Lima e Silva et al., 2020; SantaAnna et al., 2021). SantaAnna et al. (2021)
concluded that referees may move in energy efficient ways during the second
half of matches. Observational analysis of referee behaviour during matches
also permits communicative behaviours and interaction with players to be in-
vestigated (Lewis et al., 2023). Another area of interest is the additional time
awarded by referees in soccer and how this relates to relevant stoppages that
occurred during matches (PriiBner and Siegle, 2015).

Coach behaviour can also be analysed during coaching qualifications or
continuous professional development (Franks et al., 2001). There are systems,
such as the Arizona State University Observation Instrument (Lacy and Darst,
1989), that have been used in research but which can also be used to provide
feedback to coaches about their use of demonstrations, silent monitoring, in-
struction and other behaviours during coaching. The set of behaviours used
in the Arizona State University Observation Instrument is relatively simple
and the system does not include additional descriptor information about the
context of the behaviours or audience for communication events. Cushion
(2018) discussed some of the complexities of coach behaviour that can be
addressed by those seeking to use observational analysis within coach de-
velopment programmes. Coach behaviour analysis systems have been used
to tag coach behaviour allowing interactive viewing of coach behaviour to
help coaches reflect on their coaching style (Brown and O’Donoghue, 2008).
Figure 1.1 is an example of such a system.

Results
Grid cross-tabulating chosen categories
Event List
Event Videotime Audience Behaviour Content Player behaviour ...
Categories
Audience individual [ Team | Group
Behaviour Verbal | Demonstration | _Reconstruction
Content Skill-related | Non-Skill-related
Player behaviour | _Effort | Organisation | Behaviour | _ Other
Video time Type Posive |  Negatve |  Neutral
Appropriateness pp |
KI - |>| Style | ive| Descriptive | Affective [Prescripti

Figure 1.1 Analysing coaching behaviour using Focus X2.
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Who analyses the performances?

The obvious answer to this question is that performance analysts analyse
performances and produce information for coaches, players and other users.
There are performance analysts who are employed directly by sports squads
and governing bodies. Some of these analysts may have specialist roles within
analysis departments. For example, recent job adverts in professional soccer
have included “recruitment analyst”, “set piece analyst”, “opposition analyst”,
“individual development coach/analyst”, “video scout”, “academy analyst”,
“coach analyst”, “lead analyst”, “head of performance analysis” and “assistant
analyst”. An inspection of the Twitter account of the Association of Profes-
sional Football Analysts (APFA, n.d.) gives an indication of how frequently
such positions are advertised. These positions are typically for specific squads
or age groups.

Some squads may have links with universities allowing students to gain
work experience as performance analysts. Academic credit can be accu-
mulated for such work where university programmes have placement or
work-experience elements. There are clear benefits for students taking on
such placements but also concerns about potential exploitation of unpaid
interns (Butterworth, 2023d; Butterworth and O’Donoghue, 2023). But-
terworth (2023d) describes the importance of having experience in sports
performance analysis when applying for professional roles in the area. De-
veloping technical skills, intellectual ability and academic knowledge about
sports performance are all important. However, an applicant for a profes-
sional analyst role who has demonstrated that they can gather valid data using
reliable methods and provide statistical and video sequence feedback in an
efficient manner will have an edge over applicants with no such experience.
Thus, most performance analysis programmes now include work experience
modules.

There are freelance analysts who may work with squads in a number of
sports as well as teach part-time in college or university. Where squads use
the services of freelance analysts, they have the advantage of not needing to
purchase the analysis software or hardware needed. It may help if a squad
working with a freelance analyst does have its own copies of the analysis
software so that coaches and players can interactively view and discuss video
sequences that the analyst has tagged. Indeed, there are coaches who are well
skilled at using the software systems for review tasks. Where squads don’t
have copies of the software systems, video sequences can be shared using nor-
mal file sharing processes or the squads may elect to use coach information
management packages such as CoachLogic (CoachLogic, Edinburgh, UK)
or My Team Performance (My Team Performance, Hertogenbosch, Nether-
lands) to share video sequences with players.

It has already been mentioned that some coaches operate match analysis
software themselves when reviewing performances. This is typically after
an analyst has tagged the match and provided the match statistics and key
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take home messages. There are some coaches who analyse matches without
the use of an analyst (Martin et al., 2018). This is typically due to budget
constraints, but where the coach is still keen to use performance information
to help players develop. Players have also been provided with facilities to tag
elements of their own performances (Flick, 2016). This process of tagging
videos of performances can help players recognise areas of the game where
they can improve and facilitate discussions with other players and coaches.
This also gives them control of the quantity, timing, pace and content of the
teedback.

Sports performances are also analysed by analysis companies that serve
multiple squads in the same sport. This type of analysis is a much larger scale
operation than what is done by freelance analysts. Freelance analysts might
not be able to work with more than one squad in a single competition due to
their knowledge of discussions with coaches and players. Larger scale analysis
companies, like StatsPerform, who provide Opta data to multiple sports (Stats
Perform Group, Chicago, 1), and Statsbomb (StatsBomb Inc., Bath, UK), are
able to provide data services to multiple squads within the same competitions
because their analysts do not work directly with the squads. The analysis that
is done is typically using standard variables, in some cases allowing all teams
in a competition to use data from all of the matches in the competition, not
just the matches the teams participate in.

Where? And when?

Another “What?” question (“What is sports performance analysis research?”)
is deferred until the second part of this chapter. A further question is “What
should be analysed?” which is the subject of Chapter 3 of the current book.
How to do the analysis has been touched upon when answering some of the
questions asked so far. However, more detail of manual and computerised
methods is provided in Chapters 4—7. This leaves us considering the where
and the when of sports performance analysis activities. Once performance
analysis systems have been developed and are in operation, the main activities
of performance analysis can be broadly grouped into data collection, data
analysis and communication of information. The classic coaching process
models of Franks (1997) for analysing broad tactical and technical events in
game sports and Irwin et al. (2013) for more detailed analysis of technique
intensive sports show these activities performed in a cycle. Figure 1.2 shows
Frank’s (1997) model where the performance analysis activities typically oc-
cur between matches. Thus, the game is played, performance data are col-
lected live or post-match, analysed and then feedback takes place informing
preparation for the next match. In Irwin et al’s (2013) model, analysis activ-
ities are performed in a cycle between performances which could be train-
ing or competitive performances. Thus, developing technique is monitored
over time through data collection and analysis. Advances in technology have
permitted highly efficient data gathering and data processing allowing live
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Game Select events Edit
Analysis based on results tape
Coaching Prepare
practice presentation
Coach presents Modify Present
feedback presentation to coach

Figure 1.2 Frank’s (1997) coaching process.

feedback to be provided during competition (Jayal et al., 2018: 18—20). The
concurrent provision of information to coaches and players during competi-
tion, while data are still being gathered and analysed, is a characteristic of the
analytics era. An example of such a process can be observed during television
coverage of Formula One motor racing where in-race decision making is in-
formed by simulation of tactical options requiring large volumes of data and
high-performance computer processing. These processes require such levels
of flexibility, staft expertise and multiple data streams that they cannot be
represented by traditional models of performance analysis in coaching.

The locations where sports performance activities occur are similar to
those described in O’Donoghue’s (2010) first book. Where data are collected
live during competitions, this can be done at the competition venue or away
from the competition venue if the performance is being displayed live on
television or through web-streaming. The use of IP cameras allows data to
be collected from anywhere with internet access. There are occasions where
match events can be recorded using a palm-top computer and then the event
list can be synchronised with a video of the match later. There are also sit-
uations where some data are collected live during competition while other
data are added post-match. Technological advances allow more data to be
gathered during matches. An example of this is where additional analysts
can enter data on iPad devices and these events are sent to the main analyst’s
computer and added to the main timeline. This not only allows for more data
to be gathered live during the match but also means that more data can be
entered at the venue before the team depart after the match.

Once data have been collected, they can be analysed. The fact that events
have been tagged and are stored on computer disk permits very efficient
processing using the features of the video analysis package. These features
include matrices allowing events to be cross-tabulated with descriptor values.
These matrices or the raw event lists can be exported for further analysis in
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packages such as Microsoft Excel (Microsoft, Redmond, WA). Spreadsheets
can be programmed to process the exported data meaning that the same
spreadsheet template can be used with multiple matches, making data anal-
ysis particularly efficient. This analysis is typically quantitative, determining
frequencies and percentage conversion rates, possibly classifying the resulting
values based on norms for the given level of competition. Decisions need to
be made about video sequences to use within feedback to players. This is
a different process to the preceding quantitative analyses of tagged events.
Analysts and coaches need to decide on the video sequences using expert
knowledge of the sport. Telestration tools can be used to highlight important
areas of key video frames. These analysis activities can be done at a variety of
locations including the match venue, the analyst’s office, a performance anal-
ysis laboratory, hotel room, the analyst’s home or anywhere else a computer
can be operated.

Once data have been analysed, the resulting statistics and video sequences
can be presented. This can be done collectively or individually. Internet-based
coaching management systems such as CoachLogic and My Team Perfor-
mance allow players to engage with the information at times and locations
that suit them. This allows online discussions to take place before players
meet at training sessions. The importance of this is that it allows more time
for actual training when players do meet up. Communications technologies
used in social media are very familiar to players today and can be used for
sharing information, again supporting more flexible and convenient feedback
to players. Thus, players can engage with feedback anywhere where they can
use their own devices that support the communications platforms being used.

Sports performance analysis research

What is research?

This second part of this chapter discusses sports performance research rather
than performance analysis in the coaching context. Before getting into sports
performance research, it is worth briefly introducing research in general.
Research can be performed in many different contexts and in many different
ways. Research can be done by lawyers or detectives investigating cases, jour-
nalists, industrial research and development departments, market research for
commercial organisations or by academics studying their fields of interest.
Research can be applied to a direct real-world problem or it can be purely
to generate knowledge without a direct real-world application at the time of
the study. This range of research studies has been described as a “continuum”
by some authors of research methods textbooks (Thomas and Nelson, 1996:
5-7). Research can be considered in terms of communication, evidence and
quality.

Communication is an essential stage of research. When a study is com-
pleted, the authors should communicate their findings so that the knowledge
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can be used by others and we continue to learn. Consider the fact that we
live in buildings with running water, sanitation, electricity, furniture, and
heating. All of this is possible because of discoveries being made over time,
communicated, exploited, integrated with other knowledge and applied. It is
not possible for any one person to make all of the discoveries that we benefit
from in our everyday lives. So, researchers often work in niche areas using
existing knowledge as a starting point for their own research. The commu-
nication of knowledge to others takes many forms, for example, articles in
scientific research journals, technical reports within organisations as well as
oral or poster presentations at conferences. It is this ability to communicate
that makes what we have discovered available to others, and a reason why
we live more comfortable lives than other species who do not have human
communication skills. Publicly funded research comes with a duty to publish.
This has led to some tensions from what is referred to as the “open access”
era. Completing and publishing research does not come for free because peo-
ple’s time is not free. Those undertaking the research as well as staff within
the publishing companies who produce scientific journals all perform activ-
ities that have costs. On the one hand, there is a view that publicly funded
research should be freely available rather than behind the “pay wall” of a
commercial publisher’s journal. There would be some merit to this argument
if the public funding fully covered all publication costs as well as the research
itself, but this is rarely the case. The other side of the argument is that there
must be some incentive to doing research in order to encourage research to
continue. Piracy has been a problem with research material, that some access
as paying subscribers to journals, being made freely and illegally available to
others. Other tensions arise from research audits that inform funding deci-
sions for university research. Specifically, for papers to be included in national
research audits, they often have to be made available on university research
repositories. The availability of research articles in such repositories can make
some universities question whether they need to subscribe to certain journals.

The previous paragraph was getting increasingly controversial, so we will
turn to evidence. Research should be a systematic process of studying the
subject of interest, gathering and analysis data and drawing conclusions that
are supported by the data. This is in contrast to non-scientific ways of gener-
ating knowledge such as intuition, speculation and hunches (Martens, 1987).
Those using research should not blindly accept the findings of studies but
should consider how the research was done and whether studies have limi-
tations. This would be the same with any other evidence trail from which
conclusions are being drawn. Readers of research studies should be critical
and question the variables that were used, when the data were collected,
how the data were collected, who participated in the study and how the data
were analysed. Research should be rigorous and transparent if it is to contrib-
ute to knowledge. Valid and relevant variables should be used, data should
be gathered and analysed using trustworthy and reliable processes. There is
also something for scholars to consider when they refer to research in their
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own studies. The evidence of a research study comes from what was found
and how the study was done. Scholars should not be referring to a paper as
evidence of a comment made in the introduction section of the paper or
the discussion. These comments are more speculation and discussion points
rather than the real evidence provided by the paper. It is fair to say that much
of what has been discussed here is about empirical research and the authors
of the current book recognise the value of other types of research including
philosophical research.

The previous paragraph about research evidence has already covered some
elements of research quality. Research quality can be judged on originality,
rigour and impact. Originality is an interesting research quality to discuss.
Where a study is essentially repeating a study that has already been done, but
perhaps with different participants, it may not be contributing new knowl-
edge. However, there is a role for studies to confirm or refute the findings
of previous studies based on the conclusions drawn from the data. As sport
develops, it is important to keep research up-to-date because of rule changes
and other developments. It may be necessary for a study to be repeated with
a larger sample, involving multiple countries, in order to give the necessary
confidence for policy makers to consider the findings of the research. Find-
ings of research which may have been done in one level, or age group, or
gender might not be generalisable beyond these groups prompting the need
for further research which is not entirely original, but nonetheless needed.

Rigour is to do with the care that has been taken in gathering and ana-
lysing data for a research study. Some variables can be measured more accu-
rately than others; this is sometimes aided by the use of precise measuring
equipment. Validity is the first measurement issue to be considered. A hyper-
accurate variable is not going to be of interest to readers if it is a “so what?”
or “who cares?” variable. However, a clearly relevant variable that cannot be
reliably measured can be considered invalid if the values recorded are com-
promised by subjective data collection processes. An example of a validity to
reliability trade-off is the number of forced and unforced errors made in ten-
nis performances. Errors can be distinguished from winners relatively easily
and with a high level of reliability. If a ball lands in the opponent’s court and
cannot be played by the opponent before it bounces for a second time, then
the shot is a winner. If the ball lands outside the opponent’s court or strikes
the net, failing to make the opponent’s court, then the shot is an error. Dis-
tinguishing between forced and unforced errors is more difficult and requires
knowledge of the sport by those gathering the data. Counts of unforced er-
rors are of interest to practitioners and are also provided in media coverage of
tennis matches. However, when a shot is returning a previous shot that is well
placed, with high velocity and played with spin, it can be difficult to class an
error as an unforced error, especially at elite levels of the sport.

The impact of research is concerned with its real-world application. Real-
world benefit of research has become more important in recent years. An
example of this is the UK Research Excellence Framework (R EF) requiring
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impact case studies for universities to make submissions in different subject
areas. While research can be argued to have real-world benefit, it is often
difficult to evidence that research has informed policies or practices in the
real-world. Hence, the impact case studies submitted to the R EF show where
research has been used, how it has been used, by whom and with evidence of
any benefits. This requires minutes of meetings or other evidence showing
that real-world action was supported by the research that had been done.

To complete this general section on research, it is worth considering the
quality of research that is necessary for publication in a scientific journal.
Shore (1991) listed seven sources of scientific dishonesty, one of which was
non-publication of data. Shore was specifically talking about situations where
dishonest researchers may remove data from a study so that the remaining
data supports some conclusion they wish to make. There are valid reasons for
excluding data from studies and these reasons are stated within the methods
sections of research articles. For example, one might not wish to include
matches where players have been dismissed from studies of team game per-
formance. The exclusion of data referred to by Shore (1991) 1s a different type
of removal of data and should not be done. This leads to a wider question
of whether a study that has been completed and written up in a transpar-
ent manner should ever be rejected. Rejecting such a paper is essentially
non-publication of data on a larger scale, concealing the paper from the pub-
lic as though the study does not exist. There has been speculation that papers
where effects or relationships are found to be statistically significant are more
likely to be published than papers where analysis of the data has not produced
statistically significant results (Schmucker et al., 2014). However, any bias to-
wards publication of studies with significant results could be due to research-
ers not submitting papers where the results were not significant (Dickerson
et al., 1992). Publication policies in sports performance analysis are illustrated
by the 646 papers submitted to the International Journal of Performance
Analysis in Sport in the calendar year 2022. Only 46 of these papers were
actually published, suggesting 13 papers are rejected for every paper that is
selected. However, there are papers rejected from the journal because they
are not sports performance analysis papers, outside the scope of the journal,
and that needed to be sent elsewhere. The remaining papers were ultimately
rejected for the following reasons:

e The results were achieved through a misuse of statistics, for example,
treating events from a small number of matches as though they are
independent.

*  The reliability of the variables used has not been established.

*  Data have been gathered from secondary sources, such as internet sites, in
violation of the terms of use of these data sources.

*  Data have come from a single squad, possibly a convenience sample, and
possibly collected for reasons other than research, and cannot be gener-
alised beyond the squad.



14 Introduction to sports performance analysis

e Lack of transparency in the description methods.

e Lack of impact where the study is too specific to be of general interest to
the journal’s subscribers,

e The data are out of date and there may have been substantial rule changes
in the sport since the data were collected.

e The research work may not represent a substantial research effort and
could be done in a weekend.

*  Misinterpretation of data and apparent lack of knowledge of research in
the area based on the discussion section.

e Poor scientific writing, including lack of supporting references for argu-
ments made in the introduction and discussion.

Some of these reasons are straightforward, but others are worth further con-
sideration. Should single squad studies ever be published? Yes! There is a
serious need for evidence that feedback based on sports performance data
has an impact in coaching. In-depth case studies about experiences of using
performance analysis in sport are time consuming, complex and with ethical
issues to be addressed. These difficulties are one reason for so few case studies
being published or even being attempted.

Consider a study that has been done efficiently in a short amount of time,
using data with proper permissions, from a secondary source, with evidence
provided that the secondary data are valid and reliable. The decision for the
paper to be published or not needs to consider the originality and need for
the study, the novelty of the analysis of the data, theoretical development
and interest in the paper. Thus, publishing such a paper is not ruled out.
However, the research community needs to be mindful of standards set for
journal publication, especially when there are other outlets for presenting
smaller scale research. The kind of thing that can be problematic is where
a researcher conducts four such studies, without having to make the efforts
other researchers need to in order to gather data. It is highly questionable
whether such a programme of research is substantive enough to be awarded
a doctorate, yet publishing this number of papers from postgraduate research
would typically be seen as evidence of doctoral level research. In the UK, a
doctorate would be the equivalent of three years of level 8 research work;
this is 540 credit points or 5,400 effort hours of work at this level. So, we are
looking for thousands of hours of research activity rather than tens of hours
of research activity for a research project to be considered substantial enough
for journal publication.

One of the reasons given for rejecting a paper was “lack of impact”. An
example of this is where research teams are undertaking a programme of
research in an area that may well be very interesting and worthwhile. How-
ever, they attempt to get the reliability study of their analysis system pub-
lished as a journal article. The issue here is that the system is a very specific
system that might only ever be used in their programme of research. An
editor’s response to this might be to use the system to do a research study and



Introduction to sports performance analysis 15

incorporate the certification of reliability into the methods section of that
paper. Typically, the authors have intended to use the system for useful and
interesting research, but are attempting to “salami slice” a paper into more
than one paper. Indeed, some authors also attempt to publish the background
section of a research paper as a separate paper calling it a “systematic review”.
There is a place for systematic reviews in well-developed areas of research.
However, some systematic reviews submitted to the International Journal of
Performance Analysis of Sport have been in very narrow areas or areas where
research has not developed sufficiently to justify a review article.

The penultimate bullet point seems to contradict an earlier point in this
chapter where we stated the real evidence of a study comes from what was
found and the methods used in the research. The type of thing that research
journals need to avoid is where somebody from an unconnected field, who is
lacking in knowledge of the field of interest to the journal, is able to analyse
some data and produce results to answer some question because they are good
at statistics. Imagine, for example, someone comparing tennis matches played
on different court surfaces, not knowing that different ball types are used on
different court surfaces, and drawing inappropriate conclusions about a sur-
face effect. This would be a good reason to reject the paper.

What are the purposes of sports performance analysis research?

Sports performance analysis is an area of sports science where actual sports
performance is being investigated. This could be performance during com-
petition or training, or possibly performance of game related skills under
more controlled conditions. Examples of the latter are where things like the
serve in tennis or a golf swing are analysed in laboratory experiments. While
this is not actual sports performance, the actions being performed are key
parts of the sports and it may not be feasible to collect detailed data about
technique during actual sports performance. The kind of research that would
normally not qualify as sports performance analysis research are analyses of
fitness tests, interview and questionnaires. The issue with performing fitness
tests is that the tests and measurements are not actual sports performance.
It 1s possible that test results might be correlated with variables from actual
sports performance. The variables derived from actual sports performance
need to represent enough performance analysis research for the study to be
considered within the scope of a performance analysis journal. Interviews
and questionnaires are useful for gathering data from participants about their
attitudes and beliefs. However, sports performance analysis is about what
players actually do rather than what they report that they do. In saying this,
there are occasions where survey research makes welcome contribution to
sports performance theory. Later in this section, we will discuss research into
the effectiveness of performance analysis support in coaching. Such studies
use interviews and questionnaires in the investigation of coach and player
attitude towards and use of performance analysis services.
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The main purposes of sports performance analysis research are in the areas
of technical effectiveness, tactics, physical demands of sports and effectiveness
of performance analysis support services. The first three types of study can
be done in a descriptive way where independent variables are hypothesised
to have an influence on dependent variables which may be about the skills
performed, tactics or physical demands. Starting with the dependent varia-
bles, technical effectiveness can be distinguished from more detailed analysis
of technique. In technical effectiveness, we simply record that players per-
formed skills like passes, shots, forehand strokes, backhand strokes, etc. and
whether those skills were performed successfully or not. These data are then
used to determine variables such as the frequency of techniques of different
types as well as the percentage of applications of each technique that are
performed successfully. Examples of such studies are Timmons et al.’s (2022)
study of kickouts in Gaelic football and Liu et al’s (2022) study of strokes in
table tennis.

Tactical analysis tends to analyse the same skills as when we are analysing
technical effectiveness. However, tactical analysis is more concerned with
what teams do than how well they do it. The profile of skills performed is
often not enough to indicate tactics, and so additional information about the
pitch locations where skills are performed, timings and players involved can
also give an indication of tactical decisions. Ultimately tactical decisions are
made by players during games, considering the options they have and the
relative advantages and disadvantages of these. Such decisions are not directly
observable to researchers, but inferences can be made about these decisions
using information about what players ultimately do in different situations.
Tactical analysis can be applied to broader passages of play rather than indi-
vidual skills that are performed. Examples are possessions of the ball in team
games where the locations and timings of individual skills can indicate that
particular tactics have been chosen. While tactical analysis is more about
what has been done rather than how well it has been done, there are many
studies that have also looked at how well alternative tactics are performed
based on success rates. Examples of research into tactics include O’Donoghue
and Beckley’s (2023) study of possessions in the Euro 2022 soccer tournament
and Laxdal et al’s (2022) study of Icelandic league handball.

Decision making is related to tactics but there is a subtle difference between
performance analysis research into decision making. In tactical analysis, we
are ultimately investigating the chosen tactics that are represented by observ-
able behaviour. Analysis of decision making goes beyond this to also consider
the quality of decision making. Specifically, the analysis of decision making
not only analyses decisions made, but considers decisions that could have
been made (Lorains et al., 2013; Parrington et al., 2013). In netball, expert
players have more options available to them when passing than novice players
do (Bruce et al., 2009). In order to draw this conclusion, it was necessary for
Bruce et al. (2009) to analyse video frames for each pass in their study and
assess the number of realistic options the passing player had. The number of
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options open to players has also been investigated in Australian rules football
(Parrington et al., 2013). A further study of Australian rules football classified
the quality of each decision as “best”, “good”, “last” or “bad” (Lorains et al.,
2013). The analysis of number of options and quality of decision made goes
beyond what typical tactical analysis studies do. Mobile eye tracking equip-
ment has been used to investigate eye fixations during experimental vide
decision making tasks with occlusion of scenes 120 ms before the player in
the video performed an action (Vitor de Assis et al, 2020). This analysis was
combined with decision accuracy scores revealing that higher skilled players
required less fixation time and made more accurate decisions.

The demands of a game can be characterised by the profile of skills that
players of different positional roles perform. The physical demands of a
sport, on the other hand, are evaluated using movement data, particularly
considering periods of high speed running and recovery between these.
Accelerations, decelerations, impacts, jumps and turns can also be included
in the data analysed about physical demands (Bloomfield et al., 2004; Rayner
et al., 2022) with other studies incorporating heart rate data recorded during
matches (Roldan-Marquez et al., 2022). Examples of research into the physi-
cal demands of sports include Kadar et al.’s (2023) study of Hungarian soccer
players at different age groups and Gong et al.’s (2021) study of Chinese Super
League soccer that combined physical and technical variables.

The independent variables for studies into tactics, technical effectiveness of
physical demands can be grouping variables like age group, gender, playing
position or competition type. Alternatively, they may be situational varia-
bles (Gomez et al., 2013) such as venue, match status (score-line), opposition
quality or numerical superiority. Some studies compare winning and los-
ing teams to identify performance indicators associated with match outcome
(Garcia-Marin and Iturriaga, 2017). The outcome of a match can be seen as
being more of a dependent variable than an independent variable. This had
led some researchers to use predictive models to associate game outcome with
process indicators (Koo et al., 2016).

There is overlap between sports performance analysis and other disciplines
of sports science. This is because when we are analysing sports performance,
we are analysing some aspect of sports performance such as work rate or tac-
tical movement. When we investigate work rate in team games, we typically
discuss intermittent high intensity activity, referring to physiology research
that has investigated energy systems used in intermittent high intensity ac-
tivity. When we analyse momentum or score-line effects, we would discuss
findings in relation to sports psychology. Analysing technique is related to bi-
omechanics, and other sports performance analysis research is discussed using
material from coaching science and strength and conditioning.

The fourth purpose of research into sports performance analysis is to
evaluate performance analysis services in coaching contexts. This can be
done by interviewing coaches (Anderson et al., 2021), interviewing athletes
(Fernandez-Echeverria et al., 2019; Loo et al., 2020), interviewing analysts
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(Martin et al., 2021) or analysing trends in performance for a squad along
with in-depth qualitative data about the role of performance analysis and
feedback in achieving results. A study of martial arts used interviews with six
coaches and six boxers to explore the role of performance analysis technology
within debriefings and the wider issues of feedback and communication in
the coaching environment (Kojman et al., 2022). An example of an in-depth
study of performance analysis support in coaching is Butterworth’s (2023a;
2023c¢) work with an international netball squad. Huggan et al. (2015) used
a story telling approach to present the findings of a series of interviews they
did with a soccer analyst to characterise the micropolitical environment of
performance analysis in soccer in a way that protected the identity of the
participant and club involved in the study.

Writing up sports performance research

As with other areas of sports science, there are a variety of ways of commu-
nicating research that has been done using sports performance analysis meth-
ods. Writing commences before data collection commences as studies need
to be planned and approved. Research proposals are done by undergraduate
students, taught postgraduate students, postgraduate researchers as well as
senior researchers in educational establishments and research institutes. The
research proposal typically contains a background to the research problem,
articulates a need for the research, states the objectives and describes the
research design and methods (Kumar, 2005: 188—189). It may also include a
timetable of activity that will occur during the research project. The methods
are written in the future tense. This may seem like an obvious thing to say,
but many students do make the mistake of writing the methods section of a
research proposal in the past tense when they are describing research that is
going to be done in the future. Student research proposals are scrutinised to
ensure the project involves an appropriate volume of research and is feasible,
relevant to their programme of study and ethical. Research proposals are also
done by senior researchers applying for research grants. These proposals have
additional contents about staff, equipment, consumable and travel costs.
Writing up a research project typically commences before the research
is completed. For example, students can complete introduction and litera-
ture review sections before data collection commences. Data collection and
write-up activity can run in parallel. Parts of the methods chapter can be
written before data collection is completed. Once a system has been devel-
oped, tested for reliability and used for some data collection, the student will
be able to start the methods chapter. Essentially, they will be writing about
what they have been doing. The methods chapters of performance analysis
dissertations may be longer than methods chapters in other areas of sports
science because many performance analysis projects are using new variables
and cannot simply refer to existing material to describe data collection and
analysis. The methods chapter of a sports performance analysis dissertation
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typically contains sections on research design, system development, reliability
evaluation, matches, data collection and data analysis. The section on system
development should include descriptions of the variables being used and pilot
work during system development. There is usually a single results chapter
within a dissertation that includes all of the findings whether quantitative
or qualitative. In quantitative research, summary results should be presented
using tables, charts as well as possibly including pitch diagrams if location of
events are important. Where qualitative research has been done the findings
may be integrated with the discussion rather than separating these chapters.
Qualitative findings can include exerts of raw interview data (quotes) that
characterise the findings. The discussion chapter explains the results and dis-
cusses the findings in the light of existing published research. The discus-
sion should be organised into broad areas that can be discussed holistically
rather than using a result by result approach. The conclusions chapter sums
up the findings of the study, practical recommendations and areas for future
research.

The main difference between a PhD thesis and the theses submitted for
undergraduate and master’s degrees is that a PhD thesis typically reports on
a series of studies that investigate a research problem from different perspec-
tives. At PhD level, candidates would not just describe the methods of their
studies but would also discuss methodology, ontological and epistemological
issues, and justify the approach taken in their research. The introduction,
literature review and methodology chapters are followed by separate chap-
ters for each study and an overall discussion synthesising the findings and a
conclusion chapter. The methodology could be a separate chapter or it could
be integrated with the literature review. The chapter for each study would
typically state the purpose of the study, description the specific methods and
report the findings.

Very good research can be submitted for publication in scientific journals
or presentation at scientific conferences. The abstract for a conference is sim-
ilar to the abstract for a dissertation; it is an overall synopsis of what was done,
how it was done and what was found. If an abstract is accepted for podium
presentation at a conference, sides need to be produced. A conference pres-
entation may be as short as 5 minutes (BASES, 2023) but is typically around
15 to 2 minutes including questions. Slides should not contain paragraphs
of text but instead should include key points, images, charts and summary
tables.

Poster presentations are also done at conferences. The poster should in-
clude key figures, tables and photographs to convey details of the methods,
results and theoretical aspects. The poster can be viewed by others at their
leisure and discussed with the researcher informally. Some conferences give
poster presenters a few minutes to talk about their research and answer one
or two questions.

Journal articles would not typically include a full literature review. The in-
troduction is, instead, a focused background to the specific research problem.
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The methods and results follow, and the discussion and conclusions may be
merged into a single section. There are often word limits to journal articles
and often the full set of results presented in a thesis cannot be included.
Instead, the key results tables and charts are included to keep the paper con-
cise. Journals have author guidelines that should be consulted by researchers
submitting papers to the journal. Some journals publish review articles, in-
cluding systematic reviews, as well as original research papers.

There are various referencing systems in use such as the Harvard system
used in the current textbook. Whatever referencing style is used, it should be
used consistently. When referring to published work, we need to refer to it
accurately when discussing what was found and the methods used.

Conclusions

This introductory chapter of this book has covered what performance analy-
sis 1s, and how it is used in coaching, media, judging and academic contexts.
This chapter has provided a rationale for the use of performance analysis sup-
port services in coaching contexts based on the limitations of coach recall of
events. The activities that occur within performance analysis support can still
be represented by the early model of Franks and Miller (1986) which has been
discussed within this chapter. Sports performance research uses performance
analysis data collection methods within descriptive studies. There is a grow-
ing number of successful performance analysis research teams and research is
becoming more international and applied to a greater range of sports. How-
ever, there remain concerns about the quality of some research submitted for
journal publication. There is still a great need for research into the effective-
ness of applied performance analysis in coaching using in-depth case studies.



2 Sports performance data
and information

Introduction

The terms “data” and “information” are not terms that can be used inter-
changeably. When we have a process, the input to that process is referred to
as “data” and the output from that process is referred to as “information”.
The purpose of the process is to transform data into summary information.
We may have pipelines of processes where the output from one process is
passed onto the next process. Therefore, the information produced by the
first process would be considered as data with respect to the next process in
the pipeline. The processes involved in a sports performance analysis system
may be manual tasks, automated tasks or a combination of both.

In the first edition of this book, performance analysis was represented as
a largely reductive process commencing with the actual sports performance
and gradually reducing the wealth of complex data within the performance
to a set of quantitative variables that summarised key aspects of the perfor-
mance (O’Donoghue, 2015: 57). The main reason for such a representation
of performance analysis was because of the emphasis of the book on students
completing research assessments analysing sports performance. Research in
the area of performance analysis typically leads to quantitative results about
performances that are presented in thesis, research article, poster or slide
form. When performance analysis is used in coaching contexts, the process
does not stop when match statistics have been produced. The match statistics
tend to dictate which areas of performance need closer attention and which
video sequences need to be examined when providing feedback to players.
Therefore, Figure 2.1 provides an alternative representation of the use of
different types of data and information in sports performance analysis. This
will be used to introduce the different types of data and information used in
performance analysis before this chapter continues to discuss these in detail.

The top left of Figure 2.1 shows that the actual performance is the starting
point of the analysis. Sports performance is complex and involves multiple
different types of data. The events recorded on match videos contain vast
amounts of data in each video frame, with additional complexity being added
as player actions take place over successive video frames. However, these
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Figure 2.1 Data and information within sports performance analysis.

two-dimensional portrayals of the match, together with sound recorded on
the video, miss a great deal of things that happen during the match. Firstly,
the match video may not display the entire playing area in a game sport, but
instead follow the on-the-ball action. Thus, much off-the-ball movement
may not be represented in the match video. Secondly, a lot of what is being
experienced by players during matches is not represented on a match video.
Consider competing in sport yourself, and consider a particularly challenging
performance where difficulties had to be overcome to achieve your goal. Try
to remember what it felt like and what you were thinking at the time. These
thoughts and feelings are not represented on video recordings, although body
language can give some indications (Furley et al., 2015). Figure 2.1 shows
automatically gathered data such as player movement trajectories which can
be captured using GPS or image-based player tracking technology (Leser
and Roemer, 2015). Automatically gathered data can also include heart rate
measurements recorded during actual performance. Where both the player
and the ball are tracked, it is possible for software to automatically determine
some match events like passes and dribbles (Lames, 1994). Match event data
is typically created by analysts tagging match videos. This further reduces
the data from what has been recorded on the video to a list of match events.
Event records typically classify the event type (pass, shot, tackle, etc.) and
may also include descriptor fields for the team and player performing the
event, the outcome of the event and possibly the area of the field the event
was performed in. There may be additional data coded depending on the re-
quirements of the squad. The data within event records are typically categor-
ical, and the event records together form an event list which can be exported
for further processing spreadsheet packages. Commercial video analysis pack-
ages often provide an analysis feature to reduce the event data into a matrix
of events by descriptors. This takes the categorical data in the event list and
produces more quantitative information, namely the frequencies of events
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where different descriptors have been used. Further processing of these data
can combine frequency data to produce performance indicators that reflect
the whole performance rather than individual events. For example, if the
matrix includes the number of passes performed successfully and the number
of passes performed unsuccesstully, then two performance indicators can be
produced. These are the total number of passes played and the percentage of
passes that are played successtully.

At this point, Figure 2.1 differs to the pipeline of data processing activity in
the first edition of this book (O’Donoghue, 2015: 57). The performance indi-
cators can alert analysts and coaches to areas of good play and areas requiring
attention. Relevant video sequences need to be selected for players to discuss
during debriefing sessions. Players and coaches will discuss the areas of play
displayed on these video sequences in much greater depth than the way the
performance is represented by quantitative information. It would be coun-
terproductive tagging such detail because it would delay feedback being pro-
vided and the details are shown on the video sequences anyway. Essentially,
what is being depicted in Figure 2.1 is a reductive approach that generates
performance indicators that can be used to target the richer in-depth analysis
of video sequences that occur during feedback sessions. Figure 2.1 also shows
that additional visualisations can be produced to help communicate areas of
performance to players.

Qualitative data in sports performance analysis

Qualitative data are typically complex and include visual patterns, video,
images, words, feelings, thoughts and emotions. The meanings of such data
are interpreted by those analysing them and typically rely on personal judge-
ment. Much of these data are lost as performances are analysed by tagging
videos with events.

Qualitative observation

Non-participant observation is used in both coaching and sports performance
analysis. Non-participant observation is where the researcher or analyst
overtly investigates the behaviour of interest without personally engaging in
it. This kind of observational analysis has been used in coaching and predate
the use of notational analysis (Hayes, 1997). Coaches typically observe per-
formance during training and competition, evaluating athlete performance
drawing on knowledge and experience. The observation is not restricted by
the coding templates typically used by match analysts. During training, the
coach has the option to intervene and provide feedback periodically. During
competition, the scope for intervention and providing feedback may be lim-
ited to intervals between match periods and time-outs.

Sports performance analysis has been portrayed as an objective means of
providing accurate information to coaches and players. However, there are
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sports performance analysis tasks where behaviours are classified using sub-
jective judgement during the data entry process. Consider the soccer de-
tender wishing to reach a ball on the wing of the defensive third of the field
and play the ball up field. An opposing striker also wishes to reach the ball
and play a cross into the penalty area. As the players reach the ball, the ball is
played by the defender, striking the opposing striker’s leg and goes out for a
throw in to the defender’s team. Neither player achieved their objective but
some systems force the analyst to record such a one-on-one duel as being won
by one player or the other (Gerisch and Reicheldt, 1991).

Once video sequences are observed by players, more unrestricted observa-
tion and analysis allows the extent to which each player achieved their goal
to be considered. Alternative options available to players will not have been
tagged, but can be analysed when players and coaches are viewing video se-
quences. This allows them to consider whether the option chosen was a good
choice or not irrespective of how well the event was performed. Qualitative
video observation allows decisions to draw upon all of the audio-visual in-
formation available.

Qualitative movement diagnosis

The unrestricted qualitative analysis described previously is also relevant to
technique intensive sports. Consider a sprinter during a track training ses-
sion. The coach can observe, taking in as much information as they can,
and mentally noting key feedback points. This is an example of “qualitative
movement diagnosis” (Knudson, 2013). Qualitative movement diagnosis is
made up of four phases (Knudson, 2013: 1):

e Preparation

e Observation

e Evaluation and Diagnosis
e Intervention

Preparation involves developing knowledge necessary to observe, analyse
and intervene. The coach or analyst needs a knowledge of the sport, par-
ticularly elements of technique associated with success. Knowledge about
the sport can come from direct personal experience, professional develop-
ment courses, education and scientific research. Knowledge of the sport in-
cludes the critical features of the sport, the temporal structure of skills and
the relationships between the sport and abilities required for different skills.
Knowledge of the sport includes models of performance outcome in terms
of movements performed during different stages of skills. For example, Hay
(1983) used a hierarchical model of the long jump to show how different
aspects contributed to the distance achieved. Knowledge of common faults
and how to rectify these also help performance monitoring and feedback.
It is also important to have knowledge about the performer, because not all
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athletes are the same and their individual anthropometric characteristics,
attentional style, other psychological factors, physical ability and experi-
ence may all require them to perform differently to others in the same sport
(Knudson, 2013: 86—87).

Observation is best done when being properly prepared to observe. Un-
derstanding the nature of the sport can allow an abstract conceptual model
to be used as a guide. Data collection forms can be designed cross-tabulating
body component with temporal phases of the event (Gangstead and Bever-
idge, 1984). These allow notes to be recorded in a systematic way. The causes
of performance errors may be far removed from the effects of those errors
(Knudson, 2013, p. vii) and it may require repeated observation to identify
these causes.

Evaluation and diagnosis consider a range of critical features, prioritising
them according to their impact on overall performance and whether they can
be corrected in the short term or long term. This may involve comparing the
observed performance to an ideal performance (Knudson, 2013: 117). Analys-
ing performance using knowledge of common faults may be more productive
for improving technique in beginners (Franks, 1997). As athletes approach
expert level, the ideal performance becomes more relevant, allowing subtle
differences to the athlete’s technique to be identified (Franks, 1997).

The intervention stage involves providing augmented feedback (Knudson,
2013: 138).

Packages such as Dartfish (Dartfish, Fribourg, Switzerland) contain fea-
tures that aid analysis and feedback. Split screen views can be used to view a
performance from different angles once videos have been synchronised. Al-
ternatively, the split screen view can be used to display two different perfor-
mances for the purpose of comparison. These could be two performances by
the same athlete or performances of two different athletes. Delayed playback
of recorded video can be used in training, competition or physical educa-
tion settings. An example of delayed video feedback is the “in-the-action”
facility of the Dartfishry system that allows an athlete to perform a skill and
then view their performance 30 s later when it is displayed on a computer
screen. The Simulcamry, facility of Dartfish allows different performances
at the same venue to be shown with one superimposed on the other (Dart-
fish, n.d.-a). This allows a more direct comparison than a split screen view
showing the two performances. The image processing software produces a
single image where a blended view is produced by compensating for differ-
ent camera angles used in the two original video sequences. Stromotion is
a feature of the Dartfish package that produces a single image containing
a series of static images of an athlete, or object, displayed on a background
constructed from background images within the individual frames of the
original video sequence (Dartfish, n.d.-b). For a more in-depth coverage of
“qualitative movement diagnosis”, we recommend Knudson’s (2013) book
on the subject which has been referred to on several occasions in the current
subsection.
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Images

As mentioned in the previous subsection, Stromotion can produce a single
image containing multiple images of the athlete as they move across the sports
arena. Producing such an image requires some highly sophisticated image
processing, but the end product is an image that is useful feedback for ath-
letes. Images of sports performance can be analysed without any additional
processing. For example, images of the hitting phase in tennis have been used
to study the visual gaze of elite tennis players (Lafont, 2008). Lafont (2008)
makes a very good point that some key actions in sport are performed in mil-
liseconds and, therefore, cannot be analysed possibly by watching video. A
static image that has been photographed with a high-speed camera can avoid
blurring and allow important features of movement to be discussed while ex-
amining the photograph. Still images can also be saved from videos of team
game performance to allow tactical positioning to be analysed. Chapter 7 of
this book covers telestration where video frames can be augmented with sym-
bols highlighting key movements, areas and positioning (Jones et al., 2020).

The ““inner athlete”

The thoughts and emotions experienced by athletes during sports perfor-
mance cannot be directly observed from video recordings of performances.
Interviewing athletes about their thoughts and emotions during performance
is likely to lead to athletes reporting on experiences of performance in gen-
eral rather than obtaining information about specific performances. How-
ever, Poizat et al. (2013) describe the self-confrontation interview to gain
access to athletes” experiences during sports performance. The interview is
in the form of a video debriefing, meaning that the athlete can interviewer
are watching a video of the performance during the interview. The inter-
viewer encourages the athlete to “relive” the performance and discuss their
thoughts and emotions at critical points in the performance. When used in
a coaching context, this can help the athlete reflect on performance and
develop an understanding of how performance may have deteriorated. The
self-confrontational interview also allows the interviewer (whether a coach,
analyst, or researcher) to compare their initial perceptions of the performance
with the perceptions of the athlete. When used in sports performance analysis
research, the data can be analysed to contribute to knowledge of these unseen
aspects of actual sports performance.

Quantitative data

Performance variables and action variables

The qualities required for a variable to be considered a performance indicator
are discussed later in this chapter. The purpose of the current subsection is to
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distinguish performance variables and action variables. A performance vari-
able may be a performance indicator, or it might not fulfil all of the criteria
to be termed a performance indicator. A performance variable characterises
an aspect of the performance; by the performance, we mean the match or at
least a substantial period of the match like a quarter or a half. Examples of
performance variables in soccer could be:

e The number of shots on goal.

e The number of short passes.

e The number of long passes.

*  The percentage of short passes that reach a teammate.

*  The percentage of long passes that reach a teammate.

e The number of tackles attempted.

*  The percentage of tackles that are successtul.

e The number of aerial balls attempted.

*  The percentage of aerial balls won.

*  The percentage of time the team is in possession of the ball.

All of these performance indicators take numerical values. Action variables,
on the other hand, are about individual match events. The events could
happen in instantaneous moments of the match or take place over some non-
zero duration of time. Examples of instantaneous events could be passes if
they are tagged at the moment the passer strikes the ball. There is also the
possibility that some could legitimately tag passes from the moment the ball
is played until the ball is received by a teammate, intercepted or goes out of
the field of play. However, this alternative tagging approach might prolong
the time it takes to tag the match and delay time to feedback. Examples of
events performed over non-zero duration are possessions, especially if we
wish to determine a total for possession time from the tagged data. Action
variables typically have categorical values, though it is recognised that nu-
merical timings are recorded for event instances. Examples of action varia-
bles related to the previous list of performance variables are (with values in
parentheses):

e Team (home or away team).

*  Event (shot, short pass, long pass, tackle, aerial attempt).

*  Outcome (successful, unsuccessful).

*  Possession (home team possession, away team possession, stoppage).

The performance variables are expressed in terms of these action variables.
For example, the percentage of long passes that reach a teammate simply
divides the number of events that are long passes and where the outcome is
successful by the number of events that are long passes and expresses this as a
percentage. This would typically be done for the home and away team sepa-
rately. Once these relationships between all performance variables and action
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variables are set up, we do not need to define the performance variables any
further. It is only necessary to define the action variables. However, objectiv-
ity is not guaranteed by using operational definitions. Achieving objectivity
for the action variables, and hence for the performance variables as well, re-
quires training for system users.

Automated data collection

Quantitative data are measured rather than judged. The first type of quan-
titative data we will discuss are data that are gathered using automated sys-
tems. Hawk-eye (Hawk-eye Innovations, Basingstoke, UK) have developed
systems for ball tracking in sport that are used in tennis and cricket. The
system has been used for both officiating and media purposes. Ball tracking
uses images from multiple cameras within triangulation algorithms. At each
point in time, two-dimensional frames from different cameras are used to
form a three-dimensional space, calculating the ball’s location within this.
Analysing these video frames over time allows the flight of the ball to be
calculated. The first edition of this book explained how a tennis ball might
not make contact with the ground in any of the video frames analysed,
even when the frame rate is 500 Hz (O’Donoghue, 2015: 38—39). Therefore,
the location at which the ball contacts the ground must be calculated using
predictive models of ball flight given the frames that have been recorded.
Hawk-eye’s website has reported the average error for the location of where
the ball bounces to be 3.6 mm (Hawk-eye, n.d.). There are other examples
of ball tracking used during media coverage with additional products for
player use. One example is the Flightscope system (Flightscope, Orlando,
FL) used in golf where ball trajectories are tracked using Doppler radar
(Flightscope, n.d.).

Hawk-eye have also developed the goal-line technology used in soccer and
Gaelic football. Goal-line technology also requires predictive algorithms to
estimate whether the whole of the ball has crossed the whole of the goal line
in a game of soccer. This is because it is possible that the whole of the ball
could cross the whole of the goal line without this being recorded in a single
frame (O’Donoghue, 2015: 40). Despite the data collected by these systems
being highly quantitative, they can be presented in as a pattern allowing
more subjective analysis by users. For example, Figure 2.2 represents the type
of image that can be output from Hawk-eye for use in officiating or by the
media. Other visualisations in cricket include “wagon wheel” diagrams that
show where balls are played and ball flight images for bowling.

Technology, such as global positioning systems (GPS) systems, has also
been developed to track player movement. The Catapult system (Catapult
Sports, Melbourne, Victoria, Australia) integrates GPS data with heart rate
data and accelerometer data within a reasonably unobtrusive device that can
be worn by players, located near the subscapular. The data can be transferred
wirelessly to laptop computers, iPads or iPhones on the sideline of the playing
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Figure 2.2 Representation of balls faced by a cricket batsman.

area in real time. The Vector S7 device operates at 400 Hz and the data can be
integrated with ball tracking data. The system can also operate indoors due to
its LPS (Local positioning system) capability.

The main advantage of totally automated systems is that there is no sub-
jective human classification of movement or behaviour during the process
of data gathering. This does not necessarily mean that systems are accurate,
but it does mean that they are free of perceptual errors that can be made by
human operators. Automated object and player tracking systems offer accu-
rate recording of larger volumes of information than would be the case with
human operators. There are also some limitations in using automatic ob-
ject and player tracking systems. Object tracking systems, such as Hawk-eye,
need to be set up carefully as any slight misplacement of a camera can lead
to inaccurate recording of ball location. Where an automatic player tracking
system records player location accurately and frequently (for example, at 25
Hz), the actual path travelled by the player is unknown meaning the tracking
system must estimate the path between sampled locations based on assump-
tions. Many player tracking systems record player location without recording
whether the player is moving forwards, shuftling backwards and skipping
sideways. Where player tracking systems don’t distinguish between forward,
backward and sideways movement, the amount of time spent performing
high speed running (5.5 m.s~" or faster) will under-estimate the amount of
high intensity activity being performed. Other high intensity activity that
would not be recognised includes vertical movement to compete for aerial

balls.
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Quantitative analysis of qualitative data

In the first edition of this book, there was a section on “traditional nota-
tional analysis”. Notational analysis was a term initially used in the 20th
century for manual methods of recording sports performance data such as
tally systems. The advent of computerised systems integrating video with
match event data led to a distinction being made between manual and com-
puterised notational analysis. The term notation suggests a manual use of
shorthand symbols to record data. Since the turn of the century, the term
“performance analysis” has become more commonly used than “notational
analysis”. Indeed, eight years after the first edition of this book was pub-
lished, we can consider the use of commercial video tagging packages to
be traditional match analysis, with more contemporary systems using more
advanced technology. Match analysis involves subjective judgement at the
point of data collection. Consider a soccer match where a player contacts
with the ball and the ball is then picked up by a teammate. The analyst does
not believe a pass to the given receiver was intended and that this was just a
touch of the ball. However, the analyst is also wondering whether this should
be counted as a pass because the ball was successfully transferred between
two players on the same team. Whatever is entered will be recorded as a
categorical event type (pass or touch) within the match event list. The data
will be analysed producing quantitative information about the number of
touches and the number of passes. However, at the point of data collection
when the analyst tagged the event, there is a subjective decision being made
as to whether the event was a touch or a pass. The process involves analyst
perception of behaviour. There are ways to improve the objectivity of tradi-
tional match analysis systems through guidance to observers. For example,
we might be clear that any ball transfer from a player to a teammate should
be recorded as a pass. There are some definitions which are quite specific
but which cannot be implemented with precision by a human observer. For
example, we might specify that a long pass should involve the ball travelling
at least 10 m. The issue here is that while such a definition can be agreed, it
is difficult to tell, when observing the match, if a pass of about 10 m is just
under or just over 10 m.

The main advantage of traditional match analysis is that it manages the
complexity of sports performance, creating an abstract representation of the
performance that aids analysis and feedback. Traditional match analysis com-
bines quantitative techniques while also benefitting from expert observer
judgement and experience. There are also disadvantages to using traditional
match analysis. The level of reliability is typically lower than when auto-
mated data collection is used. For example, the time at which a rally in ten-
nis ends may be delayed by the analyst identifying this during observation
and clicking on the appropriate button of the code template. There are also
times where precise definitions can result in measuring something other than
what we intended. Consider a system to record rallies in tennis. We could
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objectively define the rally as being over when it has ended according to the
rules of tennis. The rally may end where an error is played (the ball strikes
the net or lands somewhere other than the opponent’s half of the court) or
a winner is played (the ball lands in the opponent’s half of the court and
bounces for a second time before the opponent can retrieve it). If a player
hits the ball high in the air so it is obviously not going to land in, then the
rally is effectively over and both players will be able to relax and prepare for
the next point. However, the rally is not recorded as having ended until the
shot actually lands out. Therefore, the overall time spent in rallies will be an
over-estimate of the high intensity work done by the players.

Self-report variables

Earlier in this chapter, we discussed how self-confrontational interviews
allow athletes thoughts and emotions during sports performance to be ex-
plored. There are also more quantitative self-report variables that can be
derived from actual sports performance. For example, a study used swim-
mers’ and table tennis players’ self-reported competitive anxiety, confi-
dence and momentum perceptions while they were observing videos of
recent performances (Briki et al., 2012). The participants viewed the video
on separate occasions to report momentum and the psychological varia-
bles. They identified the start and ends of periods of perceived positive
momentum. They then used a mouse to dynamically enter levels of the
psychological variables from “not at all” to “very much so” while watching
the video of their performance. Cognitive anxiety, somatic anxiety and
self-confidence were then plotted against time within the table tennis or
swimming performance. A separate chart plotted the relationships between
these different variables over time within the performance; hence there
were three lines, one for each pair of variables being correlated. They found
the relationships between these variables to be more consistent in table ten-
nis than in swimming. There are other psychological variables, such as the
mood (McNair et al., 1971) that could be tracked in a similar way during
post-match video observation. The key distinction to the work of Poizat
and colleagues (2013) is that these variables are quantitative and can be an-
alysed statistically.

Performance indicators

Figure 2.1 shows that in team games performance indicators are ultimately
derived from action variables that have been created during video tagging.
This does not necessarily mean that any summary variable derived from event
data is a performance indicator. Variables must possess important qualities to
be termed performance indicators. These qualities are validity, having an ob-
jective measurement procedure, a known scale of measurement, and a means
of interpretation. The following subsections discuss these qualities in turn.
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Validity

A variable is valid if it represents an important and relevant aspect of the per-
tormance and if the variable itself is a valid measure of the aspect. Ultimately,
this means the variable must be useful and there are decisions about prepara-
tion and tactics that can be made using the variable. There are five different
types of validity that are relevant in sports performance analysis (O’Dono-
ghue, 2010: 150—155). These are summarised below:

*  Logical validity (or face validity) is where the variable is obviously valid,
for example, the 10,000 m time of a 10,000 m runner.

*  Content validity is relevant to performance profiles which are discussed
in greater detail in Chapter 10 of this book. A performance profile has
content validity if it consists of performance indicators that cover all rel-
evant aspects of performance.

*  Criterion validity is where a performance variable is related to some gold
standard measure such as the result of the match. Therefore, the perfor-
mance variable is either associated with the winning margin, time or
distance achieved or is a variable where winning and losing performers
have clearly different values.

e Construct validity applies where some measure is not directly observ-
able within a performance but is created; for example, the Eagle rating
(Bracewell et al., 2003). Such a construct has construct validity if it clearly
distinguishes between performers of known different ability levels.

e Decision accuracy is where the variable can at least distinguish between
winners and losers of matches even though the actual recorded value
might not be considered a valid measure of performances of different
qualities.

Not all performance indicators are related to the outcome of the match. Some
may represent the style of play rather than the effectiveness of play. Tactical
indicators, for example, represent the style of play irrespective of the success
with which the style of play is performed. Soccer teams using a high press,
when the opposition has the ball, may exist in the top and bottom of a league.
Similarly, teams who adopt alternative defensive tactics may also exist at the
top and bottom of a soccer league. Consider a situation where we have a valid
and reliable way of counting when a team is pressing. A performance indica-
tor could be the number of opposition possessions where the team is pressing.
There may be no difference for this performance indicator between the aver-
age team in the top half of the league and the average team in the bottom half
of the league. This reflects that the proportion of teams adopting this tactic
and the extent to which they adopt it may be similar between the teams in
the two halves of the league. This does not mean that it is invalid because
the purpose of this indicator is not to distinguish successful and unsuccessful
teams but to distinguish teams adopting different defensive styles. The style
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adopted by an opposing team is important to understand when preparing to
play against them. Hence, tactical indicators can be performance indicators.

Objective measurement process

The previous subsection on validity used an example of pressing in soccer.
There was a big “if” with this example which was whether we could reliably
identify where a team was pressing. A variable is objective if its value is inde-
pendent of a given observer’s opinion. Some automatically measured varia-
bles are objective because they do not involve any human judgement during
data collection. Such variables include ball and player tracking variables, heart
rate response and some biomechanical variables. The objectivity achieved at
the data recording level means that any performance indicator derived from
such data can also be assumed to be objective. For example, if player locations
are objectively measured every 25th of a second then any speed distribution
variables, or distance variables derived from these measurements will also be
objective.

Where data are collected by analysts tagging match videos, some variables
may be made objective by devolving decisions to the match officials. There-
fore, even if the analyst believes an official’s decision is incorrect, they record
the official’s decision anyway because this is what has happened in the match.
This means that the observers will not be exercising any subjective judge-
ment over rule infringements or whether scores have occurred.

There are other action variables that need to be classified by analysts while
they are tagging matches. Some behaviours may be more matter-of-fact than
others. For example, an analyst is usually able to see where a player has passed
the ball off the field of play. There may be some other occasions, where it
is not obvious whether the ball was last touched by a player or an opposing
player before going out of play. However, in such a situation, the analyst
can enter the decision made by the match officials. Returning to the exam-
ple where a player obviously plays the ball out, the analyst may be required
to classity this error as a forced or an unforced error. This can be difficult
because it requires the analyst to make judgements about the degree of dif-
ficulty of the situation and the pressure being applied by opposing players.
Analyst judgements may not only be required to assess the competence with
which skills are performed but they may also need to classify different tech-
niques. For example, the flat, slice and kick serve techniques in tennis may
be difficult for analysts to distinguish unless they have a good knowledge of
tennis. This example raises an interesting point about the use of operational
definitions. A tennis expert could write down some definitions for flat, slice
and kick serves and guidelines for distinguishing these. However, the defini-
tions may be in use terminology that needs to be further defined leading to
a large volume of text. It is still possible that an observer, who is not familiar
with tennis, would not be able to fully understand these definitions. It is
also possible that an observer, who is familiar with tennis, would not use
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the definitions as they already consider themselves able to distinguish these
three serving styles. The same problem occurs in field games where we may
wish to distinguish between player-to-player marking and zonal defence. Is it
worth even trying to define at what point a defensive pattern becomes zonal
(or player-to-player marking) with respect to the location of the opposing
players? If distances or areas are mentioned in such definitions, would we
actually be able to accurately measure these when observing match videos?
Are experts who are knowledgeable in the sport able to recognise different
defence styles being applied from visual information in the absence of oper-
ational definitions? Would they be able to describe the processes they use to
recognise such defensive patterns?

Given that the use of operational definitions may be counterproductive
for some action variables, the role of subjective behaviour classification in
sports performance analysis should be recognised. Where subjective hu-
man classification is involved in the data collection process, it is necessary
to demonstrate the level of objectivity of the data collection process using
inter-operator agreement studies. This would be where two trained observ-
ers analyse a performance, or possibly several performances, and the level of
agreement between the data they collect is assessed. The kappa statistic can
be used to cross-tabulate the two sets of events and determine the level of
agreement adjusting for the expected level of agreement by chance (O’Dono-
ghue, 2015: 191-193). Note, where two observers have differing numbers of
events, it is necessary to time match these and insert null events where one
observer has recorded and event but the other has not (O’Donoghue and
Holmes, 2015: 225-228). This type of reliability analysis is about the data at
the event level. It may be more important to assess if the resulting variables
indicators are reliable. Evaluating the reliability of numerical performance
variables would require multiple matches to be analysed to ensure that both
systematic bias and random error components of error are represented. Sys-
tematic bias is where one observer has a greater tendency to count behaviour
as a particular event than another observer. If these two observers were to
look at multiple matches, this difference would not be uniform, but the aver-
age difference could be calculated. This average difference is the systematic
bias. Differences between corresponding observations that are greater than
or lower than the systematic bias include random error. This means that it is
possible for exact agreement for one particular match due to the systematic
bias being cancelled out by random error. If a single match is analysed, this
might happen and the observers would not realise it because the systematic
bias would not have been calculated from a single match. Therefore, multi-
ple match reliability studies avoid situations where a single match reliability
study yields 100% agreement because some errors in the collection of some
events are cancelled out by opposite errors when collecting other events.
Reliability is important at both the event level and the performance indica-
tor level. The performance indicators may influence the overall assessment
of the performance and dictate the video sequences to be used in feedback.
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However, players will still be concerned if individual events they perform
are not analysed reliably.

Known scale of measurement

Performance indicators need to have known scales of measurement. Know-
ing the full range of values that a performance indicator can take assists in
its interpretation. It is not always possible to set an upper limit for the values
of frequency variables in the way that can be done for percentage conver-
sion rates. A further issue with frequency variables is that some sports have
varying match lengths, especially when matches are structured into sets
like in tennis and volleyball. In these sports, it might be better to express
frequency per set rather than the overall frequency for a variable. Of course,
some sets may be longer than others as well which might warrant further
adjustments so that frequency data are scaled with respect to match length.
Turning to success measures, consider the percentage of passes that a soccer
player successfully plays to a teammate. We might reasonably expect this
to range between 50% and 90% with the possibility of some performances
being outside this range. A further issue is that defenders and midfielders
tend to play more successful passes than forwards (Redwood-Brown et al.,
2019). Therefore, the range of values may differ for players of different po-
sitions. The meaningful range of values for some performance indicators
can be narrow. For example, the percentage of lineouts where possession
is retained is 87% and 85% for the top four teams and bottom four teams
respectively in English Premier League rugby (Migdalski and Stone, 2019).

Means of interpretation

When we discussed the scale of measurement for a performance indicator, we
suggested that the range of values we might expect to see for the percentage
of passes in soccer, that are successfully played to a teammate, varies depend-
ing on the positional role of the player. When interpreting a performance
indicator’s value, we not only need to know what are high and low values
but we also need to know what are good values. It is preferable to achieve
high values for outcome indicators such as the number of points won in a set
of tennis. There are other indicators such as the number of unforced errors
made where lower values are preferable. Then, there are performance indi-
cators where optimal values are better. For example, the percentage of passes
reaching a teammate in a game of soccer could be too high to be good, if
the success rate is being achieved by playing safe passes and failing to attempt
more risky penetrative passes that could lead to scoring opportunities. Figure
2.3 is a representation of this concept. This is a speculative model that re-
quires more research to explore. When examining passing data in soccer, it
is difficult to obtain a pattern such as the one portrayed in Figure 2.3. There
are a number of reasons for this. Firstly, when an individual pass is played, it
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Too few successful Too many successful
passes for a successful passes for a successful
performance performance

Probability of winning the match

Expected percentage of successful passes

Figure 2.3 Conceptual model of passing and success in soccer.

will either be successtul or not. At the action variable level, it is categorical.
We do not see the level of risk or the probability of success for the pass. All of
these individual passes can be combined to provide a numerical performance
indicator for the percentage of passes that were played successfully. Where
there are enough passes, this percentage may reflect the level of risk taken
when playing passes. However, the probability of success of passing attempts
has not actually been gauged when the data were collected. Any analysis to
try and retrospectively study this concept would need to control for the qual-
ity of teams within matches.

A further issue in interpreting performance indicators is that some per-
formance indicators may be related to each other. For example, one might
consider the number of double faults played in tennis to be a performance
indicator where lower values are better. However, a tennis player avoiding
double faults by playing safer second serves may also reduce the number of
points they win when they have to take a second serve. This is because a safer
second serve is easier for the receiving player to return and thus would set
the whole point up differently than if a second serve was played with greater
speed and closer to the edge of the service box. Therefore, when interpret-
ing a performance indicator such as the number of double faults, it may be
necessary to ask if the number of double faults played is tolerable given the
number of second serve points won when the second serve is in, especially
the number of second serve points won where the server did not have to play
a second shot.

Norms can also be used in the interpretation of performance indicator val-
ues. Norms have been used in the interpretation of anthropometric variables
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such as body mass index (CDC, 2022). These norms allow people to compare
someone’s body mass index to the relevant population of people based on age
and gender. This works for reasonably stable variables such as anthropometric
variables. The issue with sports performance variables is that they can fluctu-
ate on a week to week basis with the largest factor influencing performance
being the quality of opposition. Therefore, norms for performance indicators
in sport need to be established for different types of matches based on the
quality of the teams involved (O’Donoghue et al., 2008).

Conclusions

This chapter has distinguished between the terms “data” and “information”
and discussed the various forms of data used in sports performance analysis.
Ultimately, sports performances contain very rich complex data that need
to be reduced to a form allowing efficient analysis. The current chapter has
described how the actual performance is firstly reduced to a video representa-
tion, then a list of events containing quantitative data, before finally being
summarised as performance indicators representing the performance. These
quantitative data serve to direct the attention of coaches and players to par-
ticular elements of the game. This re-introduces video level data that expert
coaches and players can discuss without the restrictions of quantitative var-
iables. The final part of this chapter covers performance indicators, and the
qualities required for a performance variable to be classed as a performance
indicator.



3 What to analyse?

Introduction

Irrespective of an analyst’s ability to operate video analysis software, perfor-
mance analysis will be meaningless unless the relevant information is pro-
duced. This chapter discusses the various types and qualities of information,
and how they can be selected to evaluate a sporting performance. After all,
the aim of performance analysis is to provide objective information on per-
formances in training and in competition (O’Donoghue, 2015); to do that,
we must first have a clear understanding of what information is relevant to
both the athlete and coach and secondly how it can be collected.

The What It Takes To Win (WITTW) approach will also be discussed
later in this chapter. An overview of how performance analysts integrate into
multidisciplinary teams, working to support athletes alongside other sport
science specialists. Taking the UK Sports Institute (UKSI) as an example, ex-
pert practitioners will work closely together, thus enabling a support strategy
for athletes to compete at the highest level (UK Sports Institute, 2023).

Sport performance and approaches

The purpose of sport performance analysis is to gather unbiased information
on an individual or team performance. Through the creation of an anal-
ysis system, objective data (statistics) and video feedback can be produced
for performances to inform the coaching process. Its distinct difference
from other sport science disciplines is that actual performance is analysed
(O’Donoghue, 2015), whether that be in a training or match environment.
The combination of objective data and video clips is a powerful feedback
tool; the data accurately informing participants of what has happened and
the associated video sequences providing the context of the situation with
further details of how the event actually occurred. As an example, consider
the investigation of passing sequences for midfield players in soccer. It was
reported that Player A had a 100% (33 out of 33 passes) pass completion
rate, with Player B reporting a 91% (21 out of 23 passes) result. In isolation
and solely relying on data, it is evident that Player A had a more successful
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performance and had a greater involvement with receiving and transterring
the ball within the game. Further exploration into the data and supported
by video, it was identified that 33% (11 passes) of Player A’s passes were short
lateral passes played deep within their own half. In comparison, the asso-
ciated video clips highlighted that 30% (7 passes) of Player B’s passes were
forward and more direct passes played higher up the pitch. This allowed the
team to get behind the defence and into more attacking areas. In summary,
objective data combined with video feedback provides a holistic overview
of performance. This can be used to review own, preview opposition and
develop strategies for future performances. In support of analysing perfor-
mance and obtaining an account of events, Laird and Waters (2008) re-
ported that qualified and experienced coaches only recalled 59.2% of events
accurately from 45 minutes of a soccer match; this reinforces the need for
analysts to objectively measure performance and provide accurate feed-
back to coaching teams. The need for sport performance analysis is clear, it
will provide an accurate account of events undertaken in both training and
performance environments. The combination of objective data and video
sequences will support the development of athletes and the decisions of
coaches. Without an accurate record of performance, whether that be a sole
resource of data or video or a combination of both, it is likely that interpre-
tations of performance will be misinformed and based solely on subjective
recollections of events. Consider the impact of making a substitution based
on performance metrics, for example, tackles made and missed or metres
gained? Now consider the consequence of making decisions without this
information. What is the impact of this decision? A change was needed but
was the correct athlete substituted from what you recall has happened in the
game? Was anything missed? Aside from coaching decisions, the feedback
process also becomes vague without an accurate record of events, particu-
larly as time passes between actual performance and review sessions. Using
the substituted athlete as an example, valuable factual information can be
shared on the decision if the performance was analysed. Whole team meet-
ings can also be more meaningful when performances have been reviewed.
In place of using the memory of individuals to explain situations and events
that occurred, analysed video clips and objective data can be shared. This
firstly promotes discussions on what has happened and why? Secondly, this
provides a platform to develop strategies to overcome similar events, should
they occur in future performances.

When implementing analysis, it is firstly important to consider environ-
ments. Analysis can take place live in-match, post-match or within training
environments, with a focus on our own and/or opposition performances.
Naturally, a strength of conducting analysis during a match which is shared
continually with coaches, is that it provides an opportunity to make im-
mediate changes. This is in contrast to post-match analysis whereby a fix-
ture has ended, and the focus for coaches and athletes diverts to reflecting
on the performance, preparing for training sessions and upcoming fixtures.
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A strength of post-match analysis in comparison to live analysis, however, is
the opportunity to add greater detail to events. With time being more gen-
erous, footage of performances can be rewound and replayed allowing for
additional variables to be added to objective data already collected. Whilst
analysis during and post-performances leaves no opportunity for interruption
with competitors, analysis during training sessions is deemed more flexi-
ble. Within these environments, performances can be interrupted by coaches
with interventions to review objective data and video footage of drills. This
provides an opportunity for athletes to evaluate their executions before re-
peating. Regardless of environment, the development of an analysis system 1s
a skill in itself and the data collection process must be well-defined to ensure
accurate results are presented to coaches and athletes. In this procedure, it is
important that the performance analyst remains impartial and holds no pre-
conceived opinion when collecting evidence, parking the subjectiveness of
events and gathering objective information which can presented to coaches
and athletes for review.

It has been established above that objective data and video sequences can
be gathered in a range of environments. So, it is now important that we divert
our attention to “What we might analyse?”. When quantifying performances,
which is the investigation of actual sports performances or performance
in training (O’Donoghue, 2009), we must firstly consider the approaches.
Hughes (1998) acknowledged five purposes to quantify performance, and
these are listed in Table 3.1.

Prior to discussing these in greater detail, it must be noted that approaches
are suitable in both individual and team sports as well as individual perfor-
mances within team sports.

Tactical analysis is typically related to analysing the wider strategies used
by players and teams. This involves the evaluation of events to determine
if any patterns are detectable based on players involved, location of events,
set-up of certain plays or time in match. Using rugby as an example, lineout
set-up and calls are usually decided based on the variables listed above, i.e.,
depending on the current match score, location of lineout and lineout success
in the game so far, a certain type of lineout call may be made. This would

Table 3.1 Five approaches to quantify performance with examples (Hughes, 1998)

Approach Examples

Tactical Analysis Final third entries types, individual
contributions, team strategy.

Analysis of Technique Swimming stroke, tennis serves, hooker throw.

Analysis of Effectiveness Effectiveness of skill, pass competition rates,
effectiveness of tactics.

Analysis of Decision Making Player decisions in games, coaching decisions,
referee decisions.

Movement Analysis Movement of the ball, dance/gymnastic

routines, GPS tracking.
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then determine the length of ball thrown (front, middle or back pod) and the
number of players involved in the lineout. Once this step has been executed
successfully and the ball has been received by the intended recipient, further
tactical analysis can be carried out on subsequent phases. Tactical analysis can
be carried out on our own performances or it can be used to evaluate opposi-
tion performances. Using the rugby example above, counter strategies can be
developed in an attempt to overcome opposing teams, should these patterns
be identified prior to or during the match. The key here though is not to be
too obvious and let the opposition know that you have cracked their code!

Analysis of technique considers the method of the skill and the way it
has been executed. This is to ensure the athlete is as efficient and as successtul
as possible in performing the skill, balanced with negating the chance of in-
jury. Changes to technique may be introduced should an execution need re-
fining or during rehabilitation from injury. This approach has naturally been
attributed to individual sports and skills, such as the tennis serve, long jump,
deadlift or a swimming stroke, yet it must be noted that technique analysis is
also important in team sports. Whilst team sports align themselves to tactical
analysis, skills such as the hooker throw in rugby union, drag flick in field
hockey and shooting in netball are examples of skills that require technical
support to ensure they are executed well.

Technical effectiveness considers the skill but also how well they have
been performed. Linking into technique analysis, certain skills can be meas-
ured in terms of success, i.e., the success of the first serve in tennis or the
accuracy of the hooker throw in rugby union. Contrary to technique anal-
ysis, technical effectiveness does not take into consideration the technical
movement itself. As with most approaches, key performance indicators (KPIs)
produced by performance analysts are usually following negotiations with
the coaching team. A tennis coach may require detail on the effectiveness of
the first serve in relation to the advantage and deuce court, or at times more
specifically dividing these zones into wide, body and T (Figure 3.1). This

Wide
Body
T

Advantage Court

Figure 3.1 Illustration of how technical effectiveness of the tennis serve can be meas-
ured in terms of success into the advantage court (wide, body and T zones).
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level of detail provides a greater insight into the success of the intended skill,
which is to essentially target a specific area of the serving box. This can be
measured through KPIs such as:

* % of First Serve Advantage Court, Wide In?

* % of First Serve Advantage Court, Body In?

* % of First Serve Advantage Court, T In?

* % of Second Serve Advantage Court, Wide In?
* % of Second Serve Advantage Court, Body In?
* % of Second Serve Advantage Court, T In?

Depending on participant skill level, the intended skill might be difficult to
distinguish. Consider an intermediate tennis player serving to the advantage
court with the serve landing on the line between the Body and T zones.
Where was the intended location of this serve? Body or T? Of course, a tennis
serve 1s a combination of multiple movements and would naturally benefit
from technique analysis support. With a minor skill such as a pass in soccer,
the intended action would be more easily identifiable, somewhat regardless
of skill level. Environment can also play a part in evaluating the effective-
ness of a skill. As discussed above, training environments are more flexible
with the freedom to interrupt performances and for skills to be repeatedly
played regardless of outcome. Returning to the tennis scenario and within
a training environment, the coach may initiate a serving practice to target a
specific area of the serving box (e.g., T zone). In this instance, the analysis of
the intended skill would become easy to analyse as the intended location is
known. This would not be the case in a competition environment though,
with no tactical communication permitted between performer and coaching
teams. It would therefore be difficult to ascertain the intended location of the
skill for a lesser experienced performer. In summary, considerations should be
made for the participant’s level of experience and also the complexity of the
skill performed. Environment types do provide some opportunity to evalu-
ate technical effectiveness with flexibility albeit outside of the constraints of
competition and without opposition.

Advancing with experienced tennis players competing in a competition
environment, additional key performance indicators related to the technical
effectiveness of the serve could include:

* % of First Serve Advantage Court, Wide In and point won
* % of First Serve Advantage Court, Body In and point won
* % of First Serve Advantage Court, T In and point won

This provides an opportunity to evaluate not only the effectiveness of the first
serve to the advantage court but also the outcome of the rally. In some sce-
narios the serve may be an ace, meaning the serve and rally is won instantly
by the server. In other scenarios, the serve was in but the rally continues for
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a series of shots before the opposing player wins the point. In this example,
the effectiveness of the serve targeting a particular area is recorded as posi-
tive (i.e., % of First Serve Advantage Court, Wide In), yet the overall action
variable measuring serve location and point outcome would be recorded as
a negative (i.e., % of First Serve Advantage Court, Wide In and Point Won).

Analysis of Decision Making includes the evaluation of tactical choices
made by athletes. Whilst the role of the performance analyst in approaches
above has been to measure the outcome of an event or skill, this approach
evaluates whether the correct decision was made by the athlete at that time.
Lorains et al. (2013) described decision making as a key characteristic of
expert performance and developed a procedure to evaluate the concept. It
would be ill-advised to measure a decision based solely on the outcome;
whilst it’s agreed the outcome may be successful and ground may be gained
in invasion sports such as soccer and rugby union, it is also important to
consider other factors. Would another action have been more appropriate or
more advantageous to the outcome? Lorains et al. (2013) consider this, de-
veloping an approach focusing on match context (score line, player position
and player motion), decision making (accuracy of action, options available,
defensive pressure on action and disposal time) and skill execution (type of
action, effectiveness and error direction).

Movement Analysis incorporates a number of approaches listed above
and therefore, why it is discussed last. Movement analysis factors into both
tactical and technique analysis, the primarily focused on athlete movement
on and off the ball, measuring connections between players in attack or de-
fensive structures. It can also be connected with measuring the physical de-
mands of a sport or event. Time-motion analysis is an approach to measure
athlete work rate during performances. Whilst methods vary between Reilly
and Thomas (1976), Bloomfield et al. (2004) and O’Donoghue et al. (2005),
they do typically share a consensus to categorise movements in an attempt to
measure work rate. O’Donoghue et al. (2005) focused on categorising move-
ments into two classifications, Reilly and Thomas (1976) used 7-12 classes,
whilst Bloomfield et al. (2004) incorporated directional detail to measure ac-
tions completed. Movement analysis on technique focused actions directs its
attention to joint and body movements in completing certain skills, whether
that be joint angles or acceleration of movements in events such as javelin or
hammer throw. In support, Lees (2002) summarised that the earliest approach
to evaluating technique was through the principles of movement.

Now with the enhancement of technology, a greater repertoire of meth-
ods is available to assist in monitoring athlete movement, these include GPS
and LPS monitors as well as wearable devices including smart watches. Spe-
cifically, solutions such as Catapult (Catapult, Leeds, UK) have developed
sport monitoring units to provide specific insights in a bid to optimise per-
formance, mitigate injury risk and support athletes when returning to play
(Catapult, 2023). Their rugby specific solution as an example gathers general
metric data such as maximum speed, acceleration, deceleration and player
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load, along with rugby specific data which includes contact involvements,
count of scrums and back in game time. Catapult Vector Clearsky (Catapult,
Leeds, UK) also provides a solution to measure performance in the most
challenging of environments, whether that be indoor or outdoor perfor-
mances (Catapult, 2023). The Catapult basketball movement profile gathers
data using an algorithm to categorise movement into one of five catego-
ries (active, running, dynamic, jumping and settled). This advances on the
manual time-motion analysis approaches used by Reilly and Thomas (1976),
Bloomfield et al. (2004) and O’Donoghue et al. (2005), driving data collec-
tion methods to become automated procedures.

Quality over quantity

The purpose of gathering objective data is to accurately inform athletes and
coaches about their performance. KPIs (objective data) can be used to praise
actions which have met or exceeded targets, and it allows elements below par
to be identified and investigated quickly. KPIs linked with video sequences
1s a powerful tool, supporting athlete learning and the coaching process. The
objectiveness of the data informing “What has happened’ is complemented by
the video providing context on ‘How and Why’ events have taken place. A
role of the analyst in this perspective, however, is to manage data collection
and expectations of those involved. Quality over quantity of information must
remain as an analyst’s priority, with consideration of what information can be
collected in each environment (in-game, post-game or in training). A con-
tributing factor in generating quality data is understanding the relevance and
importance of information and its usefulness in the coaching process. These
are traits that aspiring analysts can develop through understanding the sport,
the philosophy of the coach and the general analysis environment. These are
skills that can be developed by building relationships and using soft skills to
communicate with relevant individuals. A technically sound performance an-
alyst will have the ability to gather quality data which encompasses a range
of performance variables, yet the recipients of the information may deem it
inadequate to the environment. Contrastingly, a well-connected analyst will
have the ability to communicate with partners to establish what quality infor-
mation is needed to inform training and prepare for performance. In the de-
velopment of a performance analyst, non-technical soft skills associated with
the role are often overlooked. Key attributes including how analysts interact
with colleagues, the ability to communicate and listen, the ability to manage
time to meet deadlines, and the ability to problem solve alone or as a team to
identify a practical solution, are all important characteristics to hold. A well-
rounded performance analyst will combine their soft skills and hard analyst
skills to become a well-connected and competent performance analyst. It is
therefore, important when engaging in performance analysis activities, mod-
ules or workshops that the development of soft skills is also considered as a
learning objective and focus does not solely concentrate on technical skills.
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Quality of information refers to the performance variables which are
included to fully contextualise an action or event. It is here that on some
occasions, further analysis must be conducted on live-analysis databases post-
event, when time is more forgiving. In sporting contexts, a first serve to the
advantage court and outcome of the rally can be collected during live analy-
sis, yet the exact serve location of T, Body, Wide within the advantage court
may need to be added in post-event when footage can be rewound and the
result can be accurately recorded. It is the inclusion of this level of informa-
tion which will emphasise the strengths and limitations of serving strategies.
It is important to note that quantity should not be confused with the anal-
ysis of multiple matches to develop a profile. When referring to quantity in
comparison to quality, it is concerned with simplicity and the generation of
masses of generic KPIs. This indicates that a large number of variables have
been recorded yet with limited detail or no interaction to the sequence of
play. Using soccer as an example, an analyst may find that 800 to 900 passes
are performed in a match. This is high in terms of quantity, yet limited in
terms of detail. Quality would consider direction of pass, player, success of
pass, location pass received, location pass sent or defensive pressure. This level
of information can be used to better inform the coaching process.

Standard and detail

When objectively analysing performances, standard of information is impor-
tant. Firstly, from a judgement perspective using KPIs to draw comparisons
between performances; this sets the standard for performances to be measured
against. For example, we could be using KPIs to evaluate how Team A com-
pared against Team B this week or how Team A compared against themselves
in two consecutive matches. Traditionally, coaching teams and athletes would
generate benchmark targets prior to commencing a season, these allowing
for performances to be compared. The targets highlight areas of strength and
areas below par that require attention. Depending on the method of analysis
(manual notation or computerised analysis), statistics can then be reviewed to-
gether with video sequences, thus providing further context to objective data.
As mentioned previously, the match statistics provide information on ‘what’
happened, whilst video sequences accompanied by a coach’s understanding of
tactical strategy, can explain the ‘how’ and ‘why’ it occurred.

Standards should also be considered from a reliability stance. Strict proto-
cols must be followed to ensure the standard of information is accurate and
reflects coaching terminology and in play events. Operational definitions of
performance variables and indicators must be agreed by coaching teams and
performance analysts. At times, these may be written descriptions or a reper-
toire of video clips presenting a clear example of the action and minimising a
possibility of misinterpretation.

Coinciding with quality, detail is imperative to support coaching decisions
and enhance athlete performances, an aim to provide information to gain an
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advantage over the opposition. Match statistics are becoming more accessible
via broadcast channels and analysis websites, and these are freely available to
access during and post-matches. Yet, this information depending on source,
can at times be deemed generic, with the accuracy of data collection and
operational definitions unknown. Table 3.2 presents a comparison of generic
and detailed KPIs across a range of sports.

As presented in Table 3.2, detailed KPIs are crucial to informing the coach-
ing process, as they provide a more focused overview of performance over the
production of generic results. Take the indicator of ‘number of centre passes’
in netball, as an example. Alone, this indicator fails to inform the coaching
team of the accuracy or success of the centre passes themselves. Related to
count and quantity alone, its only impact is its capability to raise assumptions
around centre pass durations. Within a quarter should both teams each take
10 centre passes, the assumption is that each centre pass sequence was pro-
longed with teams taking time to enter the shooting circle and score a goal;
alternatively, a second assumption is that possession changed hands on multi-
ple occasions which equally led to lengthy centre pass sequences. Regardless
of either hypothesis, a consequence is that a low number of centre passes were
taken within the 15-minute period. On the contrary, should both teams take
18 centre passes in a quarter, it is assumed that play was direct to goal. This
is done either by two teams equally contesting and quickly scoring their own
centre passes, or one team dominating performance by scoring their own
centre pass and turning the opposing centre pass and successfully scoring.

Table 3.2 Examples of generic and detailed KPIs

Sport Generic Key Performance Detailed Key Performance Indicator
Indicator
Soccer % Shots on Target % Shots on target inside penalty box
% Final Third Entries % Final third entries resulting in
shot
% Passes Completed % Passes completed breaking the
line of defence
Tennis % 1st Serve In % 1st Serve in when serving to T,

Rugby union

Netball

% Rallies Won
% 1st Serve points won

% of Tackles completed
Number of Phases
% Lineouts won

Number of centre passes
% Shot accuracy

% Possession Won

Body, Wide

% Rallies won at the net

% 1st Serve points won serving to
deuce court

% of Tackles (Type) completed in
amber zone

% of Phases in red zone leading to
points

% 5 Man lineouts won in green
zone

% Centre passes leading to goal

% Shot success per location

% Live turnover won in mid-court
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In this situation as centre pass to goal play was quicker, a greater number of
centre passes were played within the allocated time. While such assumptions
can be useful to performance reviews, the aim of performance analysis is to
provide objective and meaningful data.

Even with focused KPIs presented in Table 3.2, further consideration must
be provided to definitions of both the indicators and the variables involved
prior to commencing data collection. Focusing on the KPIs related to soccer,
the analyst must consider the location of the final third entry; where does
this area begin? How will it be accurately analysed? How will it be defined?
Without clear parameters, location data in particular can become subjective
to collect. Consider the view from the analyst station or angle of the cam-
era recording the footage, are these in line with the entry area? Is the view
distorted? Can markers on the pitch side be used to support the collection of
location data? The final third entry metric, as supported by FIFA (2023), is an
opportunity to gain insights into a team’s attacking strengths and strategies.
Based on the Premier League, soccer pitches are commonly 105 metres (Pre-
mier League, 2023) meaning the attacking third area would commence 35
metres from the opposing goal line. Yet, even once definitions are developed,
a plan must be established to enable the accurate collection of data. Without
marking the area 35 metres from the goal line, how will an analyst success-
fully recognise an entry in this zone?

A similar critical approach can also be applied to the netball and tennis
performance indicators (Table 3.2). Firstly, evaluating the KPIs for tennis and
to ensure consistency in the data collection process, it is advised that clear
guidelines defining court boundaries are provided. A contentious example
in tennis is the % of net points won, a statistic commonly seen in Grand
Slam tennis tournaments (Wimbledon, 2023). Yet, where does this area be-
gin and end? And how can this be defined? Is it as simple as playing a shot in
the upper half of the court within the service box which is 6.4 metres from
the net? In this instance and contrary to the final third in soccer example,
court markings are available which can assist with the consistency of data
collection.

Onto netball and the explanation of the KPI related to centre pass success
(% Centre passes leading to goal). In some instances, this metric will focus
on the success of centre passes leading directly to goal, meaning once the
ball has been turned over, collection of data to that metric ceases (i.e., 0/1
Direct Centre Pass to Goal). On other occasions and dependent on coach and
athlete needs, this metric may also investigate the entire centre pass sequence
regardless of whether the ball has been turned over or not. Consider the
occasion where Team A have a centre pass and Team B turnover the ball in
the centre third from a live interception. On entering the shooting circle, the
umpire calls an attacking player offside. This donates the ball back to Team
A, who go onto score a goal. In terms of the overall centre pass sequence,
Team A had the centre pass and scored from it (i.e., 1/1 Overall Centre Pass
to Goal). It would also be noted in Team A’s indicators that this score was not
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Table 3.3 A summary KPIs related to centre passes in netball

Team A Key Performance Indicators Team B
1/1 = 100% Overall Centre pass to goal -

0/1 = 0% Direct Centre pass to goal -

1/1 = 100% Gained possession to goal 0/1 = 0%

a direct centre pass to goal as possession was originally lost. Team B would be
noted with a gained possession (live turnover) although this was not scored
and Team A would also be noted with a gained possession (restart turnover)
which was positively scored (see Table 3.3). Overall, the variation of KPIs
relating to the performance of the centre pass provides a complete overview
of the event and its outcomes.

Gathering meaningful data

To support analysts in developing data collection methods, Lemmick and
Frencken (2013) discussed that four questions can be considered when re-
viewing an event, thus providing an accurate record of the actions taking
place. These are:

What? How? Where? and When?

O’Donoghue (2015) additionally suggested that two further questions should
be incorportaed to provide greater context and detail.

Who? and Why?

A model encompassing the six questions is presented in Figure 3.2. The model
explains the connection between performance indicators and variables, and
how it can be used when considering “What to analyse’?

The purpose of the model is to demonstrate the association between per-
formance variables and indicators. A performance indicator is a combination

Performance Performance Example questions Example events
Indicator Variables
% of turnovers resulting | 1. What? | | Turnover Outcome | Attempt at Goal or Lost Possession
in a shot | 2. How? | | Type of turnover | Rebound or Interception
| 3. Where? |
|

| Time in match | 1t quarter or 3 quarter

| Won the ball |GD orC

| |
| |
[ Location on court | | | Mid court or Defensive third |
| |
| |
| |

| Type of defence | Man marking or Zonal

Figure 3.2 Six-step model, developed to gather quality information on sports
performances.
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of variables used to assess performance in match play and training (Hughes
and Bartlett, 2002). A performance variable also known as action variable,
is the raw event data required to generate the performance indicator. This
can be measured on a series of scales, including nominal, ordinal, ratio and
interval. In relation to Figure 3.2, the scales of data have been assigned below:

Nominal:

*  Location on court (defensive, mid or attacking third)
*  Who won the ball (GK, GD, WD, C, WA, GA, GS)

Ordinal:

*  Turnover outcome (attempt at goal or loss of possession)

Interval/Ratio:

* % of turnovers resulting in a shot
* one attacking rebound from three attempts

Operating the model

It 1s important to operate the model from left to right; firstly, identifying
the KPI you wish to gather. Using the six variables and example questions,
consider what details are important to calculate the KPI? In this case, we
firstly need to establish an outcome to the turnover. Did the team successfully
transition the ball from the turnover to a shot at goal? If not, an assumption is
that the opposition successtully regained the ball. Simply in this case, Team A
turn over the ball but lost possession prior to attempting a shot at goal, there-
fore, one turnover > one loss possession = 0% of turnovers resulting in a shot.

Whilst the KPI does not explicitly request details on type of turnover,
location of turnover or time in match, this information will add quality to
data collection. Figure 3.3 presents an additional but not an exhaustive list
of KPIs that can be calculated by gathering information using the six-step
model above. At this stage, it must be stated that KPIs are a combination of
variables (Hughes and Bartlett, 2002), this is not exclusively a combination of
two variables. Below is an example of combining three action variables, but
note it can be greater than three.

Example of combining three action variables

% of live turnovers to shot in quarter 4 is an example of combining
three action variables to meet its criteria. Building on the example above,
hypothetically Team A turn over the ball through an interception by a player
in the fourth quarter. On this occasion, the ball is successfully transitioned
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% of mid-court | 4. When?
turnovers in quarter 2 | || ;-----------o-oooy
H | Won the ball

[eDorc

Performance Performance Example questions Example events

Indicator Variables

% of turnovers resulting | 1. What? | | Turnover Outcome | | Attempt at Goal or Lost Possession |

ina shot | 2. How? | | Type of turnover | | Rebound or Interception |

| 3. Where? | | Location on court | | Mid court or Defensive third |

| |Timein match | | 15t quarter or 3" quarter |

| |

| |

| Type of defence | Man marking or Zonal

| Interception |

% of live turnovers to

shot in quarter 4 ; | What? | | Attempt at Goal |

g
=
(]
3
~

| 4th Quarter |

Figure 3.3 Six-step model presenting and explaining the array of KPIs that can be
calculated.

to the shooting circle whereby the GS (goal shooter) scores a goal. From an
analysis perspective, this is one live turnover (How) + quarter four (When) +
shot (What) = 100% successful of live turnovers to shot in quarter four.

It is here that we have a further opportunity to link back to standard? By
allocating a reference to *when (time periods in netball), it creates an oppor-
tunity to draw comparisons between performances in other quarters of the
match.

What it takes to win

The gathering of accurate information is one role of the performance analyst.
The confirmation of KPIs, the definition of terms, the development of data
collection systems, piloting of methods and the check for reliability are all
steps taken prior to the collection of any data (see Chapters 4 and 5). Yet post
data collection, the focus turns to the presentation of KPIs and feedback of
information to athletes and coaches (see Chapter 8). These are the recipients
of the information, and therefore the presentation of results must be clear
and informative about the performance and what is required to win. With
quality and detailed objective information, a true reflection of performance
can be provided. For instance, data may highlight that performance was ex-
cellent in periods, whilst then equally focusing attention towards areas that
were not. Objective data is influential when used correctly; if quality and
detail is incorporated then an abundance of questions can be asked to inves-
tigate scenarios where performance was good or poor, ensuring the users of
the information are best informed of the next steps, in what it takes to win

(WITTW).
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Yet, support around an athlete or team is not solely a performance analyst
gathering video and objective data. An example of a multidisciplinary team is
the UKSI. Here, the team behind the team, comprises of experts in strength
and conditioning, physiology, nutrition, biomechanics, lifestyle, physiother-
apy, psychology as well as performance analysts, all supporting elite athletes
in a bid to perform at the highest level. The specialists bring a wide range of
expertise enabling a strategy to impact performance and in the case of UKSI,
led by a head of service who oversees the provision connecting science, med-
icine and technology (UK Sports Institute, 2023). A similar infrastructure
is also noted in academy soccer (Raya-Castellano and Uriondo, 2015), and
with a range of sport science roles advertised in elite level soccer, a similar
framework is assumed. To aid explanations a simulated infrastructure illus-
trating the alignment of roles can be seen in Figure 3.4. Each discipline has
been categorised into one of three areas: Mind, Body and Technology, and
whilst disciplines are stacked, they hold no hierarchical power over another.
The purpose of the figure alone is to demonstrate the shared focus of each
area, for example, physiology and strength and conditioning are both relating

4 )
Multidisciplinary Team
Lead
\_ Mind Body Technology y,
4 N~ N/~
Psychology Physiology Biomechanics
- : N\ : AN . J
/ Y4 N~ )
. Strength &
Lifestyle Conditioning Performance Analyst
- AN : AN J
4 )
Physiotherapy
- : J
4 )
Nutrition
- J

Figure 3.4 A simulated multidisciplinary team infrastructure to demonstrate a con-
nection between roles.
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to the body of the performer. In this sense, a close working relationship
between these practitioners would be expected to ensure the athlete is best
prepared. It would also be naive to assume that each discipline is set to these
individual categories; within sport these disciplines will naturally overlap
to support the athlete. As an example, consider how a performance analyst
can support an athlete returning to play post injury. Firstly, the practitioner
may be involved in providing footage of the injury to support rehabilitation
(Body) whist later supporting the psychologist (Mind) with video sequences
of positive performances or footage of latest training sessions to ensure they
are ready to return.

Of course, at times, specialist practitioners will operate independently with
athletes, yet a holistic method whereby support staft share values and collab-
oratively work together is deemed a more favourable approach. In doing so,
the support team share a collective responsibility for the athlete’s or team’s
performance. The availability of specialised support staff is of course a privi-
lege and most common at elite level sport, and even in these cases, provision
may be organised in a way that discipline staff rarely cross paths as a result of
session demands, training schedules or budgets preventing staff to be full time
practitioners. In this case, communication between disciplines is deemed an
even higher priority.

The implementation of a multidisciplinary team to support the develop-
ment of an athlete or team is key. It requires an environment whereby dis-
cipline experts are well-connected to each other, sharing similar values to
enable an athlete or team to perform at the highest level.

Conclusions

One role of the performance analyst is to provide reliable and meaningful
data to the performer and their coach. In doing so, it is important that qual-
ity information is provided that supports the coaching process and aligns
to the values of the recipients of feedback. To support the generation of
valuable data, the six-step model comprising of six questions (Figure 3.2)
can be implemented. The model demonstrates an ability to combine two
or more variables, in the generation of detailed key performance indicators.
Taking a wider perspective, it is also important to reflect on the role of the
performance analyst in a multidisciplinary team. The WITTW approach
specifically draws together sport science experts to work collaboratively in
supporting high performance athletes. In this instance, the performance an-
alyst has the capacity to share meaningful data freely with other discipline
experts of the multidisciplinary team, in an approach to support the develop-
ment of athletes and teams.



4 Manual notation systems

Introduction

This chapter will explore manual notation systems and their relevance in ana-
lysing sports performance. Details of how to design a manual notation system
and what a performance analyst must consider in this process, from input to
output, will also be covered.

Why use manual notation systems?

With an abundance of computerised analysis systems available in industry,
which are becoming more cost-effective approaches to evaluate performance
(see Chapter 6), many may rightly question the need and use for manual
hand notation methods when they fail to combine match statistics with video
sequences. The combination of objective data and video clips is a power-
ful evaluation tool to enhance performance and decision making in sport.
Data providing information on what has happened, supplemented with video
which provides context on the situation and an explanation on how the event
occurred. So, when this partnership is lacking, why are we still considering
the use of manual hand notation methods?

Contrary to the question above, we must first acknowledge the practice
of computerised analysis packages and available software. Catering for the
consumer and their analysis needs, providers such as HUDL SportsCode
(HUDL, Lincoln, NE) and Nacsport (Nacsport, Gran Canaria, Spain) offer
access to a range of software levels. These are organised on a spectrum and
determined by the accessibility to features (see Chapter 5). Ranging from en-
try to professional level access (i.e., Nacsport Basic — Nacsport Elite), analysts
have the freedom to purchase a package based on their personal workflow,
provision needs and budget. Stepping away from the obligation of having to
purchase a high-end ‘one-size fits all’ range, which will come at an increased
cost and with unwanted features, depending on analyst requirements and
experience. In short, this method supports the accessibility of analysis re-
sources for all, a provision which previously was marketed to professional
and high-end consumers. Aside from software, an element often overlooked
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when budgeting for analysis workstations is the consideration of hardware to
operate the specialised performance analysis packages. Regardless of analysis
aims (e.g. technical or technique), each package will provide information
on recommended hardware requirements which includes details of RAM
(random access memory) and processor units. Should you wish to capture
footage live during a game or stream video, the requests are likely to require
a higher-specification machine which naturally comes at a greater cost. Now
having brietly touched upon capturing footage, there is also the consideration
of purchasing a video camera and capturing devices to connect a video feed
into a laptop or analyst’s workstation. So, whilst computerised performance
analysis packages are becoming more affordable, it is important to be mindful
that software is not the sole cost.

Using information above, the role of manual notation systems is simple.
It provides an entry level approach to analyse performances in competi-
tion or training environments, without the need or expense of software or
hardware systems. Yes, a limitation is its restricted ability to neatly combine
objective data and video sequences of observed performances, but it is a basic
approach for gathering objective data and is a stepping stone to computerised
platforms. Manual notation systems developed either on paper or on a com-
puterised spreadsheet package have some worth; it’s these progressions that
will develop an analyst’s knowledge and understanding of the performance
analysis process. By stripping the process back to its inception, it allows users
to understand the important aspects of performance, how to operationalise
these and how to identify performance variables to generate selected key
performance indicators (KPIs) (see Chapter 3). It is skills like this that can
develop an aspiring performance analyst, not only to collect data but to have
a true understanding of system development and the intricacies of how it
operates.

Manual notation system design is not as simple as it may sound. Firstly,
the system must meet the needs of the analysis; what type of data and KPIs
are required? Secondly, you must consider when the coach requires the in-
formation; during or after performance? Simply by having a focus on what is
required, a draft system can be initiated. Yet, it would be naive to think that
system development ceases after draft one. Pilot testing ensures the method is
valid and that the system meets the aims of analysis. This procedure involves
the designing and redesigning of a system from input to output (discussed
below) until it is fully operational to meet its aims. Whilst this procedure will
need to be conducted for both manual and computerised packages, the de-
velopment of these systems on paper or on a spreadsheet package provides the
user with freedom to design and redesign in any location and without hard-
ware or software constraints. This could include, live at a training session, in
the match environment, or by using pre-recorded footage of a performance
that has already taken place.

As a whole, some manual notation systems provide immediate feedback
for users and the objective data collected can inform coaching decisions and
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impact performance (O’Donoghue, 2015: 106—112). Even without linked
video sequences, manual notation systems are invaluable and can reinforce
coach observations, this is particularly important when considering experi-
enced coaches only accurately recall 59.2% of events during 45 minutes of a
football match (Laird and Waters, 2008). In this situation and without per-
formance analysis support, consider the effectiveness of half-time feedback?
Therefore, whilst not as streamlined as computerised systems in combining
objective data and video sequences, manual approaches are certainly valu-
able. They provide aspiring performance analysts with an understanding
of system development whilst outwardly influencing feedback messages to
performers who previously relied solely on the subjective observations of
coaches.

Manual hand notation systems

Hughes and Franks (2004) described three types of manual notation systems
which can be used in isolation or in partnership with another. These ap-
proaches are:

1 Sequential
2 Frequency
3 Scatter

Below, using Input, Throughput and Output which relates to the phases of
an analysis process, each approach is explained in detail. First, system design
and collection of data; second, the generation of KPIs and third, the pres-
entation of results gathered using manual notation methods. Regardless of
the approach selected, progression through each phase is still required, albeit
time spent in each phase will differ. This will become clearer in later sections.

Input

Input is the process that involves the gathering of data. Firstly, this must be-
gin by having an understanding of the aims of the analysis (type of data and
KPIs required). This will naturally aid the decision of which manual notation
system to choose. Once a system has been confirmed, defining selected KPIs
and confirming the action variables to collect is needed. As its name suggests,
input proposes ‘the inputting of data’, yet the phase also includes the work in
preparation for this step. Prior to collecting any data, operational definitions
and terminology of events must be confirmed; this is to support consistency
and accuracy of data collection. A reliability task must be completed whether
there is a sole or a group of analysts. For a sole analyst, its purpose is for con-
sistency and accuracy (i.e. recording a certain tackle type in rugby consist-
ently throughout the match). For a group of analysts, this task is important
to confirm that there is a shared understanding of actions (i.e. two or more
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analysts labelling certain tackle types accurately across a number of fixtures).
Shared language and an understanding of terminology is important when
analysing performance, whether that be a shared understanding between an-
alysts or equally important a shared understanding between analysts and the
recipients of the information (the athletes and coaches). In the development of
relationships with coaches, definitions and terminology can be checked and
challenged. It would be naive to assume that definitions of action variables or
KPIs are consistent between individuals, so it is always important to (re-)con-
firm. Depending on the coach’s preference or the complexity of the action, a
video catalogue of actions may be preferred over a written description. With
either approach, the resource can be shared with partners prior to a meeting
to clarify definitions.
Each system with respect to the input phase is described below.

Input: sequential systems

A sequential system is a detailed and methodical approach to analysing per-
formance. The system gathers event data in chronological order which allows
for the patterns of performance to be determined. Depending on the focus
of analysis, each entry can be described based on a number of variables. This
can include, game period, location of event, player involved, type of event
and outcome.

Example 1: Tennis

Figure 4.1 is an extract of a sequential analysis system used to evaluate the
effectiveness of the tennis serve and its association with rally outcome.
Data entries are recorded in rows yet described against action variables
listed in columns. In this case, reading from left to right, each serve has
11 descriptive labels from set to score. Whilst no doubt the sequential
system holds more detail over its alternatives (frequency tables and scatter
diagrams), it does come with its limitations. Unlike other approaches, data
collected using a sequential system is not ready to be presented to coaches

Set |Service Game| Server Serve Serve Location Serve Zone |Serve Outcome|Rally Outcome| End Shot Type |End Shot Location Score
1 Player 1 1st Deuce Wide In Player 1 Won | Backhand Drive Zone 3 15-0
1 1 Player 1 st Advantage Wide Fault NIA N/A N/A 15-0
1 1 Player 1 2nd Advantage T In Player 2 Won | Backhand Drive Zone 3 15-15
1 1 Player 1 1st Deuce Wide Fault N/A N/A N/A 15-15
1 1 Player 1 2nd Deuce Body In Player 1 Won | Backhand X Drive| Zone 3 30-15
1 1 Player 1 1st Advantage Wide Fault N/A N/A N/A 30-15
1 1 Player 1 2nd Advantage T In Player 1 Won | Forehand Drop Zone 2 40-15
1 1 Player 1 1st Deuce Wide Fault N/A N/A N/A 40-15
1 1 Player 1 2nd Deuce Body In Player 2 Won | Forehand Drive Zone 4 40 - 30
1 1 Player 1 1st Advantage Wide In Player 2 Won | Backhand X Drive) Zone 3 Deuce
1 1 Player 1 st Deuce Wide Fault N/A N/A N/A Deuce
1 1 Player 1 2nd Deuce Body In Player 1 Won | Backhand Drive Zone 3 Adv. Player 1
1 1 Player 1 1st Advantage Body Fault N/A N/A N/A Adv. Player 1
1 1 Player 1 2nd Advantage Body In Player 2 Won | Backhand X Drive| Zone 3 Deuce
1 1 Player 1 1st Deuce Wide In Player 1 Won | Backhand Drop Zone 1 Adv. Player 1
1 1 Player 1 1st Advantage T In Player 1 Won | Forehand Drive Zone 4 Game

Figure 4.1 An example of a sequential system used to gather data on the tennis serve
and the rally outcome.
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immediately post-performance. This is due to the inclusion of several var-
iables, the quantity of data collected and the frequencies not already being
cross-tabulated. Therefore, a further data processing procedure is required
to combine performance variables and generate the KPIs used to meas-
ure performance. As an example, Figure 4.1 presents data collected from
one game of tennis. Consider the quantity of information for one set and
later an entire match and trying to make sense of the information without
further processing! The aim of the analysis presented in Figure 4.1 is to
explore the effectiveness of the tennis service, not only focusing on the
initial location (advantage or deuce court) but specifically the zone within
that area (T, body, wide). Whilst the serve outcome can be noted, further
data is then collected on the rally outcome and includes shot type and lo-
cation of shot. The depth of information presents an opportunity for end
users to develop and determine patterns of performance. Within the aims
of analysis, a list of KPIs (not exhaustive) includes: percentage of first serve
in, percentage of first serve points won, percentage of first serves to the
advantage court won and percentage of first serves to the advantage court
(wide zone) won.

Example 2: Boxing

All input systems are blank canvases, and so sequential systems can be devel-
oped to evaluate other sports types such as combat, cyclic sports and tech-
nique intensive actions. Using boxing as an example, Figure 4.2 presents a
blank sequential system for analysis of a boxing bout. This system can be
used to analyse the performance of one or two performers simultaneously,
although it is more difficult to accurately collect data if completed for both
performers in live event. This simple sequential system allows the analyst to
conduct an investigation into punches thrown in a boxing match. The action
variables include type of punch, whether contact was made to the opponent
(and if so, where) and lastly the location of where the boxer was standing
in the ring during this period. Whether separated per round or presented
for the overall fight, the KPIs for the investigation are: the percentage of
overall punches landed, percentage of each punch type landed, distribution
of punches by contact location, percentage of shot landed in the centre of
ring and on the ropes. Further variables can also be combined to generate
more specific KPIs. These include the percentage of jab punches landed to
the head.

Boxer Round Punch Type | Landed (Y/N) | Combination Punch|Contact Location| Ring Location

Figure 4.2 A blank sequential system to evaluate punches thrown in a boxing bout.
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Over Ball Line & Length Delivery Type Bowler Type Runs
1 1 Full Straight Stock Right Arm Medium 1
1 2 Good Off Side Leg Cutter Right Arm Medium 0
1 3 Good Straight Leg Cutter Right Arm Medium 3
1 4 Good Straight Off Cutter Right Arm Medium 0
1 5 Short Off Side Slower Ball Right Arm Medium 0
1 6 Good Straight Off Cutter Right Arm Medium 0

Figure 4.3 An extract of data collected using a sequential system on bowling perfor-
mance in cricket.

Example 3: Cricket

Figure 4.3 presents an extract of data collected from an over in a cricket match.
This system aims to evaluate the performance of a bowler, demonstrating that
a sequential system can also be used to evaluate technique type actions. In this
case, by gathering data per ball and over an opportunity is presented to ex-
plore whether any bowling strategies are used during particular periods of the
match. As well as delivery types, the number of runs is also included, giving
an evaluation of run rate, dot balls and wickets taken per bowler.

Data validation

To enhance data collection using a sequential system and limit user error on
data entry, it is advised to add data validation to each performance variable
column. This approach not only reduces data entry errors with respect to
inputting information (e.g. incorrect spelling of actions or spaces accidentally
placed after the word) but also increases the speed of data entry. This is a
useful strategy, when collecting data in live event. Whilst the initial example
of data entry errors (spelling and spacing) may not seem as an inconvenience
during data collection, it certainly does become an inconvenience during the
throughput process. Data entry errors, as seen in Table 4.1, result in the same
action being recognised in two or three formats, mainly based on its spelling
or its structure. In essence, Table 4.1 should present advantage and deuce
court locations once in the first column with frequencies of their occurrences
split between serving zones (wide, body, T). In this case, advantage is listed
as three different values. To the naked eye, there is no difference between

Table 4.1 Example of a pivot table

Count of Serve Zone Column Labels ~

Row Labels M Body T Wide Grand Total
Advantage 2 3 1 6
Advantage 1 1
Advantge 1 1
Deuce 3 5 8
Grand Total 5 3 8 16
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its presentation in row one and two, unlike the case in row three where the
entry is clearly spelt incorrectly. Although row two is spelt the same, a space
is present at the end of the word. Structurally, this then appears different and
is placed in a separate row within the pivot table. This can be resolved by lo-
cating the event on the data collection sheet and simply updating, which may
take some time as they look the same. A quicker resolution would be to use
the find and replace function within the spreadsheet package.

Data validation setup

To overcome the issues raised above and to create an efficient sequential
system workflow, data validation is recommended. Within the Excel data
collection workbook, set up a worksheet solely named ‘Data Validation Op-
tions” and copy across the column headings from the sequential system cre-
ated (Figure 4.4).

It is important here to identify all possible options that may occur under
each variable heading, for example: Set 1, 2, 3, 4 and 5. Whilst the match
selected for analysis might be completed in three sets, it is useful to have a
complete system design that can be transferred to evaluate future perfor-
mances. The pilot test can also support this phase, particularly when validat-
ing the system. On the spot, it may seem that all variable options have been
listed, yet by observing footage to assess the system prior to commencing
data collection, further event types might be raised, i.e., a tie breaker in
tennis. This event occurs occasionally and would need to be listed under
service game.

Once all variable options have been listed under relevant headings, data
validation can be set up in the data collection worksheet. This must be
completed independently for each column. Within the Data collection
worksheet, highlight the first column for as many rows as you require. In
this example, data validation will be set up to row 50. Once highlighted,
select Data and Data Validation. In a new window, select List in the
allow text box and within Source navigate to the ‘Data Validation Op-
tions’ worksheet. Here, select the data options relevant to that variable and
column (see Figure 4.5 column A) and press OK to confirm. Drop-down
lists will now be available in column A of the Data collection worksheet,
up to row 50. Repeat the process for the remainder of the worksheet and
columns.

Set Service Game Server Serve Serve Location Serve Zone | Serve Outcome | Rally Outcome| End Shot T End Shot Location Score

Data colection | _Data Validation Options |+
Enter T2 Accessibity: Good to go B @ 8 -—— ——+ 100%

Figure 4.4 A worksheet setup for data validation, whereby all variable options must
be listed under column headings.
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A B C D E F
Set Service Game Server Serve Serve Location 1| Serve Zone
1 | 1 Player 1 1st Deuce Wide
2 I 2 Player 2 2nd Advantage Body
SR 3 T
4 [ 4
__s5__1 s
6
7
8
9
10
1
12
Tie Break

Figure 4.5 Tllustrating the setup of data validation lists and the inclusion of all variable
options.

Input: frequency tables

A frequency table is a quick and convenient method to gather objective data
on performance. A frequency table can be created on a computer package or
written up on paper. The former provides the opportunity to print multiple
copies for use in future matches, whilst the latter would need replicating or
redrawing. Whilst the development of a frequency table would look more
aesthetically pleasing if made electronically, it is far more convenient to col-
lect data by pen and paper. A frequency table collects information using tal-
lies, essentially noting a mark in a cell when an event occurs. This approach
can be conducted live during fixtures or at training sessions, with feedback
immediately available for athletes and coaches. A limitation of the frequency
table is the ability to collect information in chronological order and whilst
new tables can be used for each quarter, half or game; it would be impossible
to determine which event occurred first within those periods. As with all
manual notation methods, systems can be developed for any aspect of per-
formance in most sports. Following guidelines, blank canvases can be trans-
formed by performance analysts to gather information on a sport of choice.
An example of a frequency table for use in netball can be seen in Figure 4.6.

Figure 4.6 provides an opportunity to collect objective data in netball fo-
cusing on the origin of possession and their success. This is an example that
can easily be modified for other possession based sports. KPIs of focus in this
example are the percentage of centre passes that result in a goal (success) and
percentage of interception success. This can be done for both teams as shown
in Figure 4.7. The table is simple to use; first, you must note a tally in the ori-
gin of possession column, in short how possession started. It is then important
to observe performance and note if that sequence ended in a goal. If not and
the ball was turned over, a new origin of possession tally would be noted in
the opposition team column. This procedure then continues for each quarter.
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Team 1 Team 2
Scored | Count Origin/Indicator Count | Scored
Centre Pass
Interception
Outline (sideline)
Backline
Toss up
Defensive Rebound
Free/Penalty
Total

Figure 4.6 Example of a frequency table for use in netball.

Team 1 Team 2
Scored | Count Origin/Indicator Count | Scored

[T[~ TTT[ Centre Pass [TT]
Interception |
Outline (sideline)
Backline
Toss up
Defensive Rebound
Free/Penalty
Total

Figure 4.7 An extract on data collection in netball using a frequency table.

In comparison to the sequential system, event data collected using a fre-
quency table is less detailed. As an example, Figure 4.7 fails to include infor-
mation relating to court location, player involvement or turnover types. Yet,
the strength of a frequency table is its ability to impact performance imme-
diately. Data gathered using this method can be calculated and presented to
coaches and athletes during the performances or immediately after. This is an
advantage it holds over the sequential system, which as we’re aware requires
further data processing before having the ability to communicate results.

Input: scatter diagrams

A scatter diagram is the most visual method of the three manual notation
systems. This approach uses a diagram related to the sport to collect data.
This could be the whole pitch or court area, or if analysis was focused on
a specific zone, then a diagram representing this area could alternatively be
used. In soccer, this could be halfa pitch to gather data on shooting locations.
Scatter diagrams are versatile and can also be used to collect data on combat
sports or record a sequence of movement patterns. A diagram could be used
to plot a gymnastics floor routine, dance performance or even map where
contact was made during a boxing bout. The latter has opportunities to use
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Figure 4.8 An example of a scatter diagram used to collect shot locations in soccer.

either a boxing ring to map fighting locations or an outline of a boxer to plot
where contact was made to the body.

Figure 4.8 is an example from soccer, whereby shapes have been used to
dictate the outcome of the event (shots in this case) from specific locations
on the pitch. A strength of this approach is the ability to conduct analysis live
either during performances or at training. The collection of information on
a map provides a clear visual representation of events without the need to
process data further before feeding back to performers and coaches. Whilst,
in its simple format, the order of events may not be established, this could
simply be overcome by noting numbers next to each shape when entering
data. A limitation of this method is the brieflevel of information gathered on
the aspect of performance. Take Figure 4.8 as an example, whilst the location
and the outcome of the shot are noted, details relating to how the ball was
received in that area are omitted. Things to consider: where the ball came
from - set piece or open play? The player who passed the ball? The player who
took the shot? and the type of shot? It is fair to say that the scatter diagram
holds its place in gathering objective data on performances, should you re-
quire quick and basic information. Yet, for more detailed information, its use
would be best combined with the frequency or sequential system.

Figure 4.9 is an example of combining the scatter diagram with a sequen-
tial system. This combination allows the analyst to draw on the benefits of
using a comprehensive data collection method alongside the visual presenta-
tion of data, that the scatter diagram provides. Figure 4.9 is an example used
in a squash doubles match, whereby two athletes (Player A and B) battle an
opposing team. In this example, the analysis focuses on the rally end outcome
with particular attention on shot type and location on court where the shot
was played. Using the principles of the sequential system, data for each rally is
entered from left to right. Alongside the sequential system, a scatter diagram



Manual notation systems 63

Game Player Team Name Outcome Shot Type Area Score
1 Player A Team 1 Error Error Volley Short 11 00:01
1 Player B Team 2 Winner Let X Lob 5 00:02
1 Player A Team 2 Winner Winner Serve 9 00:02
1 Player B Team 1 Winner Winner Volley Drop 9 01:02
1 Player B Team 2 Error Error Drive 13 02:02
1 Player A Team 2 Error Error Volley Boast 12 03:02
1 Player B Team 2 Error Error Boast 13 04:02

Figure 4.9 An example where two input methods have been combined (sequential
and scatter) to analyse a doubles squash match.

of a squash court has been constructed with 16 zones, each zone representing
a location on the court. Using data for Team 1, symbols have been allocated
to the diagram demonstrating where winners and errors were made during
the first game. This gives an instant visual representation of where rallies are
won or lost. It is also important to note the rally end zone in the sequential
system, this provides a link between the two approaches and will allow end
users to identify patterns between results. In this example, it could be be-
tween shot type and court location, or shot type and outcome.

A limitation of scatter diagrams is the accumulation of events per diagram
and its ability to become quickly congested. Depending on the aims of the
analysis, be mindful that a new scatter diagram may be required per game,
per round or per half, depending on sport, which will allow data to be easily
interpreted and also patterns between events in set time periods to also be

established.

Throughput

Throughput is the process that refers to the generation of KPIs from raw
data collected using the selected manual notation systems discussed above.
Regardless of manual notation system (sequential, frequency or scatter), this
step would need to be completed to normalise the data. The depth of pro-
cessing, however, would depend on which input method was used. In short,
raw data collected using an input system should not be presented to coaches
and athletes without being processed.
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Throughput: sequential systems

A strength of the sequential system is the ability to collect detailed data on
performances, yet we are aware that this poses a limitation with data process-
ing. As this method is the most comprehensive of the three approaches, the
depth of the throughput process is also the greatest. Post-data collection and
using the aims and objectives of the analysis, pivot tables can be assembled to
combine performance variables in rows and columns to generate the required
performance indicators. To create a pivot table, highlight all entries in the
data collection worksheet including column headings, then select the Insert
tab and select Pivot Table. By highlighting data in advance, a green border
will appear around the data and the correct cell references will appear in the
range text box of the new window. For ease, position the pivot table in a
new worksheet and rename the tab once set-up. Initially, the pivot table will
appear blank with a PivotTable Fields window appearing on the right-hand
side of the page. A reason for highlighting column headings alongside the
data when initially setting up the pivot table should now become apparent, as
column heading names will appear in the Field Name box.

Using column heading names, which also serve as variable headings, select
and drag the required titles into column and row boxes (step one). Step two,
drag a duplicate of a previously selected variable into the values box. In short,
step one will create the table whilst step two will populate the table with
results. Some confusion may arise when selecting what variables to place in
columns and rows? Here, it must be noted that it does not matter in terms of
generating results as the information will be same, and the only difference
is its appearance. See Figure 4.10a; we have placed Outcome into the col-
umns text box and Serve into rows. Data in the corresponding pivot table
aligns to this with 1st and 2nd serve data listed in rows 3 and 4, respectively.
In Figure 4.10b, we have swapped the location of these variables (column —
serve; row — outcome). In rows 3=5, rally outcome data (fault, lost, won) will
now be presented. Referring to Figures 4.10a and 4.10b, you will recognise
the results are the same regardless of the construction of the pivot table.

(@)

A B C D E F C PivotTable Fields (<]
FIELD NAME Q
1 |Countof Outcome |Column Labels =)
) Grand Serve
Serve Location 1
2 Rowlabels [ Fault Lost Won Total Serve Location 2
3 1st 6 2 3 11 Qutcome
4 2nd 3 3 6 Y Filters 1l Columns
Outcome
5 Grand Total 6 5 6 17
6
7 = Rows ¥ Values
8 : Serve Count of Outco...
9

Figure 4.10 (a) Illustrating the approaches to setting up a pivot table. (Continued)
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b
‘ A B C D E B PivotTable Fields (<]
AME a
1 |Countof Outcome |Column Labels =]
] = Serve
| Serve Location 1
2 Rowlabels [ 1st 2nd Grand Total Serve Location 2
3 Fault 6 6 Outoome
4 Lost 2 3 5 ¥ Filters 11 Columns
Serve
9 Won 3 3 6
6 Grand Total 1 6 17
7 = Rows ¥ Values
: Outcome : Count of Outco...
8 Oute
9

Figure 4.10 (Continued) (b) Hlustrating the approaches to setting up a pivot table.

Once the data have been cross-tabulated using the pivot table, results can
be generated for each key performance indicator. Using Figure 4.10a and
concentrating on the KPI of % of rallies won on the second serve, the follow-
ing steps can be followed to produce a result:

KPI: % of rallies won on the second serve

Variables Number of second serves (cell E4)

required: Number of rallies won on a second serve (cell D4)

Equation: = (D4: number of rallies won / E4: number of serves)*100
= (3/6)*100

= 50% of rallies won on the second serve.

Using the list of KPIs identified within the aims of the investigation, fur-
ther calculations can be conducted by updating the combination of variables
in the column and row fields of the pivot table. Once cross-tabulated, follow
the steps above to normalise results. Note that KPIs are a combination of two
or more variables, so adding additional variables into field boxes is recom-
mended. See Figure 4.11 which combines service number, serve location and
rally outcome, which will generate the selection of KPIs listed below:

A B C D E PivotTable Fields ]
1 |Count of Outcome [Column Labels SW : -

2 Row Labels 5 Fault Lost Won Grand Total O

3] =H1st 6 2 3 1 ¥ Filters 1l Columns

4 Advantage 3 11 5 =

5 Deuce 3 12 6

6 =2nd 3 3 6

7 Advantage 2 1 3 e B

8 DElica 1 2 3 sscsuisiiii o))

9 Grand Total 6 5 6 17

Figure 4.11 Presentation of a pivot table with multiple variables selected to generate
detailed KPI results.
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e Percentage of first and second serves in

e Percentage of first and second serve points won

e Percentage of first and second serves to the advantage court won
e Percentage of first and second serves to the deuce court won

Throughput: frequency tables

The throughput process for the frequency table is far more straightforward than
the sequential system procedure, yet the depth of data may not allow for pat-
terns to be as easily identified. Using raw data collected in netball (Figure 4.12),
the following steps will explain how to generate KPIs using data collected in a
frequency table.

Team 1 Team 2
Scored | Count Origin/Indicator Count | Scored
T/, TITT[ cenwerass [T, [TTIT,

Interception I I
Ouitline (sideline)

Backline

Toss up
Defensive Rebound

Free/Penalty

Total

2
2 I 1

Figure 4.12 An example of a frequency table used in netball with results totalled.

To begin, total the raw data tallied in the frequency table per indicator
(Figure 4.12). Using count and success values, the KPIs for origin success can
then be calculated. Focusing of the % of Centre Passes (CP) scored, results for
both teams can be generated.

KPI: % of Centre Passes scored

Variables Number of CP (Team 1)

required: Number of CP scored (Team 1)

Equation: = (Number of CP scored / Number of CP)*100
= (2/4)*100

=50% of Team 1 centre passes result in a goal

In comparison to Team 1’s performance, Team 2 reported to score four from
four CPs, giving a 100% success rate of scoring from a centre pass. Team 2 also
intercepted the ball on two occasions, but only scoring from one; this giving a
50% success rate of interceptions to goal. This a simple and effective approach
to generate objective data which can inform the coaching process. Using this
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format, a quick comparison of results can be made across opposing teams, this is
to identity the effectiveness of their CP attack or defensive strategies.

Throughput: scatter charts

The scatter chart requires the least amount of processing on completion of
data collection, in comparison to the two other methods (sequential system
and frequency table). Based on its visual nature, the image below could be
presented to coaches and athletes immediately post-performance. Yet, to en-
hance its impact, some processing can be completed to provide objective data
alongside its visual presentation. See Figure 4.13 whereby totals have been
added for each category. Using this raw data, the KPI of % of shots on target
can be generated.

KPI: % of shots on target

Variables Total number of shots

required: Total number of shots on target

Equation: = (Total number of shots on target / Total number of shots)*100
= (1/3)*100

= 33% of shots on target.

Elaborating on this example, KPIs related to locations can also be calcu-
lated. Consider: % of shots on target inside the penalty area (1/1), % of shots
on target outside the penalty area (0/2).

Shots: 3
On target: 1

Off target: 2

»

Key
@® On target
# Off target
4 O Goal

Figure 4.13 An example of processing data collected using a scatter diagram.
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Output

Output refers to the presentation of KPIs generated from the throughput pro-
cess and regardless of input method selected, the same guidance applies to this
phase. It is essential that KPIs relate to the aims of the analysis or investigation
and are presented clearly. Once the throughput process has been completed
and the indicators set out to be generated have been calculated, our focus
must move to how the information is presented for coaches and athletes.

Depending on environment (see Chapter 8), some outputs of analysis may
be provided to athletes during performances, and so it is important that the
information is clearly organised and is easy to understand in a short glance,
ideally on one A4 page. Information presented must be meaningful to aid
coaches with decision making and to help make impactful choices on the
immediate next steps that can influence performance. Naturally, post-
performance, it is likely that individuals involved will have more time to in-
terpret and digest objective information and so outputs are likely to be more
comprehensive, all in keeping with the principles of presenting information,
which will be discussed below.

There are eight principles to consider when developing a one-page results
dashboard for coaches and performers. These simple principles provide the
analyst with a framework to aid the construction and presentation of their
work. Whilst the input and throughput processes are related to the develop-
ment of an analysis system and the generation of KPIs, which are unlikely to
be seen by external stakeholders such as coaches and athletes. It is the output
(dashboard in this case) which will communicate the work of the analyst and
showcase results to an audience. To aid the development of this feedback ve-
hicle, consider the following eight principles, seen in Table 4.2.

When developing a feedback resource, remember that the data is the most
important feature. A dashboard feature or principle should not distract atten-
tion but instead be used to enhance and support information, enabling it to
be quickly understood and digested. Should a dashboard need further expla-
nation or if at first glance, attention is diverted, some adjustments should be
made. Consider sharing your dashboard with others, their feedback can be
valuable in the development of an effective feedback resource.

Conclusions

There are three manual notation systems available to gather objective data
in sport. These are sequential systems, frequency tables and scatter diagrams.
Using the phases input, throughput and output, comprehensive systems can
be generated to gather objective data to support the coaching process. Each
method does hold a collection of strengths and limitations; the sequential
system is a detailed manual notation method. The vast data set allows for
patterns to be drawn, albeit once a further data processing procedure has
been conducted using pivot tables. Naturally, this process is time consuming
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Table 4.2 Eight principles to consider when developing a manual notation output
dashboard

Principle Description

Invisibility ~ The dashboard has a clear design which focuses solely on the
content. There are no distractions or conflicts that detract
attention from the information in terms of colour, shapes or
logos. Through good positioning, information can be easily
interpreted by users with limited effort.

Scale Use font size and formatting tools to highlight the most important
information on the dashboard for coaches to see promptly. To
draw attention to selected KPIs, increase the text size for it to
stand out over other results.

Alignment  This can improve the presentation of information and ensure data
presented is organised. Consider how a table can align results in
rows and columns, which allow a coach to extract and compare
results quickly.

Repetition Repeat the presentation and format of results to emphasise a
common theme. Information for opposing teams (home and
away) or performers (player 1 and player 2) should be aligned,
and KPIs repeated in a similar order for quick comparisons to be
drawn.

Contrast Use colour and shape to highlight contrasting results. As an
example, this could be a red, amber, green (R AG) system
whereby positive results are filled in green or results for a KPI
which are below a target threshold may be filled in red.

Proximity  This refers to the positioning of information and the importance of
keeping elements that belong together, together. As an example,
information related to attack should be organised in one area of
the dashboard, with KPIs relating to defence in another area.

Intuitive An element in the dashboard should suggest its function without
further description. For example, green suggests positive (go) and
red suggests negative (stop). This can also refer to chart types, bar
chart can show can show discrete comparisons, whereby a line
chart suggests a trend.

Simplicity ~ Consider if all the data collected is required in a chart or table?
Design of a dashboard can also relate to the use of white space or
the simplifying of charts. For example, the removal of axis lines
or filled chart background colours which may draw unwanted
attention to that feature.

and so information cannot be immediately available for coaches. The fre-
quency table can overcome this, with data processed almost immediately
due to the format in which data is collected. The most visual method of the
three manual notation systems is the scatter diagram. This system allows for
precise location data to be recorded, a strength it holds over the other two
approaches.



5 Developing a computerised
system

Introduction

This chapter covers the use of manual video analysis software within sports
performance analysis. Hugely versatile, manually operated systems can be tai-
lored to develop systems that can support the collection, analysis and presenta-
tion of quantitative data and video sequences in sports of the user’s choice. In an
applied coaching context, users (i.e. analysts) are required to collect objective
statistical data to inform visual feedback in the form of video sequences. For
this purpose, analysts must develop robust data collection procedures (inputs),
apply suitable software features to organise meta-data and video (throughputs)
and employ effective mechanisms to share data and video (outputs). Although,
the stages of system development for scientific research are similar to those in
an applied coaching setting, scientific research systems are not often required
to support interactive video feedback. Moving forward, the focus of the cur-
rent chapter will be the development of systems for use in applied coaching
contexts, readers interested in system development orientated towards research
methods should see (O’Donoghue et al., 2012) for further assistance.

One of the first considerations when developing a manual computerised
system is the need to identify the types of information and outputs required.
Importantly, analysts should discuss the requirements of the system with
coaching staff to establish what they want to see from the analysis. This may
require considering performance indicators and working backwards to the
variables (e.g. actions/events) that need to be input into the system. As an
example, a coach may simply require the frequency (occurrence) of an action
in a match, such as aerial duels in soccer. On the other hand, coaches may
want to know the efficiency of a netball shooter by looking at the number
of actions with the desired outcome divided by the total attempts, expressed
as a percentage (i.e. 3 out of 4 attempts and 75% shooting accuracy). For ad-
ditional examples of the most common ways to evaluate efficiency readers
should see Palao and Morante (2013), where there are examples from several
types of sports (e.g. invasion, batting and field and net and/or wall). Whilst
establishing the data requirements of a system, analysts must also consider the
types of video sequences that are needed to be viewed to support effective
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video feedback to coaches and players. This may require an analyst to identify
qualitative video sequences linked to their team’s game model (principles) in
addition to technical indicators.

Once the most important part of system development (i.e. discussions with
coaching staff) has taken place, analysts are then able to commence system
design. Within applied coaching and analysis settings, there are a significant
number of commercial software packages that can be used to develop analysis
systems, and these include Hudl SportsCode (Hudl, Lincoln, NE), Angles
(Fulcrum Technologies, Bellevue, WA), Nacsport (Nacsport, Gran Canaria,
Spain), Focus (Catapult Sports, Melbourne, Australia), Play (Metrica Sports,
Amsterdam, Netherlands), Dartfish Pro (Dartfish, Fribourg, Switzerland),
LongoMatch (Fluendo, Barcelona, Spain) and My Video Analyser (My Video
Analyser, Hertogenbosch, Netherlands). Fundamentally, each software al-
lows the ingest of video files and provides the analyst with the ability to
observe and record data at a behavioural level. However, there are differences
in the way each software package collects, processes and outputs information
and video. The next part of this chapter describes and compares the function-
ality of three commercial analysis packages, Hudl SportsCode, Angles and
Nacsport and how these can be used to develop manually operated comput-
erised analysis systems.

Computerised system design

Readers will already be familiar with the three types of manual hand notation
system: sequential systems, frequency tables and scatter diagrams described
in Chapter 4. Computerised systems offer more flexibility when processing
data from sequential systems into summary frequency tables, and scatter di-
agrams can be used to collect event locations alongside additional event data
(e.g. event type, time and outcome). Nevertheless, the principles of hand
notation are extremely helpful in supporting the translation of an existing
(hand notation) system to a computerised system, or the development of a
new computerised system from scratch. Transitioning to computerised soft-
ware, the starting point for analysts in commercial software is the ‘blank can-
vas’ presented by a Code Window (Hudl SportsCode), Category Template
(Nacsport) or Mark Up (Angles) and the requirement to add and configure a
series of event buttons for data entry input. A recommendation is to start with
pen and paper and sketch out some ideas, before jumping into a computerised
software package. The following sections will cover event types used to rep-
resent behaviour, link types/button actions and specialist features (e.g. scatter
diagrams and heat maps) used to represent event locations.

Data entry (input)

Within Hudl SportsCode, analysts can add a series of buttons to a Code Win-
dow and configure as code buttons or text labels. A timed code button can
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be set with a 5 s lead and 5 s lag time, and once pressed will record a 10 s clip
that populates the timeline. This is useful when an analyst wishes to record an
individual event such as a pass or tackle in soccer. A toggle code button can
be used to code discrete events that have no set duration, an example of this
would be a team’s possession, which is commonly coded in all invasion sports.
An analyst would code the event by starting and stopping the code button
manually. It is possible to use a lead time of 5 s at the start of the clip, this is
really with playback in mind that if the analyst were to show the clip back, it
would not start abruptly. However, if manual code buttons are being used to
collect time-based data to generate information such as duration of time spent
in zones (e.g., pitch areas), the analyst must be aware that the use of lead and lag
times will impact the values. Text labels are used to add additional information
to describe code button (events), for example, if a user has a code button for a
scrum or lineout set piece event in rugby union, a text label of ‘won’ or ‘lost’
may be added to denote the outcome. Multiple text labels can be added to a
coded event for further detail, expanding on the previous example, this may
include an area of the pitch (e.g. own 22, own 22 to halfway, halfway to op-
position 22 or opposition 22) or type of lineout (e.g. five-man or seven-man).

Data entry in Angles is undertaken using a Mark Up Window with clip
buttons that are configured with mark-up or mark-down times and qualifiers.
Time down can be set with a positive or negative value, commonly this will be
a negative value (e.g. =5 s) and when pressed it will subtract that time from the
play head and start marking the clip on the timeline. Time up will add a time
value (e.g. 5 s) to the end of clip. Both mark-up and mark-down can be used
together to add any length of time to the start and end of clips. When using
buttons in this way, the analyst will see the clip added to the timeline (n.b. it
will look visually different depending on the different use of time up and time
down) and will need to stop the clip themselves. The ‘auto-up’ option is a
way to add a timed mark up to the timeline, therefore if used with a =5 s time
down and a duration of 10 s, this will create a 15 s clip in total on the timeline,
the difference here is the analyst does not need to close off the button.

Like text labels in Hudl SportsCode, within Angles it is possible to de-
scribe events and add additional information using qualifiers. A strength
of the qualifier is that it adds a timestamp at the exact moment a button
is pressed and is extremely useful when working with data exports such as
comma-separated values (CSV) text files. As well as the qualifier name, an
additional layer of information can be included called a ‘Category’. There is
a similar feature within the Code Window of Hudl SportsCode and Button
Template of Nacsport, where text labels / descriptors can be attributed to a
‘Group’. This additional layer of information is helpful when working with
the analysis facilities and data exports.

To register events in Nacsport, an analyst must create a Button Template
with a series of category and descriptor buttons. A manual mode category
button allows the analyst to start and stop a button themselves, very much like
manual code buttons (Hudl SportsCode) and mark up and down (Angles).
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Categories can be set with pre and post times, therefore if a Category button
is set with 5 s pre and 5 s post, when it is clicked, it will create a 10 s regis-
ter. Descriptors add extra detail to categories and function the same as text
labels (Hudl SportsCode) and Qualifiers (Angles). Nacsport descriptors are
also timestamped like qualifiers in Angles and can be exported as a Microsoft
Excel file (XLS Format). Timestamped descriptors (and qualifiers from An-
gles) will be discussed later in this chapter.

Nacsport provides two separate functions when inputting data, the ver-
tical play-by-play function where registers can be viewed or edited during
input, or a dynamic timeline where data from a category window populates a
timeline. Hudl SportsCode and Angles populate timelines directly from the
Code Window and Mark Up respectively and allow viewing and editing of
events on the timeline (i.e. adding, deleting or adjusting). All three software
packages have the capability to allow real-time data entry whilst a video is
being recorded (live) or via a short time delay. For example, an analyst can
enter data 30 s behind live play, with access to full video control capabilities
to pause, rewind and then catch up with play. Analysis systems developed for
use in real-time may focus on the collection of critical match events, with
post-event team and individual systems used to collect further information.

Overall, there are similarities in the way events at a team or individual level
are recorded and described in each software package. The main differences
are the timestamp of events and sub-groupings that can be included to add
further layers of information. Furthermore, there are features within each
software such as link types, button actions and ways to enter event locations
(e.g. scatter diagrams) that can support ergonomic data entry. These will be
discussed in the next section.

Link types & button actions

The following section will describe the use of various link types (Hudl
SportsCode and Nacsport) and button actions (Angles) and their role in data
system design and data entry. Data entry in Hudl SportsCode can be expe-
dited using activation and exclusive links. Similarly, this can be achieved
in Nacsport using a series of activation links and exclusions. Events can be
exclusively linked together when we know only one event can occur at a
given time. Using soccer possession as an example, only one team can have
possession of the ball at a time, two manual event buttons named ‘Team A
Possession’” and ‘“Team B Possession’ can be exclusively linked meaning when
one is active the other is deactivated. Similarly, using the down up and up
down button actions in Angles, it is possible to toggle between buttons (e.g.
Team A Possession and Team B Possession) when pressed down or up to
achieve the same outcome of only having one active event.

During the possession, other events such as final third entries, crosses and
attempts on goal can occur. Activation links can be used to record these events
alongside the broader possession clip. For example, if “Team A Possession’ is active
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and a shot on goal occurs, a text label (SportsCode) or descriptor (Nacsport) can
describe the outcome (e.g. on target, off target, blocked or goal). An activation
link can be added from ‘on target’ to a timed (10 s lead and 5 s lag time) event but-
ton called Team A Shot. A longer lead time is used in this example, with the end
video clip in mind and a desire to see the build in the lead up to the shot. When
the descriptor ‘on target’ is pressed, it will activate “Team A Shot’, creating the
event and adding the descriptor to both open events. A similar chain of notation
can be used in Angles with an auto-up button for “Team A Shot’ (including a =10
s time down and 5 s duration) and a down action from the qualifier ‘on target’
to the button “Team A Shot’. ‘On target’ will trigger the “Team A Shot’ button
and the qualifier ‘on target’ will be added to this button and ‘Team A Possession’.

Extending the description above, Figure 5.1 shows a simple SportsCode
soccer possession template using a series of exclusive links, activation link
types and six additional code buttons for possession in pitch zones (e.g., Def,
Mid & Att). In this example, the analyst would only be required to click on
one of the six buttons at a time to collect possession-based data. At any one
point, only two buttons will be active (one pitch zone and one team posses-
sion button), to end both events at the same time, the analyst would press the
tab key on their keyboard. A combination of code buttons and link types
are useful as a basis to team-based analysis templates for invasion sports (e.g.
soccer, rugby union and field hockey) where possession in zones is important
to record. To further develop the example, additional events and text labels
could be added. Readers should note it is also possible to develop the same
system presented in Figure 5.1 within both Nacsport and Angles.

—— — — — — — Team A Possession

Toggle Code e
Button (inc. Team A
Def, Mid & Att)

Team A
Turnover 1

Timed Code Button |
55 lead and 5s lag

Target ¢
~ Team A Shot
Off Target

O
On Target
® Team B Shot
Off Target
Team B Timed Code Button(s)
Turnover 10s lead and 5s lag

o
—_—
5

Timed Code Button
Ss lead and 5s lag

Toggle Code
Button (inc. Team B

Def, Mid & Att) - .
Activation Link

Exclusive Link — me= s o

Text Label (Descriptor) °

Figure 5.1 Basic principles of a soccer possession template in Hudl SportsCode.
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In all three software packages, active events (i.e. code, category and clip
buttons) can receive either a single text label, descriptor or qualifier or multi-
ple. Also, each software package has the capability to block information from
event buttons where required. This is helpful when trying to manage the
distribution of data being collected by an analysis system. Nacsport buttons
can also be ‘clustered” which involves layering Category and Descriptor but-
tons on top of one another and when the button at the top 1s clicked it will
act as an activation chain to the buttons beneath. The order of the buttons is
controlled using the ‘vertical lock’ settings within the button properties with
the highest number, e.g. ‘five’, representing the top button and the lowest
number, e.g., ‘one’, being the bottom.

By successtully implementing link types and button actions, data collec-
tion can be expedited, the transfer of data into events can be controlled and
the number of ‘clicks’ required to input data can be reduced. As well as link
types and button actions, there are also additional features that aid data entry
and user navigation of analysis systems, these will be described in the next
section.

Graphical User Interface (GUI): navigation features

In Nacsport, buttons can be added to a series of panels and once buttons
are clicked the system will navigate to a different panel (creating a chain
between panels) to support data entry. Angles has a slightly different way to
achieve this, but the principle is very similar. Down and Up Centre Button
Actions assist users navigate (swipe) to different areas of the template. The
advantages of these subtle features within each package are as follows: (1) it
reduces the need to have a large template filling the computer screen, and (2)
it creates a ‘chain of notation’ regarding the input of data. Using Nacsports
panels feature as an example, this could be player (Number 8) > event (Pass)
> pitch location (Mid Zone) > outcome (Successful). The home panel would
have a series of timed player category buttons and then a subsequent panel
for event action, pitch location and outcome, all of which would be descrip-
tors. As the analyst inputs information, a new panel is triggered, once the
final piece of information is added (e.g. outcome), the analyst is automati-
cally returned to the home panel to commence data entry for another player.
This systematic data entry process maintains the order and structure of data,
which is helpful when the exact sequence and time of events are required.
In addition, this approach can also reduce data input errors and improve
reliability. To contextualise, Figure 5.2 displays how information would
appear within the video clip on the timeline of each software and the data
(table) structures, including timestamp of qualifiers (Angles) and descriptors
(Nacsport).



Match video

Timeline (Player) Clip

Hudl SportsCode

Angles

Nacsport

Match time
Action D> Pass Location P> Mid Zone Outcome P> Successful
Action Location Outcome
Pass Mid Z S ssful
Text labels and groups appear within instance on the timeline / s 1 Zone uocessu
Data can be viewed in the sorter window
Duration (start and end) of clip is recorded but click times of text labels are not recorded
I [l [l Category Name Time
Action Pass 00:25:14.08
Qualifiers (pass) visually appears in clip on timeline at time clicked / Location Mid Zone 00:25:14.72
Category data can be viewed in qualifier viewer
Outcome Successful 00:25:15.25
Pass; Mid Zone; Successful
Pass 25:14.08
Descriptor click times can be viewed in register control and dynamic timeline Mid Zone 25:14.72
Successful 25:15.25

Figure 5.2 Input of event data in Hudl SportsCode, Angles and Nacsport.
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In summary, the data entry features described to this point all contribute
to the successful collection of time-based data (e.g. possession areas), and
frequency and outcome of events (e.g. number of passes, number of com-
pleted passes or shots on and off target). This type of information is widely
used by coaches to measure team and individual performances and support
the identification of video feedback. However, desire for more granular level
information on player and team events has led to the development of features
within commercial video analysis packages that allow the collection of event
location data. The next section will discuss the processes and software fea-
tures that enable this form of data collection.

Event location data

Although the individual player analysis example in the previous section pro-
vided a good level of information, when recording events (e.g. pass, shots,
tackles, interceptions and dribbles), a more detailed and ordered sequence of
player actions can be recorded. Therefore, as well as the event type, events
can be described by the time and location (X and Y coordinates) where the
action took place on the playing pitch (Klemp, 2021). Depending on the type
of the event, information such as the start and end location for a pass or the
outcome of a tackle can be recorded.

The Cartesian (Angles), Graphic Descriptor (Nacsport) and Heat Map
Graph Type (Hudl SportsCode) are powerful features that can be integrated
into Mark Up Windows, Category Templates and Code Windows to collect
x and y data. To operationalise this in Angles, a Cartesian pitch button must
be set as an ‘attribute’ in the Mark-Up Window. Attributes allow additional
information to be collected on events, with the additional data appearing as
a separate column of data in the attribute editor. Using soccer and the FIFA
recommend pitch size dimensions of 105m (length) and 68m (width) as an
example, a soccer pitch can be set with the Cartesian scale of 105 (x axis)
and 68 (y axis) and a step value of one. The step value goes up in a value
of 1 m each time and acts as a grid reference overlaid over the pitch. Each
time an event is mapped to the pitch it will return an x and y value (e.g. 45,
19), conceptually shown in Figure 5.3. In comparison, the process to set up
and use a Graphic Descriptor (Nacsport) and Heat Map (Hudl SportsCode)
to collect x and y co-ordinates is similar. An added benefit of collecting x
and y data in Nacsport and Hudl SportsCode is that each software can (1)
visualise events as heat maps, and (2) allow individual events (videos) to be
viewed directly from the heat map visualisation. This type of interactivity
between data and video can help support the identification of video clips
for feedback purposes. Furthermore, all three packages have the ability to
export x and y data for use in specialist data visualisation programs such as
Tableau or Power Bi.
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Some readers will already have some knowledge of x and y event level data,
prior to reading this chapter, whereas others may be more unfamiliar with the
concept. Readers or analysts with a particular interest in soccer will likely be
aware of advanced metrics such as expected goals (xG) and expected assists
(xA). Expected goals (xG), the quality of chances in soccer has received signif-
icant attention due to the fact some shots are deemed better than others and
are more likely to result in a goal. To develop probability models, each shot
is assigned an x and y value. However, shots on goal in soccer are infrequent
compared to other actions in the game. Therefore, interest has led to the an-
notation of other on the ball events, such as passing (Van Haaren, 2019). For
this reason x and y coordinates can be used to record detailed soccer passing
data, this could either be a whole passing sequence of a team or all the passes
including origin, end point and outcome of an individual player. The ability of
Angles and Nacsport to record the exact time of an event (using a qualifier /
descriptor) does differentiate both packages from Hudl SportsCode, where it
is only possible to record the location of event or describe an event with a text
label (e.g. Pass > Successful). Refer to Figure 5.2 for a representation of the data
table structures in each software. Subsequently, having the exact timestamp of
an event is extremely powerful and can aid the calculation and extraction of
time-based performance indicators. Using soccer, the following example de-
scribes a way to analyse a team’s ability to regain the ball after losing possession.

Regaining the ball in soccer (transition)

Teams who are deemed high pressing strive to regain the ball in less than 6 s,
an approach popularised by Pep Guardiola when he was the manager of FC
Barcelona 2008—12. Conceptually, this coaching idea can be taken and turned
it into a performance indicator. A common way to do this in commercial soft-
ware (without time stamped event data) is splitting the pitch up into a series
of broad zones to record the number of times a team regains the ball in each
zone after losing possession (Barreira, 2014; Cooper and Pulling, 2020). The
data can be visually presented to support the evaluation of a team’s ‘pressing’
capabilities and identify video clips to be shown in pre- or post-match brief-
ings. To ‘quantify’ the metric differently, a code or category event (e.g. Def
Transition) containing a series of descriptors (Nacsport) or qualifiers/attributes
(Angles) can be used to record the time and location of the event (x, y). Using
a timestamp for ‘ball lost’ and ‘ball regained’, it would be possible to visually
record the event and extract time-based data to calculate time differences be-
tween qualifiers/descriptors. In the case of Nacsport, it is also possible to use
the descriptor calculate (within the timeline) to return the frequency as a ‘new
descriptor’ back into the Matrix (a which feature which will be discussed in
more detail in the next section). Therefore, if a team had 50 ball recoveries in
match, regain time (30 in under 6 s and 20 requiring 6.01 s or longer), now
defined by descriptors (e.g. ball recovery <6 & ball recovery greater than 6)
would appear in matrix, making it easy to access the video clips for review.
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This is a short post-hoc process that needs to be completed after registering
all events from a given match. Alternatively, the data can be exported out
of both packages to allow the calculation of descriptive statistics; minimum,
maximum, range and central tendencies such mean, mode or median in spe-
cialist programs such as Microsoft Excel. In summary, if a coach requires in-
formation on ball recoveries that take less than 6 s, there are strategies to
achieve this. Analysts should consider if data alone are enough, or if video is
needed? Ultimately, to comprehensively evaluate a team’s pressing ability the
exact spatial movements of all players and the ball are needed, which is only
available from camera tracking systems. Nonetheless, being able to collect ball
event data with event type, timestamp and spatial location in commercial soft-
ware provides great opportunities for analysts.

Though the section has used soccer as an illustrative example, it is possible to
collect detailed event data in other invasion sports as well as individual sports.
Despite the potential to enhance data collection, the process is not without er-
ror and can be time consuming, therefore analysts should consider if the bene-
fits outweigh the time commitments required to implement the data collection.

Data entry (input): summary

In summary, all the features have an important role to play in the develop-
ment of effective and efficient data collection systems. However, it is im-
portant these facilitate the analysis system to meet the information needs of
the coaching process but also collect a rich layer of meta-data to support the
analysis of performance. To consolidate knowledge and understanding of the
features and terminology within this section, they have been summarised in
Table 5.1. Moving forward, the next section will consider the analysis facili-
ties available to support data processing and interactive video feedback.

Table 5.1 Summary of data input features and terminology

Software Feature Hudl SportsCode  Angles Nacsport
Data Input Code Template Mark Up Window Category Template
Types of buttons Code buttons Clip buttons mark Category
available to add events events in the buttons register
record and (instances) to timeline events in the
describe the timeline ~ Qualifiers describe register control
events. Text labels add additional actions and timeline
additional that happen within ~ Descriptor
information a clip. buttons add
to events. Attributes add additional
additional detail information to
to qualifiers. An categories

example of this
Cartesian feature set.

(Continued)
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Table 5.1 (Continued)

Software Feature Hudl SportsCode  Angles Nacsport
Data Input Code Template Mark Up Window Category Template
Link types and Activation, Actions (Down > Up,  Activation,
actions for Deactivation Centre, Centre & Deactivation and
navigation and Exclusive Down, Up and Up, Exclusions
Links Down & Down and  Cluster & Panel
Private Action) Flows
x and y (co- Heat Map (chart Cartesian Feature Graphic Descriptor
ordinate) event type) (attribute)
data entry

Throughput: analysis facilities

Once a system has been used to analyse performance, a series of analysis
facilities support the processing of data and interactive video feedback. The
following section will describe the function of the Matrix in each software,
and specialist features such as the Sorter Window (Hudl SportsCode), Data
Table (Angles) and Play-by-Play Table (Nacsport).

Matrix

A Matrix allows the cross tabulation of coded timeline events with text la-
bels (Hudl SportsCode) and descriptors (Nacsport), and is one of the most
common analysis facilities in commercial packages. A strength of the matrix
tool in Hudl SportsCode and Nacsport is the ability to use Boolean Opera-
tors (AND, OR, NOT) to combine or exclude variables when creating new
columns of data. This provides interactivity between data and video, making
it extremely easy to review video clips and add clips to a video presentation
(video presentations are discussed in more detail later in this chapter). Un-
fortunately, the functionality to combine qualifiers is not available within
the Angles Matrix, thus reducing the scope of its use. Furthermore, Nacsport
(Clip Filter) and Angles (Filters) are features that allow events to be searched
on the timeline and added to video presentations.

Figure 5.4 displays a Matrix with event data for a basketball player and the
Boolean Operators that have been used to organise the data. In reference to
the shooting statistics 2-point, 3-point and free throw, a descriptor called
‘Missed” has been used to describe unsuccesstul shots, otherwise the shot
attempt was successful. By clicking on any of the events, it would be possi-
ble to watch the clips back. Matrix data can also be exported into programs
such Microsoft Excel to calculate performance indicator values such as shoot-
ing percentages for 2-point (15/20 = 75%), 3-point (6/8 = 75%) and Free
Throw (4/7 = 57%). Spreadsheet packages also provide options to visualise
data in charts and tables. A common analysis workflow includes exporting
the Matrix Data into a raw ‘data dump’ sheet in Excel, which automatically
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Figure 5.4 Matrix data for basketball player.

processes the data and creates an output report or dashboard, a process that
should take no longer than a few minutes to complete. The process is made
even easier by the fact any modified matrix in Hudl SportsCode or Nacsport
can be saved so it can be used match-to-match.

Event and data tables

Event and data tables display a chronologically ordered list of events from the
timeline. An example of throughput interactivity is the Sorter Window in
Hudl SportsCode, which can be populated with all clips from a timeline or
selected rows. Within the Sorter Window, labels are listed in columns, either
‘ungrouped’ or under the ‘group’ assigned to the button during the develop-
ment of the Code Window. The ‘group’ name is very helpful when exporting
data to Microsoft Excel, as maintaining the order of the clips allows the use
of pivot tables without any data processing. Similarly, Angles includes a Data
Table that displays columns of data for qualifiers, categories (if used) and at-
tribute data. Again, when exported to Microsoft Excel, these data can be pro-
cessed using pivot tables. Readers will be familiar with the strengths of pivot
tables and the ability to transform qualitative data into quantitative data from
Chapter 4. Chronologically ordered events in Nacsport can be viewed in the
play-by-play table in the registering environment. Although descriptors are
listed within one clip register, rather than grouped like the Sorter Window
(Hudl SportsCode) or Data Table (Angles), it is still possible to view descrip-
tor groups in the matrix, and export event data chronologically via the time-
line. A point of note is that the organisation of input data in columns (groups)
is facilitated during the design of a Code Window (Hudl SportsCode), Mark
Up (Angles) or Category Template (Nacsport). Additional benefits of organ-
ising data within the software are that it reduces the volume of processing
needed once files are exported into Microsoft Excel. Even without using the
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features discussed, all three software packages have various exports that can
be used to extract the chronological order of events for further data process-
ing and visualisation. Any event lists exported from the three packages will
also include the x and y event location data should this be required.

Throughput: analysis facilities (summary)

In summary, the current section has outlined various types of analysis features
and exports that exist within the three software packages. These analysis fea-
tures aid the identification of video clips for presentations and provide flexible
data exports to support additional data processing tasks such as reports and
dashboards. Whilst it is advantageous to extract data from each software pack-
ages, each software has various in-built presentation output features that can
be used to visually present data and video. Table 5.2 summarises the features.

Outputs: data & video

As demonstrated in the previous section, a fundamental function of general-
purpose commercial analysis packages is the interactivity between data and
video feedback. The following section outlines the features available within
Hudl SportsCode, Angles and Nacsport to visually present data and create
edited presentations.

Table 5.2 Summary of throughputs and analysis facilities

Software Feature Hudl SportsCode Angles Nacsport
Ability to Matrix and matrix Basic matrix Matrix, sub matrix
cross tab organiser with but no ability and descriptor
events with ability to combine to combine combinations to
descriptions variables. qualifiers. combine descriptors.
for video Matrix data can be ~ Matrix data can ~ Matrix data can be
playback. exported as.csv file  be exported exported as.xls file
as.csv file Clip filter —
Filters — search search clips
clip qualifiers using descriptor
and attributes combinations to
within the combine descriptors
timeline
Chronological Sorter window Data table Play-by-play table
order of displays clips in which includes displays clips in
events with chronological category and chronological order
access to order with text attribute data with ability to edit,
video and labels in columns. (but no video search and delete
data Sorter window and/ link) data.
or full Edit List Data table can be  Chronological list of
of timeline events exported as.csv timeline events can
can be exported as be exported as .xls

.csv file file.
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Interactive video feedback and visualisation

Examples of interactive data and video presentation is the report mode
(output) window in Hudl Sportscode and Nacsport’s Dashboard feature.
Common functions to display data include chart types (e.g. bar, stacked
bar and pie chart) and the ability to display numerical outputs, combine
variables (e.g. text labels in Hudl SportsCode and descriptors in Nacsport)
and use mathematical calculations to generate percentage values. Output
windows and dashboards can be split to look at data from various periods
of matches (e.g., first, second, third or fourth quarter in basketball) and
can be used post-event or live. Post-event data can be displayed for ei-
ther one single match or multiple matches. A popular visualisation is the
use of RAG — or red, amber, green statuses that function as traffic light
alerts to draw attention to key performance indicator values. Typically,
red signifies an area that may need attention, amber implies caution and
green would suggest everything is as expected. It is important that these
values are well considered; therefore, it may be beneficial to look at But-
terworth’s book (2023c), where he outlines a method to evaluate single
match data based on typical match performance. If used in a live setting,
coaches and analysts must identify what information is needed to support
decision making, which may be less than that required in a post-match
analysis.

The major difference between the two software packages is that Hudl
SportsCode requires the analyst to have knowledge and understanding of
the program’s scripting language. In contrast, Nacsport negates the need
to learn a coding language, therefore developing a Dashboard output for
use can be expedited. Both report output windows (with scripting) and
dashboards are extremely powerful and allow analysts to tailor the analysis
process and presentation to their specific needs. They can greatly enhance
the efficiency and effectiveness of the analysis workflow by automating
repetitive tasks and providing dynamic and interactive outputs for players
and coaches.

In summary, it is important to consider points raised earlier in this chapter
on knowing the purpose of the system and the required information and
video outputs. Readers with an interest in the functionality available within
Scripting should see Chapter 5 ‘Statistical Windows’ by O’Donoghue and
Holmes (2015: 85—115) for further assistance. In addition, readers should ac-
cess the support files provided by both Hudl SportsCode and Nacsport to
help the implementation of these features into their own analysis systems.
Angles does not currently include an interactive data or video dashboard;
however, with the software’s capabilities to collect rich sets of data, it may not
be long before a similar feature is added to the software. Table 5.3 compares
the packages with respect to these features.
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Table 5.3 Interactive data visualisation and video playback

Software Feature Hudl SportsCode Angles  Nacsport
Interactive data Using a specialised scripting  n/a Built from the
visualisation and ~ language, it is possible interface of
video playback to include scripts within the software,
buttons in the Code dashboards can
Window to return, display data in the
calculate and display form of labels,
information in numerical charts and graphs
and graphical format based based on the data
on information in the in the dynamic
timeline. timeline.

Edited video sequences and presentations

There are several types of edited video types that can be created by analysts
(O’Donoghue, 2006), and some common examples include the preview of an
upcoming opposition or a post-match review. Table 5.4 provides an overview
of the video presentation features available within various software packages.
These features allow analysts to create and deliver edited video highlights
without having to leave the software package. Remaining within the soft-
ware package for playback is particularly advantageous when working with
multiple video angles as it is possible to seamlessly switch between angles
(e.g. wide, TV/tight or behind goal angles) during playback. Presenting from
within the software also affords coaches and analysts the opportunity to use
the native video controls of the software.

Table 5.4 Video presentation features

Software Feature Hudl SportsCode Angles Nacsport
Create edited video Movie Organiser and ~ Composer Presentations
presentations Sorter Window
within software
package
Video annotations ~ Hudl Studio is n/a Klipdraw Motion
and/or telestration  an integrated is an integrated
telestration tool telestration tool
that allows users that can be used
to quickly add in presentations
professional, to highlight key
dynamic drawings moments and add
and graphics to drawings, animations

video angles. and tracked graphics.
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Video clips can be moved directly from timelines and matrices into the
Movie Organiser (Hudl SportsCode), Composer (Angles) and Presentations
(Nacsport). Once added, all packages allow clips to be reorganised into dif-
ferent themes and sub-themes and edited (e.g. length of time). Using soccer
as an example, an analysis presentation may be built around a team’s game
model (i.e. principles of play) and include video clips on tactical team-based
situations when ‘in possession’, ‘out of possession’ and ‘in transition’ (from
attack to defence and defence to attack). Defending and attacking set pieces
(e.g. corners and free kicks) are of great analytical interest to coaches and
players. Individual player clips can also be added, and these could be split into
strengths and areas to exploit if looking at opposition players, or strengths and
areas for development if reviewing a player on your own team.

Standard annotation tools (e.g. lines, arrows and circles) are available
within SportsCode, Nacsport and Angles. However, SportsCode (Studio)
and Nacsport (Klipdraw) respectively have enhanced telestration drawing
tools integrated into their software that can be used to add visually engag-
ing graphics over video. Angles does not have integrated video telestra-
tion; however, analysts are able to add simple annotation using Preview,
a built-in image and PDF viewer on macOS. Extending on this, analysts
can also use Adobe Photoshop or Adobe Infinity; however, these pro-
grams do not facilitate ‘video telestration’. Principles and use of specialist
video telestration packages are discussed in more depth in Chapter 7 of this
book, and readers should peruse this for further information and applied
examples.

Title slides can be added within a presentation to provide structure when
moving to and from different sections of presentation. A popular function
is the use of ‘notes’, which allows coaches and analysts to add short text de-
scriptions to a video clip, these act as a prompt during live presentations or
when viewing clips or the whole presentation outside of the software. A
popular workflow available within all three packages is the ability to import
presentation slides from other presentation programs (e.g. Microsoft Power-
Point or iWork Keynote). These packages along with programs such as Adobe
Photoshop and InDesign can be used to create visually appealing presentation
slides, a common visualisation to create and import are formation graphics
with player shirts or headshots. There may be a requirement to include data
visualisation in the form of charts and tables; again, these can be created in
specialist programs such as Microsoft Excel, Power Bi or Tableau and im-
ported. A downside of this is the loss of interactivity; if this is important,
analysts can use the interactive features of Report Windows with scripting
(SportsCode), dashboards (Nacsport) discussed in the previous section as part
of presentation and feedback sessions.

Standalone videos (e.g. edited sequences or playlists) can be exported to
be played in media players or other presentation programs (e.g. Microsoft
PowerPoint or iWork Keynote) external of the software packages. There are
additional post-hoc processes (e.g. video conversion) and time required to
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facilitate these which analysts should be aware of. It is also common to share
full match or edited videos to online sharing platforms that are accessible on
smart devices (e.g. Hudl Online, Nacsport Hub or Coach Logic). Uploading
to an online platform requires the video and associated XML file, the process
is seamless if there is a sufficient internet connection to facilitate the process.

Outputs: video and data (summary)

In summary, there are a variety of integrated data and video presentation
features within each software package. Regardless of capabilities, the pres-
entation and feedback requirements will differ for all individuals (e.g. an-
alysts, coaches and players), hence there is no universal approach stronger
than another. Therefore, analysts should consider which features are the most
suitable for helping coaches and players make decisions on different aspects of
performance, and the communication of feedback.

Even though this chapter has successfully outlined the data entry input,
analysis facilities and output capabilities of Hudl SportsCode, Angles and
Nacsport, there are considerations that analysts need to be aware of prior to
data collection and the use of video analysis with coaches and players. The
final section of this chapter will now cover the importance of system testing
and approaches to ensuring accuracy of data collection.

System testing and consistency checking

The cornerstone of any computerised performance analysis systems is reliable
and accurate data collection. This is because the information collected by the
system 1is used to inform decisions about pre-match, in-game and post-match
player performance and feedback. Throughout system development, analysts
should engage in pilot testing to help resolve any issues that may arise before
the system is used in a coaching setting. It would be beneficial to involve
the coach in this process, and this will ensure the system is delivering the
required information and video. Once completed, analysts will then be ready
to use the system to collect, process and analyse data.

O’Donoghue and Longville (2004) drew attention to the importance of
reliability in the delivery of performance analysis support and suggested
‘consistency checking’ should be used to improve reliability. The principle
of consistency checking involves the analyst identifying and correcting data
entry errors before processing performance indicators and selecting video
clips to feedback to coaches and players. Examples of errors that could occur
include recording an event incorrectly, missing the outcome of an event and/
or attributing an event to the wrong player. Analysts should not see this as
manipulation of the data, but view ‘consistency checking’ as part of the data
input stage (O’Donoghue and Mayes, 2013).

Should analysts wish to test the reliability of an analysis system this can
be achieved using various exports discussed in this chapter, and percentage
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error or the kappa statistics, which are recognised reliability measures in sport
performance analysis (O’Donoghue, 2015: 185-192). However, due to the
nature of data entry, the exports may need to be converted into a suitable
format for processing a reliability assessment, particularly the kappa statis-
tic. In cases where an analysis system is being used by multiple analysts, it is
recommended that a formal reliability test be employed during the training
phase to evaluate the accuracy of data collection. However, when working on
a match-to-match basis, analysts are encouraged to apply ‘consistency check-
ing’. Further information on how to conduct percentage error and kappa
assessments when using computerised systems can be found in O’Donoghue
and Holmes (2015: 225-247).

Conclusions

This chapter has provided an overview of computerised performance anal-
ysis systems. Firstly, it discussed the types of data entry methods in various
software packages (Hudl SportsCode, Angles, and Nacsport), including the
different types of buttons, labels and qualifiers to represent events and add
additional information. Following this, a comprehensive overview of the
analysis facilities, specifically focusing on the matrix, event and data tables
and how these are used were provided. This included drawing attention to
various data export options. The section also covered a wide range of aspects
related to presenting data and video outputs within the context of commer-
cial video analysis software. Importantly, the section highlights the need for
a systematic approach to data collection, and considerations for accuracy and
reliability in performance analysis systems. Overall, the section provides in-
sights into the capabilities and workflows of three commercial video analysis
software packages and how analysts can use these to develop systems to sup-
port the delivery of video and data feedback.



6 Analysing performances
using computerised systems

Introduction

This chapter describes the operation of systems once they have been de-
veloped. Three examples are discussed: the first is a system used in netball
coaching, the second is a system used in academic research about soccer
possessions, and the third is used to analyse decision making. It is neces-
sary to briefly touch on the development of these systems simply because
the operating environment for the systems needed to be considered during
system design. The netball analysis system is operated live during matches
with some supplementary data entry occurring after matches. The second
system 1s used during post-match video analysis to record possession starts,
passes and attempts on goal. The third system was also used in a research
study. More importantly, this system was used to evaluate the decision mak-
ing of players during Australian Rules football matches and the impact of a
decision-making intervention that was being done by the squad.

Example 1. The netball analysis system

Background and development

The netball analysis system is used as an example of practical coaching be-
cause one of the authors (Peter O’Donoghue) used the system with eight
different squads from 2003 to 2013. The system was originally developed in
Focus X2 (Elite Sports Analysis, Dalgety Bay, UK) for use with the Welsh
senior netball squad (O’Donoghue and Longville, 2004) and was also used
by Welsh under 21 and under 19 squads as well as the Celtic Dragons. When
O’Donoghue moved from the Celtic Dragons to Team Bath, it was necessary
to implement the system in Sportscode (Hudl, Lincoln, NE) because the
squad were using Apple Maclntosh computers. The system is used to record
possession events, shots, scores and offensive rebounds. There are six types of
possession which are characterised by how they start:

*  Centre pass: this is how games start and how they restart after scores.
* Interception: where a player receives a ball played by the opponent that
was intended to be received by one of the opponent’s team-mates.

DOI: 10.4324/9781003375463-6
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*  Sideline: where the ball has gone out of play and so a team gets the equiv-
alent of a throw-in in soccer.

e Backline: where the ball has gone out of play and so the game restarts
with a free pass from behind the team’s own backline.

e Defensive rebound: where an opponent has missed a shot and a defender
takes the ball as it rebounds from the rim of the goal.

e Free: this 1s used for a variety of free throws given for footwork errors,
holding the ball too long, illegal passes, obstruction and contact. This is
also used on occasions where there is a toss-up that results in the team pre-
viously in possession of the ball no longer being in possession of the ball.

These possession types are exclusively linked, meaning that a new possession
starting turns off the previous possession that was being recorded. Descrip-
tor buttons are used to record the quarter each possession occurs in. When
the system was implemented in Focus X2, this was applied using a “sticky
button” as the events were entered. Now that the system is implemented in
Sportscode, all of the events within a quarter are selected at the end of the
quarter and labelled together. Goals, shots and offensive rebounds are re-
corded using code buttons. The code buttons for goals and shots have activa-
tion links ensuring that a descriptor is added to the current possession noting
these outcomes.

Operating environments

The system has been used in different operating environments. Venue,
filming location and how much time there is to turn feedback round to the
coach and players all impact on data entry and analysis. The match could
be filmed from a side-on view or from behind the court. Video footage
from behind the court is preferable for the coaches but requires the camera
operator to zoom in and out as the play moves up and down the court.
This requires a separate camera operator to the analyst if the match is to be
coded live. Where the match is being recorded from a side-on view, it is
possible for a skilled analyst to operate the camera and code the match live.
Typically, the camera does not need to zoom into the action and simply
needs to swing from left to right as the play moves from left to right. The
analyst can control the camera with the non-dominant hand and code the
match with the dominant hand. Ergonomics is very important here; a table
for the computer and a good tripod is needed. It is essential to use hot keys
on the keyboard in order to code a match live while operating the camera.
Viewing the match and operating the keyboard is much easier than viewing
the match, using a mouse and checking the computer screen to make sure
the pointer is at the right on-screen button. Each combination of team and
event has a different key assigned, meaning that only one key needs to be
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hit when an event occurs rather than two. The choice was necessary to de-
cide on which keys to use for different events. C and G for centre pass and
goal, respectively, were natural choices, except this was only for the centre
passes and goals for the team. The V and H keys were used for opponent’s
centre passes and goals, respectively. The reason for this is because V and
H are located next to C and G on the keyboard. This was not possible for
all event types. For example, I was used for team interceptions but O could
not be used for opposition interceptions because it was already assigned to
another event type (a sideline ball after the ball had been played out). In-
stead, N was used to represent opposition interceptions because it was the
second letter of “interception”. We’ll not go through the rest of the keys
assigned to different events. It sounds complicated but when using the sys-
tem over a season, the analyst gets used to the keys. Indeed, when events
were being performed during matches, the analyst was mentally thinking of
them in terms of letters. There are occasions where the analyst might make
a mistake during coding. It is not possible to correct this live as subsequent
events need to be coded. Therefore, the system uses the space bar to record
where the operator believes an error has occurred. This allows the analyst
to quickly locate any errors and correct them after match quarters or after
the match.

After the match, the coding can be checked to ensure that the events fol-
low the syntax rules for the sport. The centre passes need to alternate be-
tween the two teams. Turnovers between centre passes need to alternate. A
shot, goal or offensive rebound can only occur within a possession for the
team performing the event. Any errors with respect to these syntax rules can
easily be detected through filtering events, allowing them to be corrected in
the 15—20 minutes after the match. During this period, the players will be
doing their cool down and changing. It is particularly busy where the analyst
may appear to be antisocial, but the fact is that a complete correctly coded
video of the match needs to be ready to copy onto the coaches’ computers
before everyone leaves the venue.

There are some venues where it is not possible for the equipment used to be
connected to a mains power supply. Usually, the batteries for the camera and
computer being used last for an entire netball match. However, there can be
problems if there are additional tasks being done by the computer that require
more CPU (central processing unit) usage and hence more power. For exam-
ple, an additional screen might be attached to the computer so that delayed
video can be displayed. Copying video frames and sending them to an addi-
tional screen will use additional power and could result in the computer run-
ning out of battery before the match has completed. In such a situation, the
analyst will need to get to a mains power supply soon after the match, code
the remaining video recorded by the camera and join the two coded videos
together. This might not be straightforward and can delay time to feedback.
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The squad may need to consider the relative value of using an extra screen
for a delayed video display during the match against having information for
feedback sooner rather than later.

While working as Team Bath analyst, O’Donoghue also used the sys-
tem with the England under 21 and senior squads until 2013. At this point,
Andrew Butterworth was appointed as the England squad’s analyst and the
system was extended considerably to take advantage of the latest technologies
(Butterworth, 2023a, 2023c¢). A statistical window was coded to determine
percentage conversion rates for each type of possession live during the match.
These conversion rates were presented in an output viewer window that was
sent wirelessly to a device being used by a coach on the bench. The statistical
window in Sportscode uses underlying programme code created by the an-
alyst to examine the timeline and produce higher order statistics. It can also
be used to add descriptors to the timeline without the user needing to code
them. O’Donoghue and Holmes (2015: 85—115) show how this can be used
to automatically update the score in tennis. Additional events of interest to
netball coaches were coded live by a second analyst or coach using an iPad
device. The iPad communicated with the main analyst’s computer during the
match so that these additional events could be included in the match timeline.
Ball touches by individual players were coded in the 24 hours after the match.
This was a highly skilled process that required familiarity with the players
within the squad and the opposing squads. Once coded, these touches could
be checked relatively quickly for a player at a time. Displaying video se-
quences for the touches coded for an individual player makes it reasonably
obvious if there is a touch that has been coded for the player where, in fact,
another player performed the touch. The wealth of information recorded
allowed multimedia profiles to be produced for the players. These profiles
interactively presented quantitative information about performances as well
as video sequences (Butterworth, 2023c).

Reliability

Reliability is arguably more important in practical performance analysis than
it is in scientific research. This is because the analysis will be used to in-
form decisions made by coaches and players about preparation for important
matches. The reliability of the system includes the whole process of operating
the system, including correcting errors at the end of the match. The error
checking and correcting steps should not be seen as a way of covering up
limited reliability. These steps are part of the process that leads to the infor-
mation that the coaches and players will use.

Analysis and feedback

The code buttons were for team and possession type pairs and these are
used as the rows of a matrix produced for each match coded in the system.
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Match quarters and event outcomes are clustered to form the columns of
the matrix. The matrix is exported from the video analysis software and
the frequencies pasted into a pre-programmed spreadsheet to determine
percentage conversion rates as shown in Figure 6.1. Figure 6.1 is a summary
sheet that is given to the coaches about 30 minutes after the match. This has
merged interceptions and defensive rebounds into a single possession class
called “Live turnovers”. The frees, sidelines and backlines are merged into
a second broad possession class of turnover called “Restart turnovers”. The
difference between a restart turnover and a live turnover is that there is a
stoppage in play before a restart possession commences. This allows both
teams to set their players up in preparation for the possession. A live turn-
over, on the other hand, is where a team takes the ball from the opponent
and play continues without any stoppage being signalled by the umpires.
The statistics for the team’s own possessions reflect their attacking play and
higher values are desired rather than lower values. The statistics for the
opposition’s possessions reflect the team’s defensive performance and lower
values are preferable. The example in Figure 6.1 shows where the coach
circles particular possession types to represent good play. The rectangles
are drawn where the coach identifies areas where improvement is needed.
The coach can mark the sheet in less than a minute based on the statistics
but also on having watched the match from the bench. The marked statis-
tics give the analyst direction on which video sequences to include within
highlights videos. You will see that nothing is marked on the overall turn-
over rows; this is because these statistics are made up from the live and
restart turnovers. Considering the team’s own possessions, you will see that
the coach marked restart turnovers in the fourth quarter where the conver-
sion rate was 67% but did not make live turnovers in the first and fourth
quarters even though they also had a conversion rate of 67%. The issue here

Match:
Date:
Team Match Ql Q2 Q3 Q4
TP
Centre Passes to Goal 32/51=63% 8/13=62% 7/12=58% ( 11/14=79% ) 6/12=50%
/ \
Restart T/Overs to Goal 12/23=52% 4/7=57% 3/5=60% 1/5=20% | \_ 4/6=67% ‘>
P ————
Live T/Overs to Goal 10/16=63% 2/3=67% 2/5=40% ‘\4/5:80% )’ 2/3=67%
All T/Overs to Goal 22/39=56% 6/10=60% 5/10=50% 5/10=50% 6/9=67%
Opposition Match Ql Q2 Q3 Q4
Centre Passes to Goal 24/53=45% 7/14=50% 5/13=36% ) 7/14=50% ( 5/12=42%
———
Restart T/Overs to Goal 12/16=75% 3/3=100% 5/6=83% 1/2=50% 3/5=60%
—
Live T/Overs to Goal 11/19=58% 2/6=33% > 2/3=67% 4/6=67% 3/4=75%
pasS——_
All T/Overs to Goal 23/35=66% 5/9=56% 7/9=78% 5/8=63% 6/9=67%

Figure 6.1 Summary analysis from the netball system.
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is that the team only had three live turnovers in each of these two quarters
and the coach may have been hoping for a higher number. Similarly, when
the team’s defence is considered, the coach has not marked opposition re-
start turnovers in the second quarter even though the opponents scored for
all of these. This is because the team only conceded three such turnovers
which the coach may feel is acceptable.

Statistics on individual types of turnover can be provided later and trends
for these over a series of matches can be monitored. However, immediately
after the match, the statistics in Figure 6.1 are enough to start the process of
preparing feedback. The combination of two teams’ possessions, three posses-
sion types (excluding all turnover rows) and four quarters gives 24 fractions
and associated percentages to deal with. The selected video sequences are
organised into four highlights videos:

e Examples of good attacking play,
e Examples of attacking play where there are areas to improve,
e Examples of good defensive play,
*  Examples of defensive play where there are areas to improve.

These highlights videos can be saved as standalone videos to be shared with
the squad or individual clips can be saved as separate videos. The two vid-
eos on areas for improvement would typically include six clips each. But-
terworth (2023a) describes a range of hosting platforms that can be used
to share video clips with the squad. These internet-based systems can be
accessed by players using their personal devices, allowing engagement with
the feedback at times and locations that suit the players’ routines. This also
allows a greater amount of training time when the squad is together to be
devoted to on-court training drills.

The competition schedules in international and domestic netball are differ-
ent. Some teams had to play seven matches in nine days at the 2023 Netball
World Cup. There is typically a week between matches in British National
Superleague netball. The match schedules have an impact on the analysis
and feedback work done with the squads (Horne, 2013). When matches are
played on consecutive days, the squad has limited time for debriefings and
briefings. Players may need to take ice baths, eat and sleep. They also do sur-
face practice on match days before the game. Therefore, squad management
need to set timetables for each day and ensure squad members have the next
day’s schedule before the end of the current day.

There is a manual version of the system where possessions played and pos-
sessions leading to goals can be tallied. Once the match is over, the totals
from the data collection form can be entered into a summary sheet as shown
in Figure 6.2. The manual system can be used where an analyst is attending
a match not involving their own team, and where it is not possible to access
the video recording of the match.
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Team Match: Opponents

Goals / Percentage Date: Goals / Percentage

Possession Conversion Possession | Conversion

26/51 51% Centre Passes 26/52 50%
Turnovers

12/16 75% great Interceptions 7/14 50%

7/9 78% great Sideline balls 1/2 50%

1/7 14% bad Backline balls 2/9 33% good

3/6 50% Defensive rebounds 0/2 0%

5/10 50% Frees / penalties / toss ups 9/16 56% <par

28/48 58% >par All Turnovers 20/43 46%

15/22 68% great Turnovers from open play 7/16 44% bad

13/26 50% Restart turnovers 13/27 46%

55/67 82% Shooting 46/56 82%
Rebounds

2/4 Attacking rebounds taken 3/9

6/9 Defensive rebounds taken 2/4

Figure 6.2 Summary sheet for the manual version of the system.

Example 2. UEFA Euro 2022 research

Background and system development

This second example comes from research into women’s international soccer
(O’Donoghue and Beckley, 2023). The primary purpose of the study was
to compare the effectiveness of different types of possession in the UEFA
EURO 2022 tournament. There was a secondary purpose to compare the
eight quarter-finalists with the eight teams who were eliminated at the end of
the group stage. The 31 matches were analysed using a simple code template
that was developed in Nacsport Pro (Nacsport, Las Palmas de Gran Canarias,
Spain). The code template had six buttons for each team in a match; restart
possession start, live possession start, pass, goal, shot on target and shot off
target. The full definitions of these events can be found in O’Donoghue and
Beckley’s (2023) paper. The difference between restart and live possessions
is that restart possessions are immediately preceded by a stoppage. Restart
possessions include kickoffs, free kicks, throw-ins and corners. Live posses-
sions, on the other hand, commence with one team taking the ball from the
other team without any stoppage time between the previous possession and
the live possession. These possessions could commence with the ball being
intercepted, a successful tackle or a goalkeeper collecting the ball.

This chapter is concerned with the operation of systems once they have
already been developed. However, both data collection, data analysis and
how results will be presented should all be considered when developing sys-
tems. The research had been inspired by Hughes and Frank’s (2005) study
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of possessions in men’s World Cup soccer. This compared possessions of
different numbers of passes, finding that possessions of five or more passes
had a greater chance of leading to shots and goals than possessions of four
passes or fewer. Essentially, Hughes and Franks (2005) compared these two
types of possession using goals and shots per 1,000 possessions. This avoided
presenting misleading findings due to shorter possessions being more com-
mon in soccer than longer possessions. To replicate the study of Hughes and
Franks (2005) for women’s international soccer, O’Donoghue and Beckley
(2023) needed to consider whether to code instantaneous events or posses-
sions. Ultimately, the research was comparing possessions of different num-
bers of passes, so entering possessions during data collection would create
data that were in a form ready for statistical analysis. Another advantage of
tagging possessions is that whole possessions can be viewed interactively
using the system. This would be important if using the system in practical
coaching but is not so important in academic research. The disadvantage
of tagging possessions is that the number of passes in a possession is not
known at the start of the possession. Therefore, separate code buttons for
short and long possessions could not be used. It would be possible to use
descriptors to add information to coded possessions distinguishing short
and long possessions. However, this would require system users to mentally
count passes within possessions and add the descriptor after the possession
had been completed. An alternative to doing this is to allow individual pass
descriptors to be recorded within possessions. Nacsport records the times
at which descriptors occur within coded events. This also allows more de-
tailed classification of possessions than a binary choice of long or short. The
main reason for not tagging possessions, with passes as descriptors within
the possessions, was that it would be easier to tag just passes during data col-
lection if a way could be found to construct possessions from the pass data.
This was accomplished by also tagging the start of possessions as instanta-
neous events. This was to distinguish where two consecutive possessions
are performed by the same team. An example of where this can happen is
where a team in possession are fouled and, therefore, commence the next
possession with a free kick.

Operating environment

The same system was used for all 31 matches and, therefore, no buttons were
associated with specific teams. The system had two sets of code buttons; one
set was for the “red” team (Team 1) and the other set was for the “blue” team
(Team 2). This meant that system operators had to consider one team to be
the red team and the other team to be the blue team, even in matches where
neither team were wearing red or blue. This was not ideal in a match like the
final, where England wore white and Germany wore dark green. However,
it did prevent the system having to be altered before each match.
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Table 6.1 Replays shown during live ball-in-play time during BBC television
coverage of the UEFA Euro 2022 tournament

Match Subject of Replay
Attempt  Bench or Live Off  Foul or Total per
on Goal  Crowd  the Ball ~ Alleged Foul 90 mins

England v Germany* 5 1 0 1 7
France v Holland* 11 2 3 0 16
Sweden v Belgium 2 8 0 0 10
Spain v Denmark 3 0 0 1 4
Austria v Norway 6 1 1 10 18
Portugal v Switzerland 4 3 3 4 14
Iceland v Italy 5 2 1 3 11
N. Ireland v England 4 4 0 0 8
Germany v Finland 3 2 3 0 8
France v Iceland 4 0 4 3 11
Sweden v Holland 5 2 1 1 9
Sweden v Portugal 1 1 2 3 7
Sweden v Switzerland 2 2 0 1 5
England v Sweden 5 0 0 2 7
France v Germany 3 2 0 2 7
France v Italy 6 1 2 0 9
France v Belgium 4 0 0 0 4
Germany v Denmark 4 3 2 1 10
Germany v Spain 4 3 0 0 7
England v Norway 8 1 0 0 9
England v Austria 3 2 0 2 7
Iceland v Belgium 2 2 0 0 4
England v Spain® 6 4 1 2 13
Germany v Austria 7 0 0 3 10
N. Ireland v Austria 4 1 1 4 10
N. Ireland v Norway 7 1 1 0 9
Spain v Finland 4 1 1 1 7
Denmark v Finland 8 2 2 0 12
Holland v Portugal 6 1 0 1 8
Holland v Switzerland 5 2 1 1 9
Belgium v Italy 3 2 0 0 5
Total 144 56 29 46 275

* . .
Match contained extra time.

Data collection was done using match videos allowing videos to be paused
when events were being entered. The match videos were from broadcast
coverage which contained replays that were occasionally displayed after the
match had restarted. There were 275 such replays shown during the cover-
age of the 31 matches that each prevented at least one possession from being
observed. This was equivalent to 8.6 such replays per 90 minute match when
one considers that 3 matches included extra time). Therefore, some posses-
sions and passes could not be recorded. Table 6.1 summarises the replays that
were shown during live ball-in-play time.
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Reliability

The reliability of the process was analysed using an inter-operator agree-
ment study of a full match, once the definitions of events had been agreed
by the researchers. This was preceded by a pilot inter-operator agreement
study of a 15 minute match section and a discussion of the definitions be-
ing used. O’Donoghue and Beckley (2023) describe the reliability study
in their paper. This included a cross-tabulation of possessions of different
numbers of passes from which a weighted kappa value (Cohen, 1968) was
calculated (weighted K = 0.684). However, due to restrictions on the length
of the paper, the full cross-tabulations of events leading to the kappa values
for possession start type and event type could not be included. These two
cross-tabulations are shown here in Tables 6.2 and 6.3. There were occa-
sions where a pass was recorded by one of the two researchers but not the
other. Indeed, there were occasions where a possession was recorded by one
of the observers and not the other. This typically happened where a player
contacted the ball and a subjective judgement needed to be made about the
level of control the player had over the ball before possession was lost again.
The two resulting event lists were exported from Nacsport and needed to
be time matched using the process described by O’Donoghue and Holmes
(2015: 125-128). This involved entering blank events where one observer
did not record anything but the other did (no possession recorded or no
event recorded). The time-matched event lists were cross-tabulated using
a pivot table in Microsoft Excel. This allowed the kappa values of 0.838
and 0.785 to be determined for possession type and event type respectively
(Cohen, 1960).

Table 6.2 Inter-operator agreement for possession type

Observer 1 Observer 2
Team 1 Team 1 Team 2 Team 2 No Total
Live Restart Live Restart Possession

Possession  Possession  Possession  Possession  Recorded

Team 1 Live 144 1 18 163
Possession

Team 1 Restart 57 2 59
Possession

Team 2 Live 148 1 19 168
Possession

Team 2 Restart 1 59 5 65
Possession

No Possession 3 4 1 8
Recorded

Total 147 58 153 61 44 463
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Table 6.3 Inter-operator agreement for event type within possessions

Observer 1 Observer 2
Team 1 Team 1 Team 2 Team 2 No Event  Total
Pass Shot Pass Shot Recorded
Team 1 Pass 674 1 33 708
Team 1 Shot 1 15 1 17
Team 2 Pass 509 48 557
Team 2 Shot 6 6
No Event 39 39 4 82
Recorded
Total 714 16 548 10 82 1370

Data processing

The published paper by O’Donoghue and Beckley (2023) lists eight classes of
possession based on number of passes and the rate of passes played per second.
The definition of high and slow pass rates together with the definitions of live
and restart possessions are sufficient to make the methods replicable without
going into user manual level detail of the data processing steps used to create
the variables. This chapter does describe these steps. In so doing, it is impor-
tant to discuss the review process of the paper and how this led to the final
published version. The paper was initially submitted without analysing the
passing rate. The reason for this was to adopt use similar variables to the study
of Hughes and Franks (2005) so that differences between women’s and men’s
international soccer could be discussed. This meant that for each team per-
formance in each match, the researchers determined the number of live and
restart turnovers of different numbers of passes and the percentage of these
that resulted in an attempt on goal. We have already discussed the decision
to gather instantaneous events rather than possessions of non-zero duration.
The thinking behind this was that if a spreadsheet could be programmed to
string passes into possession records, then the functions achieving this could
be copied and pasted to apply them to all events gathered from all 31 matches.

Figure 6.3 shows a spreadsheet to determine the number of passes per
possession. Columns A to C were taken directly from the event list exported
from Nacsport. Events performed by Team 1 and Team 2 had been tagged
using red and blue buttons in the code template, respectively. The first thing
the researchers needed to do was transform the event into separate columns
for the team performing the event and the event type. This was essential to
eventually use pivot tables to produce summary records for the two teams
within the match. This was done in columns D and E. The cells D2 and E2
contain the Excel expressions shown in Equations 6.1 and 6.2, respectively.
Cell D2 was relatively easy to program. The researchers knew the team was
either “Team 1” or “Team 2” and so this could be determined from the coded
event in cell B2 using a simple text processing function (LEFT). Determining



100 Analysing performances using computerised systems

the event type was a little harder because the event types have differing num-
bers of characters. These characters were to the RIGHT of cell B2 and the
number of characters was the LENgth of the string minus seven to remove
the team name and the space that separated the team and the event type.

=LEFT(B2,6) 6.1)

= RIGHT(B2,LEN(B2)-7) 6.2)

The “Pass Error” column was used during data cleaning to identify potentially
incorrect data, for example, a live turnover where the team was the same as the
team performing the previous event. The length of possessions in column I is
the number of passes within the possession. The number of passes is only in-
cluded in this column once a possession ends. In this way, the spreadsheet con-
tains a row for each instantaneous event (start of a possession, pass, shot or goal),
but column I reduces this to possession level data by leaving cells blank where
possessions have not been completed. The process of producing the number of
passes per possession (column I) requires us to accumulate passes made within
possessions; this is done in column G. The cell G5 contains the Excel expres-
sion shown in Equation 6.3. This uses nested IF functions because there are
three things that can happen in column G. Firstly, this may be the start of a new
possession with the first pass still having to be played. This situation is recog-
nised if the left most characters of event type (column E) spell “Possession”. In
this situation, we have 0 passes so far within the possession. The second thing
that could happen is that the row contains data for a pass. If this is the case,
then the event type (column E) will be “Pass” and the number of passes so far
will simply be one more than it was in the previous row. The third thing that
can happen is that something other than a pass occurs within a possession. This
could be a shot or a goal. Hence, the else part of the inner IF statement simply
copies the number of passes played so far from the previous row. Having deter-
mined the number of passes played within possessions and setting this back to
zero when a new possession commences (column G), it is relatively simple to
produce column I. This is done using the Excel expression shown in Equation
6.4 which is for the cell I5. This basically looks at the next row to see if it is
starting a new possession, and if it is, then the current row must be ending the
possession. Hence, the number of passes played so far in the possession is simply
copied from column G to column I. Where the next row is not starting a new
possession, column I simply contains an empty character string.

=IF(RIGHT(ES5,10)="Possession",0,IF(E5="Pass",G4+1,G4))  (6.3)

=IF(RIGHT (E6,10)="Possession",G5,"") (6.4)

The final thing to do is determine the type of possession and ensure this is
stored in the same row as the number of passes in the possession. As you can see
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A |B © D E F G H 1
1 Pass Possession length

N# | Category Click | Team Event Error | so far Possession type Length
2 1 Team 2 Restart Possession 03:09 | Team2 Restart P i 0 Restart P i
3 1 Team 2 Pass 03:21 | Team 2 Pass 1 Restart F
4 2 Team 2 Pass 03:22 | Team 2 Pass 2 Restart Possession 2
5 1 Team 1 Restart Py i 03:30 | Team 1 Restart P 0 Restart P i
6 1 Team 1 Pass 03:44 | Team | Pass 1 Restart F
7 2 Team 1 Pass 03:49 | Team | Pass 2 Restart P
8 3 Team 1 Pass 03:50 | Team I Pass 3 Restart P
9 4 Team 1 Pass 03:52 | Team | Pass 4 Restart F
10 | 5 Team 1 Pass 03:53 | Team 1 Pass 5 Restart P i 5
11 |1 Team 2 Live Possession 03:57 | Team 2 Live P 0 Live Possession
123 Team 2 Pass 03:59 | Team 2 Pass 1 Live Possession 1
1311 Team 1 Live Possession 04:00 | Team 1 Live Possession 0 Live Possession
1416 Team 1 Pass 04:02 | Team | Pass 1 Live P i
1517 Team 1 Pass 04:07 | Team 1 Pass 2 Live Possession
16 | 8 Team 1 Pass 04:12 | Team | Pass 3 Live P i 3
17 [ 2 Team 2 Live Possession 04:15 | Team2 Live P 0 Live Possessi
18 | 4 Team 2 Pass 04:15 | Team 2 Pass 1 Live P i 1
1912 Team 1 Live Possession 04:18 | Team 1 Live P 0 Live Possessi

Figure 6.3 Spreadsheet to determine number of passes per possession.

in column H, blanks are not used in the cells prior to the possession complet-
ing. This is because when column I is eventually used with columns D and H,
we can ignore any values from columns D and H that are associated with blank
cells from column H. Column H determines the possession type at the start of
a possession and copies this into each row until the possession ends. This is done
using the Excel expression in Equation 6.5 which is for the cell H5.

=IF(RIGHT(E5,10)="Possession",E5,H4) (6.5)

It 15 also necessary to include additional columns to determine whether pos-
sessions led to shots or not. This is done using a similar approach of checking if
there was a shot so far within a possession and then using this at the end of the
possession. If this were to be added in column J, then we would have the Excel
expression shown in Equation 6.6 in cell J5. This is another example of where
one of three things could happen. First, the row could represent the start of a
new possession where a shot has not been observed yet and so we simply set
the cell to “No” meaning no shot so far. Second, if the event (column E) is a
“Shot on target”, “Shot off target” or a “Goal”, then we want to set the cell to
“Yes” meaning that a shot has been recorded within the possession. Note the
use of the LEFT function so we can simply ask about shot rather than distin-
guishing shots on target from shots off target. The third thing that can happen
is that the current row is within a possession but a shot 1s not taking place; the
row could simply be a pass within the possession. In this situation, whether a
shot has occurred within the possession or not does not change from the pre-
vious row. Hence, the contents of the cell J4 are simply copied into J5.

=IF(RIGHT(E5,10)="Possession","No", IF(OR (E5
="Goa1",LEFT(E5,4)="Shot"),"Yes",J4)) (6.6)

Exercise: As an exercise, how would you change Equation 6.6 if you wanted
to classify possessions as leading to “Goal”, “Shot on target”, “Shot off target”
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or “No shot”? Try this for the cell J5. You will find the answer at the end of
this chapter in Equation 6.12.

As mentioned previously, the concept of passing rate was introduced into
the paper at the suggestion of the reviewers. In order to determine the pass
rate, it was necessary to determine the duration of the possessions in seconds
and then combine with the number of passes. This required the spreadsheet to
note the start time of the possession and copy this into the remaining rows for
the possession so that it would be available at the end of the possession to be
subtracted from the end time for the possession. The time of an event is rep-
resented in a Nacsport event list as shown in column C of Figure 6.3 (Click).
This is a video time in minutes and seconds; so, 101:20 would represent 101
minutes 20 s into the match video. The total number of seconds into the video
is determined to facilitate arithmetic processing of the times. This is done
using text processing in Excel. Firstly, we need to determine where the colon
is within the character string that represents the video time. If this was done
in column K of the spreadsheet, then cell K5 would contain the Excel expres-
sion shown in Equation 6.7. Having determined the location of the colon and
presented this in cell K5, we can now use this along with Nacsport representa-
tion of video time in C5 to produce the total number of seconds as shown in
Equation 6.8. This Excel expression is in the cell L5. Note the addition of O to
the number of minutes and to the number of seconds. This is because the text
processing functions LEFT and RIGHT produce text strings such as “101” and
“20” which are different to the numeric values 101 and 20. However, by add-
ing zero, a value of a numeric type, Excel evaluates the two sub-expressions
into values of numeric types. Thus, we will get an overall value of 6080 as the
time in seconds corresponding to the Nacsport representation 101:20.

=FIND(":",C5) 6.7)

=(LEFT(C5,K5-1)+0)  60+RIGHT (C5,LEN(C5)-K5)+0 (6-8)

Once this was done, the cells in columns D to L could be pasted down for
the remaining rows in a spreadsheet that contained all of the events for all 31
matches. Additional columns were added to represent the actual teams within
the matches as three letter codes. For example, “ENG” and “GER” were used
for England and Germany. This permitted a series of data reduction steps
to be applied to produce a data sheet suitable to be uploaded into a statistics
package. These steps are listed below:

e The event level data were transformed into performance data using a
pivot table. There were over 40,000 events within the 31 matches. These
data were reduced to 62 performances because there were two teams
contesting each match. The pivot table had a row for each performance
and then clustered columns for possession type (this was a composite var-
iable based on how the possession started, the number of passes and the
pass rate) and outcome (shot or no shot).
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*  Team data were then aggregated. Some teams played three matches be-
cause they were eliminated at the end of the group stage while England
and Germany played six matches because they reached the final. The ag-
gregated data had a row for each of the 16 teams containing the variables
for their average performance (using the mean for each variable from the
set of matches they played in). There were three matches, and hence six
team performances, where extra time was played. The frequency data
from these matches was scaled by a factor of 0.75 before contributing to
the aggregated performance for the given team.

*  The final step was to include a team type variable to distinguish the eight
quarter-finalists from the eight teams eliminated at the end of the group
stage.

Statistical analysis

There is not much to add about statistical analysis that has not already been
published in the paper (O’Donoghue and Beckley, 2023). Normality was
checked using Shapiro Wilk tests rather than Kolmogorov Smirnov tests be-
cause there were fewer than 50 values for each variable once the data had
been reduced to the aggregated records for each team. Medians, lower and
upper quartiles were used as descriptive statistics given that the data were not
normally distributed. Nonparametric tests were used to compare the two
types of teams (Mann-Whitney U tests), productivity of live and restart pos-
sessions (Wilcoxon signed-ranks tests) and the productivity of possessions of
different lengths and passing rates (Friedman tests).

The one thing that does require more coverage in this text book is the
calculation of Cliff’s delta as an effect size. The paper has stated that this was
used and what values are interpreted as small (0.11), moderate (0.28) and large
effects (0.43). This is sufficient to make the methods replicable in this re-
spect because Cliff’s delta, like any other existing statistical procedure, can be
looked up from elsewhere without the paper having to “re-invent the wheel”.
The same might be said of this text book. However, a purpose of text books
is to bring together detail of various tasks that students may need to perform.

Cliff’s delta is an effect size that can be used with ordinal, interval or ratio
scale data, making it suitable for use with nonparametric inferential statistics.
We will use the percentage of restart possessions that led to attempts on goal
as an example. Table 6.4 shows the values for this variable for the two types
of teams. Each value from the first group (quarter-finalists) is compared with
each value from the second group (eliminated teams) to determine the di-
rection of the differences in the M X N difference. Here, the two groups are
the same size with M and N both being 8, but this is not always the case. The
direction of the difference is +1 if the value from the first group is greater
than that of the second group, —1 if it is smaller and 0 if the two values are
the same. This allows an M X N (8 X 8) grid of direction scores to be de-
termined as shown in Table 6.5. An Excel spreadsheet can be programmed
to determine the direction values in a two-dimensional table using nested
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Table 6.4 The percentage of restart possessions
that led to attempts on goal

Quarter-Finalists Teams Eliminated
After the Group Stage

6.38 3.94
2.24 2.02
11.16 3.30
6.24 7.29
2.29 2.44
9.72 4.37
12.37 3.17
4.58 2.51

Table 6.5 Direction scores between each value from the quarter-finalists and each
value from the eliminated teams

Quarter-Finalist Teams Eliminated After the Group Stage

Values
3.94 2.02 3.30 7.29 2.44 4.37 3.17 2.51

6.38 +1 +1 +1 -1 +1 +1 +1 +1
2.24 -1 +1 -1 -1 -1 -1 -1 -1
11.16 +1 +1 +1 +1 +1 +1 +1 +1
6.24 +1 +1 +1 -1 +1 +1 +1 +1
2.29 -1 +1 -1 -1 -1 -1 -1 -1
9.72 +1 +1 +1 +1 +1 +1 +1 +1
12.37 +1 +1 +1 +1 +1 +1 +1 +1
4.58 +1 +1 +1 -1 +1 +1 +1 +1

IF functions. If you use absolute addressing ($) correctly within one of these
cells, it can be pasted into the remaining cells yielding the correct values. The
sum of these values is determined using Equation 6.9, where M is the number
of values in the first sample, N is the number of values in the second sample,
i represents the ith value in the first sample, and j represents the jth value in
the second sample.

| Y
delta = M—NZZdirection(i,j) 6.9)

i=1 j=1

In our example, the sum of the direction scores is 30. This is divided by 64
(8%8) to give a Clift’s delta value of 0.47 which is interpreted as a large effect.

Quantitative research

The research used as an example in this section of the paper (O’Donoghue
and Beckley, 2023) was a quantitative research study where matches were ab-
stracted to a fingerprint of quantitative variables and then presented for broad
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groups of teams: the average quarter-finalist, the average team eliminated
at the end of the group stage or the average team within the tournament.
This subsection of the current chapter discusses some concerns about this
traditional reductive way of undertaking quantitative research. The paper
concluded that possessions of five or more passes with a slow pass rate were
the most productive for generating attempts on goal. However, the paper also
acknowledged that this conclusion did not apply to all teams. There were six
of the 16 teams for whom possessions of nine or more passes with a slow pass
rate were not the most productive for creating scoring opportunities. Restart
possessions of one or two passes were the most productive for three of the
teams, possessions of five to eight passes with a slow pass rate were the most
productive for two others, with one team having their highest percentage of
attempts on goal from restart possessions of three or four passes. Figure 6.4
shows the percentage of short and long possessions that led to attempts on
goal for each team in the Euro 2022 tournament. This does not distinguish
between restart or live possessions, or between possessions with high and low
passing rates. The grey band running from bottom left to top right represents
teams who generate attempts on goal from a similar percentage of these two
broad types of possession. Teams like Denmark and Sweden would be advised
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Figure 6.4 The percentage of possessions leading to scoring opportunities for differ-
ent teams in the Euro 2022 soccer tournament.
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to adopt a more elaborate possession style because this appears to be more
productive for these teams than using a more direct style of play. Iceland, on
the other hand, produce scoring opportunities from a greater percentage of
shorter possessions that characterise a more direct style of play.

What may surprise readers about Figure 6.4 is that it suggests Spain are
just as productive from shorter possessions as they are from longer posses-
sions. They are considered to be a team that uses a “tiki taka” style of play
and Spain’s possessions contain more passes than the other teams in the
tournament. So why are longer possessions not more productive for Spain?
We will consider one of Spain’s shots on target from their group match
against Finland. The shot was taken around 47:45, that is in the third min-
ute of the second half. Spain had a possession of 14 passes where they moved
the ball up the field and played the ball into the penalty area. The ball was
headed away by a Finnish defender, with a second Finnish defender also
playing the ball in the air. The fact that a header (counted as a headed pass
in the research study) went to a teammate, meant that this was counted as a
live possession for Finland. However, the second header went to a Spanish
player to start a new possession for Spain which consisted of two passes fol-
lowed by a shot on goal from outside the penalty area. Given the definitions
being used in the research study, this shot on target was deemed to have
come from a short possession of two passes. However, when viewing the
video, there is evidence that the previous possession of 14 passes led to the
ball being in the attacking third and making a contribution to the shot on
goal, even though Finland had a couple of touches of the ball in between.
There are many examples in soccer where an elaborate possession leads to
territorial advantage such that even if the defending team temporarily takes
possession of the ball, they can lose the ball again under pressure leading
to a goal being conceded. This highlights an issue with objectivity, opera-
tional definitions and restricting analysts from using experience and exper-
tise when collecting data.

Example 3. Analysing decision making

Background and development

The third example is a system to analyse decision making during Australian
Rules football performance (Lorains et al., 2013). This is not a system that
the authors have experience of using but is being used as an example here
for several reasons. Firstly, the previous two examples are systems that the
authors have used which means that there is a possibility that some issues
may not have been raised simply because they are things the authors take for
granted as experienced users of the systems. Discussing a system developed
by others gives greater scope for questioning meanings and processes. The
authors of this book do have some experience in analysing decision mak-
ing because a current PhD researcher at Cardiff Metropolitan University
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is investigating decision making during fast break situations in women’s
basketball. The second reason for using this system is to analyse decision
making where more variables require analyst expertise and training to re-
cord reliably. Thirdly, decision making is an important area; the authors of
the paper described decision making as an important but largely ignored
area in sports performance analysis. Ten years on from the publication of
their paper, there has been further research in the area (Lima e Silva et al,,
2020; Machado et al., 2020, 2023; Miarka et al., 2016), but it remains an
area requiring much more research. Fourthly, it is fair to say that the varia-
bles in the previous two examples are more matter-of-fact than some of the
variables in this third example. It is very important that one of the examples
used in this chapter contains variables that are less matter-of-fact so that the
challenges in analysing these can be discussed. A fifth reason for using this
example is that it has been used in both practically in a coaching environ-
ment and in research that has led to publication (Lorains et al., 2013).

The system was implemented in Microsoft Excel. Figure 6.5 shows the
variables in Lorains et al.’s (2013) system and their possible values. This rep-
resentation of the system does not include some on-screen areas that show
currently selected values and provides a button to confirm and register the
current event. The events recorded using the system are occasions where a
player receives the ball and needs to “consciously dispose” of the ball. The
ball is usually disposed of by a hand pass or kicking the ball into space or to
a teammate.

This example, like the previous example, uses broadcast coverage. The
footage was provided by the broadcaster and included both side-on and
end-on views. It is not clear if this means that the footage as shown to view-
ers was used (which would include different views at different times) or if
the recordings from each angle were provided for the full match duration of
each match. If all of the footage from all angles are provided, as recorded, it
also avoids the replays being shown. The use of multiple views of the same
events can potentially improve accuracy but increases the time required to
enter data.

Operating environment

The human operation of the system is part of the system and so the system
was developed, operators trained for five weeks to use it, tested for reliabil-
ity and amended if necessary. We will discuss reliability of the system as we
cover the different variables. Figure 6.5 shows that the system 1s well laid out
so that the left to right arrangement of buttons reflects the order with which
operators enter data. The use of Microsoft Excel means that the video is not
being indexed directly and, hence, the reason why the time of events needs to
be entered. The general information about the time and location of the ball
reception will be known as soon as the player received the ball. The next set
of variables are for decision making and require repeated viewing of events,



| Quarter | | Time | | Scoreline | | Position | | Motion | | Accuracy | | Options | | Pressure | | Time to Disposal | | Disposal | | Effective Pass | | Error |
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FastT Execution Low
. Pass to space + lost
Decision
N Dropped + lost
No option

To marked player

Pass to opposition

Missed target

Goal

Figure 6.5 A system to analyse decision-making performance in Australian Rules football (adapted from Lorains et al., 2013).
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possibly pausing and playing at half speed. The time to disposal is straightfor-
ward and can be derived from the video clock. The pressure the player was
under and the number of options that were realistically available are ordinal
variables that require expert knowledge of the sport. The easiest situation 1s
if there are four or more options because the operator does not distinguish
these situations. Greater thought is needed if there are one or two options or
two or three options.

There is an interesting point about judging the number of options available
to players. A system like this could be used differently by different analysts
for quite legitimate reasons. A squad may have a particular philosophy or a
particular way of playing which dictates, to a certain extent, what players
should do in different situations. For example, high performance squads may
have shared mental models that enhance co-ordination (Ashford et al., 2023).
Others may use the system, considering all available options rather than those
dictated by a particular style of play. The research being done in basketball
by one of the authors of this book analyses pressure differently from how
Lorains et al. (2013) have done for Australian Rules football. Lorains et al.’s
(2013) system uses five alternative values for pressure which means there is
more scope for disagreement between operators than if pressure was high,
moderate and low with low including situations where the observers perceive
there to be no pressure on the player.

The use of a shared mental model by the squad may also help the analysts
in classifying the accuracy of the system. There may be occasions where there
is a particular option that should be chosen that would be considered the best
option. Where there is no shared mental model or where the analysts are not
aware of a shared mental model being applied, the classification of decision
accuracy is more difficult. Some research has used the outcome of the event
as an indication of decision accuracy (Bruce et al., 2009). If this were being
done, then there actually would not be any need for a separate variable for
decision accuracy. Lorains et al. (2013) make an excellent justification for
separating the accuracy of the decision from the outcome of the event. There
are occasions in sport where a player makes a good decision but the execu-
tion of the chosen option results in an unsuccessful outcome. For example, a
soccer player may attempt a penetrative pass that has a chance of being inter-
cepted but which may lead to a scoring opportunity for a teammate if the ball
reaches the teammate. Whether or not the decision to attempt the penetrative
pass was an accurate decision depends on a number of factors. Firstly, there
is the perceived probability of the pass being successful. This should not only
be considered for the specific event being observed but also needs to con-
sider the overall choice to use such an option in similar situations within the
match. It could be that the penetrative pass has a probability of success that
is less than 0.25. However, if this type of pass is attempted enough times, it
will lead to scoring opportunities being created. Secondly, the consequences
of the penetrative pass being unsuccessful in the specific situation need to be
considered. Such passes may be attempted in order to generate some scoring
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opportunities during the match. However is a particular situation, attempt-
ing such a pass may be considered to be a poor option as teammates may be
poorly positioned to deal with an opposition counterattack. Indeed, if such a
penetrative pass actually does lead to a scoring opportunity, it might be con-
sidered a poor decision even though there was a successful outcome. Thirdly,
it may be necessary to consider the player’s awareness of the available options.
The analyst might see four options but might rule two of these out if they
believe the player could not have been aware of them from where the player
was situated or the pressure the player was under. Thus, the best decision of
those the players was aware of might be different to the best decision of all of
the options the analyst can see. On the other hand, the analyst may feel that
the player should have been aware of all available options. For example, visual
scanning can be used by players throughout the match so that they are better
prepared to receive the ball and successtully dispose of it (Aksum et al., 2021).

The final set of variables are concerned with execution once the player has
chosen an option. Lorains et al. (2013) describe this as the execution of the
disposal of the ball. However, in some sports, players may have choices about
how they receive the ball and some of these options may be better than others.
A player may decide to take a ball in the air or allow the ball to bounce before
collecting it. They may decide to hold position, shielding the area where they
will collect the ball, rather than moving towards the ball. They may have the
option to catch the ball or play the ball with a single touch with hand(s) or
teet. This can potentially make the assessment of execution quite complicated
if an event can be broken down into different parts such as collecting the ball,
movement and disposing of the ball. Using separate variables for the execution
of these different elements of the event could over-complicate the informa-
tion being provided in feedback to players. Similarly, if the system were being
used in a descriptive research study, the results may become over-complex if
execution is decomposed in this way. Thus, using and applying the execution
variables to the overall event or to a particular part of the event may lead to
a more concise and manageable presentation of results. The guidance given
by Lorains et al. (2013) to analyse the execution of the disposal enhances the
clarity of the system and the information it produces. The way in which the
ball 1s disposed of and the effectiveness of this are reasonably straightforward.
This is because the analyst is not required to make judgements about the rela-
tive opportunities and risks of different options at this point. They are simply
recording what the player did and what happened next. For each event, they
will select one of the values for an effective pass or one of the values for an
ineffective disposal. The final variable to be entered is the nature of any er-
ror made during the execution of the disposal. There is a possibility that an
ineftective disposal may be played too high and too short. The system could
be implemented in a way that allows any errors that apply in a situation to be
recorded. However, if this system is implemented in Microsoft Excel using a
single column to record the effectiveness of execution, then the operator will
need to select the primary error class that applies.
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Calculating reliability statistics

The previous subsection discussed the challenges in recording the very im-
portant variables that are included in the system. In so doing, the previous
subsection also discussed the potentially limited reliability of the system. Lo-
rains et al. (2013) have reported the reliability levels of the different variables
in their system. The kappa values range from 0.79 for the number of options
to 0.98 for time in the match which may be more matter of fact. This sub-
section will use number of options and disposal as example variables to show
how reliability statistics can be calculated. We do not have access to the data
of Lorains et al. (2013) but use fictitious frequencies of values to illustrate how
to calculate reliability.

Disposal is a nominal variable because we have no reason for saying hand
passes are better or worse than kicking the ball, and no reason for considering
long or short passes to be superior. Inter-operator agreement for such a nominal
variable can be calculated using the kappa statistic (Cohen, 1960). Table 6.6
shows the agreements and disagreements between two fictitious trained opera-
tors. Here, we assume that the operators agree that there are 294 events where
a player receives the ball and consciously attempts to dispose of it. We are also
assuming that the same 294 events are recorded by each operator. This makes
the evaluation of reliability simpler than the Euro 2022 passing example. The
cells on the top left to bottom right diagonal contain the 271 events where the
two operators agree on the disposal. There are some understandable disagree-
ments where the length of a kick (or hand pass) may be on the threshold be-
tween what would be considered short and long. It would actually be surprising
if such disagreements did not exist. What is of greater concern 1s the five events
where the operators disagree about whether a disposal was a kick or a hand pass.
There is one of these where they disagree on the length of the disposal as well.

The kappa statistic calculates the proportion of agreements excluding any
agreements that the operators could have achieved by chance. The raw pro-
portion of agreements, Py, is 0.9218 (= 271/294). Some agreements could
have been achieved by one or both of the operators guessing the disposal type.
Operator 1 recorded 55 long kicks. Knowing that Operator 2 has recorded
49 long kicks out of 294 events tells us that there is a 49/294 probability

Table 6.6 Agreements and disagreements between two independent operators for
the disposal variable

Operator 1 Operator 2

Long Kick  Short Kick Long Hand Pass Short Hand Pass Total

Long kick 46 8 1 0 55
Short kick 3 87 0 2 92
Long hand pass 0 1 12 5 18
Short hand pass 0 1 2 126 129
Total 49 97 15 133 294




112 Analysing performances using computerised systems

of agreeing with Operator 2 that the event is a long kick when Operator
1 guesses that it is long kick. Multiplying this fraction by the 55 occasions
where Operator 1 has recorded a long kick gives an expected number of
agreements by guessing of 9.1667 (= 55 X 49/294) for long kick. Apply-
ing this to the remaining values gives expected numbers of agreements of
30.3537, 0.9184, and 58.3571 for short kick, long hand pass and short hand
pass, respectively. Summing these gives a total expected number of agree-
ments by chance of 98.7959. Thus, the probability of agreeing by chance, P¢,
1s 0.3360 (= 98.7959/294). To exclude the probability of agreeing by chance,
we consider P to be itself divided by 1. Kappa, K, is calculated by subtracting
P from the dividend and divisor of this division as shown in Equation 6.10.
This gives a kappa value of 0.8822.

k= (P—P.) / (1-Pc) (6.10)

Altman (1991: 404) interprets kappa values of 0.8 and over as representing a
very good strength of agreement. The strength of agreement is considered
good if kappa is at least 0.6 but less than 0.8, moderate if at least 0.4 but less
than 0.6, fair if at least 0.2 but less than 0.4, otherwise poor if less than 0.2.
These threshold values come from applied medical research and so the thresh-
old values used in sports performance analysis may need to differ. For exam-
ple, in work-rate analysis, a kappa value of 0.8 or above could be considered
good, a value of at least 0.5 but less than 0.8 is acceptable, but values of less
than 0.5 would be considered poor (O’Donoghue, 2015: 200-206).

Number of options is an ordinal variable where we could use the weighted
version of kappa (Cohen, 1968). The advantage of weighted kappa is that
slight disagreements, for example, between 1 and 2 options, are considered
differently to serious disagreements, for example, between 1 and 4+ options.
Table 6.7 shows the agreements and disagreements for two fictitious operators
for the number of options. The unweighted kappa statistic that was used for
disposal would be 0.7168 if applied to the number of options. If checking this
as an exercise, you should get 0.8367 and 0.4235 for P and P, respectively.

When we calculate weighted kappa, the agreements as well as the agreements
expected by chance include where credit is given for minor disagreements. In

Table 6.7 Agreements and disagreements between two
independent operators for the number of options

Operator 1~ Operator 2

1 2 3 4+ Total
1 17 2 0 0 19
2 4 51 17 1 73
3 0 14 154 7 175
4+ 0 0 3 24 27
Total 21 67 174 32 294
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Table 6.8 Weights used in the calculation of weighted
kappa for the number of options

Operator 1 Operator 2

1 2 3 4+
1 1 0.5 0 0
2 0.5 1 0.5 0
3 0 0.5 1 0.5
4+ 0 0 0.5 1

this example, we count disagreements between 1 and 2, 2 and 3, 3 and 4+ as
0.5 of an agreement. The use of 0.5 is an arbitrary weight and we could have
used 0.25 or some other number between 0 and 1. The weight depends on how
serious we consider the disagreement to be; 0.25 would be used where disa-
greements are more serious and 0.5 where disagreements are less serious. Table
6.8 shows the weights being used in this example.

The calculation of P for weighted kappa uses all 16 cells of the cross-
tabulation of frequencies and not just the cells on the top left to bottom right
diagonal. Let N be our total of 294 events. Our variable, number of options,
has 4 values. We will use V to represent the number of values. Equation 6.11
is used to calculate the weighted number of agreements, where f; ; is the fre-
quency of events where Operator 1 records the ith value for the variable and
Operator 2 records the jth value (i and j can take the values 1, 2, 3 or 4). Also,
w; ; represents the weight given where Operator 1 records the ith value for
the variable and Operator 2 records the jth value (these weights are seen in
Table 6.8). Where the weight is 1 for a complete agreement about the num-
ber of options, the actual frequency is used. For example, the 51 occasions
where the two operators agreed that there were 2 options. Where there is a
weight of 0.5, the frequency is multiplied by this weight. For example, 8.5
is used for the 17 occasions where Operator 1 recorded 2 options but Oper-
ator 2 recorded 3. Consider the one occasion where Operator 1 recorded 2
options but Operator 2 recorded 4+. A weight of 0 here means that this will
not contribute to the weighted agreements. Applying Equation 6.11 to the
frequencies in Table 6.7 and the weights in Table 6.8 gives us a total of 269.5.
Hence, weighted P is 0.9167 when we divide by 294 (N).

2 4
Weighted agreements = z 12 ‘ ]wijfij 6.11)
i= j= A

When we calculated the number of agreements we could expect by chance,
we summed the expected number of agreements by chance for each of the 4
values of the variable. When using the weighted version of kappa, the expected
number of agreements by chance needs to be calculated for partial agreements
as well as complete agreements. The 73 occasions where Operator 1 recorded
that there were two options. Knowing that Operator 2 recorded 3 options on
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174 occasions tells us there is a probability of 174/294 that there will be a partial
agreement between 2 and 3 options when Operator 1 guesses there are 2 op-
tions. Multiplying this by the number of occasions where Operator 1 recorded
2 options gives an expected number of partial agreements between 2 options for
Operator 1 and 3 options for Operator 2 of 43.2041 (= 73 X 174/294). Basically,
to work out the number of partial agreements between any pair of values for
the number of options, we simply consider the cell, multiply the row total from
Table 6.7 by the column total from Table 6.7 and divide this by N (the grand
total of 294). Now, because this is a partial agreement, we need to multiply this
expected frequency by the weight of 0.5 to get 21.6020 contributing to the
weighted agreements by chance. Doing this for all 16 cells of the cross-tabulated
frequencies with corresponding weights gives a total of 188.3316 agreements
by guessing including partial agreements. This is divided by N (294) to give a
probability of 0.6406 of an agreement or partial agreement by guessing. We can
now apply Equation 6.10 to our proportion of agreements and partial agree-
ments (Py = 0.9167) and our proportion of agreements and partial agreements,
we would expect by chance (P = 0.6406) to achieve a weighted kappa value
of 0.7681. So in this example, using the weighted version of kappa has given
a higher value than the unweighted version by giving credit for partial agree-
ments. Sometimes, weighted kappa can give a lower value than the unweighted
kappa statistic because it adds to the P term as well as the P, term of kappa.

Use in research

The main purpose of the research study done by Lorains et al. (2013) was
to compare decision accuracy of a set of 13 players between early and late
season games and thus evaluate the effectiveness of a five-week video-based
decision-making training intervention that the players engaged with. The
players were awarded points between 0 and 3 for the quality of the deci-
sions made during ball reception and disposal events. The pooled frequencies
of decision scores for the 13 players were compared between the two early
season matches and the two late season matches. This revealed that the per-
centage of events where decision quality achieved the top mark of 3 points
increased from 39% in the early season matches to 64% in the late season
matches. They also reported that this improvement in decision making was
achieved despite the pressure players were under and the number of options
they had available being similar between the early and late season matches.

This subsection considers additional analyses that could be conducted with
the data gathered using this system. Any analysis should be dictated by the
purpose of the study and researchers should avoid a multivariate data grub-
bing approach of analysing every pair of variables within this set of variables.
Potential research questions include:

*  Does the level a player plays at influence decision-making performance
in the given sport,
e Does scoreline influence decision-making performance,
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*  Does match period (quarter or half) influence decision-making
performance,

* Do winning teams within matches have different decision-making per-
formance to losing teams.

When investigating these questions, decision-making performance is a set
of dependent variables including the number of options available to players,
the percentage of time they find themselves under different levels of pres-
sure, time to disposal, the accuracy of their decisions and the percentage of
time where there was an effective execution of the chosen option rather than
an ineffective execution. The number of options is not strictly a numerical
variable due to the 4+ category. Therefore, it may need to be transformed
into a score or divided into four separate variables for the percentage of times
players have 1, 2, 3 or 4+ options. Pressure could also be converted into a
score. Time to disposal is based on the terminology used in Lorains et al.’s
(2013) study of Australian Rules football. More generally, this would be the
time to take a decision. This may be important if the accuracy of decisions
is not significantly influenced by any independent variable, but decisions are
made quicker in some situations than in others. The match context variables
may need to be controlled for if some players perform in different areas of the
pitch or if they start with different motions to other players. This would be
especially needed if decision-making dependent variables differed between
these different contexts for events.

Associations between the decision-making variables is also an important
area of research. If we are looking at relationships between number of options
and decision accuracy, it may be necessary to exclude any events where there
is only one option if we assume the player will choose the only option avail-
able to them and this is considered the best option. The accuracy of decision
and the technical execution of the chosen option may be considered to be in-
dependent elements of performance. Nonetheless, it is an interesting research
question to compare technical execution between situations where the best,
second best, last and bad options are chosen.

You may have noticed that the research questions we have discussed do not
go into different types of disposal or different types of effective and ineffec-
tive disposal. There may be valid and important research questions you can
think of that include these variables. There is a point about research design
that we wish to make here. If a system is being developed for a research study,
it should not include variables that are not going to be used. Entering addi-
tional variables takes time, causes operator fatigue and may lower the level of
reliability for the important variables that are actually going to be analysed.

Use in practice

Lorains et al. (2013) implemented the system in Microsoft Excel. However,
the system could also be implemented using a commercial video analysis
package. This could include an additional variable for player performing the
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event allowing any players who need to improve their decision making to
be identified. The data for these players could then be explored to deter-
mine if there are any types of situation, periods of matches or contextual
factors associated with less accurate decisions being made. Combinations
of these can then be used when interacting with matrices of situations and
decision-making parameters to view related video sequences. This allows
coaches and players to look in greater depth at potential causes of inaccu-
rate decisions being made. Such information and discussions about these
findings can help tailor coaching advice and training activities to improve
decision-making performance.

Answer to exercise

Earlier in this chapter, we gave you an exercise to change Equation 6.6 so
that it would determine the outcomes of possessions using more than two
values. Equation 6.12 shows an answer but there are other ways of doing this.
By changing the inner IF to deal with passes in the then part rather than the
else part, we can simply use the contents of column E in Figure 6.3 to set the
value for any row that is not the start of a possession or a pass. This will either
be a goal, shot on target or shot off target.

= IF(RIGHT(ES5,10)="Possession","No shot", IF(LEFT (E5,4)

:VVPaSSVV’J4,E5)) (612)

Conclusion

This chapter has discussed the analysis of coded match data using examples
from three different scenarios; one from coaching, one from academic re-
search and the third which combines research and practice. The purpose of
the analysis coaching and research scenarios is different. In coaching, data are
analysed to produce statistical and video feedback to help players improve.
The time scale for this type of analysis is dictated by match schedules and
when information is needed to inform training. The timescale for analys-
ing data for academic research is longer because the research paper can be
submitted at any time to a scientific journal as long as the research is still
current. There are similarities in the analysis work that is done in coaching
and research contexts. Firstly, reliability of data is important in both contexts
and steps are taken to detect and correct errors as far as possible as well as
acknowledge any remaining limits of reliability. Secondly, data from video
analysis packages are exported to other packages for processing in order to
produce higher order summary statistics.
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Introduction

Video telestration is a technique that is commonly used in television broad-
casting and has revolutionised the way sports broadcasters analyse and visual-
ise key moments of a match. The technique involves the use of computer
vision technology to superimpose freehand annotations or graphics over
video footage, providing in-depth insight into sports events and a more en-
gaging viewing experience (Thomas et al., 2017). The ‘telestrator’, or the
magic crayon, as it was dubbed, was reportedly first used on 3 January 1982
by legendary American football coach and commentator John Madden dur-
ing the National Football League (NFL) play-oft game between New York
Giants and San Francisco 49ers live on CBS (Slate, 2018). Using visual anno-
tations and expert commentary, Madden used the ‘telestrator’ to breakdown
the 49ers and then coach Billy Walsh’s famous West Coast Offence (Oriard,
2010: 95-139). Since then, broadcasters’ use of video telestration has signifi-
cantly contributed to the evolution of television production, with the inclu-
sion of virtual graphics on a playing pitch now common place in any sports
broadcasts (Pennington, 2014). Subsequently, the technology has driven en-
hancements such as virtual offside lines in soccer, as well as the dynamic line
indicating world records during swimming and athletic events, all of which
enrich viewer experience (Galily, 2014).

In recent years, the use of telestration has become regularly used in the
broadcast of sports such as soccer, basketball, rugby union, netball, tennis,
golf, and many others. The growing appetite of television audiences for tac-
tically informed commentaries combined with the use of statistics and vis-
ualisation has seen the emergence of sportscasters that are analysing matches
in greater analytical detail (Fele and Campagnolo, 2021). TV formats such
as Sky’s Monday Night Football (MNF) and TNT (formerly BT) Sport’s
Rugby Night have introduced specialist broadcast analysts who are tasked
with delivering seamless tactical insight pre- and post-match, often incor-
porating the use of visual graphics. The success of telestration in a broadcast
setting has led to the adoption of the technology in elite sport, particularly
football (Bradley, 2020).
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Video telestration provides an extension to traditional video analysis,
which has been widely accepted to aid the recall of match events (Franks and
Miller, 1986; Laird and Waters, 2008) and enhance the provision of feed-
back within the coaching process (Drust, 2010; Groom and Cushion, 2005;
Nelson and Groom, 2012). Coaches and performance analysts now have op-
portunities to visualise the presentation of tactical, technical and physical
performance parameters using integrated video and data (Bradley, 2020) and
visually stimulating graphics (Fischer et al., 2019). Although several studies
have explored the perceptions of performance analysis from the viewpoint of
coaches, players and performance analysts (Butterworth et al., 2012; Francis
and Jones, 2014; Nicholls et al., 2018; Wright et al., 2012), the evaluation of
specific technological aids is less prevalent.

Outside of sport, telestration has been used in medical training to supple-
ment verbal instruction, with its use leading to a reduction in overall training
time required (Budrionis et al., 2013). The ability to annotate over video
(Bogen et al., 2019) has been suggested to enhance the communication of
information and reduce ambiguity and misunderstandings in verbal descrip-
tions (Laborde et al., 2017). In a study by Budrionis et al. (2015), eight stu-
dents participated in a randomised control trial that compared verbal and
annotation-supplemented guidance from a remote mentor (e.g. telementor-
ing). They found that telestration-supplemented guidance was quicker and led
to a 33% decrease in training time. As well as this, most participants viewed
the use of telestration positively (Budrionis et al., 2015). Despite the impact
telestration has had in broadcast media and its potential in medical training,
there have only been a small number of studies assessing the use and efficacy
of video telestration technology within coaching and analysis environments.

Research into video telestration in sport

One of the first research studies to evaluate the use and application of telestra-
tion in sport was conducted by Jones et al. (2020). Using questionnaires,
the study surveyed 58 professional coaches, players and performance analysts
working in elite football clubs worldwide. The study confirmed the wide-
spread use of video telestration in football environments and reported that a
significant majority (93%) of respondents considered telestration “essential
— very important” in everyday practice. Telestration was found to be used
most frequently in preparation for matches, with 87% of respondents indicat-
ing that telestrated clips were produced for pre-match meetings and 85% of
respondents reported viewing edited clips of opposition teams. Considering
elite soccer teams have busy playing schedules and often play matches every
two to three days (Dellal et al., 2015), the evidence supports the idea that
tailored telestration video sequences can aid coaches and players prepare for
competition against forthcoming opposition. Also, placing emphasis on the
opposition is not surprising when opposition effect has been recognised as sig-
nificantly influencing team and individual performance at a behavioural level
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(McGarry and Franks, 2004). Only 50% of respondents reported telestra-
tion information informed the introduction and development of alterations
in individual playing and tactical style. When evaluating the influence on
individual player development, 42% of respondents indicated that telestration
was ‘fairly” influential. These percentages appear to be low considering that
the overarching application of video analysis is to provide coaches with op-
portunities to analyse and create more sophisticated systems of play and aid
the development of players tactical understanding (Cuevas et al., 2020). Of
the analysts surveyed, 51% responded that telestration tools “aided retention”
of information. However, with only anecdotal viewpoints and no empirical
evidence in football, the researchers acknowledged the need to explore this
in future research. Overall, the study by Jones et al. (2020) provides valuable
insights into the prevalence and significance of video telestration in profes-
sional football, particularly in its support of opposition analysis.

Using a randomised control trial, Smith et al. (2022) measured the effec-
tiveness of video telestration in memory recall of information of 14 profes-
sional soccer players. Half of the participants were randomly assigned to an
experimental group with the other half forming a control group. The exper-
imental group viewed telestrated video sequences, whereas the control group
viewed non-telestrated video sequences. Participants viewed video sequences
before completing a questionnaire 24 hours later. A 24-hour rest period fol-
lowed, before participants repeated the process a total of five times over a pe-
riod of 15 days. The study found that video telestration significantly enhanced
memory recall and that participants who received telestrated video sequences
recalled a greater amount of information (84.0% * 3.7%) compared to those
receiving non-telestrated video sequences (52.6% =+ 5.4%). This indicates that
telestration can improve memory recall of tactical information relating to pos-
session, chance creation and set pieces by more than 30%. Interestingly, the
recall of information relating to set pieces increased the most with telestrated
(86.7%), compared to non-telestrated (48.0%) video sequences. Considering
the importance of set pieces in elite soccer, telestration provides opportunities
to support tactical improvement and inform teams’ development of training
(Leite, 2020). The authors acknowledged that increased levels of recall when
using telestration could be attributed to (1) player familiarity with footage and
opposition teams and (2) the number of graphics used on the video sequences.
In summary, the study by Smith et al. (2022) is a valuable extension to the
work by Jones et al. (2020) as it provides evidence that telestration does aid the
retention of information in professional soccer players.

A further recommendation by Smith et al. (2022) was a need to evaluate
the use of telestration with younger athletes. Rosseland (2018) undertook a
study that evaluated the use of a single video telestration session (30 minutes
in total) with 20 elite under-15 and under-16 football players from a Category
1 Norwegian Premier Division Academy. Like Smith et al’s (2022) study,
Rosseland (2018) used a randomised control trial but with ten participants in
the control group (no-telestration) and ten in the video telestration group. All
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participants answered the same perceptual-cognitive skills questionnaire on
three occasions, pre-, immediately post-session and seven days post-session.
The questions relating to pattern recognition required participants to provide
information on the ‘identified’ team’s formation when out of position in the
early phases of the opposition’s build up play. Postural cue questions required
players to identify which player would receive the ball from the player in
possession. As there was no validated questionnaire to measure perceptual-
cognitive skills, the questions were developed with the club’s academy man-
ager and utilised the framework developed by North et al. (2011) which
looked at another cognitive skill (anticipation).

The results found that telestration significantly supported the participants’
ability to recognise team formations (i.e. pattern recognition); however, the
information was not retained over the seven-day measurement period. In
comparison, immediately after the session, the telestration group were able
to recall significantly more information compared to those who had video
sequences without telestration. This finding supports the idea that telestration
may be helpful in short term planning (e.g. for matches against forthcoming
opposition), which was identified previously as a core use of telestration in elite
soccer (Jones et al., 2020). Interestingly, both telestrated and non-telestrated
video sequences improved postural cue usage (i.e., action being undertaken
by the player with the ball), including retention over the seven-day measure-
ment. This result provides evidence one video (training) session alone regard-
less of the presence of telestration can contribute to the development of such
an important skill (Smeeton et al., 2018). Nevertheless, further evidence and
the evaluation of longer-term exposure to telestration is required. Rosseland’s
(2018) use of video (training) and telestration supports an ecological approach
that considers the interaction between performer, their environment and re-
quired tasks (Araujo et al., 2006). As such the methodological approach differs
to perceptual training methods, where concern has been raised about how im-
provements observed in controlled laboratory settings can translate to perfor-
mance (North and Williams, 2019). Although Rosseland’s (2018) study is only
based on one video (training) session, the questionnaire lacked validity and the
transfer effects to match play require longitudinal consideration, it provides
some interesting results regarding the use of video (training) and telestration
to evaluate postural cues and pattern recognition. Moreover, the study draws
attention to the use of video telestration technology and its potential to con-
tribute to an emerging scientific research area within performance analysis.

Telestration software and features

Whilst there is some evidence to support the use and effectiveness of telestra-
tion in soccer (Jones et al., 2020; Rosseland, 2018; Smith et al., 2022), effective
use of appropriate graphics in the correct context is vitally important when cre-
ating video sequences (Bradley, 2020). This should be a consideration when us-
ing telestration software in a coaching and analysis setting. Telestration tools are
now provided within some commercial video analysis packages, such as Hudl
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Studio (Hudl, Lincoln, NE), Play (Metrica Sports, Amsterdam, Netherlands),
KlipDraw Animate (Nacsport, Gran Canaria, Spain), Dartfish Pro (Dartfish,
Fribourg, Switzerland), Focus (Catapult Sports, Melbourne, Australia), and are
also available in specialist packages, such as Tactic Pro (RT Software, London,
UK), Coach Paint (ChyronHego, Melville, NY), Vizrt (Viz Libero, Bergen,
Norway) and Piero (Ross Video, Ottawa, Canada) to post-process video clips.
Common telestration graphics within software packages include freehand lines,
directional arrows, player cursors (e.g. individual or linked with lines), player
trails (e.g. lines behind player), player highlights (e.g. light shafts and magni-
fier), pitch zones/regions (e.g. circles and rectangles) and text graphics (e.g. titles
and player tags). More advanced graphics include 3D arrows and graphics with
measurement capabilities, such as for distance and speed.

Although research into video telestration in sport has placed an empha-
sis on football, this chapter will also consider use within team sports more
broadly. The next section will focus on describing how to use the specialist
telestration software Tactic Pro and use other examples from specialist pack-
ages and telestration tools available in commercial packages where appropri-
ate. The following technical aspects of video telestration will be covered as
subsections (1) chroma key, calibration and motion (camera) tracking and (2)
manual key framing and player detection.

Chroma keyer, calibration and motion (camera) tracking

Prior to the augmentation of a video with graphics, the user must identify a rel-
evant video sequence to highlight players and action of interest. The next pro-
cess 1s to apply the chroma keyer. Using soccer as an example, this is achieved by
using the chroma keyer to detect a dominant colour (i.e. green of playing pitch).
Once set, this allows graphics to be placed above the pitch and appear behind
a player. This is an example of simple image processing which allows graphics
to appear drawn on the ground and not on top of players or other objects, add-
ing the element of realism that they are “painted” on the pitch (Thomas et al.,
2017). There are two common ways to detect the chroma keyer in packages, the
first is with automatic chroma keyer detection and the second is where the user
manually applies the key using a picker tool (Figure 7.1). A frequent problem
with video clips from soccer stadia are shadows on the pitch, in this instance a
combination of automatic and manual keying may be required.

A vital process that must be undertaken when working with telestration
software is camera calibration, which allows users to render graphics to a
pitch, so they appear ‘tied-to-pitch’ (Thomas et al., 2017). Calibration re-
quires the user to overlay a 3D model on the pitch surface (Figure 7.2). This
is achieved by using prominent line markers and defined pitch positions such
as the middle and extremities of a pitch, commonly referred to as line-based
trackers (Thomas, 2007). Calibration also enables users to use graphics with
measurement capabilities (e.g. distance tools and player physical distance
tracking). Some packages require the user to run a camera track (Tactic Pro)
or enable motion tracking (Coach Paint) in the graphic tool properties.



122 Sports video telestration

Many software packages now have the capability to run automatic chroma
keying and camera calibration. Though these processes expedite the prepa-
ration of video sequences, the success of these automated processes will be
influenced by the quality of the original video, angle and perspective being
used and sport. Users should ensure that they are familiar with the steps re-
quired to prepare a video before applying any graphics.

® D96 W |m

Figure 7.1 Chroma keyer: in the example, the Chroma keyer has been set manually
using the “segment” keyer to show the detection of the dominant colour

(e.g., Pitch).

Figure 7.2 Pitch Calibration: the 3D pitch model can be changed according to sport
(e.g., Football, Rugby, Gaelic Football) and parameters such as pitch
length and width can be adjusted if the size of pitch is known.
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Manual key framing and player detection

To track an object (i.e. a player) with a moving graphic, a user must manually
follow the player as the video progresses, dragging and dropping the graphic
for a specified amount of time creates a key frame pathway (Figure 7.3). Single
or multiple graphics can be added to the key frame path of the player and
the user can set “in” and “out” points for the graphics. Key frames can also
be adjusted or deleted if necessarily. Specialist packages, such as Tactic and
Coach Paint, have automatic player detection (e.g. tracking), a process that
utilises computer vision and Artificial Intelligence (Al) technology to track a
single player or all players in a video sequence with bounding boxes (e.g. Ra-
himian and Toka, 2022). As a result of this process, the software creates a key
frame pathway (Figure 7.4). An advantage of automatic tracking is the time it
saves the user as it significantly reduces the requirement to manually enter key
frames for players when using graphics. This is particularly helpful when a user
needs to add a graphic to highlight the movement of a single player or group
of players (e.g. team formations) for a period of a video sequence. Tracking
within Hudl Studio is different to Tactic and Coach Paint; rather than tracking
all players, the system can follow an object (such as a player disc) automatically.

Automatic player detection and the Al models in telestration software are
not without fault, for example, bounding boxes and key frame paths can be lost
or change to follow a different player when players cross in front and behind
of each other in a video sequence. When this happens, users are required to
correct the errors manually by reconnecting or adding new key frame paths.
Undoubtedly with more training and data, Al models will improve over time.
Users should utilise player detection and automated tracking to expedite pro-
cesses. However, a fundamental principle of telestration is manual key framing
graphics, therefore users should endeavour to develop this core skill.

Figure 7.3 Manual Keyframing: by dragging and dropping a graphic (e.g., 3D Cur-
sor) for a specified amount of time, the user creates a keyframe pathway.
Graphic inpoint and output can easily be set using keyboard shortcuts.
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Figure 7.4 Player Detection: a bounding box is added around each player and motion
(keyframe) paths are added. If a graphic (e.g., 3D cursor) is added to a
player, it will automatically follow the player until an outpoint is set. This
alleviates the need to manually track the player.

Applying graphics

This section uses three examples to illustrate the processes of telestration.
These examples are for counterattacks in soccer, defensive pressure in field
hockey and tactical decision making in rugby union.

Example 1. Visualising a counterattack in soccer

Figure 7.5a shows the initial phase of a soccer counterattack. The initial points
of interest are the player on the ball (Davies), who initiates the counterattack
and the movement of the attacking player, who is dropping deep into the space
between the opposition’s defence and midfield, dragging the defending team’s
central defender out of position. In Figure 7.5b, the two wide players have been
highlighted with a linked cursor (and distance measure). This is to highlight
the width both players are maintaining on the pitch. This combination of tech-
nical and tactical information is helpful to add context to the game situation.
A cursor with a trail has been used to continually track the forward run of the
player (Davies). In Figure 7.5¢, a pitch zone graphic has been added alongside
two directional arrows; the first directional arrow indicates the potential con-
tinuation of the attacking player’s forward run and the second is highlighting
the impact this has had on the defending team’s central defender, who has
chosen to engage with the developing attacking situation (as a consequence
of being drawn out of position earlier in the sequence). In Figure 7.5d, the
counterattack has progressed to a 4=3 overload in favour of the attacking team.
The four attacking players are identified with player titles and the opposition’s
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defensive structure has been highlighted with a linked cursor. A pitch zone
(region graphic) and directional arrow have been included to highlight the free
space that the right-sided winger (Bale) can move into as play evolves.

The analysis of counter attacks is highly beneficial for both attacking and
defending teams, as the information can inform both pre and most match

(a)

(b)

Figure 7.5 (a) Davies (cursor and player tag) initiating counterattack and teammate

moving towards centre of pitch (region tool, directional arrow and cur-
sor). (b) Forward run of Davies tracked (cursor with trail), position of
wingers highlighted (linked cursor and distance) and attacking player and
defender connected (linked cursor). (Continued)
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e

Figure 7.5 (Continued) (c) Potential player movements (directional arrows) towards
highlighted areas (region tool). (d) Counterattack evolved into 4-3 at-
tacking situation. Attacking players identified (player tags) and opposition
defensive structure highlighted (linked cursor).

reviews. Through the visualisation of the offensive possession in the current
example, it is possible to establish an understanding of team tendencies, such
as the first action after recovering the ball (e.g. dribble or pass) and areas of
the pitch (e.g. central or wide areas) teams develop attacking play from (Sar-
mento et al., 2014). It is noted that additional video evidence is needed to build
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a comprehensive understanding of teams’ attacking tendencies. Additional
graphics can also support the visualisation of physical performance parameters
in soccer, and these include metrics such as distance covered (m) and the speed
of player (m.s™) during phases of play (Bradley, 2020). Readers with a keen
interest in the visualisation of data and video in soccer are encouraged to ac-
cess The FIFA Football Language which is available open source on the FIFA
Training Centre (FIFA, n.d.). There are a variety of resources and example
telestrations that have been created to visualise different tactical aspects of play.

Example 2. Visualising defensive pressure in field hockey

Another sport that can benefit from the use of telestration is field hockey. Fig-
ure 7.6a shows a defensive team’s diamond midfield (region tool) and front
three players (linked cursor) in field hockey. The top forward has an additional
graphic (lightshaft) to suggest the player has split the pitch and is forcing the
player in possession to move to the left. The distance (7.8m) between the mid-
fielder at the top of the diamond and the right-sided forward player is included
to provide additional technical information. As the sequence progresses (Figure
7.6b), the team in possession takes the opportunity to play a penetrative pass
through the forward and midfield line. Figure 7.6¢ shows the opposition player
(cursor) has been able to receive the ball in a passing lane, turn, and then dribble
forward under little pressure, before passing the ball to a teammate. The visual-
isation also includes the distance covered by the two defending players in their
attempt to close the opposition player down. As an intermittent high intensity
and dynamic sport where playing position (e.g. midfielder and forward) can

L 3-4-3 Press

Figure 7.6 (a) Visualisation of defensive structure with region, cursors and directional
arrows. (Continued)
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(b)

(c)

Figure 7.6 (Continued) (b) Penetrative pass between midfield and forward line.
(c) Physical performance parameters to add contextual information.

significantly impact physical output (Jennings, 2012). The inclusion of phys-
ical performance parameters, such as distance covered by the players before
applying a defensive action, can help add further context to the technical-tac-
tical demands of game play. In the current example, the opposition team have
demonstrated an ability to move the ball quickly and exploit the defensive
structure of the opposition (Cunniffe et al., 2022). The use of graphics and in-
formation could inform the defending team’s post-match review about where
they may need to make adjustments to prevent penetrative passes.
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Example 3. Evaluating tactical decision making in rugby union

Figure 7.7a shows an attacking phase of play in rugby union. The focus in
this clip 1s the evaluation of decision making by the attacking player (fly halt/
Number 10), who has the ball in hand and is highlighted with a cursor and
lightshaft in the centre of the pitch. The defending fullback for the opposi-
tion team is also highlighted with a cursor and a directional arrow to indi-
cate intended defensive movement. The fly half has four “potential” options
highlighted with arrows and numbers (1-4); the first is a flat pass to the next
player in the backline (1). Other options include a “miss” pass option to play-
ers in position 2 (centre), 3 (fullback) or 4 (winger). However, the potential
pass to the player in position 4 (winger) appears to be a risky option with the
opposition player (winger) on the outside look to fold in and make a tackle.
Attacking player 4 (winger) does, however, have a raised arm and is signalling
to the attacking number 10 (Figure 7.7b). The use of the magnifier tool in
this instance is beneficial to draw attention to a specific action taking place in
the video sequence. In Figure 7.7c, the area behind the defensive line (region
graphic) is highlighted and a 3D arrow has been added to indicate the option
of'a kick in behind the defensive line for the attacker. Advanced tools such as
3D arrows (to indicate flight of the ball) combined with other graphics offer
increased insight not possible with traditional video analysis (Bradley, 2020).

Coaches have widely reported the use of post-game video analysis as an ap-
proach to analysis and for improving player decision making (Morgan et al.,
2020; O’Connor and Larkin, 2015). The example visualises “various” options
available to the player and can support reflection on a key decision-making
moment from a match. The graphics highlight the evolving technical and

Figure 7.7 (a) Initial phase of play developing outside of the opposition 22. The
number 10 (fly half) is highlighted (spotlight) as well as the four attack-

ing players/options (directional arrows and numbers). (Continued)
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(b)

Figure 7.7 (Continued) (b) Magnifier tool showing the raised hand (subtle action) of
the winger. The rest of the image is masked/greyed out, drawing atten-
tion to the circle in the top right corner. (c) A region graphic has been
used to highlight the space behind the defensive line and a 3D arrow has
been added to indicate the kicking option and trajectory required for a
kick in behind the defensive line.

tactical picture of the game (phase of play) and factors that may influence the
player’s decision making, such as the situation and the location of teammates
and the opposition (O’Connor and Larkin, 2015). Furthermore, when assess-
ing decision making, there is a need to separate the “decision made” and the
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“execution” of the skill (Lorains et al., 2013). In the current example, the fly
half could make the (best) decision, which is to kick in behind the defence,
but execute the kick poorly. Alternatively, a flat pass to the next attacking
player could be executed perfectly, but in the context of the play, this may be
deemed the 2nd best option. Therefore, the use of graphics should support
discussion(s) between the player, coach and other teammates to evaluate the
decision-making situation. Building on this, the next section in this chap-
ter will explore the presentation and feedback capabilities of telestration and
opportunities for interaction during analysis and feedback sessions.

Presentation and feedback

Whilst the last sections focused on the doing of telestration of work, the
following section will discuss how users can share telestration outputs with
coaches and players. Should users wish to share video sequences (such as
those in the previous section), they can export single or multiple videos from
telestration packages to be integrated into commercial video analysis packages
or other presentation programs (e.g. Microsoft PowerPoint or iWork Key-
note). Alternatively, specialist packages such as Tactic Pro and Coach Paint
also have integrated presentation modes which allow users to change the
software’s interface and present via touchscreen monitors and tablet devices.
These features provide coaches, analysts and players with intuitive ways to
engage in video-based feedback and communication. In touchscreen mode,
users can play, pause and control the playback speed of video clips whilst add-
ing real-time graphics at various intervals to illustrate key points, embracing
the origins of the broadcast ‘telestrator’ discussed earlier in this chapter. The
software’s graphical user interface (GUI) can be customised to include a set
number and type of graphics, both of which depend on the purpose of the
analysis and preference of the user. Using the example in Figure 7.8, this
could commonly include free hand lines, directional arrows, player cursors
(e.g. individual or linked with lines), player highlights (e.g. light shafts/mag-
nifier) and region zones (e.g. circles and rectangles).

Prior to working with a clip in the presentation mode, users should still
follow the steps of identifying a relevant clip, chroma keying and calibration
outlined earlier in this chapter. Clips can be added to the presentation mode
‘clean’ (i.e. without graphics), in this instance the user controls video play-
back, and at each pause can added graphics. When the video resumes graphics
can be made to disappear from screen using a ‘clear on play’ function. Alter-
natively, a user may wish to combine this with a telestrated video sequence
and use touchscreen capability to add additional graphics. An example of this
may be the desire to track the movement of a single player or unit of players.
Therefore, it is advisable that these graphics are already added to the clip.

An extension to working with a touchscreen is tablet controls, a feature
available within both Tactic Pro and Coach Paint. The feature works by
connecting a laptop running the telestration software and a tablet to the same
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Figure 7.8 Use of touchscreen by player during team meeting.

network, with the control panel accessible by inputting an Internet Protocol
(IP) address into a web browser on the tablet. Once connected, users can
draw graphics in real-time on the tablet (Figure 7.9), and if the laptop system
is connected to a project, screen graphics will appear simultaneously. The
tactile nature of touchscreens and tablets provides opportunities for analysts,
coaches and players to engage in communication and the exchange of ideas
(i.e. interaction) during video-based coaching and analysis sessions.

Pedagogical use of video telestration

Video analysis commonly provides coaches with the opportunity to prepare
for matches (e.g. opposition analysis) and post-match, evaluate strengths and
weaknesses of team and individual performance (Wright et al., 2014). In this
regard, utilising video sequences with accompanying verbal feedback has
been recognised as a beneficial approach to facilitating player learning and
encouraging reflection on performance (Groom and Cushion, 2005; Groom
et al., 2011). Although the research by Smith et al. (2022) discussed earlier in
this chapter highlighted the influence telestration had on players’ ability to
recall information and suggested learning occurred, the links between video
telestration technology and learning require further evidence. Approaches to
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Figure 7.9 Tablet Control in RT Tactic.

the delivery of video-based feedback can vary, though one popular method
is via audio-visual (AV) technology in a large setting, which implies a video
feedback session has similarities to a classroom setting (Mason et al., 2021).
However, despite the widespread use and benefits of video feedback, there
has been limited research into the delivery methods (including telestration)
used by coaches and the pedagogy (i.e. teaching and learning) of video anal-
ysis with coaches and athletes (Groom and Nelson, 2013). Furthermore, with
evidence to suggest that the learning dynamics of coaches and players are
intricate, and the influence of video analysis on player learning and over-
all team tactical understanding is not a simple or direct process (Briimmer,
2019). This challenges traditional approaches that coaches sharing video
alone leads to individual learning and reflection (Carling et al., 2005).
When delivering video feedback sessions, activities that promote learners
(players) to actively participate in the process (e.g. engage in meaningful dis-
cussion) can lead to increased learning opportunities (Wright et al., 2016).
An example of this is the study by Thomas and Edwards (2022) who applied
an innovative use of Piotr Galperin’s (six) teaching and learning framework
and video (analysis) telestration to develop pedagogical practice and soccer
players’ tactical understanding. For more information on Galperin’s pedagog-
ical framework, refer to Engeness and Lund (2020). Using an action research
design, Thomas and Edwards’s study took place over a five-month period at
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a semi-professional soccer club, with data collected using a combination of
video analysis focus groups and semi-structured interviews. Guided by the
learning framework, participants had opportunities to discuss tactical options
and use telestration technology to add graphics in real-time onto video clips.
All players in the study acknowledged the value interacting with the technol-
ogy (e.g. telestration) had on developing their tactical understanding and en-
joyed having the opportunity to critically discuss each other’s decisions. This
work demonstrates that active participation, social interaction and the use
of telestration technology can lead to a meaningful learning experience and
provides evidence of the development of collective tactical understanding.

Despite the study’s in-depth findings, Thomas and Edwards’s acknowl-
edged two limitations in their qualitative methodology. The first limitation
draws attention to the study taking place within one football club and the use
of an interpretive paradigm, suggesting researchers may choose to use alter-
native paradigms (e.g., positivism) and different methodologies to explore the
research topic. The second limitation is the retrospective nature of the data
collection and accounts from coaches’ and players. Future telestration (video
analysis) research should consider the transfer of learning from the ‘interac-
tive classroom’ to the playing pitch. This could potential be achieved through
first-hand observation of live training sessions and/or implementation of
telestration (video) interventions in a live training session. Furthermore, the
effect on performance-related variables (e.g., technical effectiveness) and per-
formance should also be considered. This is yet to be considered by research
into video telestration in sport.

The significance of the research by Thomas and Edwards (2022) is that it
considers the development of collective tactical understanding and contrib-
utes to developing an understanding of how technology, such as telestration,
is used at the technology-coach-player-learning interface. There are other
examples of qualitative research into the complexities surrounding the de-
livery of video feedback (e.g. Groom et al., 2012; Magill et al., 2017; Nelson
et al., 2014; Raya-Castellano, 2020). However, due to the fact many explore
various other facets of video analysis delivery, not the specific use of telestra-
tion technology, these are not covered in this chapter. Readers interested in
qualitative research within this area should review these papers and continue
to the next chapter that discusses the communication of feedback within
sport performance analysis.

Telestration benefits, challenges and future
considerations

Though this chapter identifies benefits to the use of telestration, such as its
role in helping teams preview opposition, recall important information and
engage players within learning, there are still a series of associated challenges.
These include significant financial costs to acquire telestration software, the
expertise required to conduct telestration and time implications to its use
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(Jones et al., 2020). More expensive packages are those that have been devel-
oped in broadcast settings but have now cascaded down into elite sporting
environments. The advantages of specialist telestration packages include an
increased variety of graphics, additional features (e.g. integration of external
player tracking data sources) and capability to run in presentation modes.
However, the growth of telestration has driven many commercial video
analysis software providers to integrate telestration tools into their software
packages, which in turn has made telestration more accessible to all levels of
sports, not just elite teams and organisations.

With continual automation of technology such as video capture and detec-
tion of match events, there is less requirement for analysts to undertake time
consuming tasks such as “filming” and “manual data entry”. In principle,
this should afford analysts more time to engage in the “analysis and contex-
tualisation of performance”. This is particularly pertinent when it is widely
accepted that coaches and players hold a preference for video-based feedback
(Bradley, 2020; Wright et al., 2014). Therefore, video telestration with its
ability to contribute to the creation of stimulating learning resources and
activities for coaches and players will undoubtedly continue to grow. Job ad-
verts reinforce widespread use, with many stipulating applied analysts to have
experience in the use of video telestration (visualisation) software. As an im-
portant technical competency, aspiring and current analysts should endeavour
to develop their knowledge and understanding in effective use (e.g. pedagog-
ical and time efficiencies). This could be developed during a programme
of study (e.g. undergraduate or postgraduate degrees), work placement or
formal training from software providers. In fast-paced high-performance en-
vironments where the analyst is often the human at the interface between
technology-video-data, possessing the abilities to communicate effectively
(Robertson, 2020) and transfer information into insight quickly and without
overload is important (Bradley, 2020).

Conclusions

Current research supports the idea that telestration has the potential to en-
hance video-based feedback and communication between coaches, players
and analysts. More specifically, teams’ preparation for matches (e.g. oppo-
sition analysis), ability to accurately recall essential information on per-
formance and improve tactical knowledge and understanding can all be
enhanced. In addition, the use of advanced graphics and associated metrics
can help contextualise tactical, technical and physical information sources
within telestrated video sequences. This is extremely helpful and can support
the creation of tailored telestrated video sequences to engage players and
coaches in feedback processes, extending traditional video analysis practices.
However, there is no standardised approach to using graphics within video
sequences. Therefore, the authors acknowledge there are many ways to apply
graphics and the examples provided throughout this chapter are for example
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purposes. To date, video telestration research in sport has focused on its use
in soccer (predominantly with senior players). Therefore, it would be benefi-
cial to expand research into different demographics (e.g. age and gender) and
different sports (e.g. team and individual). For example, there is also a need
for further research into the pedagogical use of video telestration (e.g. tech-
nology) and how it contributes to active participation and social interaction
during the delivery and discussion of video-based feedback in coaching and
analysis. Additionally, further understanding of the transferability of learning
from (classroom) to on-pitch and the effect on performance-related variables
and performance would also be welcomed within future research.
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Introduction

The work and role of a performance analyst does not stop at the conclu-
sion of a sporting performance. In fact, the analysis of a performance using a
pre-designed and tested template is only the beginning (input phase), with the
throughput and output phases following in the cyclical process. This chapter
will focus on the output phase of the analysis process. In this instance, data has
been collected and analysed and key performance indicators have been gen-
erated which have associated video sequences (see Chapter 5). The role of the
performance analyst now shifts to communicating the collected information
to audiences in the best way to enhance learning within the given context.
Knowing that the effective delivery of extrinsic feedback can complement
intrinsic information (Maslovat and Franks, 2020), this chapter discusses pre-
senting performance analysis results and includes tips for delivering feedback.

Role clarity and expectations

At the commencement of any new season or in a new position as a perfor-
mance analyst, it is vitally important to check in with management teams
away from training and match environments, to gain clarity on the analysts’
roles and responsibilities. Traditionally, match day or training environments
are exceptionally busy with each practitioner having their own duties prior
to a practice session or performance commencing. Therefore, in order to
have a conducive working environment and an opportunity to discuss per-
formance analysis provision in detail, it would be advised to organise a time
and place that suits all parties outside of these busy environments.
Regardless of the analyst’s level of experience, their time at the organisa-
tion or the coaches’ level of buy-in into performance analysis provision, this
platform provides an opportunity to develop relationships, gain an under-
standing of shared language and in some cases an appreciation of working
within a multidisciplinary team. This is an opportunity to raise how perfor-
mance analysis can be used to support athletes, coaches and the wider team
which may lead to collaborative opportunities. Naturally, these discussions
will require performance analysts to draw on their interpersonal skills to

DOI: 10.4324/9781003375463-8


https://doi.org/10.4324/9781003375463-8

138 Communicating feedback

develop relationships and communicate effectively and, in some scenarios,
the requirement of negotiating with individuals (Bateman and Jones, 2019).
The quality of the coach-analyst relationship is vital; so important that it sees
coaches recruit performance analysts who they have previously worked with
(Huggan et al., 2015). These strong professional working relationships are
critical to the effective delivery of performance analysis provision (Martin
et al., 2021) and time must be prioritised to establish these relationships.

In an attempt to contextualise factors raised above, a scenario of a perfor-
mance analyst starting a new role has been developed below:

My first week as a performance analyst! An exciting time but I was also so nerv-
ous. It felt a little unconformable not knowing exactly what I was supposed to be
doing or where anything was, but it did get better as the week went on. I'm already
looking forward to next week. Everyone seems nice, so far; I can’t remember all of
their names yet but that’ll come, I'm sure. On Tuesday, I saw the manager in the
corridor quickly, he looked busy and pretty flustered but it was just before training.
It was nice though because we met properly on Wednesday at the coffee shop. He
seems friendly and we talked about sport and other things too, which was nice.
I didn’t realise how new he was to this coaching role and I'm the first performance
analyst he’s worked with. We spoke generally about what he and the team want,
but I do need to go back to him with ideas on sharing operational definitions.
He has mentioned that the assistant coach isn’t too keen on performance analysis
though, which might be a handful. He didn’t go into too much detail, but it seems
he may have had a bad experience as a player. Apparently, he’s happy to receive
some stats but he’s not too keen on the video side of things.

During role clarity conversations, it is also assumed that much of the discussion
will align to the input phase of performance analysis, this concerning the data
collection phase, confirmation of key performance indicators and the defini-
tion of their terms, e.g., defining of a positive tackle or the affirmation of the
final third area. Yet, it is also important to explore the general expectations of
performance analysis provision in all other environments, and this includes the
expectancies within in a training environment and the expectations of anal-
ysis post-performance. This might include questions such as: How promptly
post-performance is analysis expected? How will the data and video be shared?
How will feedback be communicated and delivered? How would the coach
like this to look? How will the analysis be used? How might we measure the
effectiveness of delivery styles and information provided? So, while conver-
sations on the input phase are important, it is equally important to have con-
versations regarding the output of provision. Feedback is an invaluable aspect
impacting learning (Maslovat and Franks, 2020) yet to provide meaningful in-
struction and advice, a complete perspective of performance must be attained.
With the work of Franks and Miller (1991) and later Laird and Waters (2008),
the natural demand for performance analysis has elevated to ensure this record
of performance is collected. It is through negotiations with coaches and ath-
letes, that decisions can be made on how this information is communicated.
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Coaching process models

The coaching process is thought of as a complex ongoing cycle of perfor-
mance, analysis and feedback (Maslovat and Franks, 2020). Coaching models
(Hughes and Franks, 2008; O’Donoghue and Mayes, 2013) indicate that this
is conducted at both training and match environments (during and post-
performance) and, in some cases, includes the analysis of opposition (Groom
et al.,, 2011; Horne et al., 2013; Wright et al., 2014). Whilst many models
recognise the processes involved in the collection of data and video, the use
and delivery of video-based feedback are equally as important considerations
(Groom & Nelson, 2013). This has seen the development of coaching process
models based on the application of performance analysis in practice, which
have attempted to acknowledge the actual delivery and communication of
video feedback. In that regard, Groom et al. (2011) and O’Donoghue and
Mayes (2013) developed models with greater consideration for athlete learn-
ing and reflection.

The use and application of analysis has similarities to the four key stages
of action research; these are observing, reflecting, planning and acting.
O’Donoghue and Mayes (2013) tailored this approach to performance analysis
activities in the coaching process (Figure 8.1).
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Figure 8.1 Performance analysis in coaching context (adapted from O’Donoghue and
Mayes, 2013).



140 Communicating feedback

Similarly, Wright et al. (2014) proposed a model of stages, which also in-
cluded observation and planning, as well as stages for analysis, interpreting
and preparation. When comparing both models, a strength of O’Donoghue
and Mayes (2013) is the incorporation of a reflection stage, which can be used
to aid and facilitate athlete learning. Here, task details included performance
analysts uploading and sharing video sequences to a password protected anal-
ysis site, for the squad to discuss and reflect on, prior to future training ses-
sions. Most importantly, O’Donoghue and Mayes’ (2013) athlete-centred
approach encourages a two-way communication of sharing information back
and forth between coaches and players, thus creating an equitable power bal-
ance between roles.

With the desire to understand video-analysis practices in applied coaching
environments, Groom et al. (2011) developed a theoretical framework from
a grounded theory research methodology. The study established how con-
textual factors such as social environment, coaching philosophy and recip-
ient qualities influenced the delivery of video-based feedback (Figure 8.2).
In light of these findings, it is evident that coaches’ delivery of video-based
feedback to support athlete learning is a complex process.
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Figure 8.2 A grounded theory of the delivery of video-based performance analysis
feedback (adapted from Groom et al., 2011).
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The next section will discuss in more depth the contextual factors that
influence the delivery of video-based analysis, these will include coach lead-
ership style, delivery approaches, and presentation types.

Contextual Factors

Prior to communicating any feedback, Martin et al. (2021) advised that per-
formance analysts and coaches should undertake a contextual assessment of
the environment. This enables a targeted outcome to change behaviour, facil-
itate learning, improve efficacy and increase motivation (Groom et al., 2011).

A contextual assessment is an opportunity to consider all factors that
may impede the learning experience and facilitation of feedback to ath-
letes. Contextual factors were also raised by Groom et al. (2011). Here,
they acknowledged six sub-categories which included social environment,
coaching and delivery philosophy, recipient qualities, presentation format,
session design and delivery process. Summarising the work of O’Donoghue
and Mayes (2013), Groom et al. (2011) and Martin et al. (2021), a brief of
factors to consider, prior to communicating performance analysis feedback
is listed below.

i Social Environment:

It is important here to consider factors relating to interaction, power and role
(Groom et al., 2011) for both the athlete and coach in the delivery of video
feedback. It is here, that an assessment must be made on the dynamics within
an athlete group as well as the interactions between the coach and athlete,
coach and analyst and between analyst and athlete. Martin et al. (2021) sug-
gest performance analysts should prioritise three key roles in the development
of relationships, these are: undertake background research, actively build re-
lationships and clearly define roles. A strong coach-analyst/analyst-athlete
relationship displays values of openness and honesty (Kojman et al., 2022)
as well as characteristics of support and empowerment. As a performance
analyst, it is important to remain open-minded, a strong communicator and
be self-aware (Robertson, 2020). Of course, we recognise that developing
relationships can be challenging, particularly in the early stages. In support,
McKenna et al. (2018) suggested a range of ways to support the development
of relationships, this might include attending training sessions or travelling
to away games and embedding yourself into the environment. These factors
can also be used in the development of other significant professional relation-
ships with multidisciplinary support staft.

As well as the role of the analyst, it is also important for athletes to have
an understanding of their responsibilities within the feedback process. Here,
an evaluation of how individuals interact and relate to each other is needed.
Supporting self-awareness, it is also important that athletes, coaches and ana-
lysts have an awareness of others and acknowledge how interactions and spe-
cifically information communicated in feedback sessions, will make others
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feel. These interactions are also a factor of the leadership style of the coach. In
terms of power, it is important that coaches are aware of the power they may
hold on the coach-athlete relationship, and how this may impact interactions.

With sport predominately played on evenings and weekends, Martin et al.
(2021) also suggest for analysts to be available to engage with athletes and
staft informally. Considering that the majority of preparation for perfor-
mance debriefs and briefs will be undertaken post-match, contact by athletes
and coaches may be received ad hoc. Analyst wellbeing is equally important,
so contact hours and method of contact should be discussed in role clarity
meetings ensuring performance analysts also have downtime opportunities.

ii Coach philosophy and leadership style:

In the facilitation and communication of feedback the coach’s leadership
style and philosophy of feedback must be considered (Martin et al., 2021 and
Nicholls et al., 2018). The delivery of video-based feedback can be scaffolded
depending on what the coach has set out to achieve, for example, whether that
be developing winning performances or developing athletes (Groom et al.,
2011). Depending on approach, it would impact the construction of clips and
the intended delivery style, which would require diligence and time.

Philosophy, known as a guiding principle for behaviour can differ from
coach to coach, and equally develop with experience over time. A coach’s
previous experience of analysis and feedback sessions can impact their philos-
ophy, whether that be in a positive or negative regard. Should a coach have
had a positive experience as an athlete, it may reflect in their philosophy
and delivery of feedback as a coach. On the contrary, should they have been
subject to a negative experience, as acknowledged by Groom et al. (2011), it
could impact their appreciation of the service now as a coach. Opposingly, re-
tlective coaches in that situation may wish to create a safe and caring culture
which they never received, and an opportunity to facilitate video feedback
sessions and valuable learning environments for athletes.

As with philosophy, leadership styles can differ between coaches. Styles,
depending on the approach, will dictate the culture within the performance
team. Some coaches prefer to be transformational leaders and others opt to
be transactional coaches. When considering the communication of feedback,
Martin et al. (2021) acknowledged that transactional leaders tended to pro-
vide athletes with practical solutions to problems rather than encouraging
athletes to work through difficulties, to find their own solutions. The term
transactional leader, revealing similar traits to that of an autocratic leader, a
term more commonly used in teaching and coaching styles. The alternative
transformational approach is seen by O’Donoghue and Mayes (2013) who en-
dorsed the use of online analysis platforms to share footage of performances.
This empowers squads and encourages athletes to review and discuss perfor-
mances online to find their own solutions in the days leading up to the train-
ing sessions. Transformational, aligning more so to a democratic teaching and
coaching style, whereby a high level of athlete participation is encouraged,
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giving athletes an involvement in the decision making, goals, practice and
performance strategies (Lyle, 2006).

iii Power dynamics:
The phrase ‘Power dynamic’ refers to the way individuals act or behave,
which is influenced by their role. Specifically,

“social power can be conceived as the resources one person has available
so that he or she can influence another person to do what that person
would not have done otherwise” (Raven et al., 1998: 307).

In this instance, we will discuss the roles of the coach and athlete in the com-
munication of feedback. Using a model initially developed by French and
Raven (1959), redeveloped by Raven (1992) and used Groom et al. (2012), the
following stages of power are described:

*  Expert: The coaches’ knowledge that the athlete requires.

* Referent: The coach is identifiable as a role model.

* Information: The coaches’ ability to explain why changed behav-
iour is preferable

* Legitimate: The athlete is expected to comply with the coach’s
direction.

*  Coercive: The ability of the coach to discipline an athlete based on
non-conformity or behaviour.

* Reward: The ability of the coach to reward an athlete based on
conformity or behaviour.

O’Donoghue and Mayes (2013), Groom et al. (2011) and Martin et al. (2021)
all recognise the importance of power, and the need to observe and iden-
tify the dynamics within athlete groups and in relation to coaching teams.
Naturally, these characteristics align to the leadership styles and philoso-
phies of coaches communicating feedback. A transformative approach to
the coach-athlete relationship, for example, is where positive relationships
enabled the provision of performance analysis to flourish (Martin et al.,
2021). A secondary example is the two-way communication strand between
athletes and coaches, as seen in O’Donoghue and Mayes (2013). These give
athletes a sense of ownership and involvement in the decision making of
provision, whether that be related to timing of feedback, quantity of infor-
mation or details of task. Overall, a more conducive and positive learning
environment is an equitable power-sharing relationship between coach and
athlete (Cassidy et al., 2009).

iv Recipient qualities:
This refers to the coach and the performance analyst having an understanding
of the needs and attributes of the athlete or team they are providing feedback
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to. Essentially, this factor involves developing a best practice framework to
meet the needs of individuals, noting that the requirements of individuals
may differ to the needs of other team members. This may include the volume
of information, the timing and frequency of feedback (Martin et al., 2021),
whether they are motivated learners, have a high work ethic or are reflective
athletes (Groom et al., 2011). When considering types of feedback sessions,
reflect that some athletes may prefer large group sessions and an opportunity
to review and reflect on performances publicly, consistently engaging in di-
alogue with peers and coaches. On the other hand, the preference of other
athletes would be to review performances in a one-to-one setting with an
opportunity to ask questions or post comments to online clips in a safe and
private platform. In large group sessions, these individuals may remain re-
served and whilst they are quietly engaged, they may refrain from speaking
publicly due to factors such as confidence, nervousness or due to wider factors
such as athlete power dynamics.

Another factor which needs consideration when communicating feedback
is non-visible disabilities. These are often oversighted unless the performance
analyst or coach has a strong understanding of individual athlete needs. Ex-
amples of non-visible disabilities include hearing loss and dyslexia and whilst
colour blindness is not recognised as a disability, it can impact individuals
interpreting colours on charts, dashboards and videos. This is by no means an
exhaustive list of non-visible disabilities, but consider the scenario below and
how it may impact the three athletes with non-visible disabilities.

The coach and performance analyst have developed a group feedback session for
twenty athletes following Saturday’s performance. In preparation for the session, the
coach and performance analyst have created a playlist of video clips reflecting their
strengths with _further clips highlighting areas that need development. The role of the
athlete in this session is to review the playlist (red team versus green team), discuss
with the athlete sitting next to you and then provide two comments each on the white
board at the back of the room. Actions will be taken into the training session straight
after analysis.

Naively and unaware of the recipient’s needs, the scenario above may seem a
productive way to deliver feedback prior to training. Yet, based on the needs
of the three individuals with non-visible disabilities, some approaches should
be considered.

* Hearing loss: Consider the delivery setting of an analysis session for
an individual with hearing loss. Despite having the ability to lipread
conversations, a large group session situated in a computer room could
be troublesome. First, with multiple ongoing conversations and second
with individuals working behind computer monitors, the opportunity to
lipread becomes challenging. A smaller group setting with less simulta-
neous conversations might be a more comfortable environment.
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* Colour Blindness: Review the use of complementary analysis tools
that can be incorporated to enhance the delivery of feedback and support
an individual with colour blindness. In this situation whereby colours
cannot be clearly recognised, consider the use of annotations or voiceo-
vers on video sequences. By including shapes or labels on video clips, it
can support an individual identifying the area for discussion.

* Dyslexia: Reflect on the feedback method on completion of the anal-
ysis task. Whilst this is completed to check and challenge athlete un-
derstanding, the task of writing on a white board in front of others may
cause some individual’s discomfort. This is an environment where they
feel they will make mistakes or can be made to feel foolish in front of
peers and coaches based on their writing, spelling or communication of
a word. As an alternative, could the task be conducted in pairs and a peer
lead on the administrative task, or in place of written notes could a verbal
summary be provided in the classroom or later sent using audio notes.

Delivery Approach

O’Donoghue and Mayes (2013) and Groom et al. (2011) both acknowledged
a cyclical approach to the delivery of video-based feedback. This incorporates
a train, game and review process whereby goals are consistently reviewed.
O’Donoghue and Mayes (2013), who specifically focused on the observe,
reflect, plan and act process, identified a clear connection between each phase
which in turn highlights a continuous learning cycle. This is demonstrated in
the communication about video clips phase, which leads into the pre-training
discussion and then squad training. This suggests a review to practice ap-
proach, where learnings from video reviews discussed either in online analysis
platforms or in classroom will then be actioned in a live training environment.
Regardless of the feedback stage (training, competition, post-performance),
consider the contextual factors discussed above and how these may support
the infrastructure of delivering feedback. This may include empowering ath-
letes by having an equitable power-share and engaging individuals or the
leadership group in the decisions related to the delivery of feedback (Martin
et al., 2021). It is important to note that these individuals are the stakeholders
in this process and so the type, timing and quantity of information should be
suitable to their requirements and as the recipients of the information, these
individuals are best placed to advise on their requests. A bespoke feedback de-
sign promoting discussion, athlete reflection, empowerment and ownership
of analysis can then be implemented (Martin et al., 2021).

Having said this, care must be taken by the performance analyst and coach
in this situation, first by managing the expectations of athletes that all re-
quests may not be feasible and second by ensuring the power-share remains
balanced. It is in environments such as this, that athlete demands may become
overbearing and a shift in power towards athletes and away from coaches may
be seen.
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Training

Of course, it is natural to assume that certain environments will pro-
vide a greater opportunity to deliver and communicate feedback with
athletes and coaches. Environments, such as training, are deemed more
tlexible whereby performance analysts, coaches and athletes can interact
more freely. It is in these environments that performance analysts have an
opportunity to deliver a live review of tasks undertaken which supports
training. There are a number of ways in which this can be conducted,
from setting up a live sharing platform, to simply connecting a feed from
the performance analyst station to a TV at the side of the training facil-
ity. In either approach and depending on the environment, it provides
an opportunity for athletes and coaches to engage in a conversation and
confirm performance structures prior to reattempting the required skill.

Should facilitating live reviews at training environments not be feasi-
ble, due to the sport, facility or equipment available, filming the session
to review later is just as beneficial. This can also be used to inform future
training sessions and discussions. Whilst the footage cannot be reviewed
immediately or between drills, it is in situations like these, that coach and
athlete interactions can be captured. Verbal and non-verbal directions
given by the coach can be observed by the athlete away from training and
in a phase of reflection and checking of role clarity.

Competition

Communication of feedback during a performance can be impacted
by the sport itself and also the rules. With sports that have natural breaks
in performance, such as between games, rounds, sets, quarters and half
time periods, the delivery of feedback can be more streamlined. This is
an opportunity for coaches to provide feedback with an intent to imme-
diately impact the ongoing performance. With sports that are continu-
ous or cyclical, the delivery of feedback can be more troublesome. For
example, in events which are categorised as races (swimming, cycling
or running), feedback is more commonly received at the conclusion of
the event. Yet, it’s not so straightforward, even feedback opportunities
for these events can fluctuate, for example, there may be opportunity to
quickly interact with an athlete in a long-distance race, albeit the event
will continue. Naturally, with short distance races and the time taken to
complete these events, this would not be feasible.

In terms of type and quantity of feedback, this will depend on the ath-
lete’s needs, the coach’s leadership style and the time given between per-
formance periods. Within the rules of squash, athletes are provided with
a 90-second interval between games, whilst at international level netball
players receive a 4-minute break between quarters and a 12-minute inter-
val at half time. Performance periods range for each sport; some sports also
have opportunities to pause play using water breaks, this giving coaches a
chance to provide additional information from pitch or court side.
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The method of communicating feedback during play at an elite level,
will also vary from sport to sport. Rugby union for example Presents or
displays a strong connection between performance analyst and coach who
are frequently seen working collaboratively in a coaching box in the stands
of the stadium. This is an opportunity for coaches to review footage and
discuss tactical strategies based on the data prior to communicating with
athletes in half time breaks. Alternatively, in elite level soccer, a coach or
manager can be found in the pitch side technical area. Until early 2018,
soccer coaches were expected to direct, instruct and make tactical changes
without analysis support. In July 2018, the International Football Associ-
ation Board (www.theifab.com) announced an amendment to the laws of
the game, permitting small hand-held electronic or communication de-
vices for use in coaching and tactics in the technical area. This rule change
also permits an analyst to relocate to the technical area to present data or
video clips to coaches from feeds around the stadium.

As raised previously, time constraints play a large factor in the com-
munication of feedback during organised intervals (quarter or half time
breaks). Largely, the coach and management team will have a pre-planned
strategy of what this period will look like. This could involve a summary
to the entire team led by the head coach, before athletes break into small
groups based on their position to discuss specific elements with a techni-
cal attack or defence coach. Depending on the coach’s wishes, this may
involve the delivery of objective data to affirm the feedback points raised
(for example, the total number of turnovers gained and scored in netball).
In other sports, whereby a coach is seen to be working closely with an
analyst during performance, one or two clips could be identified in read-
iness to be shared with individuals, positional units or, if relevant, with
the entire team during the half time break in the team’s changing room.

Post-Competition

On the completion of data collection and the generation of results,
feedback can be shared with athletes and coaches in preparation for de-
brief (review) sessions. A tool used by performance teams to facilitate
self-correction, develop team cohesion and improve future performances
(Kojman et al., 2022). Sessions can be developed upon four key compo-
nents: (1) self-reflection of the performances in terms of strengths and
areas to develop, (2) visionary aids supporting coach and athlete discus-
sion, (3) identification and confirmation of strategy changes and (4) the
setting of goals (Hogg, 2002). In covering these components, a meeting
time and place, duration of session and balance of information all need to
be considered, aligning to the competition environment.

Depending on situation and sport, a performance analyst may have the
fortunate opportunity of delivering a debrief of Saturday’s fixture on a
Monday whilst facilitating a preview of the next fixture on a Thursday.
Whilst the balance of information and timing of these sessions is still
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vitally important, sessions can be segregated allowing athletes time to re-
tlect on what has happened, prior to engaging in an opposition review on
what to expect next. Other sports or competition environments may not
be so forgiving, with multiple matches scheduled in a short competition
window. Depending on the sport, this could involve two performances
in one day or back-to-back fixtures on consecutive days. In this instance,
the timing and balance of information in a feedback session would need
attention. In this example, an evening fixture may need debriefing im-
mediately post-performance, followed immediately by a preview meet-
ing for a fixture the following lunchtime. The briefing meeting is usually
organised to take place on the same evening as performance one rather
than on the morning of performance two. This ensures that there is
enough time given to athletes to digest the information prior to per-
forming but also safeguarding athlete preparation time and performance
routines on the morning of a fixture. Should back-to-back sessions take
place, it would be advised to take a short break between debrief and
briefing meetings. This could be a short drink break or a quick preor-
ganised team activity; ultimately, the aim is to give athletes an oppor-
tunity to switch off and then refocus their attention for the next session.

Regardless of the post-match feedback format, it is important that ath-
letes are aware of their role and have an understanding of the purpose
and intent of sessions. Ultimately, the delivery of feedback is to support
athlete development in a bid to improve future performances. Within
the feedback process, it is important that athletes adopt an open mindset
and showecase the qualities of honesty and integrity (Groom et al., 2011).
Their engagement in this process as motivated learners will support their
ability to update knowledge and behaviours whilst understanding their
own performance standards in a safe space (Kojman, 2022). Similarly, the
coach and performance analyst must also understand their roles within
the delivery process, being mindful that the misuse of video can nega-
tively impact athlete engagement and development.

Below are examples (i-iv) of post-performance feedback methods,
which can be employed depending on environments, skill level, gender
and age of recipients and stakeholders in feedback sessions.

i Hot debrief

Hot debrief is a term used to review performances in an emotionally
charged atmosphere (Kojman, 2022). This is usually undertaken at the
performance venue, immediately after performing. With emotions high
regardless of the result, it is important that the coach provides objective
data, detaching from subjective emotions that may cloud viewpoints. In
this instance, the coach would require a set of key performance indica-
tor results from the performance analyst immediately post-performance.
For this environment, it is likely that indicators have been pre-arranged
and confirmed by coaches and athlete leadership group. With this, the
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performance analyst will either have an output window prepared which
can generate results immediately on the completion of performance or
if data has been shared to coaches using an electronic device (tablet or
laptop) during the performance, results will already be available. Despite
the approach, a schedule would have been confirmed between perfor-
mance analyst and coach, for when and how the output window will
be received in readiness for the hot debrief. This may be a simple text
message or email direct to a mobile phone, or it may have been arranged
that the performance analyst facilitates the session itself. These are all dis-
cussion points that should have been raised at the clarity and expectations
meeting at the commencement of the season. Whilst video plays a key
part in debriefing sessions, it is unlikely due to time, recovery schedules
and possibly travel that video will feature in these immediate hot-brief
sessions.

1-1 or Unit debriefs

Depending on sport or environment, some coaches may ofter the op-
portunity to communicate feedback in a 1:1 setting, or should it be more
convenient, feedback may be delivered to athletes in smaller groups or
as positional units. The benefit of these sessions is that athletes have an
opportunity to discuss personal roles and responsibilities without the
judgements of the wider team. To support these sessions, a coach may
ask an athlete or unit to select a series of clips on a related topic and bring
to the meeting. This not only provides an opportunity for coaches to
check an athlete’s understanding of the topic area, but it also provides an
athlete with an opportunity to gain clarity on performance roles. Whilst
this may be a time-consuming task for coaches, who in rugby union can
have up to 15 starting players, it can provide an opportunity for athletes
who rarely contribute to group discussions an opportunity to be heard.
Smaller group meetings such as these, are examples of coaches scaffold-
ing learning opportunities. Often using video-feedback and questioning,
these types of sessions can aid athlete learning and development of tac-
tical knowledge (Middlemas et al., 2018; McRobert & Williams, 2019).

Team debriefs

Team debriefs are an opportunity to review performances as whole.
This is a useful time saving task, whereby information presented to an
individual or unit might be beneficial to another. In that case, having
all parties present ensures that a consistent message is received by all. In
terms of delivering these sessions, they do become more constructed and
streamlined over time. This is a result of gaining experience and becom-
ing more confident in the role. As an analyst, whether your responsibility
is to lead the video feedback session or to facilitate the session along with
a coach, it is an opportunity to share knowledge and give clarity to per-
formance situations.
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Whilst the session is labelled as a team debrief, the way in which these
are structured will depend on the teaching preferences of the coach and
the aims of the session. This will influence the design of the session,
which can vary from a solo coach delivery, a review in units or a com-
plete player-led session (Middlemas et al., 2018). Of course, the success
of sessions impinges on athlete engagement; their willingness to honestly
and critically reflect on performance. Presentation designs (video clips,
annotations, slide designs, in session tasks and take-home tasks) all have
a part to play in athlete engagement and ‘landing the feedback’ message.
A well prepared and slick production, combining performance indicators
and the presentation of videos which are played in full screen and deliv-
ered within the time constraints of the scheduled session, will certainly
be favoured, over messy and unorganised presentations.

Depending on the autocratic or democratic coaching style displayed
by a coach and the learning preferences of the participants (behaviour-
ism, constructivism and cognitivism), the session can be delivered very
differently. Mosston and Ashworth (2008) introduced the spectrum of
teaching styles, which in this case has been applied to performance anal-
ysis debrief sessions. The spectrum is designed across a continuum, with
opposing ideologies at either end focusing on either, a) coach led ped-
agogies or b) player-led pedagogies. Coach led pedagogies is separated
by two extremes. Firstly, command (style A) which is solely a coach
led delivery, and secondly, inclusion (style E), which suggests tasks are
created by the coach for athletes to decide on what meets their ability. A
turther three styles (B to D) are situated between these. Contrastingly,
at the other end of the spectrum, focus is transferred to player-led peda-
gogies. This is firstly categorised by guided discovery (style F) which
as suggested by its letter is situated along from inclusion. In this instance,
a coach provides a task for athletes to source a solution that was not
previously known. The continuum then moves towards, self-teaching
(style K), which is the development of knowledge without guided or for-
mal instruction. Naturally, the teaching preferences of coaches and the
learning preferences of athletes will dictate which approach is delivered
and the types of tasks included.

Video has now become extremely accessible (Kojman, 2022) and is a
powertful tool in the facilitation of feedback. As noted previously, it pre-
sents visual aids to assist coach and athlete discussions to support learning,
and is commonly used in team debrief meetings regardless of coaching
style preferences. Yet, the selection of video sequences is now becoming
more critical. With research indicating a preference that debrief session
decrease from 40 minutes (Groom and Cushion, 2005) to 20 minutes or
less (Nicholls et al., 2018), a greater allocation of time is needed in the
planning and construction of a comprehensive presentation. With time
a factor, coaches may wish to facilitate a culture whereby athletes take
responsibility and conduct self-analysis away from training environments
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(O’Donoghue and Mayes, 2013), with athletes bringing personal or unit
playlists to these larger settings to facilitate discussions with teammates
and coaches.

In a wider setting, time can also be precious for performance analysts
in the management of workloads to meet pressing presentation deadlines.
Video content and objective data will be required for team debrief sessions
but the next steps can then depend on the personal preferences of the an-
alyst and equally the amount of time readily available. Using the scenario
above of having two back-to-back performances on consecutive days, the
construction of video resources will need to be well-planned and organ-
ised, allowing presentations to be delivered promptly post-performance.
In this instance preparation is key, and this can be helped with the de-
velopment of supporting resources in advance of competition. This can
include the design and construction of slide decks, which include the
team branding and colours, opposition name and logo, date and place of
fixture and slide titles in readiness for video sequences. Then depend-
ing on preference, performance analysts may wish to develop their pres-
entation within the performance analysis package itself. As an example,
both Hudl SportsCode (HUDL, Lincoln, NE) and Nacsport (Nacsport,
Gran Canaria, Spain) provide the capability of developing presentations
and importing of slide decks to customise workflows. Alternatively, some
performance analysts may wish to select and export their video clips from
the performance analysis package and import sequences into a presenta-
tion platform such as PowerPoint or Keynote. The strength of option A
is that the presentation is housed in one platform, meaning the additional
step to export video clips is not required. Depending on time constraints,
this might be a convenient solution. The benefit of option B 1s that the
presentation can be shared immediately with coaches and athletes (once
videos have been exported from the analysis platform), and it can be
played without the requirement of specialised software. Of course, a pres-
entation developed in an analysis platform can be shared, yet the recipient
will either need to have the specialist software on their own machine for it
to play or the presentation will need to be exported as a standalone video.

Online sharing platforms

Moving towards a player-led pedagogy, the use of online platforms has
become increasingly more popular with performance teams and sports.
The capability for performance footage to be uploaded and shared to a
password protected site, usually managed by the performance analyst
has advanced the communication of feedback. Whilst O’Donoghue and
Mayes (2013) acknowledged their existence, they have developed instru-
mentally with the competition of platforms greater than ever. These video
sharing platforms enhance the coaching process allowing a greater vol-
ume of feedback to be provided to individuals (O’Donoghue and Mayes
(2013)), who have the capability to review and comment on clips at a time
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and place convenient to them. Platforms such as HUDL Online (HUDL,
Lincoln, NE), Coach Logic (Coach Logic, Edinburgh, UK) and In-Play
Sports (In-Play Sports, Doncaster, UK) are just a few examples of the on-
line market. These platforms provide teams with an online video storage
capacity depending on the level of subscription purchased. Admin users,
such as the performance analyst, then have the capability of managing the
upload and archiving of footage and playlists to ensure adequate capacity
is always available. Admin users are also provided the ability to manage
user access, which involves the enrolment of new athletes or coaches using
an email address.

A benefit of online sharing platforms is not only the access to per-
formance footage but also access to the coded timeline created by the
performance analyst. A timeline which lasts the duration of the match,
marked up with indicators of when events occurred (see Chapter 5). The
timeline coincides with key performance indicators generated and pro-
vides an opportunity to review set events without the need to review the
entire match. Post-performance and on conclusion of data collection,
the performance analyst can upload footage with an XML document
directly to the secure online platform. Here, access can be provided for
certain users (e.g., defenders, coaches), depending on the relevance of the
footage. HUDL online also has the capability for users to create their
own or add to an existing playlist which can be shared with all or just
selected users. Within presentation playlists, users (athletes and coaches)
have the opportunity to communicate through comments and draw on
clips using annotations. This is an opportunity for athletes to gain clarity
on performance actions, receive feedback from teammates and coaches
on points raised and have a visual record of events easily accessible from a
mobile phone app or web browser for future confirmation. As with team
debriefs, coaches may also opt to prepare and construct a brief or debrief
playlist online rather than within the performance analysis specialised
software. The playlist is then accessible for athletes to review on multiple
machines in unit or team debriefs. With teams likely to have a minimum
number for specialised software licences, the use of online sharing plat-
forms provides an opportunity for complete timelines to be shared and
be accessible to subscribed users via any internet browser.

Conclusions

The role and responsibilities of a performance analyst in the communication
of feedback is not clear cut, with factors such as learning and teaching pref-
erences needing consideration. With styles interchangeable, it is important to
develop an appreciation and understanding of all. As an example, what might
work now, may not work under new management. So, in summary, a performance
analyst toolbox has been created below:
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Relationship building

Regardless of personnel or styles, the development of relationships with stake-
holders 1s key to success. It is important to not solely focus of the development
of hard-skills, but spend quality time developing a soft-skill toolkit. This may
include qualities such as: interpersonal skills, self~awareness, communication
skills, negotiation skills, creativity in the delivery and design of presentations
and time management.

Feedback strategy

Collaborate with coaches and athletes to design and develop a feedback
strategy which captures the needs of the stakeholders (Martin et al., 2021).
Stakeholder buy-in is key, this ensuring the strategy is fit for purpose, whilst
ensuring all parties are involved in the decision making. Although be con-
scious that an equitable power balance is managed.

Preparation

Preparation and adaptability characteristics are key to a thriving performance
analyst, particularly in the communication of feedback. The design and de-
velopment of supporting materials ahead of fixtures can ease the pressure in
competition environments. These can then be used to supplement objective
data and video sequences collected, in creating athlete learning resources.

Delivery

To create a conducive and enjoyable feedback environment, it is important
to design athlete engaging resources which are presented in a timely manner.
These resources must be appropriate for the environment (training, brief or
debrief) with the performance analyst effectively managing access to shared
online resources (performance footage and playlists). Evaluating delivery
methods 1s also advised (Martin et al., 2021). Firstly, this can be achieved
by capturing the experiences of the recipients of the feedback environment.
Plus, a self-reflection of the experience can be conducted by noting thoughts

and feelings of the events and generating an action plan for future practices
(Gibbs, 1988).
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Introduction

This chapter discusses profiling in sports performance analysis, covering de-
velopments in profiles over time, different types of profiles and examples
of their use. This chapter covers profiles of individual performances as well
as profiles of typical performance that use data from multiple matches. The
profiles are presented as both radar charts and line graphs allowing a critical
comparison of these representations. The profiles also compare the use of
absolute performance indicator values and relative performance which relates
performance to the relevant population of performances.

The meaning of the word “profiling™

The term performance profiling was first introduced in sports performance
analysis by Hughes et al. (2001) to describe a method to determine the num-
ber of performances required for a performance variable to stabilise within
a tolerable limit of its true mean. This could be done for a single performer
of interest or data from multiple performers could be used to produce profile
deriving a given type of performance. A single performer could be a team or
an individual player for whom we have a data on a large set of performances.
This set of performances may not be every performance ever completed by
the performer. Therefore, we refer to this set of performances as a sample.
The technique of Hughes et al. (2001) was applied to performance variables
in isolation. The mean of the variable was determined as an estimate of the
true mean for the given performer. The technique then analysed subsamples
of increasing size by adding each value in turn. The percentage difference
between the subsample mean and the sample mean (as an estimate of the
true mean) was calculated as the subsample grew. Eventually, when all of the
values were added, there would be no difference between these two means.
Hughes et al. (2001) observed the minimum number of values needed for the
percentage difference to fall within some tolerable limit and remain within
these limits as the remaining values are added. These limits could be 5% or
10% for example. Some performance variables are more stable than others
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and require fewer values for the subsample mean to fall within the tolerable
percentage difference to the sample mean than other variables. For example,
the number of passes in a team game would typically be a more stable variable
than the number of shots. The same process could be applied to data from
multiple performers where a research study was being done and the research-
ers wanted to provide a rationale for the sample size they were using in terms
of the stability of the data.

Determining the number of performances needed for variables to stabilise
within tolerable limits of the estimated true mean has merit in practical per-
formance analysis and in academic research (Parson et al., 2001; Vivian et al.,
2001). However, Hughes et al. (2001) used the terms “profile” and “profil-
ing” differently to the way these terms have been used in other disciplines of
sports science as well as other fields outside sport. The Cambridge Dictionary
(2022) provides the following meanings for the word profile when it is used
as a verb:

e “to write or publish a short description of someone’s life, work, charac-
ter, etc.”

e “to predict the likely behaviour or description of someone such as a cus-
tomer or criminal, based on what information you have about them”

e “to give a short description of someone or something with important and

useful details about them”

It is the second and third meanings, listed here, that represent the way “pro-
filing” and “profiles” are used in academic and professional settings. Later,
in this chapter, we will consider the first of these meanings though. It is
fair to say that profiles in sports performance analysis describe performance
rather but not to the extent that future performances could be accurately
predicted. The third meaning from the Cambridge Dictionary characterises
very well how profiles have been used in sports science. Let us consider the
fitness profiles and the profiles that are used in sports psychology. Fitness
profiles (Sedano et al., 2009) provide a “short description” that is an abstract
representation of fitness, perhaps summarising it a 612 key fitness varia-
bles. These fitness variables are the “important and useful details” repre-
senting different aspects of fitness such as strength, power, endurance, speed,
flexibility and co-ordination. Some published research studies use the term
“physiological profiles” where maximal oxygen consumption is included but
still include fitness test results and anthropometric variables (McIntyre and
Hall, 2005). Profiles in sports psychology are also collections of variables
that form an abstract representation of broad complex concepts of interest.
For example, the profile of mood states (POMS) summarises mood with
abstract numerical variables representing the dimensions of anger, confusion,
depression, fatigue, tension and vigour (McNair et al., 1971). The Competi-
tive State Anxiety Inventory-2 (CSAI-2) is an abstract representation of the
complexity of anxiety in sport that includes the intensity and direction of
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worry, somatic anxiety and concentration disruption (Martens et al., 1990;
Mellalieu et al., 2004). The term “performance profile” has been used exten-
sively in sports psychology (Butler and Hardy, 1992; Butler, 1996; Gucciardi
and Gordon, 2009).

The reason for providing “short descriptions” that cover the “important
and useful details” is to improve our understanding of the person or group
being profiled. Having a clear understanding of performance is an aim of
performance analysis in general. Clear understanding of areas of performance
requiring attention informs decisions about preparation for forthcoming
competition. Therefore, the way in which the important details within a pro-
file should be presented needs to consider best way to convey the information
to the intended audience. Graphical representation is a way of presenting pro-
files that have been used in management profiles (Quinn et al., 1996). Quinn
et al. (1996) used a radar chart to display eight different management roles on
a backdrop showing ideal optimal scores for these. This representation allows
the viewer to immediately see areas where engagement with roles is too low
or high to be positive as well as areas where there is optimal engagement.
Related roles were grouped within neighbouring sectors of the radar chart
which meant that the viewer not only interprets engagement in the roles in
isolation but also sees the broader pattern of management style. It was Quinn
et al’s (1996) profiling technique used in management that had the largest
influence on O’Donoghue’s (2005) profiling technique used in sports perfor-
mance analysis. The remainder of this chapter will discuss profiles of sports
performance and the collections of variables they include.

Measurement issues in profiling

Validity

There are four measurement issues of concern to profiles in sports perfor-
mance analysis; validity, objectivity, reliability and stability. A profile can
be fundamentally compromised if the variables within the profile lack rele-
vance or have been measured inaccurately. It must be noted, however, that
this is not an issue with any profiling technique. The profiling techniques
are intended to be used with good quality data, but there is no doubt that
it is possible for somebody to create a profile containing invalid and unre-
liable variables. There is no difference here to using a statistical technique
with poor quality data. The issue is not with the t test, analysis of variance
test, correlation or nonparametric test as techniques. The issue is that these
statistical techniques have been applied to data that are open to criticism. So
hopefully the reader understands that it is not the role of a profiling technique
to establish the validity, objectivity and reliability of the variables used within
the profile. It is expected, however, that the techniques will be used to create
profiles containing high quality variables and that the data represented have
been gathered in a diligent manner.
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We will start with validity. The variables within a performance profile
should represent important and relevant aspects of sports performance that
are useful to coaches and players. A variable has logical validity, sometime
referred to as face validity, where it obviously represents the aspect of per-
formance of interest. For example, the times and distances achieved by hep-
tathletes and decathletes for the running, jumping and throwing disciplines
within these multi-event sports. Criterion validity is where a performance
indicator is associated with overall performance outcome. For example, a
performance indicator may have a strong correlation with the margin of
victory in a rugby union match. Logical validity and criterion validity are
relevant to the individual variables included within a performance profile.
The type of validity that is of most relevance to profiles is content validity.
Content validity for performance profiles can be seen the same way that it
is seen for a questionnaire. Consider a questionnaire about spectator experi-
ence at sports events. The questionnaire has content validity if the questions
cover all of the subtopics that are relevant to spectator experience. For ex-
ample, it should include variables for quality of entertainment, cost of at-
tendance, viewing position, atmosphere, merchandise, refreshments, travel
to the venue, parking and timing of sports events. Similarly, a performance
profile should include variables representing all of the important aspects of
performance. For example, in an invasive field game, we would represent
shooting, passing, possession, territory, defending, set pieces, off-the-ball
movement, discipline and aerial play depending on the sport. When we say
that a performance profile needs to represent all of the relevant aspects of
performance in the sport to have content validity, we need to consider that
some sports are so complex that we may have different profiles for different
aspects. For example, the performance indicators that are relevant to play-
ers and units within teams may need to be position-specific (James et al.,
2005). There may be different coaches within a squad for different areas
of performance, for example, goalkeeping coaches in soccer. Performance
profiles should be appropriate for the coaches and athletes who will be using
the information. This is important to ensuring that profiles are manageable
for their users.

Consider the match statistics that are provided by IBM Slam Tracker on
the US Open website (US Open, 2021a). Specifically, we will consider the
final of the 2021 women’s singles at the US Open between Emma Radu-
canu and Leylah Fernandez. The basic statistics for this match form a profile,
all-be-it a profile for a single match. Indeed, it could be considered as two
separate profiles, one for the performance of each player. These basic statis-
tics include variables for point outcomes when serving and receiving, aces,
double faults, net points, break points, winners, unforced errors and distance
covered. Some of these statistics are raw frequencies and others show per-
centages of points that are successtul. When one clicks on “full stats”, it is
possible to see these same variables for the individual sets within the match.
There are other tabs allowing serve statistics, return statistics, rally statistics
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and service direction statistics to be displayed. All of this information could
be considered to be excessive for a profile, but the website has the benefit of
being interactive so that the user can navigate to the subset of statistics of most
interest to them.

A performance indicator is a variable that is valid, with an objective meas-
urement process, a known measurement scale and a valid means of inter-
pretation (Bevan, 1995). In order to be able to interpret the performance
indicator, we need to know what values are considered high, average or low
for the performance indicator and whether good performance is represented
by high, low or medium values. Performance profiles add an extra element
to the interpretation of performance indicators where performance indica-
tors are considered together. When viewing the profile, the coach, player or
analyst can consider all variables together when interpreting serving perfor-
mance. The English Institute of Sport takes this further with the “What It
Takes To Win” (WITTW) approach (EIS, 2021) where different elements of
performance contributing to outcome are identified. These elements of per-
formance are associated with the fitness, technical, tactical and other abilities
required to achieve the levels of performance necessary in the elements to
deliver a winning outcome.

Objectivity

As already mentioned in Chapter 2, some variables in sports performance
are more “matter of fact” than others. The objectivity of a performance
indicator depends on the objectivity with which individual match events
can be classified. This requires an objective measurement procedure so that
those collecting performance data are doing so correctly and those using
the information know what the values mean. Where variables are not so
matter-of-fact and open to interpretation, we can demonstrate a level of
objectivity through inter-operator agreement studies. Where a measurement
process can be applied consistently by different operators we achieve a good
level of inter-operator agreement.

While objectivity is primarily an issue for the individual variables included
within a performance profile, there are some occasions where we need to
be objective about the profile itself. For example, where a profile leads to
an overall score for the performance, we need to understand how variables
within the profile combined to provide us with this score. For example, in
multi-event sports like the heptathlon, decathlon and modern pentathlon,
there are formal equations for converting times and distances into points that
are then added to determine the overall points score for the performance
(Dinnie and O’Donoghue, 2020).

One of the main differences between variables in sports performance anal-
ysis and other disciplines of sports science is that the other disciplines have
standard variables. For example, multiple studies will have used standard tests
such as the Wingate test (Vandewalle et al., 1987) or instruments such as
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POMS (McNair et al., 1971). Some tests and instruments may have different
variants or protocols, but most often users can reference a published source
for the specific version. Sports performance analysis is very different with
studies continually introducing new variables to represent aspects of sports
of interest to the researchers. Some of these variables are very specific not
only to a particular aspect of the sport but also to a particular playing style or
philosophy. The defensive and offensive positive and negative counts and de-
fensive balance variables used by the Norwegian Football Association (Olsen
and Larsen, 1997) are examples of this. This requires specific attention to
reliability to be demonstrated for the new variables. There are some standards
emerging, such as Opta’s match variables in soccer (StatsPerform, 2022), the
widely used Criclnfo system in cricket (espn, 2022) and DataVolley in vol-
leyball (DataVolley, 2022). The understanding of performance profiles could
be enhanced if they used standard variables. Williams has argued the need
for consensus about the sets of performance indicators to be used to represent
performance in different sports and for the definitions of these performance
indicators (Williams, 2012).

Reliability

Reliability is related to objectivity and validity. A variable cannot be valid
if it is measured so inconsistently that we don’t know what the values mean.
While demonstrating good objectivity through good inter-operator agree-
ment is possible in the absence of rigorous operational definitions, there re-
mains a threat to reliability without well understood definitions of variables
or at least guidance as to the events represented by the variables. Limited
reliability can be a threat to profiles where some data are clearly problematic
while other data may have been reliably gathered. Let us consider the serve
direction statistics in the 2021 US Open tennis second round women’s singles
match between Emma Raducanu and Shuai Zhang (US Open, 2021b). Ac-
cording to these statistics, both players served to the outside third of both the
deuce and advantage service box on both first and second serve in every ser-
vice point. This is very unlikely, especially for the second serve which players
would tend to play safer than the first serve. Even with the first serve, there
is a danger that an opponent will anticipate serve direction if all serves are
placed in the same third of the service box. These values could have resulted
from a misunderstanding of how to enter the data with third of the service
box being confused with which service box was being served to. Alterna-
tively, an operator may have entered all of the service directions the same
way thinking no-one would ever look at these statistics because neither player
would make the final; oops! Perhaps the match was a genuine outlier where
both players served as stated in the match statistics? A quick look at a short
highlights video of the match (US Open, 2021¢) will discount this theory. In
a situation like this where there is a clear reliability issue with data, the match
should not be included in the set of matches used to create a profile for a given
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player or team. Indeed, we would need to have sufficient evidence from a
subset of remaining matches that the serve direction variables are reliable if
these variables are to be included in a profile.

Stability

Stability is a measurement issue that specifically relates to sports performance
variables. The distinction between stability and reliability is that stability
is to do with genuine variability in a player’s or team’s performances. The
data for each performance may have been gathered 100% reliably but there
may be variability between performances, or even within performances, due
to situational variables or random variability. The main situational variable
influencing sports performance is the quality of opposition (McGarry and
Franks, 1994) with venue (Tenga et al., 2010) and scoreline (Lago, 2009)
being found to influence performances in other studies. This variability in
sports performance is a characteristic of sports performance that O’Donoghue
(2005) wished to represent within his profiling technique. Some performers
may be more consistent than others. Some performers may be consistent in
some aspects of their performance but inconsistent in other aspects. Rather
than trying to determine a number of matches needed to stabilise a perfor-
mance indicator’s mean within tolerable limits of the estimated true mean,
O’Donoghue (2005) decided not to stabilise inherently inconsistent perfor-
mance. The existence of variability in sports performance has been studied
further in soccer (Gregson et al., 2010), basketball throws (Coves et al., 2020),
technical and physical performance in basketball (Mateus et al., 2015), tactical
effectiveness in soccer (Dos Reis and Almeida, 2020) and game actions in
volleyball (Ramos et al., 2017).

A profile of typical performance

Pre-processing performance variables

Figure 9.1 summarises tennis performances for a fictitious player in a tour-
nament where matches are the best of three sets. The profile is based on all
matches the player completed at the given tournament. This profile has been
created using O’Donoghue’s (2005) approach which relates performance in-
dicators to the norms for the particular level of the sport. For example, con-
sider the points won on serve when the player’s first serve was in (%oWon 1st)
during matches within the tournament. These are firstly dimensionalised
into the percentage of points won when the first serve was in. The reason for
this 1s that some tennis matches are longer than others and so a raw frequency
of points won on first serve may give a misleading representation of the serv-
ing performance. For example, the player could win 20 points on first serve
in the first match and 30 points on first serve in the second match. However,
the player may have played 25 points where the first serve was in during the
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«=O= Median
%Aces (4.1%) —— Lower Quartile
100 —e— Upper Quartile
%Unforced Errors (15.1%) %DFs (3.1%)
80

%Winners (18.2%) %First In (69.0%)

%Receive Points Won (44.1%) %Won 1st (65.4%)

%Break Points Won (39.6%) %Won 2nd (50.9%)

%Break Points (12.4%) %Net Points Played (6.5%)

%Net Points Won (72.2%)

Figure 9.1 A profile of fictitious player’s performances in a tennis tournament.

first match and 60 such points in the second match. Thus, the percentage of
points that were won when the first serve was in would be 80% and 50%,
respectively. Similar pre-processing should be applied to the other variables
to adjust for the different number of serving, receiving and net points played
in each match.

Reflecting on 2005

O’Donoghue (2005) wanted to represent any consistent and inconsistent ar-
eas of performance within profiles. In the original paper, the mean perfor-
mance was used to represent typical performance and the interquartile range
was used to represent the spread of performances about this average. The use
of the mean (often used when parametric procedures are applied) and the
interquartile range (often used when nonparametric procedures are applied)
raised a few eyebrows. So why was this done? This decision was made during
the analysis of 28 performances by Venus Williams where it was originally
intended to use the mean and the standard deviation. There was one variable
where the mean plus one standard deviation exceeded 100% which is ob-
viously impossible for a percentage variable. This suggests that the variable
was skewed or asymmetrically distributed with more spread below the mean
than above the mean. A test of normality actually found the variable to be
sufficiently normal for parametric procedures to be applied. Therefore, there
was a great desire to use the mean because it was derived from all 28 values.
The median could take any value as long as the value was between the 14th



162 Performance profiles

and the 15th when the values were arranged in ascending order. Displaying
the spread of performances as ranging from the mean minus one standard
deviation to the mean plus one standard deviation was a non-starter due to
upper limit of this range exceeding 100%. So, the interquartile range was
used to ensure the lower and upper quartiles were within the range of values
recorded for the player. The combination of mean and interquartile range
can be justified by the fact that the profile did not claim the distribution of
values was normally distributed or otherwise and no inferential tests making
assumptions about the distribution of values were applied. However, in hind-
sight, it may have been better to use the median and the interquartile range
in the Venus Williams example in O’Donoghue’s (2005) paper. Alternatively,
the mean could have been used with a spread of performances equivalent
to 0.67 standard deviations. This spread would represent the middle 50% of
performances if the data were normally distributed. However, even where
the data satisfy tests of normality, this does not mean the data are perfectly
normal. Also, the interquartile range is an easier concept to explain to prac-
titioners than the standard deviation let alone why the standard deviation is
being multiplied by 0.67.

Using quantiles

So back to Figure 9.1 and the profile for our fictitious tennis player. The
player’s median value for the percentage points won when the first serve was
in (YoWon 1st) is 65.4%. The middle 50% of the players’ performances for
this variable has values ranging from the lower quartile of 61.0% to the upper
quartile of 69.%. This seems to be reasonably symmetrical about the median.
However, it is not obvious whether this interquartile range represents con-
sistent or inconsistent performance for this variable. Therefore, this profiling
technique (O’Donoghue, 2005) did not plot the values for the performance
variables, but instead plotted the percentage of players in the relevant popula-
tion that the median, lower and upper quartiles exceeded. This is an approach
that has been used with body mass index where percentiles have been pub-
lished for different ages and genders by the National Centre for Chronic Dis-
ease Prevention and Health Promotion (NCCDPHP, 2000). The percentiles
drawn on the chart were for 5%, 10%, 25%, 50%, 75%, 85%, 90% and 95%.
This allows someone to look at a chart for their gender, find their age on the
horizontal axis, body mass index on the vertical axis and see what percentile
banding they are in for their age and gender.

The full set of matches in the given tournament can be used to determine
vigintile norms for this level, age group, and gender of tennis performers.
Vigintile norms split a set of values into 20 groups each representing roughly
5% of the population of values. There are 19 of these values from the 5% to
the 95% percentiles. These 19 values can split data into 20 groups just as three
quartiles (the 25%, 50% and 75% percentiles) can split data into four groups.
The player’s median value for the percentage of points won when the first
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serve was in (65.4%) sits in the 10th of the 20 5% bandings, between the 45%
and 50% percentiles. Thus, the player’s median performance is in the 5% of
performances such that 45% of performances see a lower percentage of points
won on first serve and 50% of performances see a higher percentage of points
won on first serve. The player’s lower quartile for this variable (61.0%) sits
in the 7th of the 20 5% bandings (between the 30% and 35% percentiles)
indicating that the top three quarters of the player’s performances for per-
centage of points won when the first serve is in are located in the top 70% of
performances one sees at this level of tennis. The player’s upper quartile for
this variable (69.8%) is in the 13th of the 20 5% bandings indicating that the
player’s best 25% of performances for this variable are located in the best 35%
of performances for the relevant population of performances.

Interpretation of typical performance

These vigintiles are used to interpret the median and the interquartile range.
Figure 9.1 shows that the player’s median values the percentage of points
where the first serve is in, the percentage of second serve points that are won,
the percentage of receiving points that are break points and the percentage
of points where the player hits winners are above average for the relevant
population of performances. Specifically, the player’s median values for these
variables are in the top 40% of values for this level of tennis. By contrast, the
player’s percentage of double faults played, percentage of break points won
and percentage of points where unforced errors are made are relatively low
for the given level of tennis. Specifically, the player’s median values for these
variables are in the lowest 40% of values for the given population of tennis
performances. This is actually a good thing in the case of unforced errors and
also for double faults, where lower values are preferable. The player’s break
points performances need to consider the number of break points earned as
well as the percentage of these that are converted. The below average conver-
sion rate might not be a problem due to the above average number of break
points generated. Similarly, a player’s double faults may need to be related
to the number of aces played. When these variables are expressed in relative
terms in Figure 9.1, we can justify the percentage double faults because re-
ducing this might also reduce the number of aces if the player uses a less risky
service strategy.

Interpreting variability in performance

Figure 9.1 also helps us interpret the consistency of the player’s performances
by looking at the interquartile range in real terms considering the relevant
population of tennis performances. The player’s most consistent variables are
the percentage of break points that are won, the percentage of points won
when a second serve is needed, and the percentage of service points that
are aces. The player’s interquartile ranges for these three variables span 15%,
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20% and 25% of all performances at the relevant level of tennis, respectively.
The percentage of serving points that are aces is consistently average, be-
ing roughly equivalent to the middle 20% of performances for the relevant
population of performances. The percentage of points won when a second
serve 1s required is consistently above average, with the interquartile range
of the player’s performances roughly spanning the fourth quintile of perfor-
mance in the relevant population (60%—80%). The percentage of break points
converted is consistently below average, with the interquartile range of the
players performances being located in the bottom half of all performances for
this level of tennis. The variable where the player is most inconsistent is the
percentage of points won when receiving serve. The player’s interquartile
range for this variable spans 60% of the relevant population of performances.
This is high when one considers that the interquartile range for the relevant
population reflects performances from different players with different tactical
styles. Figure 9.1 also shows that the player’s performances are inconsistent for
the percentage of points won when the player goes to the net and the percent-
age of receiving points that are break points.

Absolute and relative performance

Figure 9.1 makes a slight improvement to the profiling technique as pre-
sented in O’Donoghue’s (2005) paper. This is the presentation of median val-
ues for the performance indicators in parentheses. It is important to include
these to avoid confusion between absolute and relative values for performance
indicators. For example, consider the 4.1% of service points where the player
serves an ace. This is located in the 10th of the 20 bandings between the 45%
and 50% percentiles. Without the absolute value presented in parentheses,
a reader might think that 47.5% of the player’s service points are aces. This
would be a misinterpretation of the radar chart which shows the performance
indicators in relative terms; the percentage of the relevant population of per-
formances that are exceeded by the player’s performances. So, the player does
not serve double faults in 25% to 30% of the player’s service points either.
Realistically, it is more likely that such confusion could occur for other varia-
bles such as the percentage of points where the first serve is in, the percentage
of points won on first serve and the percentage of points won when a second
serve is required.

Profiles of single performances

Opposition quality effect

The profiling technique illustrated in Figure 9.1 is suitable for looking at a
set of performances to determine a typical performance and describe the var-
iability about the typical performance. When interpreting the variability in
performance, it is worth noting that the performances will have come against
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opponents of different ability and tactical styles. For example, the profile of
the fictitious player shown in Figure 9.1 includes matches from early rounds
as well as matches in later rounds such as the quarter-finals and semi-finals.
It is reasonable to expect that the percentage of points won on first serve,
second serve, when receiving, break points and at the net would be lower
against a quarter-finalist or semi-finalist than against an opponent in the
early rounds.

Opposition effect leads to potential misinterpretation of performance if
O’Donoghue’s (2005) technique were to be used with a single performance.
The use of norms from the population of relevant performances does not
help here. Where a player faces high quality opposition, they would be ex-
pected to produce a low value for a performance indicator like the percentage
of points won when the first serve is in. This low absolute value for the per-
formance indicator will simply map onto a low 5% banding of values from
the relevant population. Similarly, a high value for such a performance indi-
cator achieved against a lower ability opponent will map onto a higher 5%
banding. Therefore, O’Donoghue’s (2005) technique is not recommended
for individual performances because it does not address the eftect of opposi-
tion quality.

Relative quality

A player’s or team’s performance in a match not only depends on the quality
of the opposition but also on the quality of the player or team themselves.
This difference between the quality of the performer and the opponent is
referred to as relative quality. In order to determine relative quality, we need
a variable to represent player or team quality. This could be a ranking or
ranking points, such world rankings and ranking points used in soccer, rugby
union and tennis. Consider our fictitious tennis player competing and the op-
ponents faced at the tennis tournament. The opponents’ have world rankings
and world ranking points that change regularly. Therefore, their rankings or
ranking points could be used to represent the quality of the player. A problem
with using world rankings is that the same difference between rankings rep-
resents a larger gap between higher ranked players than lower ranked players.
For example, the world’s 101st and 110th ranked players are expected to be
more similar in quality that the world’s 1st and 10th ranked players. Ranking
points, and prize money, can be skewed variables where the top ten players
in some sports may win so much money that only the top ten players have an
above average prize money within the world’s top 100. Klaasen and Magnus
(2001) transformed players’ world rankings to roughly represent the round of
the tournament a player would be expected to get to. For example, players
ranked 128th, 64th and 32nd would be expected to reach the first, second
and third rounds, respectively. The players ranked 4th and 2nd would be
expected to reach the semi-final (which we can think of as round 6) and the
final (which we can think of as round 7). This means that we need to use
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the number 8 to represent the expectation that the top ranked player would
not only reach the final, but go one step further and win it. Equation (9.1)
shows how Klaasen and Magnus (2001) represent player quality, Q, given
their world ranking, R.

Q =8-log,R 9.1)

This means that the relative quality for the top ranked player against the
world’s number 128 would be +7, given that the top ranked player is expected
to get 7 rounds further than the opponent. Similarly, the relative quality for
the world’s number 512 playing against the world number 1 is —9, because
the world number 512 is expected to be eliminated 9 rounds before the world
number 1. Basically, the world number 512 would be expected to reach the
penultimate qualifying round and be eliminated at that point. Performance
indicators for the full population can be correlated (using Pearson’s r) with
relative quality to determine if there is a relationship. If the coefficient of
determination () is high enough, then a regression equation can be used
to determine expected values for performance indicators given the relative
quality between the players in a match. A coefficient of determination that
is greater than 0.1 means that more than 10% of the performance indicator
value is explained by the relative quality of the players. This 10% does not
sound like much but does allow us to calculate an expected value for the
performance indicator based on the players’” world rankings. This is done
using regression equations (Cullinane and O’Donoghue, 2011) which have a
constant (intercept) and a gradient (slope). The difference between a player’s
value for the performance indicator and the predicted value can be used to
evaluate the performance.

Before moving on to discuss how relative quality can be addressed, it is
worth considering what to do about variables with low correlations with rel-
ative quality. The relationships between the performance indicators and rel-
ative quality do not consider that some players perform better on some court
surfaces than others or that some players may have played longer matches ear-
lier in the tournament. Some variables may have no correlation with relative
quality. For example, how often the first serve is in is not as important to suc-
cess as winning points whether on first serve, second serve or when receiving.
The percentage of points where a player goes to the net is a tactical variable
representing style of play. There may be players who go to the net more than
others as well as “baseliners” in all regions of the world rankings. A further
issue is that the relationships between relative quality and some performance
indicators may be curvilinear rather than linear.

Addressing opposition quality

When comparing two performances, the quality of the player and the op-
ponents is estimated using equation (9.1). These can be used to determine



Performance profiles 167

expected values for any performance indicators that are sufficiently corre-
lated with relative quality. The expected value is determined by applying
regression equations for these variables to the relative quality between the
player and each opponent. Consider two matches, one against an opponent
ranked 100th in the World and the other against an opponent ranked 5th.
The player wins 64% and 62% of points when the first serve is in during
these two matches. It is most likely that the difference between the expected
values would be much greater than 1%. Therefore, although the performance
against the opponent ranked 5th in the World has a lower value for the per-
centage of points won when the first serve is in, this may be a better perfor-
mance in relative terms. For example, the player may have been expected to
achieve values of 68% and 60% in these two matches, respectively. Thus, the
player will have done better than expected against the opponent ranked 5th
in the world and worse than expected against the opponent ranked 100th in
the World.

Issues with single match profiles addressing opposition quality

A radar chart presenting a profile for a single match could plot the observed
and expected values for each performance indicator to allow areas of better
and worse performance than expected to be visually recognised. This does,
however, present some issues. If we plot the percentile of the population the
observed and expected values exceed (as in Figure 9.1), we may miss subtle
differences where the observed and expected values fall within the same 5%
band. If, on the other hand, we were to plot the observed and expected val-
ues of the performance indicators rather than the 5% band, then we create
confusion in that the radar chart for typical performance plots percentage of
the population that the player has greater values than but the radar chart for
a single match plots performance indicator values. A further issue with plot-
ting actual values on the radar chart is that some values, like aces and double
faults, have much lower values than other performance indicators even when
expressed as percentages of service points. This problem is worse in profiles
from other sports where some of the performance indicators may not be
percentages.

Alternative ways of addressing opposition quality

An alternative to using regression-based approaches to addressing opposition
quality is to use separate norms for different types of match. For example,
British Super League netball teams have been classed as Top Half or Bottom
Half (O’Donoghue et al., 2008). This means there are four types of perfor-
mance; Top Half v Top Half, Top Half v Bottom Half, Bottom Half v Top
Half, and Bottom Half v Bottom Half. This approach is only valid where the
teams in the top half are very similar in quality and the teams in the bottom
half are also similar to each other in terms of quality. A disadvantage of this
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approach is that it only works where teams within a given half of the league
are similar, and a match against one team in a given half of the league is
similar to any other in terms of opposition quality. This was the case for one
particular season of the British Super League in netball, but usually teams
within leagues exhibit more of a gradual increase in quality from bottom to
top (Cullinane and O’Donoghue, 2011). A further issue with using separate
norms for different types of matches is that the data we use to create the
norms is potentially split into multiple subgroups. If we assume 4 qualities
of team, we need 16 (4%) sets of norms for the different types of match. This
is because we need norms for each type of team against each type of oppo-
nent. This rarely results in the data used to determine norms being split into
equal sized subsets. When considering a tournament like the US Open tennis
tournament, there may be fewer matches between low ranked players and
low ranked opponents because many such players may be eliminated in the
1st round.

A further approach is not to use a quality indicator at all. Instead, we may
be able to gather enough evidence to show what is normal against individual
teams. An example of this is the work of Nisotaki (2016) that is described
in Jayal et al. (2018: 44—48). Nisotaki (2016) found very low correlations
between most variables in English FA Premier League soccer and measures
of quality such as final league position or final league points. Team games
are complex with some teams’ success being due to their attack, some teams’
success being more to do with their defence, some teams’ success due to their
creating scoring opportunities and other teams’ success being due to their
converting opportunities into scores. The relative contribution of tackling,
passing, shooting, aerial play, set pieces, goal keeping, etc. form a complex mix
of performance areas such that the individual areas in isolation may have low
correlations with outcome. This allows areas of strength for individual teams
to be recognised. For example, Aston Villa in the 2013—14 season were the
3rd most successful team at defending against opposition passes in their own
half, despite finishing the season in 15th place. So what Nisotaki (2016) did
was produce separate norms for matches against different teams. The example
presented in Jayal et al’s (2018) book used the percentage of passes in the
opposition half that were successful. Each team plays 38 league matches per
season allowing quintile norms to be produced for matches against each team.
This allows performances against each team to be grouped into 20% bandings
for the variable. The advantage of this approach over a regression-based
approach is that opponents can be represented by their specific strengths and
weaknesses. It may be easier to pass the ball in the opposition half against
some teams than against others, and this may be unrelated to the overall
quality of the team. These norms not only represent the strength of the team
in a particular area of the game but also the consistency of the team in this
area. For example, Everton in the 2013—14 season were shown to be more
consistent in defending against opposition passing in their own half than
Crystal Palace.
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Developments in performance profiles

Including opposition performance

The profile for our fictitious tennis player in Figure 9.1 plots the performance
indicators in relative terms; the percentage of performances at the given level
that the player’s value for the performance indicator exceeds. This is done
for the average match (median values) and also representing the interquar-
tile range in the performance in relative terms. Players’ performances are
influenced by the quality and type of opposition they face (O’Donoghue,
2009). Therefore, the performances of the opponents may be influenced by
the player’s ability to return serve. The performances of the opponents at the
net and even how often they decide to come to the net may be influenced
by the player’s ability to play passing shots and lobs against opponents at the
net. The opponents may also come to the net less than the average player in
the tournament if the player plays shots that make it difficult for the oppo-
nents to play approach shots. Therefore, Figure 9.2 is a profile that includes
the values for the opponents on the right-hand side of the radar chart. This
chart is not as clear as Figure 9.1 due to the number of variables included. An
alternative would be to have six lines in a radar chart like Figure 9.1 instead
of three lines; the three additional lines being for the opponents’ median,
lower and upper quartiles. However, this would be too cluttered. A version

Player'sperformances Opponents' performances

= Median

—— Lower Quartile

%Aces (4.1%) 100 %Aces (2.1%) —— Upper Quartile

%DFs (3.1%) %0 9%DFs (5.8%)

%fFirstIn (69.0%) %FirstIn (65.0%)

%Won 1st (65.4%) 60 %Won 1st (61.1%)

%Won 2nd (50.9%) %Won 2nd (46.3%)

%Net Points Played (6.5%) 10 %Net Points Played (7.0%)

%Net Points Won (72.2%) %Net Points Won (77.8%)

%Break Points (12.4%) %Break Points (5.1%)

%Break Points Won (39.6%) %Break Points Won (66.7%)

%Receive Points Won (44.1%) %Receive Points Won (39.4%)

%Winners (18.2%) %Winners (13.1%)
%Unforced Errors (15.1%) %Unforced Errors (17.7%)

Figure 9.2 A profile of a fictitious player’s performances in including opposition
variables.
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of Figure 9.1 with just the medians for the player and the average opponent
would allow a direct comparison between their average performances but
would not represent variability in performance.

Therefore, Figure 9.3 uses a line graph instead of a radar chart to represent
the performances of the player and the opponents. The second difference to
the presentation in Figure 9.3 and Figures 9.1 and 9.2 is that Figure 9.3 uses
actual values for the performance indicators rather than the percentage of
performances at this level of tennis that the player’s and opponents’ values
exceed. Technically, the variables for points won when receiving serve be-
come redundant in this profile when we have the variables for the opponent’s
serving performance included. The following observations can be made
about the player’s performances by considering the opposition values shown
in Figure 9.3. Firstly, the player serves more aces and fewer double faults than
the opponents. Secondly, the player is consistently winning more points on
both first and second serve than the opponents. On both first and second
serves, the player’s lower quartile for percentage of points won is greater
than the upper quartile for the opponents. Thirdly, the average opponent
converts a greater percentage of break points than the player does, which may
initially seem concerning. However, this needs to be considered along with
the number of break points earned and played. Consider the upper quartile
for the percentage of break points won by the opponent (100%). This could
be because of three matches where the opponents each had one break point
which they converted. Fourthly, the final observation is that the player hits

100

= Player Median
Player LQ

90 —— Player UQ
Opp Median
oppla

80 Opp UQ

70

60

50

40

Performance indicator value

30
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—_—
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%Aces %DFs %FirstIn %Won 1st  %Won 2nd %Net Points %Net Points  %Break %Break %Receive  %Winners  %Unforced
Won Points Points Won  Points Won Errors

Figure 9.3 A profile presented as a line graph.
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more winners and plays fewer unforced errors than the opponents. However,
there is some overlap in the interquartile ranges for unforced errors.

Interactive profiles

An interactive profile is dynamic and can change as the user interacts with
it, allowing different options to be chosen about what the user wishes to
see. Consider the profile shown in Figure 9.3 except shown for individual
matches so there are only two lines. The graph can be turned into an inter-
active dynamic graph through a combination of the VLOOKUP function
and “Developer” features in Microsoft Excel. Where we have all data perfor-
mance indicators for all performances, we can use two cells to hold the name
of the player and opponent we are interested in. These names can then be
looked up in a performance indicator table where we have a row for each per-
formance, a column for the player, a column for the opponent and a column
for each performance indicator. The trick is to have a column representing
both players joined together as a single string. This then gives a unique iden-
tifying field for each performance. VLOOKUP will look for the combined
player names or identities in the left-most column of the performance indi-
cator table. The column being looked up will differ for each performance
indicator and be included in the VLOOKUP function for each performance
indicator. Thus, when we change the player and opponent of interest, the
values that are looked up are changed and any chart that uses these cells will
also change when we change the player and opponent of interest.

The analyst can use developer facilities in Microsoft Excel instead of hav-
ing to type in the player and opponent name. For example, they could use
spinner tools, menus or drop-down boxes. Typically, we do not see the “De-
veloper” tab in Microsoft Excel and need to access it. This is done by right
clicking on the menu ribbon at the top. A form appears where we can tick
that we wish to use the developer tab. Once this is available, we can enter
scroll-bars, spinner tools, combo-boxes, etc. into our spreadsheet. These fa-
cilities can be used to change the player or opponent we wish to look at.

Multimedia profiles

The main profiling techniques developed by O’Donoghue (2005) and James
et al. (2005) present exclusively quantitative performance indicators. Return-
ing to the meanings of the word “profile” listed in the Cambridge Diction-
ary (2022), it is worth considering the first meaning listed when “profile”
is used as a verb; “to write or publish a short description of someone’s life,
work, character, etc.”. If I were to tell you that there was going to be a pro-
file of Lionel Messi on television this evening, what would you expect the
programme to be like? It would probably be a documentary that includes
facts, figures, video sequences, interviews, pictures and charts. This has mo-
tivated the development of multimedia performance profiles to go beyond
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quantitative data and incorporate other forms of information in profiles (But-
terworth, 2017; 2023c). These profiles present quantitative performance in-
dicators as before highlighting areas of good, not so good, average, consistent
and inconsistent performance as previous techniques have done. However,
multimedia performance profiles are made dynamic with supporting clips
illustrating quality of play, tactics used and consistency of play. The research
implemented multimedia profiles for badminton and netball and was imple-
mented in Prezi (Prezi Inc., San Francisco, Ca). It is true that commercial
video analysis packages allow video sequences of events satisfying criteria of
interest to be presented with great flexibility within the packages. However,
this does not work so well for typical profiles based on multiple matches.
Hence, the development of multimedia profiles by Butterworth (2017, 2023c)
to go beyond the profiling techniques of O’Donoghue (2005) and James et al.
(2005).

Conclusions

Profiling in sports performance analysis, like profiling in other areas of sports
science, involves bringing together different variables to for a profile. The
variables should be valid and reliable and preferably possess the qualities for
being performance indicators. Variables in sports performance differ from
variables in other areas of sports science in that they can be highly inconsist-
ent between matches, mainly because of varying opposition effects. There-
tore, profiles in sports performance analysis need to represent the level of
consistency or inconsistency in performance as well as the typical (average
performance). Advances in technology allow greater flexibility in presenting
performance profiles and recent developments have also introduced multi-
media data into profiles.
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50-51, 53-55, 60, 62, 6668, 70,
147-148, 151,153,158

objectivity 158-159

observer judgement 2324, 30, 33,
98, 110

observing 30, 31-32, 59, 139

officiating applications of performance
analysis 1, 28

one to one debrief 144, 149

online analysis platforms 142, 145

open access 11

operating environment 90-92, 96-97

operational definitions 28, 33-34, 45—46,
55,106, 138, 159

opponent analysis 2, 119, 132,135

Opta 8,159

output 21, 28, 53, 54, 68-69, 70-71,
82-84,87,131,138

palmtop computers 9

pause 73,97,131, 146

pedagogy 132-134, 135, 136, 150-151

percentage error 87-88

percentile 162-164, 167

perceptual errors 29, 120

performance indicators 17, 22-23, 2627,
31-37, 47, 48-50, 6465, 70,79, 81,
87,150, 154, 157-160, 164, 165-167,
169-172

performance lifestyle 4

performance metrics 39

performance profiles 154172

phase analysis 25

PhD 19, 106

physical demands 6, 16-17, 43, 52

physical performance 118, 127, 160

physiological profiles 155

physiology 17,51

physiotherapy 51-52

Piero 121

pilot testing 19, 50, 54, 59, 87

pipeline processes 21, 23

piracy 11

pitch location 16,72,74,75,121,124-125

pitch zone area annotations 79

pivot tables 58-59, 64—65, 68, 82,
98-99, 102

planning 47, 120, 139-140, 145,
150-151, 153

play (system) 71, 121

play-by-play table 73

player cursors 121, 127,129, 143

player detection 121, 123-124

player highlights 121

player tracking technology 3, 22, 29,
33, 135

player trails 121

positional roles 17, 35, 43,127, 147,157

positivism 134

poster presentations 11, 19,21

post-match analysis 8,9, 31, 39-40, 84,
89,117

post-processing video clips 121

Power B1 77, 86

power dynamics 143

predictive modelling 5, 17,28
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probability 36,79, 109, 111-112, 114

profile of mood states 31, 155

psychological profile 155-156

qualitative movement diagnosis 2425
qualitative research 19, 134

quantiles 162-163

quantitative analysis 10, 19, 21, 30-31
quantitative data 2628, 70, 82,172
quantitative research 104-106
questionnaires 15, 118-120, 157

radar chart 154, 156, 164, 167, 169-170

Raducanu, Emma 157, 159

RAM (random access memory) 54

ranking 5, 165-166

ranking points 165

recipient qualities 140-141, 143-145

reductive processes 21, 23, 105

referee analysis 2, 15-16, 40

reflecting 39, 139, 142

regression analysis 166—168

rehabilitation 41, 52

relative performance 154, 163-164, 169

relative quality 165-166

reliability 12,13, 14, 15, 18, 19, 30, 34, 45,
50, 55, 75, 8788, 92-95, 98-99, 107,
111-114, 156, 159-160

replay (video) 40
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requirements analysis 54, 70

Research Excellence Framework (UK) 12

research funding 11

research impact 12-14

research in sports performance analysis 1,
5, 8, 10-20, 26, 136

research quality 12

rewind (video) 73

role clarity 137-138

rugby union 35, 40—41, 43—44, 46, 55, 62,
64,117,122,124,129-131, 147, 149,
157,165

rule changes 12, 14

scale of measurement 31, 35

scatter plots 55, 56, 61-63,67,71,73

scientific dishonesty 13

scripting 84—86

secondary source data 13—14

self-confrontational interview 26, 31

self-report variables 31

self-teaching 150

sequential systems 55, 56—60, 61-64,
66—67,71

Simulcam (Dartfish) 25

single squad studies 13—14

soccer 2,3,6,7,16,17,18, 24,27, 28, 30,
32,33, 35,36,38-39, 42,43, 45, 46,47,
51,61-62,70,72,73,74,77-80, 86,
95-106, 109, 117, 118-121, 124-127,
133-134, 136, 147, 157, 159, 160,
165, 168

soccer pitch 47,77

soccer pitch size 77

social environment 140-142

social power 143

soft skills 44

Sorter Window 76, 81, 82—83, 85

split screen views 25

sports integrity 4, 148

sports psychology 17,51, 155-156

SportsCode 63,71-74,76,77,79, 80-90,
92,151

spreadsheet 10, 22, 54,59, 81-82,
99-103, 171

sprinting 24

squash 62—63, 146

stability of performance 155, 156, 160

statistical analysis 13, 96, 103—-104

statistical window 84, 92

Statsbomb 8

StatsPerform 4, 8, 159

sticky button 90

Index 193

stoppage time 6, 27, 93,95

strength and conditioning 3, 17, 45, 51

Stromotion (Dartfish) 25, 26

subjective analysis 12, 24, 28, 29, 30, 33,
34,39, 40,47,55,98

system design 54, 55, 59, 71-83, 89

system testing 87—88

systematic bias (in reliability) 34

systematic reviews 15, 20

table tennis 16, 31

Tableau 77, 86

Tactic Pro 121, 131

tactical analysis 16-17, 40—-41

tactical movement 17

targeted outcome 140-141

team debrief 149-151

team quality 165

technical effectiveness 16—17, 41-43, 134

technical indicators 71

technique 8, 15, 16, 17, 24-25, 30, 40, 41

telestration 10, 26, 85-86, 117-136

telestrator 117, 131

tennis 12, 15, 16, 26, 28, 30-31, 33-36,
40, 41-42,46—47,56-57,59,92, 117,
159-165, 168, 169, 170

text labels 71, 72-74, 76, 80-81, 83, 84

text processing (in Microsoft Excel)
99, 102

thesis 19-20, 21

throughput 55, 58, 63-67, 68,70, 71, 72,
73,137

time stamp 79

timeline 9, 72—73, 75-76, 79—-83, 85-86,
92,152

time-motion analysis 43, 44

time-outs 23

touchscreen computers 131-132

training analysis 2, 8, 10, 15, 23-24, 38—40,
44,49, 54,60, 62,120, 134,139, 141, 146

training environment 39, 42, 44,
137-138, 145, 146, 150

transactional leaders 142

transformational leaders 142

typical performance 154, 160, 161, 163, 167

UKSI (UK Sports Institute) 38,51

unforced errors 12,33, 35,157, 161, 163,
169-171

unit debrief 149

upsets 5

validity 12, 31, 32-33, 120, 146-148, 159
VAR (Video-assisted refereeing) 5
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variability in sports performance 4, 5,
160, 163, 164,170

venue 3,9, 10,17, 25,90, 91, 148,
157, 160

vertical lock 75

vertical movement 29

video analysis 9, 22, 38,51, 70, 77, 87, 88,
89,93, 115,116, 118, 119, 120, 129,
131,132,133-135,172

video analysis packages 9, 22,77, 115,
116,120,131, 135, 162

video clips 38, 39, 45,74, 75,77,79, 81,
83,86,87,94,121,122,131, 134,139,
144,145, 147,150, 151

video tagging 30, 31

visual gaze 26

visualisation 22,23, 28,77, 81, 83, 84-85,
86,117,118, 124-128, 135

Vizrt 121

volleyball 35, 159, 160

websites (with analyses) 46, 157-158

web-streaming 9

weighted kappa 98, 112-114

what to analyse 38-52

Wilcoxon signed ranks test 103

Wimbledon 47

WITTW (What it takes to win) 38, 50,
52,158

work experience modules 7

work rate 17,43, 112

workflow 53, 59, 81, 84, 86, 151

x co-ordinate 77-79, 81
XML documents 87, 152

y co-ordinate 77-79, 81
Zhang, Shuai 159
zonal defence 34, 48, 50

zooming with camera 90
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