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Editorial on the Research Topic
Performance Analysis in Sport

Performance analysis is a sub-discipline of Sport Science research (Borms, 2008) that has
attained great interest for many stakeholders (i.e., coaches, technical staff, performance analysts,
managers, media, fans, and players) at different levels of performance (i.e., youth, semi-
professional, or professional players). The development and implementation of new technologies
to measure individual or team’s performances (e.g., tracking systems such as local positioning
systems, LPS; video tracking, or observational video analysis systems) with multiple practical
applications have intensified the focus of performance analysis in sport (Hughes and Franks,
2007). Traditional approaches have included static analysis focused on retrospective performances;
however, dynamic and complex analyses (i.e., non-linear Multi-Dimensional Scaling, classification
and regression tree, logistic regression, etc.) have become increasingly utilized by researchers for
a deeper understanding of sport performance during training and competition (O’Donoghue,
2009). In particular, a holistic and multidisciplinary perspective such as the Grand Unified
Theory analyses (GUT, see Glazier, 2017) has been suggested to be fundamental for sports
performance. This approach, provides a framework to examine the inter- and intra-athlete’s
behavior dimensions under the environmental and task-related (ecological) factors that affect
the performance. Specifically, isolated approaches have been suggested to be avoided with the
integration of the biomechanical, physiological, psychological, technical, tactical, positional, motor
development and/or strength and conditioning perspectives recommended when evaluating
match-related contexts and training tasks (Glazier, 2017). Additionally, Woods et al. (2020)
highlighted the importance of ecological dynamics to guide the control, preparation and
assessment of athletes and teams. Subsequently, the use of interdisciplinary research designs would
provide clear and well-described rationales, powerful data collection and analyses, resulting in
robust findings. Innovative sports performance analyses that incorporate new technologies to
understand individual’s behaviors within real-based and ecological contexts would provide a greater
understanding of how players and teams act and react for greater performance development
and application (Bertollo et al., 2020). In fact, as Robertson (2020) argued, the development
of professionalism and data gathering in sport had lead to a new scenario for coaching staff,
athletes, and performance analysts where adaptative tools are essentially required to understand the
needs of sports performance (e.g., human-machine interaction, perspective, innovation, versatility,
visualization, evaluation, feedback, generalization, and future planning).

This special issue was initiated to gain a greater insight of current sport performance theory
considering analytics and a wide range of sport disciplines (e.g., individual, dual, team sports) and
variables studied (e.g., physical, positional, technical, tactical, psychological, or pedagogical). Of
note was that this special issue drew immense attention resulting in the publication of 65 articles
(and one corrigendum) improving the research knowledge of the following topics: performance
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profiling (18 articles), performance measurement (13 articles),
reliability and validity of coding systems (eight articles), non-
linear performances (seven articles), performances of females
(four articles), tactical analysis (four articles), gender analysis
(three articles), technical analysis (three articles), psychological
aspects of performance (three articles), referees’ performance
(two articles), coaching issues (two articles), contextual variables
(two articles), and new technologies in sport (two articles).

A focus on performance-related variables within sport has
been the key issue studied for performance analysis. In particular,
the use of fundamental indicators to model performance and
establish performance profiling has provided the basis with
high applicability for coaching staff to manage performance
during training and competition. This approach was widely
acknowledged in this Research Topic with 18 studies published.
The analysis of soccer was presented in five studies from different
perspectives and included the importance of technical indicators
in the Big five teams of the UEFA Champions League (Yi, Groom
et al.), running performances differentiated by Confederations
(Tuo et al.), players age and performance trends within the
UEFA Champions League (Kalén et al.), and player migration
and nationality (Lago-Penas et al.). The analysis of other team
sports showed the importance of multifactorial benchmarking
and longitudinal performance in Australian football (McIntosh
et al.), the long-term analysis of basketball players’ performances
(Lorenzo et al.), the multifactorial performance (physical,
technical, and anthropometrical) of youth basketball players
(Matulaitis et al.), the key determinants to succeed in wheelchair
basketball [Francis et al.(a)], the positional, in-match running
demands in rugby union (Donkin et al.), and the importance of
ball type and innings in cricket batter’s performance (Connor,
Sinclair et al.). Individual sports were also investigated from
different approaches including the relative age effect of track
and field athletes (Brustio et al.), the world record profiles
of long distance runners (Knechtle et al.), the spatiotemporal
performance of 60 m hurdle athletes (Gonzélez-Frutos et al.), the
race strategies for long distance open-water swimmers (Veiga
et al.), the longitudinal performance of elite rhythmic gymnasts
(Sierra-Palmeiro et al.) and the pathway to succeed in elite
swimming (Yustres et al.). Lastly, dual sports were studied with
Torres-Luque, Fernandez-Garcia, Blanca-Torres et al. examining
badminton (statistical analysis of men’s/women’s players), and
Murray et al. examining squash (performance profiles of the top
two players when considering the opponent’s performance).

Measurement of performance analysis in sport was another
main feature presented within this Research Topic with 13
articles covering different approaches and variables. Specific
articles focused on postural skills and body related measures
associated with sport expertise (Paillard), anthropometric
measures (Eriksrud et al; Gomez-Campos et al.), ranges of
movement related to pain (Cejudo et al.), post-activation
potentiation in soccer (Petisco et al), and the effect of
thermal conditions on performance (Gasparetto and Nesseler).
Additionally, articles focused on physical fitness measures
and performances in junior tennis players (Colomar et al.)
and academy soccer players (Raya-Gonzilez et al) while
physiological measures were considered when assessing elite

male wheelchair basketball players’ performance (Marszalek,
Kosmol et al.). Finally, two studies investigated a research
framework for the importance of several measures in Australian
football (Bonney et al.) and the beginning of a senior career in
team sports (Lupo et al.).

While the measurement of performance has been focused
upon in this Research Topic, the reliability and validity of
match-observation, as well as the observation systems used in
performance analysis, were also extremely important with eight
articles incorporated. In particular, the design and validation of
observational instruments of technical and tactical actions were
examined by Ortega-Toro et al. in soccer and Torres-Luque,
Fernandez-Garcia, Cabello-Manrique et al. in tennis. A similar
approach was undertaken by Francis et al. (b) who quantified
actions in elite wheelchair basketball, and by Gong et al
who studied the validity of the CHAMPDAS match analysis
system in elite soccer. Additionally, four studies considered
reliability/validity procedures via various techniques; Belli et al.
studied the reproducibility and validity of the stroke effectiveness
in table tennis based on game temporal structure; Ibdnez et al.
employed a learning and performance assessment instrument
in basketball; Colino et al. validated an indoor tracking system
that assessed activity distance and time for court-based sports;
and Premel¢ et al. analyzed the reliability of judging artistic
sport (danceSport).

A novel feature of this Research Topic was the coverage
(seven studies) of the complexity and non-linear nature
of sports that required different approaches to control for
performance variability under unpredictable contexts. First,
Ribeiro et al. focused their attention on bidirectional self-
organizing tendencies in team sports with a specific approach
based upon the game model and the principles of play. With this
framework in mind, four studies analyzed soccer including: the
interpersonal coordination perspective (i.e. importance of team
dyads and task design) by Santos et al. with comments by Gesbert
and Hauw in their commentary letter; the effect of interpersonal
dynamics within 2 vs. 1 playing contexts (importance of field
location and player roles) by Laakso et al; and the effect of
temporary numerical imbalances in youth players by Canton
et al.. In addition, non-linear approaches were examined in beach
volleyball ‘winning streaks’ that considered the impact of failure
in the temporal series (Link and Wenninger), and in padel which
analyzed the effect of return of serve on the athlete movement
patterns and rally outcome (Ramén-Llin et al.).

One of the most relevant and important issues in our
collection of performance analysis, due to its high applicability,
was tactical analysis with the following four studies: (i) Spencer
et al. studied the quality of player’s passing decisions in Australian
football using commitment modeling that accounted for spatial
influence and bounds/density of players; (i) Méndez et al.
analyzed the attacking patterns of elite futsal teams from
Spain, Italy, and Russia that also considered the importance
of efficiency, offensive organization, match type, scoring first
and match outcome; (iii) Kim et al. investigated the attacking
process in soccer from a goal scoring approach with the
establishment of a taxonomy of how teams developed their
attack when creating scoring opportunities; and (iv) Scharfen
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and Memmert analyzed the importance of cognitive function and
specific-related motor skills during different tasks by elite youth
soccer players.

A distinctive gender focus in performance analysis was also
of importance within this Research Topic. Firstly, Pedersen
et al. focused on the gender differences of soccer players based
upon physiological and anthropometrical factors. Specifically,
they presented a detailed approach to analyse and tailor-design
training and competition based on gender differences. Secondly,
Mclean et al. presented a work domain analysis that allowed
the modeling of performance in women’s netball. This research
established the importance of complex relationships between
key performance indicators, such as passing and possession
measures, cognitive performance, and physical demands. Finally,
two studies focused on the technical and tactical actions of elite
soccer female players during the FIFA World Cup (Sainz de
Baranda et al.) and the physical and external loads experienced
by amateur women’s basketball players (Reina et al.).

The importance of the technical analysis was also reflected
in three studies with each focused on a different sport (ie.,
cross-country, soccer, and cricket). Tjonnas et al. identified the
basic motion patterns of cross-country skiing athletes and the
need to control for physical, track, and environmental factors
that influence these patterns. Additionally, Yi, Liu et al. studied
the technical performance indicators of soccer players over nine
seasons of the UEFA Champions league. Their results via Poisson
regression and autocorrelation models showed trivial changes for
shooting variables and defensive actions, but higher variability
of passing and attacking-related variables. Lastly, Connor, Mann
et al. studied the performance advantages of junior cricket
batters based upon batting stance, lateral dominance, and
type of technique. Their results highlighted the left-handed
advantage and the need to control for these factors during team
selection practices.

Two studies focused on the importance of contextual-
related variables and their impact on players and teams

performance. Firstly, Pino-Ortega et al. analyzed the
importance of the situational factors that effected external
loads of Under-18 basketball players according to

their playing position (i.e., team quality, match period,
and consecutive matches). Secondly, Marszalek, Gryko
et al. studied the heart rate profile of elite wheelchair
basketball players who were classified according to their
functional classification and playing time. Their results
identified different performance trends according to the

contextual factors of tournament level, game type, and
game quarter.
The psychological approach in performance analysis

was covered by three studies reflecting the importance of
multifactorial analyses as key factors in sports performance.
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These articles focused on: analysis of self-control during pressure
situations of penalty kicks in soccer (Navia et al.); the importance
of competitive psychological disposition and self-perception of
performance in youth female soccer players (Olmedilla et al.);
and the psychological demands and well-being needs of Elite
South African rugby players (Kruyt and Grobbelaar).

While a focus of the articles in this special issue was on
players, the referee and coach were also examined. For referees,
Kolbinger and Stockl analyzed two common rule violations that
were rarely penalized (i.e., misbehavior during penalty kicks
and the goalkeeper holding the ball for more than 6s) with
their results from the German Bundesliga indicating that when
players committed offenses, the referee’s accuracy was only 20.8%
for these situations. Likewise, Kraak et al. studied the rate of
sanctioning illegal and dangerous ruck cleanouts in the 2018
Super Rugby competition with some dangerous illegal rucks not
sanctioned by the referees (i.e., shoulder charge, neck roll, and
contact above the shoulder). For coaches, Tozetto et al. analyzed
the importance of coach turnover on team’s performance in the
Brazilian professional soccer league (2012-2017). Their results
highlighted the impact of replacing the coach in terms of short-
term performances and the minimal influence of the coach’s prior
experience. The second study by Bateman and Jones highlighted
the importance of coach and performance analyst relationships
in professional soccer. Their study used the COMPASS (conflict,
openness, motivation, preventative strategies, assurance, support,
and social networks) framework and identified the importance
of all aspects to maintain a positive coach-analyst relationship.
These articles highlighted the practical applications of this
special issue for stakeholders (i.e., players, coaches, referees,
and analysts).

Finally, the use of new technologies was also addressed
in this Research Topic with a data driven visual prototype
reported by Benito Santos et al.. This software technology
employed geospatial data and visualization techniques and
allowed stakeholders to understand the collective behaviors of
soccer teams during competitions and training.

In light of the positive engagement and great number of
high-quality articles published, this special issue has made
an important contribution to exemplify and stimulate the
evolving research sub-discipline of performance analysis in sport.
We look forward to the current articles supporting future
research approaches that consider the complex nature, emerging
techniques and “big data” associated with sport.
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World Single Age Records in Running
From 5 km to Marathon
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This study investigated the relationship between race times and age, in 1-year intervals,
by using the world single age records, from 5 km to marathon running (i. €., 5 km, 4 miles,
8,10, 12, 15 km, 10 miles, 20 km, half-marathon, 25 km, 30 km, and marathon). For each
race, a regression model was fitted. Effects of sex, alone and in interaction with age, and
the effect of country of origin on performance were examined in a multi-variable model.
The relationship between age and race time was modeled through a 4th order-polynomial
function. Women achieved their best half-marathon and marathon race time, respectively,
1 year and 3 years earlier in life than men. On the contrary, in the other races, the best
women performances were achieved later in life than men (i.e., 4 miles and 30 km: 2 years
later, 8 km: 3 years later, 15-20-25 km: 1 year later, 10 miles: 4 years) or at the same
age (i.e., 5, 10, 12 km). Moreover, age of peak performance did not change monotonically
with the distance of race. For all races, except 12 km, sex differences had an absolute
maximum at old ages and a relative maximum near the age of peak performance.
From 8km onward, estimated sex differences were increasing with increasing race
distance. Regarding country, runners from Canada were slower than runners from the
United States of America in 5 km by 00:10:05 h:min:s (p < 0.001) and in half-marathon
by 00:18:43 h:min:s (p < 0.01). On the contrary, in marathon, they were 00:18:43 h:min
faster (p < 0.05). Moreover, in 10 miles, runners from Great Britain were 00:02:53 h:min:s
faster (p < 0.05) than runners from the United States of America. In summary, differences
seem to exist in the age of peak performance between women and men and for nearly
all distances sex differences showed an absolute maximum at old ages and relative
maximum near the age of peak performance. Thus, these findings highlight the need
for sex-specific training programs, especially near the age of peak performance and for
elder runners.

Keywords: female, male, aging, youth, performance

INTRODUCTION

It is well known that for each sports discipline a specific age of peak athletic performance exists
(Allen and Hopkins, 2015). Generally, this age of peak performance increases with increasing
duration of an endurance performance (Allen and Hopkins, 2015). This is especially obvious in
ultra-marathon running, where the age of peak athletic performance increases with increasing
race duration when ultra-marathons from 6 h to 10 days were investigated (Knechtle et al., 2014).
Accordingly, when two of the most popular ultra-marathon distances, the 50 km (Nikolaidis and
Knechtle, 2018a) and the 100 km (Nikolaidis and Knechtle, 2018b), were analyzed, the age of peak
running performance was older in the longer running distance.
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For running, the age of peak athletic performance has mainly
been investigated for half-marathon (Knechtle and Nikolaidis,
2018; Nikolaidis et al., 2018), marathon (Lara et al., 2014;
Knechtle et al., 2017; Nikolaidis and Knechtle, 2018b,c; Nikolaidis
et al,, 2018), and ultra-marathon (Knechtle and Nikolaidis,
2017) running. However, the age of peak athletic performance
in shorter endurance running distances has not been studied
previously to the best of our knowledge.

It is also important for athletes and coaches to be aware of
potential differences in the age of peak athletic performance
between the sexes. Regarding a systematic review investigating
the age of peak athletic performance for different events (i.e.,
explosive power/sprint, endurance, mixed/skill), it was showed
that there was little difference in estimates of peak age for
these event types between men and women (Allen and Hopkins,
2015). Nevertheless, very recent studies showed differences in
the age of peak athletic performance between women and men.
For example, in half-marathon (Knechtle and Nikolaidis, 2018;
Nikolaidis and Knechtle, 2018a; Nikolaidis et al., 2018) and in
marathon running (Nikolaidis and Knechtle, 2018b; Nikolaidis
et al.,, 2018), women achieved their best race times earlier in
life than men in studies where all runners by age group were
considered. These findings were in contrast to earlier findings
where the age of peak marathon performance was assumed
to appear earlier in life in men compared to women in a
research where top 10 runners by age group were considered
(Lara et al., 2014). When world class track-and-field athletes
were investigated, the mean age of peak performance was older
for marathon and male throwers whereas women reached an
older age of peak performance than men in the hurdles, middle
and long-distance running events. Furthermore, male throwers
had a higher peak age than female throwers (Haugen et al,
2018).

A confounding variable that might influence the age of
peak performance is nationality. The prevalence of particular
nationalities in the endurance running has been documented
recently (Nikolaidis et al., 2017a,b). For instance, half of
participants in all running events of the World Championships
from 1975 to 2015 were from USA, Germany, Australia,
and Great Britain (Nikolaidis et al., 2017b), whereas most
runners in the 10km event, half-marathon and marathon
were Kenyans according to the data of the International
Association of Athletics Federations 1999-2015 (Nikolaidis et al.,
2017a). In addition, differences in age of runners among
nationalities were observed (Nikolaidis et al., 2017a). Thus,
it would be reasonable to assume that nationality should be
considered when analyzing the relationship between age and
performance.

To gain more insight in the age of peak running performance
for shorter running distances and the role of nationality, this
study aimed at analyzing the world single age records in road
races from 5km to marathon for the distances of 5km, 4 miles,
8km, 10 km, 12km, 15km, 10 miles, 20 km, half-marathon, 25,
30 km, and marathon by using data of the of the “Association
of Road Racing Statisticians” (ARRS). Based upon the findings
that the age of peak athletic performance gets older while the race
distance becomes longer in ultra-marathon running, the research

hypothesis was to expect a younger age of peak performance in
the shorter compared to the longer distances of road running
races.

MATERIALS AND METHODS
Ethical Approval

The institutional review board of St Gallen, Switzerland,
approved this study. Since the study involved analysis of publicly
available data, the requirement for informed consent was waived.

Data Sampling and Data Analysis

The data set for this study was obtained from the website of
the ARRS (https://arrs.run/SARec.htm) from 5km to marathon
for both women and men. The distances 5km, 4 miles, 8, 10,
12, 15km, 10 miles, 20 km, half-marathon, 25km, 30 km, and
marathon were considered. It should be highlighted that all
distances referred to road running races. This section lists the
fastest performances for each single age and for each of the
standard distances, as known to ADR. Performances are subject
to the same standards as listing for national records plus the
additional requirement that the runner’s date of birth (as well as
the race date) must be known. These are required to be able to
document the runner’s exact age at the time of the performance.
Single age records that meet the ARRS qualifying standards may
be expected to be fairly reliable. At older (and younger) ages, the
best marks known to ARRS are listed. We used the full data set
without data cleaning.

Statistical Analyses
All data have been presented as means and standard deviations.
Time was recorded in the format “h:m:s.” For each race, t-
tests were performed to compare the average performance
between genders by age-groups and by country. Age-groups were
[3,20), [20,30), [30,40), [40,50), [50,60), [60,75), [75,100). The
most prevalent countries, in terms of participation, were USA,
Canada (CAN), Kenya-Ethiopia (KEN-ETH) and, in 30 km and
marathon also Japan (JPN). The other countries were grouped
together. Age was considered as a continuous variable, in 1
year intervals, when defined as a predictor variable for race-
time. A non-linear regression mixed model, with a fourth order
(i.e., quartic) polynomial function, was performed to find the
age of peak performance, which was the age at which the time
record-fitted value had a minimum. The mixed model was used
to correct for repeated measurements within runners (clusters)
through the random effects of intercepts. Gender, country and
age-gender interaction term, were also considered as predictors,
fixed effects. In other words, for each race, from 5km to
marathon, the statistical model was specified as follows:
Race Time (Y) ~ (Fixed effects (X) = Sex + (PAge—i—P2

_|._
Age
Plget Phge) + 8ex x (Page + PR, + Pi, + P.) + Country]
+ (Random effects of intercept=Runners]

where x denoted the interaction function and (Page + P2+

Age

3 4
PAge + PAge
As a measure of goodness of fit of each model, the r-

squared approximation (R?) and a simplified version of the

) a polynomial function on age of grade 4.
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with the numeric label was the age at peak performance.
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FIGURE 1 | World record in 5 km by sex, age (in years), and country. Points were observations. Curves represented quartic degree polynomial regression. Vertical line

Omega-squared value (23) were computed. R? is the correlation
between the fitted and observed values and Q2 is defined as 1-
(residual variance/response variance). Moreover, the Intraclass
Correlation Coefficient (ICC), which is a measure of how strongly
units in the same cluster resemble each other, has been reported
for each model.

In addition, sex differences in performance were examined
and were defined, in percentages, as 100 x (women’s race time-
men’s race time)/men’s race time. For all tests and regressions,
statistical significance was defined at p < 0.05. All statistical
analyses were carried out using statistical package R, R Core
Team (2016). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/. Packages ggplot2,
Ime4, and ImerTest were used, respectively, for data visualization
and for the mixed model.

RESULTS

Summary Statistics

In Table 1, for each race from 5km to marathon, the numbers of
observations and the average performances by sex, age-groups,
and countries have been reported. For each race, there was
no significant difference between sex performances in the first
age group [3, 20). For ages from 20 (included) to 60 excluded,

differences between sex performances were significant (p < 0.001
for quite all cases) in all races. For ages [60, 75), differences were
significant for all races excluded 20 km. In the last age group [75,
100), differences were significant between sex performances only
in 5km (p =0.039), 10 mi (p = 0.028), and marathon (p = 0.010).

Regarding country, in all races differences were significant (p
< 0.001) between sex performances for Kenya and Ethiopia. For
Canada, significant differences were found only in 8km (p =
0.009), half-marathon (p = 0.021), and marathon (p = 0.042).
In Great Britain there were significant differences in 8 km (p =
0.011) and 10 mi (p = 0.003), in Japan in 30km (p < 0.001)
and marathon (p = 0.014). For other country groups, significant
differences, between sex performances, were found in most of all
races.

Statistical Model
In Table 2, for each race from 5km to marathon, the estimates
and confidence intervals of fixed effects have been reported. In
all races, women were significantly slower than men (p < 0.001).
The estimated sex differences ranged from a minimum of 0.003
(00:04:19 h:min:s), reached in 4 mi and 8 km, to a maximum of
0.019 (00:27:22 h:min:s) reached in marathon. Therefore, from
8 km onward, estimated sex differences were increasing.
Regarding country, there were no significant differences
between nationalities except in these cases: (1) runners from
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Canada were significantly slower than runners from the
United States of America in 5km (estimated difference 0.007,
00:10:05 h:min:s, p < 0.001) and half-marathon (estimated
difference 0.013, 00:18:43 h:min:s, p < 0.01) but significantly
faster in marathon (estimated difference —0.013, 00:18:43
h:min:s, p < 0.05); (2) runners from Great Britain were
significantly faster than runners from the United States of
America in 10 miles (estimated difference —0.002, 00:02:53
h:min:s, p < 0.05).

From Table 2, the values of R? were high for all races. This
meant a good fit, for each model. Intra-class correlations (ICC)
were also high, except in 25km where ICC was poor. In 30 km
and marathon ICC were fair.

For each race, all the effects in Table 2, together with the age
of peak performances, were shown graphically in Figures 1-12.
It could be observed that performances improved, reaching a
minimum fastest time, and then they worsened with age. For each
race, men performances, in the first part of the curve, were not
always better than women performances, in particular in 25 km
and in marathon, but men race times improved faster compared
with women. These effects have been explained by the coefficients
Sex x Age reported in Table 2.

As shown in Figures 9, 12, the age of peak performance in
half-marathon and marathon for men was, respectively, 27 and
28 years. Instead, women achieved their best half-marathon and

marathon race time earlier in life than men. The difference was,
respectively, of 1 and 3 years. On the contrary, in the other races,
the best women performances were achieved later in life than
men or at the same. The differences were: 2 years later in 4 miles
and 30 km (Figures 2, 11), 3 years later in 8 km (Figure 3), 1 year
later in 15-20-25km (Figures 6, 8, 10), and 4 years later in 10
miles (Figure 7). In 5, 10, and 12km (Figures 1, 4, 5) the age
of peak performance was equal for both sexes: 25 years for the
first two races and 29 years for the latter. Therefore, there was,
apparently, no relationship in the age of peak performances with
increasing race distance.

In Figure 13, the sex differences by ages and by race, from
5km to marathon were shown. The fitted values lines were
calculated from the model in Table2 with country factor at
the reference group level (USA). Except in 12km, where sex
differences appeared quite constant on age, even if a little higher
in the older ages, in all other races sex difference had two
maximum: they increased in the younger ages, until an age
near the age of peak performance, then, after decreasing, they
increased again reaching an absolute maximum in the older ages.

The relationship between sex differences with age and by
distance in km was shown in Figure 14. Points were the observed
differences, for all countries and races, and lines were the
smoothed trends at the three classes of distance, [5, 10], (10, 20],
and >20 km. It could be observed that the trend of sex differences
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75 100

in shortest distances, from 5 to 10 km included is more similar to
the trend of sex differences in longest distances, >20 km, except
for the older ages, where the sex differences were more increasing
in shortest distances. In younger ages, the sex differences were
highest in distances from 10 to 20km and lowest in longest
distances. In older ages, on the contrary, the sex differences were
lowest in distances from 10 to 20km and highest in shortest
distances.

DISCUSSION

The aim of this study was to analyze the world single age
records from 5km to marathon with the hypothesis to find
a lower age of peak running performance in the shorter
compared to the longer running distances. The most important
findings were (i) differences in the age of peak performance
between women and men (e.g., women achieved their best half-
marathon and marathon race time earlier in life than men),
and (ii) for nearly all distances sex differences showed an
absolute maximum at old ages and relative maximum near
the age of peak performance. The disagreement between our
research hypothesis and the main finding concerning the lack
of variation of the age of peak performance by distance might

be due to the different methodological approaches adopted in
the present study compared with previous research which was
conducted either in ultra-endurance running (Knechtle et al.,
2014; Nikolaidis and Knechtle, 2018a,b) or other exercise modes
(Baker and Tang, 2010; Berthelot et al, 2012; Elmenshawy
et al, 2015). This study was conducted on world records,
i.e., the best runners were selected, in contrast with previous
research that used all runners to model the age of peak
performance. When all runners were included in this model,
the variation of participation by age might influence this
model. For instance, a larger participation in a specific age
would be likely associated with slower performance and vice
versa.

Differences in Performance Between

Countries

In this study, it was found that (i) runners from Canada were
slower than runners from the United States of America, in 5km
and half-marathon, but faster in marathon; and (ii) runners from
Great Britain were significantly faster than runners from the
United States of America in 10 miles. Nonetheless, the reason
for these cases should be due to the different age distribution
within countries. In fact, in case (i) above, for Canada, there were
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only observations at the age of 65 years and older. In marathon,
instead, there were, for USA, few observations in the central age
classes and more or less the same number of observations in the
older ages. In 10 miles, in USA, compared to GBR, the number of
observations in the older ages was greater.

Differences in the Age of Peak

Performance Between Women and Men
A first important finding was that women achieved their best
half-marathon and marathon race time earlier in life than men.
Half-marathon and marathon are very popular race distances and
the actual findings confirm findings from earlier studies where
women achieved their best race times earlier in life than men in
both half-marathon (Knechtle and Nikolaidis, 2018; Nikolaidis
et al,, 2018) and marathon (Nikolaidis et al., 2018) running. The
age of peak performance was in agreement with the range (25-34
years old) proposed by Zavorsky et al. (2017). Furthermore, the
age of peak performance in the present study was younger than
what was reported in marathon (~34 years old) in a study that
analyzed all finishers (Lehto, 2016).

Opverall, the age of peak performance seems to depend from
the duration and/or distance of the performance with a clear

trend to increase with increasing duration and/or distance
(Allen and Hopkins, 2015). Regarding the age of peak running
performance, longer distances than the marathon distance (e.g.,
50 and 100-km ultra-marathon) have been investigated where
women seemed to achieve their best race time in 50-km ultra-
marathon later in life compared to men (Nikolaidis and Knechtle,
2018a). In contrast, the age of peak performance was younger
in women than in men in 100-km ultra-marathon running
(Nikolaidis and Knechtle, 2018b).

Obviously, the age of peak running performance seems not
to follow a specific pattern regarding the actual findings (e.g.,
the best women performances were achieved later in life than
men (i.e., 4 miles, 15km, 10 miles, 20, 25, 30 km) or at the same
age (i.e., 5, 10, 12km), where the age of peak performance did
not change monotonically with the distance of race). This aspect
seems to be confirmed with the two ultra-marathon distances of
50 and 100 km.

To interpret the differences of age of peak performance in
endurance running between women and men, the correlates of
sex difference in performance should be considered. Since these
correlates vary by age, it would be reasonable to assume that
this variation would partly explain the corresponding variation
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of peak performance by age. With regards to physiological
correlates, it has been supported that the main physiological
factor explaining the 10-12% slower race times in women
than in men at the elite level is maximal oxygen uptake
(Joyner, 2017). Other physiological correlated include longer
limb levers, greater muscle mass and lower fat mass in men
than in women (Millard-Stafford et al., 2018). On the other
hand, it has been proposed that the greater sex difference in
race speed in marathon with age might be due to the lower
number of women finishers than men, as the lower participation
levels of women and less depth among women would amplify
the physiological sex differences (Hunter and Stevens, 2013).
Moreover, these physiological and participation factors vary by
age. For instance, the maximal oxygen uptake declines with age
due to a reduction of muscle oxygen delivery (lower cardiac
output) and of skeletal muscle oxidative capacity (mitochondrial
dysfunction; Betik and Hepple, 2008). The decline of maximal
oxygen uptake might be attenuated by endurance training
(Rogers et al., 1990; Katzel et al, 2001). In addition, the
participation rates in endurance running and the men-to-
women ratio might also vary by age (Leyk et al., 2007; Lehto,
2016).

Sex Difference in Performance

A second important finding was that sex differences showed an
absolute maximum at old ages and relative maximum near the
age of peak performance for nearly all distances. In other words,
men are relatively faster at higher ages compared to women. This
confirms earlier findings from marathon runners. When running
times of the first 10 placed men and women in the 5-years
age brackets between 20 and 79 years and the number of men
and women who finished the “New York City Marathon” were
analyzed for a 31-year period (1980-2010), the sex difference
increased with advanced age and decreased across the 31 years,
but more for the older age groups. The authors assumed that the
greater sex difference in running speed that occurs with age was
primarily explained by the lower number of women finishers than
men (Hunter and Stevens, 2013). However, in the present study,
only the performance of one woman to one man, in the specific
1-year age intervals, was compared.

The observation that the sex difference in performance
increases with increasing age is most likely due to a specific
discipline as the sex difference increases with age more for
running than for swimming (Senefeld et al., 2016). For instance,
this finding is in agreement with studies on endurance running
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such as half-marathon (Leyk et al., 2007) and marathon (Leyk
et al., 2009; Hunter and Stevens, 2013). On the other hand,
when compared with swimming, women were not slower
compared to men in age groups 80-84 to 85-89 years when
trends in participation, performance, and sex difference in
performance of 65,584 freestyle master swimmers from 25-29 to
85-89 years competing in FINA World Masters Championships
between 1986 and 2014 were investigated (Knechtle et al,
2016a). The same trends could also be observed for open-
water freestyle swimming (Knechtle et al,, 2017a) and other
pool swimming disciplines such as breaststroke (Knechtle
et al, 2016b), butterfly (Knechtle et al, 2017b), backstroke
(Unterweger et al., 2016), and individual medley (Nikolaidis
and Knechtle, 2018c). An explanation of this variation by
exercise mode (i.e., running vs. swimming) might be that the
physiological sex differences (for example, more subcutaneous
fat in women) that limit women’s performance more in weight-
bearing exercise than non-weight bearing exercise, and more
balanced participation levels of both sexes in elite swimming than
marathon running (Senefeld et al., 2016; Millard-Stafford et al.,
2018).

LIMITATIONS

The first limitation is related to the design of the study. Data
regarding single age of world records were retrieved from the
website of a non-official sport organism (ARRS). Since they
are all road races, caution needs to generalize these findings to
events performed in stadium (e.g., 5 or 10 km). Second, the effect
of nationality, a possible confounder of age, was quantified in
the intercept of the statistical model. This improved the fit of
the model and highlighted some differences between countries.
Nevertheless, for each race there were not enough observations,
by country, age, and sex, to better dealing with confounding
and to investigate a significant sex difference in performance
by country. For this reason, it was not possible to consider a
three-way interaction statistical model sex x age x country or
a simpler two-way interactions sex x country and age x country.
The summary statistics provided in Table 1, could only give an
idea about the sex difference effect by country. Nonetheless, the
significance of t-test statistics is limited in its nature, and is not an
accurate and reliable way to make inference such as a statistical
model.
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CONCLUSIONS

This is the first study to investigate the age of peak performance,
the sex difference in performance and the role of nationality
in running distances from 5km to marathon and it was found
that differences seem to exist in the age of peak performance
between women and men (e.g., women achieved their best
half-marathon and marathon race time earlier in life than
men), and for nearly all distances sex differences showed
an absolute maximum at old ages and relative maximum
near the age of peak performance. Considering the increased
number of finishers in endurance running races during the
last decades, the findings of the present study would have
great practical interest for strength and conditioning coaches
working with runners practicing endurance training regularly.
Typically, a strength and conditioning coach trains runners
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in small groups including likely both women and men of
various ages participating in endurance races that might vary
for distance. Our findings highlighted the need for sex-specific
training programs, especially near the age of peak performance
and for elder runners. In addition, the lack of difference of
the age of peak performance among race distances ranging
from 5km to marathon implied that strength and conditioning
coaches of runners should set long-term performance goals
considering the age of peak performance similarly for this range
of distance.
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The competitive performance in tennis practice is determined by the effectiveness of
technical tactical action. The main objective of the present study was to design and
validate an observational instrument with the aim of analysing the technical-tactical in
singles tennis. The instrument uses the stroke as a unit of measure, so that each time
a player hits a ball, a total of 23 variables are analyzed. The variables collect information
about: (@) matching context; (b) result; and (c) technical-tactical information of the stroke
(five variables: sequences of the stroke of the point, kind of technical and tactical
stroke, bounce area, hitting, and effectiveness area). The design and validation of the
instrument consisted on five different stages: (a) review of the scientific literature and
variables definition by experts, (b) pilot observation study, (c) qualitative and quantitative
assessment of the instrument by experts, (d) review and confirmation of the instrument
by experts (content validity), and (e) observation training and reliability evaluation. From
23 expert judges, divided into three panels, and four observers the instrument went
from being composed of 38 variables (eight contextual, seven related to the result
and 23 related to the game) to 23 (eight contextual variables, 10 of result and five of
game), with minimum Aikens’s V values of 0.94 and reliability of 0.81. The results show
that the designed instrument allows obtaining valid and objective information about the
technical-tactical actions of the players and their performance in singles tennis

Keywords: performance, evaluation, tennis, match analysis, observational methodology

INTRODUCTION

One of the most determining factors in sports performance is the tactical technical analysis of the
competition (Cui et al., 2018; Zhang et al., 2018). This type of analysis allows coaches to obtain
information about the performance indicators, apart from knowing the weaknesses and strengths
from their own and the adversaries, offering the possibility of improving training processes and
therefore, increasing the possibilities of performance and success possibilities from the players
(O’Donoghue and Ingram, 2001; Sainz De Baranda et al., 2008). That is why many coaches and
researchers use the technological advances and the different methods of sport science for this
purpose (Figueira et al., 2018).
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Despite the multiple and quick advances in technology
(Mateus et al, 2017), observation processes are still a very
important instrument when it comes to gathering information
in the sports field. Proof of this is that one of the methods most
used by researchers in the last decade in the field of match and
notational analysis is the observational methodology (Anguera
et al., 2011; Maneiro et al,, 2018). Thanks to it, the multiple
variables that concur and interact in motor competition can be
registered, as well as all those related to the context in which
they are developed, such as the type of activity (competition or
training), the level of expertise (professionals or amateurs) or
the different categories that exist in each sport (Anguera and
Hernandez-Mendo, 2015).

One of the essential aspects in any type of scientific
methodology is the recording of data through an appropriate
instrument that guarantees its reliability and validity (Chacon-
Moscoso et al., 2018). According to Hughes et al. (2002) 70% of
the papers presented in conferences in which the observational
methodology is used in sports, have deficiencies in data collection
and statistical treatment. This is why, in the sports field, different
studies can be found which objective has been to validate a
specific observational instrument from of a sport modality, such
as those carried out in handball (Morillo et al., 2017), rugby
(Jones et al., 2008; Villarejo et al., 2014), beach volleyball (Palao
et al., 2015), basketball (Moreno and Goémez-Ruano, 2017),
soccer (Larkin et al., 2016; Maneiro et al., 2018) etc. All of
them describe the process in two large phases: (a) design of
the instrument with the system of categories and behaviors to
observe; (b) to establish and calculate the reliability and validity
of the instrument.

In the case of tennis, many investigations have used
observational methodology in the match and notational analysis

TABLE 1 | Questionnaire example sent to the experts.

Stroke effectiveness

e Variable: Effectiveness of the stroke performed by the player.
e Categories:

1. Winner. Stroke made by the player with the one that gets
the point directly, without his/her opponent touched the ball.
2. Transition stroke. Stroke made by player after that, the

opponent hit the ball and bounce inside the court of the first one.
3. Previous stroke of an opponent error. Stroke made by player after
that, the opponent hitting the ball and committed an error losing the point.
4. Error. The player hit the ball sending out of the regulatory area of the court
or to the net losing the point.
a) Inclusion: Do you consider it necessary to include this variable in the
observation sheet? YES/NO
b) Adequacy: Do you think that the definition of the variable and its categories is
adequate?
e \ery inadequate 1-2-3-4-5-6-7-8-9-10 very suitable
e |n the case that it would be necessary to add or delete a category, indicate
which one and why.
c) Writing: Do you consider adequate the wording of the definition of the variable
and the definition of each of the categories?
e Very poorly written 1-2-3-4-5-6-7-8-9-10 very well written
* Propose a definition if it is not clear:
d) Observations:

Variable stroke effectiveness.

to obtain information about aspects such as performance
indicators (Djurovic et al., 2009; Kati¢ et al.,, 2011; Cui et al,
2018), service effectiveness and returns (Gillet et al., 2009; Hizan
et al, 2011; Martin et al., 2016), tactical aspects (Over and
O’Donoghue, 2010; Cross and Pollard, 2011; Reid et al., 2016), or
the displacements and the position of players on the tennis court
(Martinez-Gallego et al., 2013; Pereira et al., 2017). Sometimes
these data are downloaded directly from the official websites of
the tournaments and in others, the researchers are the ones who
perform the data collection through observation. However, in
none of the cases the process of design and validation of the
instrument that they have used to collect the information are
explained.

Therefore, the purpose of this article was to design and
validate an observational instrument that allows coaches and
researchers to analyse in a reliable, objective, accurate, and valid
way the technical tactical actions in singles tennis.

METHODS

The design and validation of the observational instrument was
carried out in five phases. In the first two, the design of the
observational instrument was carried out, which consisted of a
system of categories (Anguera, 2003; Anguera and Herndndez-
Mendo, 2015). In the third and fourth, the content validity was
established and calculated, while in the fifth phase the reliability
of the instrument was tested (Kinrade et al., 2010).

The objective of the first phase was to prepare a provisional
list of the behaviors to be studied once the review of the scientific
literature has been carried out (in the Sport Discus, Web of
Science, Google Scholar, Sponet, Scielo, and Dialnet databases)
with the keyword single tennis and excluding (not) the word table
(Table 1). The result was an initial list of variables that included
the definition of each of the variables and the category to which
they should belong. The unit of analysis was the tennis stroke and
three categories were established to group all the variables: (a)
contextual variables, (b) result variables, (c) game variables. In the
first group were included all those that defined the environment
of a match. In the second, the variables that gave information
about the score of the match were included, while in the third
one there were introduced those related to the execution, result,
and effectiveness of the technical-tactical actions. The provisional
list of variables and categories was presented and analyzed by
three experts who had at least the following characteristics: (a)
have a minimum qualification of Sports Technician of the highest
national category; (b) have a minimum experience of 10 years
in the teaching of tennis; and (c) be graduated in Physical
Activity and Sports Sciences. So that there was no modification
of variables and categories, all of them had to, by consensus, give
their approval to all of them.

In the second phase, a pilot observation was carried out to test
the previously formed instrument with the objective of making
modifications if deemed necessary. To do so, a single observer
independent in relation to the investigation carried out, analyzed
all the seven-set shots from three matches of the 2014 Tennis
Masters Cup. The observer had a degree in sports science, had
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TABLE 2 | List of variables and contextual categories that make up the
observational instrument after the first two phases.

TABLE 3 | List of variables and categories related with the result of the match that
make up the observational instrument after the first two phases.

VARIABLE CATEGORIES

VARIABLE CATEGORIES
Gender of the e Male e Mixed
players® e Female
Competition e Senior o U-12
category”® e Junior o U-11
e U-16 e U-10
e U-15 e U-9
o U-14 e Others
e U-13
Tournament * Professional tournament e | ocal Tournament
level™ e Semi- Professional e Amateur Tournament
tournament e Amateur Tennis
e National Tournament
e Regional Tournament
Type of e Copa Masters e [TF Circuit
tournament* e Grand Slam ® National Championship
e Premier Mandatory ¢ Regional Championship
e Master 1,000/Premier 5 e Local Championship
e ATP 500/Premier ® Federated tournament
e ATP 250/WTA ¢ Unfederated tournament
Internacional e Others
e Challengers
e Futures
Game mode* e Best of 5 sets with e Two sets of 4 games and
Tie-Break in the 5th set Super Tie-Break if each
e Best of 5 sets without player wins a set
Tie-Break in the 5th set ® One Set of 4 games and
e Best of 3 sets Tie Break if each player
e Two sets and Super wins 4 games
Tie-Break if each player e Others
wins a set
Court e Hard court e Indoor carpet
surface* e Clay court e Others
e Grass court
Laterality of ¢ Right handed e | eft handed
the players*
Type of ¢ One hand backhand e Two hands backhand
backhand*

*Suggested behaviors in the review of the scientific literature (Phase 1), **Behaviors
suggested by experts (Phase 1). U, Under.

more than 10 years’ experience as a tennis coach and had the
highest degree sports as a national tennis coach. The analysis
and its corresponding report was reviewed by the researchers and
experts previously consulted, with the aim of generating a second
list of variables and categories with the modifications carried out
with respect to the previous phase. This way observation is used
to add sports behaviors that previously were not defined at a
theoretical level, but which appeared during the game. Similarly
in this phase the frequencies that occur in some categories are
observed, with a view to use this data to delimit and define the
size of the categories (for example after the study of the service
and from the number of actions, it was divided the serve bounce
areas in those noted in the instrument and no more or less areas).
In this phase, an observation manual was created, in which all the
variables and their categories were named and defined. On the
other hand, the recording (annotation) of the information was
done manually in the Excel statistical program.

Winner or loser of Winner of the match Loser of the match

the match*
Analyzed set™* e st set e 5th set
e 2nd set e Tie Break
e 3rd set e Super Tie Break
o 4th set
Winner or loser of e Winner of the analyzed e | oser of the analyzed set
the set™* set

Games won on
the set*

One game won
Two games won
Three games won

Four games won
Five games won
Six games won

Lost games on the One game lost Four games lost

set* e Two games lost e Five games lost

e Three games lost ® Six games lost
Game e 0/0 e AD/40
scoreboard*™* e 15/0 e 40/AD

* 0/15 * 30/0

e 15/15 * 40/0

® 30/15 * 0/30

e 15/30 e 0/40

e 30/30 * 40/15

® 40/30 e 15/40

e 30/40 * Tie-break point*

e 40/40 e Super Tie-break point*
Winner or loser of e Winner of the analyzed e | oser of the analyzed
the point™ point point

*Suggested behaviors in the review of the scientific literature (Phase 1), **Behaviors
suggested by experts (Phase 1), ***Behaviors suggested after the observational pilot test
(Phase 2).

In the third phase, a quantitative and qualitative evaluation
of the instrument was carried out by another 10 new experts
who should have the following characteristics (federated tennis
coach, graduated in Physical Activity and Sports Sciences, and at
least 10 years of experience as a coach). In this new evaluation
the expert judges completed a questionnaire in which they were
asked about each of the variables under study, including the
following aspects: (a) convenience of including the behavior or
variable in the observational instrument (Inclusion); (b) degree of
adequacy in the definition of the variable and the categories that
compose it (Adequacy); (c) level of writing of the definitions of
the variable and of the categories that were part of the instrument
(Writing); and (d) observations. The quantitative part of the
evaluation consisted in scoring from 1 to 10 the adequacy and
definition part and the qualitative part in answering with “Yes”
or “No” the inclusion section. The part of observations would be
completed in the case that it is considered necessary to make a
contribution. The data were recorded and a descriptive analysis
was made (mean, median and mode of each continuous variable
and absolute and relative frequency of the categorical variables).

Later on, the content validity was calculated through of
Aikens’s V coefficient (Aiken, 1980; Penfield and Giacobbi,
2004). The Visual Basic 6.0 software application of Merino and
Livia (2009) was used. To define the criteria for elimination or
modification, the of Aikenss V coeflicient (Aiken, 1985) was
applied. A critical level of Aikens’s V was established to reject the
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TABLE 4 | List of variables and categories related with the game that make up the observational instrument after the first two phases.

VARIABLE

CATEGORIES

Type of serve*
Serve bounce area*

Serve effectiveness*

Type of stroke used by receiver player
in the return, serve player after the
service, receiver player after the
return and penultimate and latest
stroke of the point*™*

Hitting area of the return, first stroke
of serve player after the service, first
stroke of the receiver player after the
return and penultimate and latest
stroke of the point*™

Bounce area of the return, first stroke
of serve player after the service, first
stroke of the receiver player after the
return and penultimate and latest
stroke of the point*™*

(view of the player who executes)

Effectiveness of return,

first stroke of serve player after the
service, first stroke of the receiver
player after the return and penultimate
and latest stroke of the point™*

1st serve

Wide area of deuce side

Body area of deuce side

T area of deuce side

T area of advantage side

Body area of advantage side

Wide area of advantage side

Net error

Out of service line

Out of right singles sidelines on deuce side (view of receiver
player)

Ace

Inside the service box and intercepted by the opponent
Forehand ground stroke

Two hands backhand ground stroke

One hand backhand ground stroke

Forehand volley

Backhand volley

Smash

Forehand aproach

Two hands backhand approach

One hand backhand approach

Forehand Passing

Two hands backhand passing

One hand backhand passing

Forehand lob

Two hands backhand lob

Behind at more than 1 m away from the baseline in the central
area (+1m)

Behind at more than 1m away from the baseline in the right area
(+1m)

Behind at more than 1 m away from the baseline baseline in the
left area (+1m)

Behind at <1 m away from the baseline in the central area
(=1m)

Behind at <1 m away from the baseline in the right area (—1 m)
Behind at <1 m away from the baseline in the left area (—1m)
The opponent hit the ball without previous bounce

Central area between net and service line

Right area between net and service line

Left area between net and service line

Central area from behind of service line until 2.74 m of baseline
Right area from behind of service line until 2.74 m of baseline

Winner
Transition stroke

2nd serve

Out of center service line on deuce side (view of receiver
player)

Out of left singles sidelines on advantage side (view of
receiver player)

Out of center service line on advantage side (view of
receiver player)

Error

One hand backhand lob
Forehand drop

Two hands backhand drop

One hand backhand drop
Forehand counter drop

Two hands backhand counter drop
One hand backhand counter drop
Forehand half volley

Two hands backhand half volley
One hand backhand half volley
Others

Inside the court and behind of serve line in the central
area

Inside the court and behind of serve line in the right area
Inside the court and behind of serve line in the left area
Between the service line and the net in the central area
Between the service line and the net in the right area
Between the service line and the net in the left area

Left area from behind of service line until 2.74m of
baseline

Central area from baseline until 2.74m of it inside the
court

Right area from baseline until 2.74m of it inside the
court

Left area from baseline until 2.74 m of it inside the court
Net error

Out of baseline

Out of right singles or dobles sideline

Out of left singles or dobles sideline

Error

*Suggested behaviors in the review of the scientific literature (Phase 1), **Behaviors suggested by experts (Phase 1).

null hypothesis, obtaining a value of 0.70 (p = 0.05) and 0.81 (p
= 0.01). From these values, it was decided to eliminate the items
with values lower than 0.70 and to modify the items with values
between 0.70 and 0.81. The items with higher values than 0.81
were maintained. Likewise, it was considered as a minimum value

for inclusion that at least 80% of the expert judges answered yes,
in the inclusion question.

After the modifications made in phase three, in the fourth
phase a new qualitative and quantitative analysis of the
instrument was carried out to another 10 experts, who fulfilled
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identical characteristics to the previous ones, not repeating in any
case. A descriptive analysis of all the variables (mean, median,
mode, and frequencies) was carried out and the validity of the
content was calculated by means of an of Aikens’s V coefficient
(Penfield and Giacobbi, 2004). Finally, a new and definitive list
of variables and categories was created that led to the writing
of the observation instrument (“Observation instrument for
singles tennis” see Supplementary Data Sheet 1) that included
the variables under study and their definition, together with all
the categories that were grouped in each of them, their definitions
and coding.

In the fifth phase the reliability of the instrument was tested,
as it was done in other studies (Villarejo et al., 2014; Gamonales
et al, 2018). Following the criteria of Anguera (2003) and
Losada and Manolov (2015), three observers received a training
led by the principal investigator consisting of three sessions
of 2h each with a break of 10min once they reached the
55 from the observation. To do so, the observation manual
designed in the fourth phase was used. To assess the reliability,
three experts (graduates in Physical Activity and Sports Sciences
and federated tennis coaches) evaluated each of them, twice,
separated by a week, two sets of two men’s tennis matches. For
the inter-observer and intra-observer calculation Cohen’s Kappa
coeflicient was used, recording the lowest value.

Last but not least, it's necessary to develop the protocol for
the correct use of the instrument. In the first place, the view
of the observer must be made behind from any baseline of
the tennis court in an elevated position, which allows watching
clearly all the lines (the minimum height would be above the
head of the players). If the video recording is made using a video
camera, the previous guidelines will be followed. The collection of
observational data in relation to the variables of the bounce area
and hitting area will be done according to the zones indicated in
the fields of Supplementary Data Sheet 1.

The data will be recorded by means of an Excel spreadsheet
previously designed, where each row is a stroke to observe the
previous action of the adversary, the action of the player and the
consequence of his stroke on the adversary, which will perform
another action in response (see Figure 1). The objective of this
record mode is to know the sequence of strokes in the interaction
between player and opponent.

In order to optimize the recording time of all the variables and
their categories, the order will be explained below at a temporal
level: (a) variables to record each stroke [RESULTS (Game
scoreboard and Winner or loser of the analyzed point) and
Game development (Stroke sequence Kind of technical-tactical
stroke, Bounce area Hitting area, and Stroke effectiveness)]; (b)
variables to register each game [RESULTS (Games won on the
set and Lost games on the set)]; (c) Variables to register each
set [RESULTS (Analyzed set, Sets won, Sets lost, and Winner or
loser of the analyzed set)]; (c) Variables to analyze each match
[CONTEXTUAL (Gender of the players, Tournament level, Type
of tournament, Tournament round, Game mode, Court surface,
Laterality of the players, and Type of backhand) RESULTS
(Winner or loser of the match)]

In Supplementary Data Sheet 1 you can see the definition of
all variables, and all categories in detail.

TABLE 5 | Final list of variables and contextual categories that make up the
observational instrument.

VARIABLE CATEGORIES
Gender of the * Male * Mixed
players* * Female
Tournament e Professional tournament ® | ocal Tournament
level* e Semi- Professional e Amateur Tournament
tournament ° Amateur Tennis
e National Tournament
* Regional Tournament
Type of e Copa Masters e [TF Circuit
tournament* e Grand Slam ¢ National Championship
* Premier Mandatory * Regional Championship
* Master 1,000/Premier 5 ® Local Championship
e ATP 500/Premier e Federated tournament
e ATP 250/WTA e Unfederated tournament
Internacional e Others
e Challengers
e Futures
Tournament * Round robin ® Best 32
round** e Final * Best 64
e Semifinal ® Best 128
® Quarter finals e Others
e Best sixteen
Game mode* ® Best of 5 sets with e Two sets of 4 games and
Tie-Break in the 5th set Super Tie-Break if each of
e Best of 5 sets without the players wins a set
Tie-Break in the 5th set * One Set of 4 games and
e Best of 3 sets Tie Break if each of the
* Two sets and Super players wins 4 games
Tie-Break if each of the e Others
players wins a set
Court e Hard court e Indoor carpet
surface® e Clay court e Others
e Grass court
Laterality of * Right handed e | eft handed

the players*

Type of One hand backhand Two hands backhand

backhand*

*Behaviors selected after the first and second phase, ~Behaviors suggested by experts
(Phase 3 and 4).

RESULTS

The results corresponding to the design of the observational
instrument after the first two phases (review of the scientific
literature, pilot study, and review of the first group of experts),
can be seen in Tables 2-4. All the variables related to the game
were established according to the suggestions of the researchers
and previous studies and were the starting point to build the
structure of the instrument.

After the first two phases, the list of variables that formed
the observational instrument consisted of 38, 8 of which
corresponded to contextual variables (7 suggested by the
scientific literature and 1 by the experts), 7 to variables related to
the result of the meeting (3 suggested by the scientific literature,
2 by the experts, and 2 included after the observational pilot
study) and 23 to variables related to the game (3 suggested by
the scientific literature and 20 by the experts).
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TABLE 6 | Final list of variables and categories related with the result of the match
that make up the observational instrument.

VARIABLE CATEGORIES
Winner or loser of the e Winner e | oser
match*
Analyzed set** e st set e 5th set
e 2nd set ¢ Tie Break
® 3rd set e Super Tie Break
o 4th set
Sets won** * One set won ® Two sets won
Sets lost™ e One set lost e Two sets lost

Winner or loser of the Winner of the set Loser of the set

analysed set™

Games won on the set* One game won
Two games won

Three games won

Four games won
Five games won
Six games won

Lost games on the set* One game lost
Two games lost

Three games lost

Four games lost
Five games lost
Six games lost

Winner or loser of the Winner of the game Loser of the game

game **
Game score® * 0/0 e AD/40
e 15/0 e 40/AD
* 0/15 * 30/0
e 15/15 * 40/0
® 30/15 * 0/30
e 15/30 * 0/40
® 30/30 ® 40/15
* 40/30 e 15/40
* 30/40 ¢ Tie-break point*
e 40/40 e Super Tie-break

point*

Winner or loser of the
analyzed point*

Winner of the point Loser of the point

*Behaviors selected after the first and second phase, ~Behaviors suggested by experts
(Phase 3 and 4).

In the third phase, a second group of experts (n = 10) made a
new evaluation and there were a total of 10 modifications, 2 for
new behaviors included and 8 for modifications in the existing
ones. Of all of them, 1 corresponded to the variables related
to the context, 4 to the results, and 5 to those that had to do
with the game. The changes or modifications were made by low
of Aikens’s V values, and because <80% of the expert judges
answered affirmatively that the variable should be included.

The main change was based on the sequence of the stroke and
the kind of technical-tactical stroke. At first, the experts proposed
analysing only the serve, return, serve player after the service,
receiver player after the return, and penultimate and latest stroke
of the point. From each of them analyzed their different types of
strokes. Later on, the new expert judges proposed to analyse all
the strokes, and replaced the moment of stroke variable (temporal
sequence and type of stroke), by two variables: (a) the sequence
variable of stroke; and (b) the kind of technical-tactical stroke,
they change a single variable with many categories (moment of
stroke), by two new variables with fewer categories.

In the fourth phase, after the modifications made in the
previous phase, the new list was evaluated quantitatively and

qualitatively by a third group of experts (n = 10). The Aikens’s
V values corresponding to said evaluation can be observed
in Tables 5-7. The final list was composed of 23 variables, 8
contextual variables, 10 of result, and 5 of game (Tables 5-7).
For it, it was considered that all those variables that had a
value > 0.81 of the Aikens’s V were suitable to be part of the
instrument (Table 8). In all cases, 100% of the expert judges
answered affirmatively that the variable should be included.

The data from the fifth phase showed high reliability values,
as it can be seen in Table 8, the lowest value was found in the
stroking zone variable (0.81).

DISCUSSION

The study carried out shows all the phases that have been
necessary to design, validate, and test the confidence of the
observational instrument that analyses the technical-tactical
actions in the singles tennis. The procedure has required an
updated review of the literature, a pilot study, the training of
the observers, and the participation of a large number of experts
(Villarejo et al., 2014; Anguera and Herndndez-Mendo, 2015;
Serra-Olivares and Garcia-Lopez, 2016). The procedure followed
has been very similar to that used by Villarejo et al. (2014) in
rugby, Palao et al. (2015) for beach volleyball, although it differs
from that of Gorospe et al. (2005); James et al. (2005), or Jones
etal. (2008), mainly due to the type of participation of the experts
and the pilot study.

The pilot study allowed defining, specifying, and adapting the
initial list of behaviors to the real competition situation (Anguera,
2003; Anguera and Hernandez-Mendo, 2015). Later on, the first
observation allowed to verify the frequency of appearance of the
behaviors proposed by the first group of experts, to eliminate or
include in other categories those that showed little frequency of
occurrence and incorporate those observed that were not initially
included.

The experts have helped to significantly improve the
instrument through: (a) inclusion of new specific behaviors of the
game; and (b) improve and clarify the definitions of the variables
and their relevance to the different categories (Mills et al., 2012).
Both contributions at a qualitative level have definitely been
decisive in designing and validating the instrument. It has gone
from 38 initial variables of the provisional list designed by the
researchers, experts and observer (8 contextual, 7 of result, and
23 of game) to 23 final variables (8 contextual, 10 of result, and 5
of the game). On the other hand, the observers have also played
an important role, since once their training process has ended,
they have helped to specify the criteria by which the different
categories are distinguished and their contribution has simplified
the registration instrument.

Different groups of experts have been used in the design and
validation of the instrument. A total number of four observers
and 23 experts have participated. The number of expert judges,
despite being a specific observation instrument for a single sport,
is much higher than those used in similar studies (Villarejo
et al., 2014; Garcia et al., 2016; Chacén-Moscoso et al., 2018;
Gamonales et al,, 2018). These high values provide a high

Frontiers in Psychology | www.frontiersin.org

36

December 2018 | Volume 9 | Article 2418


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Torres-Luque et al. Observational Instrument in Singles Tennis

TABLE 7 | Final list of variables and categories related with the development of the game that make up the observational instrument.

VARIABLE CATEGORIES
Stroke sequence** ® Serve e 4th stroke of the point, 5th stroke of the point...
e Return e Penultimate stroke of the point

® 3rd stroke of the point Last stroke of the point

Kind of technical and Category of basic strokes: ¢ One hand backhand ground stroke
tactical stroke** e st serve e Forehand volley
e 2nd serve e Backhand volley

e Forehand ground stroke Smash

® Two hands backhand ground stroke

Category of especial strokes:

e Forehand lob

* Two hands backhand lob

* One hand backhand lob

e Forehand lob return

® Two hands backhand lob return
* One hand backhand lob return
e Forehand drop

Two hands backhand drop

One hand backhand drop
Forehand half volley

Two hands backhand half volley
One hand backhand half volley

Category of situation strokes: Two hands backhand passing
e Forehand approach Two hands backhand approach One hand One hand backhand passing

backhand approach Forehand return
e Forehand counter drop Two hands backhand return
e Two hands backhand counter drop One hand backhand return
¢ One hand backhand counter drop Forehand Passing Forehand drop return
Two hands backhand drop return
One hand backhand drop return
Forehand return approach
Two hands backhand return approach
One hand backhand return approach
Forehand passing of return
Two hands backhand passing of return
One hand backhand passing of return
Others

Bounce area ** Category of bounce area for the serve*: e Out of service line
o Wide area of deuce side e QOut of right singles sidelines on deuce side (view of receiver
e Body area of deuce side player)

Out of center service line on deuce side (view of receiver player)
Out of left singles sidelines on advantage side (view of receiver

T area of deuce side
T area of advantage side

* Body area of advantage side player)

* Wide area of advantage side e Qut of center service line on advantage side (view of receiver
o Net error player)

Category of bounce area for return, third stroke, fourth stroke e Left area from behind of service line until 2,74 m of baseline
penultimate and last stroke **: The opponent hit the ball without Central area from baseline until 2.74 m of it inside the court
previous bounce Central area between net and service line Right area Right area from baseline until 2.74 m of it inside the court
between net and service line Left area between net and service line Left area from baseline until 2.74 m of it inside the court
Central area from behind of service line until 2.74 m of baseline e Net error

Out of baseline
Out of right singles sideline
Out of left singles sideline

¢ Right area from behind of service line until 2.74 m of baseline

Hitting area™ ¢ Behind from the baseline in the central area ¢ Inside the court and behind of serve line in the right area
(view of player who e Behind from the baseline in the right area ¢ Inside the court and behind of serve line in the left area
executes the stroke) e Behind from the baseline in the left area e Between the service line and the net in the central area

¢ Inside the court and behind of serve line in the central area Between the service line and the net in the right area

Between the service line and the net in the left area

Stroke effectiveness™ * Ace
* Winner
e Transition stroke*™*

Previous stroke of an opponent error**
Error

*Behaviours selected after the first and second phase, **Behaviors suggested by experts (Phase 3 and 4).

consistency in the content validity of the observation instrument.  graduates in Sports Sciences and Sport, with federated degree as
In this sense, the high qualification of the different expert judges  coaches and with more than 10 years of experience as trainers.
stands out, following all of them the three criteria of inclusion: ~ This high training has allowed them to provide theoretical, but
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TABLE 8 | Values of pertinence, definition (Aiken’s V) and reliability (Cohen’s kappa) of definitive variables and categories of the observational instrument.

Variables Pertinence Definition Reliability Inter-Observer Reliability Intra-Observer
(V Aiken) (V Aiken) (Cohen’s kappa) (Cohen’s kappa)
CONTEXTUAL
Gender of the players 1 1 1 1
Tournament level 0.97 0.97 1 1
Type of tournament 0.96 0.96 1 1
Tournament round 0.96 0.96 1 1
Game mode 0.99 0.99 1 1
Court surface 0.97 0.97 1 1
Laterality of the players 0.99 0.99 1 1
Type of backhand 0.98 0.98 1 1
RESULT
Winner or loser of the match 0.98 0.95
Analyzed set 0.94 0.94 1 1
Sets won 0.99 0.94 1 1
Sets lost 1 0.96 1 1
Winner or loser of the analyzed set 0.99 0.97 1 1
Games won on the set 0.99 0.97 1 1
Lost games on the set 0.99 0.97 1 1
Game scoreboard 1 0.95 1 1
Winner or loser of the analyzed point 0.99 0.99 1 1
GAME DEVELOPMENT
Stroke sequence 1 1
Kind of technico-tactical stroke 0.97 0.95 0.9 1
Bounce area 0.96 0.94 0.86 0.9
Hitting area 0.97 0.95 0.81 0.9
Stroke effectiveness 0.96 0.97 1 1

especially practical knowledge, of their sport experiences. Their
quantitative and qualitative contributions have been the basis for
the design of this instrument.

Finally, with respect to the expert judges, it is remarkable that
the different expert judges have been participating in different
phases, without any expert judge repeating in any of the phases.
So it could be noted that there have been three panels of expert
judges. The first panel of expert judges was formed by the
first three experts who initially designed the instrument, the
second panel was composed of 10 other experts who contributed
the first modifications; and finally, a third panel formed by
10 other experts who have ratified the previous proposals.
During the whole process there has been no communication
between the different panels, but they have been acting one after
another (in cascade process). This has allowed them to act with
total independence (Escobar-Pérez and Cuervo-Martinez, 2008;
Kimberlin and interstein, 2008; Drost, 2011).

At the statistical level, it is demonstrated that the instrument
is prepared to measure the technical-tactical behaviors in singles
tennis, and the Aiken’s V values show a positive evaluation of
the content of the different items (Gomez et al., 2014; Zartha
etal., 2018). The values of the quantitative evaluation contributed
by the third group of experts were superior in all cases to
the value of 0.81, so no new modification had to be made.
The fact that a large number of experts have participated in

the design of the observation instrument, together with the
statistical treatment and the pilot study, has minimized the
subjective opinion of the coaches on how they understand the
game.

The possibility of establishing a link between previous and
subsequent actions (Reid et al., 2016), as in the case of the return,
serve player after the service, receiver player after the return and
penultimate and latest stroke of the point, allows knowing how
the game is conditioned and affects the result of the point.

Observers training increased the effectiveness of the
observation and improved the coding criteria. The level of
agreement between observers (inter and intra observer), allowed
to affirm that the observation carried out is reliable (Liu et al.,
2013). The observation manual carried out helped the observers,
to acquire the necessary skills to carry out the observation
(Losada and Manolov, 2015).

The design of the instrument has some limitations, as it only
analyses the position of the player who is in the hitting phase,
but not the one of the player who is in the waiting phase.
This information could be useful and influence the decision
of the player who is about to impact the ball, since as Lebed
(20006) states, the behaviors in sport are influenced by an infinite
number of factors. Due to the complexity of this system, it
is difficult to apply collection information systems with the
aim of assessing players’ performance in competition (Villarejo
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et al., 2014). Besides, the instrument does not record data about
the game or rest times or about physical components, such
as the number or direction of the displacements. However,
and under our knowledge, this tool will greatly facilitate the
work of researchers and coaches, becoming a valid instrument
to assess technical-tactical actions in a sport such as singles
tennis.

CONCLUSIONS

Therefore, the instrument designed is valid to analyse from a
technical-tactical perspective the service, return, strokes in the
middle of rally, penultimate and latest stroke of the point. In
this way it is possible to check the possible relationships between
them and with respect to the result of the point, thus assessing the
differences that may exist between winners and losers.

PRACTICAL APPLICATIONS

This information can be used by players and coaches to evaluate
their own actions and their opponents from a technical-tactical
perspective. This would help to increase performance through:
(a) the improvement of training programs aimed at the specific
improvement of technical-tactical skills; and (b) the analysis of
the technical-tactical qualities of the rivals.
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In soccer, understanding of collective tactical behavior has become an integral part in
sports analysis at elite levels. Evolution of technology allows collection of increasingly
larger and more specific data sets related to sport activities in cost-effective and
accessible manner. All this information is minutely scrutinized by thousands of analysts
around the globe in search of answers that can in the long-term help increase the
performance of individuals or teams in their respective competitions. As the volume
of data increases in size, so does the complexity of the problem and the need for
suitable tools that leverage the cognitive load involved in the investigation. It is proven
that visualization and computer-vision techniques, correctly applied to the context of
a problem, help data analysts focus on the relevant information at each stage of the
process, and generally lead to a better understanding of the facts that lie behind the
data. In the current study, we presented a software prototype capable of assisting
researchers and performance analysts in their duty of studying group collective behavior
in soccer games and trainings. We used geospatial data acquired from a professional
match to demonstrate its capabilities in two different case studies. Furthermore, we
successfully proved the efficiency of the different visualization techniques implemented
in the prototype and demonstrated how visual analysis can effectively improve some of
the basic tasks employed by sports experts on their daily work, complementing more
traditional approaches.

Keywords: football association, visual analytics, performance analysis, information visualization, collective
tactical behavior

INTRODUCTION

Soccer performance is a multifactorial process requiring high-level interaction analysis within
physiological, technical, and tactical performances. At the elite level, technical staffs need to capture,
process, and analyze great amounts of data, in order to measure performance in their respective
teams and opponents, as well as assess potential prospects. Recently, the time pressure of this
process and the constant increase in the amount of available data has demanded for a major
emphasis in the visualization methods. In fact, technical staffs are nowadays expected to capture,
process, analyze, and visualize data to provide fast assimilated information for coaching purposes.
Current technology allows capturing data from players’ positions, either in competition or training
scenarios, with very acceptable degrees of accuracy. These technological advances can use radio
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frequency systems (Frencken et al, 2010), semi-automated
computer vision systems (Di Salvo et al., 2006), or differential
and non-differential GPS units (Varley et al., 2012). This GPS
technology has contributed to change how performance analysis
is carried out in outdoor and indoor team sports by providing
objective and reliable data on player’s activity. Technically, these
systems use the earth-orbiting satellites that emit constant coded
signals to track the position of a receiver (Larsson, 2003).
Using the accurate positions from the receivers such systems
can process real-time distance and speed. These measurement
systems are portable and relatively less expensive when compared
to any other systems. At the end of these processes, positional
data containing the players’ positions is obtained.

Research and practical applications resulting from positional
data are much focused on the descriptions from the activity
profiles, such as quantifying the physical and physiological
demands of soccer players (Cummins et al., 2013; Abade et al,,
2014). Although, these are certainly very important determinants
of performance, recent research also focuses on describing
collective tactical behavior aiming to reveal new insights and
a better understanding of players’ performances and soccer
complexity (Gongalves et al., 2014, 2018; Sampaio et al., 2014).
There are several team and individual key variables suggested
as key performance indicators to address the collective tactical
behavior (Memmert et al., 2016). Nevertheless, their apparent
utility is strongly diminished by the lack of any structured
software tool capable of providing easy comprehension of such
variables. In fact, data is usually processed using non-specific
scientific-based software and therefore the task often becomes
unbearable for soccer technical staffs. Sports analysis workflow
requires tools and techniques that ideally would provide a way to
effectively filter the data being analyzed on demand and display
this data in a way that enhances the experts’ analysis capabilities
in the context of the problem. Under this scope, researchers could
easily identify repeated patterns in the data over the course of a
game and the global understanding of key events would be largely
augmented.

PROBLEM DESCRIPTION

There is a great interest among Sports Science scholars in
explaining how a group of players collectively perform at a given
sports event. In the same way as it occurs in other areas of
knowledge, researchers have turned their eyes to computers with
the hope of obtaining valuable information that can help them
to answer their particular research questions. As a consequence,
computer-supported team tactics analysis is an emerging topic
that has generated important publications in recent years. From a
computational perspective, different authors have tried to explain
collective behavior in sports employing diverse techniques such
as statistical (Bialkowski et al., 2014), trajectory (Perin et al,
2013), or network analysis based on passes (Passos et al., 2011),
among others—see (Gudmundsson and Horton, 2017) for a
complete list. All these tools are specifically designed to capture
and automate many of the tasks that are required to obtain
satisfactory analyses and ensure a correct interaction between the
analyst and the machine.

There are times however, when these techniques have not been
implemented in an interactive application due perhaps to their
novelty in the field. In these cases, the otherwise automated tasks
must be manually performed by the analysts employing general-
purpose scientific software such as Matlab or Mathematica, where
the algorithms at play are run. The results of these algorithms
are then captured in static charts, graphs, or pieces of text
which can be crossed with other information that is available to
the analyst such as in-game video recordings in order to form
hypotheses. Using this new knowledge, the analyst may vary the
input data (e.g., the players’ positional data, analyzed period of
time) and specific parameters of the algorithms and rerun the
computations. He or she will repeat this procedure as many times
as necessary in a series of progressive refinements until enough
evidence to support or refuse a hypothesis has been found.

When these series of informational exchanges between the
human and the computer have not been optimized, the whole
process may become highly time-consuming, inefficient and
frustrating for the user as some authors have pointed out in the
past (Nielsen, 1993).

To the best of our knowledge, there are no examples of
interactive tools in the literature that make use of movement
patterns and complex inter-player coordination metrics to
explain collective tactical behavior in soccer games (Sampaio and
Magis, 2012). Therefore, our proposal tries to fill that void by
offering the analyst an interactive dashboard that (a) exposes
physical and inter-player metrics in a visual manner to the final
user, (b) enables a spatiotemporal and multivariate analysis of the
game and (c) generally reduces the cognitive load of the analysis
task by ensuring an adequate interaction with the computer.
Unlike other alternatives, our approach does not rely on the
ball’s position and therefore we did not consider it in our study,
although we are aware of its usefulness in the analysis and
therefore we plan to introduce it in further developments (we
refer the reader to the final section for a full list of future lines
of research).

KEY METRICS

The dynamic variables employed in the pilot tool and that serve
as a basis for the expert analysis task are outlined in this section.
Firstly, we present those regarding the collective aspect of the
game, (i.e., they measure characteristics of a group of players).
Later in this section the individual variables affecting single
players are introduced. These variables are considered secondary
and are meant to support the more complex group analysis of the
game.

Collective Analysis

Team Center

Also known as centroid, gravity center, or geometrical center.
The centroid is the average position of the outfield players.
It is calculated as the mean lateral and longitudinal position
of all outfield players’ coordinates at a specific time, each of
them contributing equally to the computation (Sampaio and
Magas, 2012; Folgado et al., 2014a; Gongalves et al., 2014, 2016;
Sampaio et al., 2014). Based on the mean point of players’
locations, this variable captures oscillatory movements in a group
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of players such as movements toward or away from the goal
lines or the sidelines (Duarte et al., 2012a,b). The centroid of
the attacking team moves forward. The defending team tries to
prevent the attacking team from scoring by moving backward.
Thus, its centroid will move backward. It is employed to measure
intra and inter team coordination in a group of players and it
reveals important facts about team tactics and other valuable
data for the analyst. The relative distance between opposing
teams’ centroid positions in the longitudinal direction (i.e.,
considering the distance to the goal) seems to be related to
goal scoring opportunities (Frencken et al., 2011; Folgado et al.,
2014b). From the centroid position of both teams three measures
can be calculated: (i) distance to centroid, as measured by the
absolute distance of each player to the geometric center of the
team, plotted against time; (ii) distance to opponents’ centroid,
as measured by the absolute distance of each player from the
geometric center of the opposite team, plotted against time;
and (iii) distance between teams’ centroids, as measured by the
absolute distance between the geometric centers of the two teams
plotted against time. Figure 2 presents a group of four players
with its association centroid and radial distances to it.

Team Dispersion

Among the parameters related to the expansion and contraction
of a group of players in a time interval is also worth noting
the Stretch Index. It is defined as the average radial distance
of the players’ positions to the team centroid (Frencken et al.,
2011; Folgado et al., 2014b). This variable captures the synergistic
counter-phase relation of contraction and expansion behaviors
of teams as a function of exchanges in ball possession. First
derivate of this measure may also evidence the speed at which
teams stretch or shorten their dispersion on the field (Duarte
et al., 2012b). Several studies have validated the Stretch Index as
a revealing parameter to interpret the dynamics of team tactics
(Duarte et al., 2013; Travassos et al., 2014).

Another popular measure of Team Dispersion is the effective
playing space or surface area, calculated as the area of a polygon
drawn by linking the externally positioned player in each team’s
formation (Gongalves et al., 2017a). This variable expresses the
relation between the shapes and the occupied spaces of the two
teams, and how they change over time. Overlapped areas can
also be obtained. The Surface Area of a group of players provides
valuable information to the analyst regarding the portion of
the field that is being occupied by the team while attacking or
defending and it is intimately linked to the concept of stretch
index previously presented. Derived from the later it can be
measured the team spread (Ric et al., 2016), a value defined
as the maximum difference between players’ positions in the
longitudinal—team length—and transverse—team width—axes.
The team length captures the compactness of the whole team and
its variation as a function of changes in performance constraints.
It can be used in the monitoring of specific reference values
for team length, or to evaluate depth differences between teams.
When in defense, the width of a team may reveal the potential for
the opponents to find inner or outer spaces to penetrate. When
attacking, it may indicate the lateral spread of the team.

Team Synchrony

Recent studies employed phase analysis to identify inter-player
coordination (Folgado et al., 2014a, 2015, 2018; Gongalves
et al.,, 2017a). This is a signal processing statistic that describes
synchronization in a non-linear manner, by providing a
quantitative measure of coordination between 2 oscillators. The
relative phase calculation is done by using a Hilbert transform
and the obtained values are expressed in angles. The values
close to 0° correspond to simultaneous patterns of coordination,
often referred to as moving in-phase, whereas relative phase
values close to 180° correspond to asynchronous patterns of
coordination, often referred to as moving in anti-phase (Sampaio
and Magds, 2012). As tactical training is often directed to achieve
symmetrical movements between individuals in certain attacking
or defending situations, it is commonly used as an estimation of
the degree of assimilation of such training by the athletes. Related
to this approach, ApEn is also employed in this type of analysis.
ApEn can be used to identify regularity in players’ movement
patterns (Sampaio and Magas, 2012; Silva et al., 2016; Gongalves
et al., 2017b). This is an adequate statistic to analyze non-
linear time series data that holds both deterministic chaotic and
stochastic processes. The ApEn algorithm quantifies regularity
in a time series, by measuring the logarithmic likelihood that
runs from patterns that are close (within tolerance wide r) to
m contiguous observations and remain close (with the same r)
on subsequent incremental comparisons. The obtained values
are unitless real numbers ranging from 0 to 2, with lower
values corresponding to more repeatable sequences of data points
(Pincus, 1991; Stergiou et al., 2004; Harbourne and Stergiou,
2009; Yentes et al., 2013)

Individual Analysis

It is frequent that players are responsible for specific pitch areas
which they are supposed to control during the game, according
to tactical schemes, game rules, and other constraints. Team
behavior is an emergent result of many individual labors in
interaction, each one performed in different parts of the game
field and consequently, its analysis can be done in a geospatial
manner. Heat maps suppose a simple yet useful way to visualize
these phenomena, as several studies corroborate. As we will
discuss in the next section, we use this technique to represent
not only positional data for each player, but also changes in pace,
which are of major importance in team sports.

PROPOSED WORKFLOW

According to the ideas introduced in section Problem
Description, our visual analytics tool proposes an interactive
workflow that seeks to accelerate current expert methodologies
in the field and to assist the analyst in finding meaningful facts
about group behavior contained in the positional data under
study. There are two main operation modes for this workflow:
In the first mode, the user starts with a known hypothesis that
wants to validate (for example, the low level of synchronization
between two defenders motivated a goal by the opposing team).
In the second mode, the analyst explores the data without a
previously known hypothesis and this hypothesis is formed
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FIGURE 1 | Proposed workflow. The user starts the analysis tasks at either of the two entry points to the tool.

HYPOTHESIS

EXTERNAL SOURCES
(Video & Others)

in the opposite direction of his group.

FIGURE 2 | (A) Centroid of a group of players with radial distances. (B) The same group of players captured at two different instants of the game. Despite being
equally dispersed, the players on the right covered a larger effective playing space. (C) Intra-group coordination in a series of movements. Player number 6 performs

once a particular event in the visualizations is spotted. (see
Figure 1 and explanation below).

Stage 1: Data Exploration

In this stage, the expert makes use of the application to
identify key events in the game by measuring and comparing
different multivariate attributes of an individual or a group of

players. It starts by selecting the desired system configuration,
which initially is based solely on expert knowledge and external
resources (ie., real in-game video and others). The selected
interval can correspond to a whole period or to a specific section
of interest (e.g., last 15min). We have focused on analyzing
the progression of attributes during a period of time and also
on revealing significant variations of different variables to the
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analyst. Once evidence that supports a possible explanation of a
key game event has been found, the analyst’s attention is drawn to
a specific slice of data (temporal interval, set of players, portion of
the pitch). At this point of the workflow, a new set of key events
and facts has been identified and the analyst can proceed to the
second stage.

Stage 2: Hypothesis Validation

At this stage, the analyst acquires knowledge to update his or
her set of hypotheses, which will serve as input for the first
stage of the new iteration. The analyst then tunes the system
using new settings according to the hypothesis he or she wants
to test, this including time intervals (usually a sub-interval of
the previously selected time interval), virtual player playback
speed, combination of visualizations, and a selection of players.
More feedback from external sources can be incorporated to
help in the selection of the configuration parameters in the
new iteration. Once the system has been configured, the data is
filtered accordingly to reflect the analysts’ mental model in the
investigation process.

The visualizations employed in this second approach usually
correspond to a higher level of granularity and are oriented
to allow effective detection of subtle variations in the observed
parameters. Once this process has been completed, the analyst
starts a new iteration by exploring data using the system, in a
continuous cycle that will end with the final set of hypotheses
being tested.

VISUAL ANALYTICS INTERFACE

In Figure 3, we identify the three main components of our
prototype: (1) The virtual player, that provides a real-time
playback of the game and depicts the players’ positions at all
times. It serves the analyst to browse through the game looking
for interesting in-game situations. As seen in the image, other
representations of the different metrics are also embedded in the
animation. (2) Position and speed analysis area, in which these
values are presented in the form of two different charts; and (3)
group analysis area, in which line charts corresponding to some
of the metrics employed in the virtual player can be generated.

Our pilot tool gives analysts the chance of evaluating
performance at both individual and group levels. Each level
focuses on different characteristic parameters and metrics related
to the nature of each type of analysis (group or individual).
Individual analysis supports group analysis and is the key to
provide efficient knowledge acquisition within the proposed
tool and workflow, and also is a key step in the process of
finding meaningful game plays or explanations for observed
group behavior. One of the major achievements of the pilot tool
is to be successful in visually exposing the links between group
and individual traits that otherwise would remain hidden to the
analyst’s eyes.

According to the collective characteristics previously
explained in this paper, great emphasis was placed on producing
visualizations that could reliably represent such traits by means
of a combination of (1) animations; (2) graphs, and (3) glyphs.
We considered of great importance to help the user to connect

specific elements in these visualizations to real game situations
and vice versa. In a similar way, it is also relevant to establish
bidirectional relationships between group and individual traits,
in an attempt to explain phenomena of interest occurring in
the teams” dynamics and tactics. The visuals in the application
follow were designed to effectively represent the concept of
shared cognition in a group and how it affects to the individuals
conforming it. In the following paragraphs, we discuss the
different representations given for each group metric explained
in section Key Metrics, and how the proposed visualizations
effectively enhance the analyst’s knowledge acquisition process.

Team Center

The process of selecting the players can be done using expert
knowledge based or other individual metrics obtained in
exploratory analysis. Based on these assumptions our example
application allows the analyst to freely compose the study groups
in the way he or she prefers, being the only constraint the
minimum number of players that can conform a group. This way
we enable the expert to focus only on the relevant individuals
involved in a game play (i.e., 3 forwards vs. 4 defenses) and thus
we effectively remove unwanted positions that could alter the
resulting team center. In the case studies proposed at the end of
this paper we elaborate further on this aspect.

Stretch Index

In the proposed animation, players’ distances are drawn as a line
linking the centroid with the correspondent positions along with
its numerical value (in meters) in a similar fashion to the surface
area representation. By interacting with the interval selection
handle, the analyst can select a game play of his or her interest
or a whole period. The stretch index for the two groups of
study is calculated and immediately presented on the analysis
pane of the tool for further comparison. As we will see in the
upcoming sections, these measures are especially important for
group coordination studies. In our implementation, team center
is intimately linked to the surface area covered by the group, and,
in particular to the convex hull resulting of the players’ positions,
that is presented in the next section.

Surface Area

Given that this animation is updated every frame according to
the changes in the different positions we chose the Graham Scan
algorithm to perform the convex hull computation because of the
following two reasons: (a) it performs in logarithmic time O(n log
n) and (b) the algorithm is especially well-suited for calculations
that involve a small amount of points, as is our case (maximum
10 points for 10 different players). In our proposed animation, we
draw a shadow polygon to remark the area that is being occupied
by the team at a certain time. We also project the points to the real
field measures, so we can also present the value in square meters
(m2) drawn on top of the polygon’s centroid. Furthermore, we
represent inter-player distances in a similar way to what we did
for radial distances in the previous section. These representations
can be shown or hidden up to the analyst’s discretion, following
the approach taken in the rest of the example application.
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Interval: 25:35.6 - 31:16.5
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Total Time: 46:11.9
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showing the evolution of each group’s stretch index in the selected period.

FIGURE 3 | Top: Virtual player and group analysis. Bottom-left: A Comparison in the speed and distance covered by two different players. Bottom-right: Line chart

Analysis

26:00.0

27:00.0 28:00.0 29:00.0 30:00.0 31:00.0

—Group 0 Stretch Index —Group 1 Stretch Index

Team Length and Width

In our implementation, we use the four sides of the field as planes
in which the two polygons corresponding to the two groups will
be projected. First group will employ the left and bottom sides
and the second group will make use of the upper and right ones.
We also draw numerical values, so the analyst is informed of the
real measure at all times.

Team Synchrony
In previous sections we measured team coordination by applying
phase analysis to two or more oscillating functions. Once

an analysis group has been established and the time interval
selected, the pilot tool is able to compute time-dependent
functions from the continuous values given by the distances to
the centroid of the group of each player, which can be added
to the phase calculation. As a consequence, the analyst is able
to explore how coordination between pairs evolves in such
given period. The tool also offers the possibility to calculate
the ApEn, a measure that informs on the unpredictability
of the phase. High values represent a more chaotic
coordination in the movements of the players in relation to the
centroid.
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TABLE 1 | Description from the speed intervals used in the application.

Pace Speed Interval

Standing Less than 0.2 m/s
Walking Between 0.2 and 2.1 m/s.
Jogging Between 2.1 and 3.8 m/s.
Running Between 3.8 and 6.1 m/s.
Sprinting More than 6.1 m/s.

Individual Analysis

It is of major interest for analysts to inspect traits related to
certain players in the group when searching for events that could
justify certain group behaviors. In our work flow, the expert can
compare information from these two different sources in a visual
manner to speed up the finding of meaningful conclusions as
opposed to traditional, manual techniques.

Speed Evolution Chart

Given the different players’ positions and their evolution in time
we are able to calculate the speed, which is later discretized in
five intervals or paces, represented in Table 1. Discretization of
the speed variable occurs only once per match data set and in the
data import phase. During an analysis session, the user can add
players to the individual analysis zone using the mouse secondary
button.

Change of Pace Chart

This line chart, reflects the different changes of pace for one
or more players in the given analysis interval. The analyst can
browse through the data evaluating the speed progression in the
selected time interval. In line with other visualizations presented
in this paper, this chart is also interactive in the way that it allows
the researcher to navigate to the detected key event in the virtual
player, effectively reducing the cognitive load that is involved in
the analysis process.

Distance Covered Comparison Chart

We employ a stacked bars chart to allow fast visual comparison
of the distance covered by players in a time interval. Each stack
represents the portion of the total distance performed at each one
of the different speed intervals presented above. This enables the
analyst to have a bird’s eye perspective of the effort performed by
the different players in a group, giving the analyst the perception
about the time periods in which a player performed at a certain
pace.

Heatmaps

Spatial distribution maps or heat maps are a popular means to
visualize spatio-temporal variables such as position or speed. As
a companion visualization for the stacked bars chart, the analyst
also has the possibility to generate this kind of visualization on
demand. By employing heatmaps we are able to provide a better
picture of a player’s performance through any given period of
time.

Distance to a Point

Finally, the pilot tool allows analysts to make in-map measures
among one or more players to a specific coordinate point in the
field, as shown in Figure 3.

CASE STUDIES

A real elite soccer match was examined to demonstrate the
capabilities of the proposed pilot tool. Positional data of the
two teams was acquired using player visual tracking at 10 Hz
resolution, resulting in ~27,000 coordinate entries per player
per time. Firstly, a significative event—in this case a goal-,
which is known by the user prior the analysis task, is presented.
Then the prototype is used to search for other secondary
events within the relevant play build-up that support a certain
hypothesis that explains the final outcome of the play. The other
example proposes a free exploration of the dataset. By employing
phase analysis, the analyst is able to identify significative events
that generate different kinds of situations of interest in the
game.

Case Study #1: Analyzing a Goal Scored
Build-up Play

As an operational example, Figure 4 includes the original video
footage and the two-dimensional visual representation as seen in
the tool of three different moments of a scoring play. The key
players intervening in the play are three attackers of the yellow
team and three defenders of the red team. Covered area by the
two groups is shown in the tool. At the center of each area there
is a dot filled with the color of the team. This allows us to know
where the centroid of the three players is, allowing the user to
see their average positions at all times. It is known there is an
increase in the chances of scoring a goal when the attacking
group’s centroid surpasses that of the defenders. In this use case,
we verify how this technical event can be easily detected in our
pilot tool to explain a real game event.

The first moment depicted in Figure4 shows the start of
the build-up, where Player 15 (red) gets the ball in the offense
phase. In the second moment, he has surpassed a midfielder
and is approached by two of the three highlighted defenders,
which creates an opportunity for Player 7 (red) to get a scoring
chance. In the last moment, Player 15 has already passed the
ball to Player 7, who will finish easily and score a goal due to
the defenders being stuck in more advanced positions, making
it impossible to catch him. The second moment represents the
key to the scoring chance and ultimately the goal. By exploring
the positioning data, we better understand the impact of the
two defenders (20 and 5, yellow) on the play. They decide to
close onto the attacker with the ball (15, red) and that causes
the centroids of both groups to get at practically the same
position. What is more, this triggers an unbalanced situation
in which players 9 and 7 of the attacking team (red) are left
alone against Player 3 of the defending one (yellow). When the
two defenders that tried to prevent the pass, start recovering
and running back, it is late enough for Player 7 (red) to be on
a clear scoring position, as depicted in the third moment. The
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FIGURE 4 | Build-up phases of a scored goal. The area covered by attackers and defenders is depicted in the system.

Speed

1200 1:30.0 1:31.0 1:320

== (T11) Player 7 =~ (TOl) Player 3

FIGURE 5 | Speed comparison between players 7 (attacking) and 3 (defending) during the analyzed play.

1:33.0

1:34.0 1:35.0 1:36.0

difference between both centroids at this point is the largest of
the sequence. This fact is in line with the proposals from other
authors previously explained (Duarte et al., 2013), since from the
moment the average position of the attackers was more advanced
than that of the defenders, the play went their way and they ended
up scoring.

Further explanatory facts can be found using individual
analysis, for example if the speed evolution graphs of two of
the players are considered: Player 7 (attacker, red) and Player 3
(defender, yellow). As depicted in Figure 2, Player 7 maintained
a higher speed over Player 3 during the 8 analyzed seconds.
The most important moments stand between the 1:34 and 1:35
marks, as Player 7 sprinted toward the goal a second after
the defender started his movement. This allowed him to gain

sufficient advantage to be alone in a scoring position later, as seen
in the last moment depicted in Figure 5.

Case Study #2: Studying Inter-player

Coordination With Relative Phase Analysis
Relative phase can also be used to identify inter-player
coordination. Two instants between minutes 28 and 38
are highlighted in Figure 6 depicting the times when the
coordination between Player 3 and 6 of the red team (defending)
was low. This implies that one defender moved toward the
centroid while the other moved away from it, creating an
unbalanced situation in the defense which has important
implications on the outcome of the play (for example the first
instant corresponds to a goal score by the opposing team).
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The two instants of the sequence are depicted in Figure 7.
By reproducing the play, we can see how the two defenders
go back to cover Player 8 (yellow) as he surpasses them,
trying to prevent a scoring chance. This attacking player then

Analysis
80

60
40

20

O

28:00.0

-100

26:00.0 30:00.0 32:00.0 34:00.0

— Phase

FIGURE 6 | Phase analysis for the two defenders between minutes 26 and 38
of the second half. The two lowest moments of coordination are rounded in
the image.

passes the ball back and that causes the defenders to lose
their coordination, as one stays still at the goal line and
the other runs to prevent the shot from the attacking player
(number 15, yellow) who is outside of the goalkeeper’s area.
Moments of low coordination between defenders of the red
team are generated in situations where the defenders are close
together and an unexpected action (such as a back pass)
happens. This unpredictable situation forces the defenders to
lose synchronization with the rest of his teammates meaning
each one of them took different directions, as it happened in the
presented situation: In this concrete case, one decided to stay put
in the goal line and the other to cover the shot, thus creating
completely opposite movements from the centroid of the whole
defense.

The second point of low coordination is depicted in Figure 8.
In this case, the play did not result in a scoring chance, although
we comment on other interesting aspects of the game that
generated this situation. In this play, player 5 passes the ball to
Player 20 (both attacking, in yellow), and Player 30 (defending,
red) is not fast enough to stop the attack, making Player 6
(red) to leave its defense position to cover the area left by
his team mate. It becomes clear that bad defense by Player 30
caused a break in the coordination of both central defenders
(3 and 6, red). While Player 3 had to remain covering the
attacker (Player 9, yellow), Player 6 had to go out of his zone
of influence to stop Player 20 and prevent a cross or any other
potentially dangerous play on offense. This special situation
could also be easily identified in the pilot tool by employing

FIGURE 7 | First moment of low coordination between two defenders (Players 3 and 6, red). The outcome is a goal by the attacking team.
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35:08.0 35000 35:100 35:11.0 35:120 35:130 35:140

== (T2) Player 6 — (T2) Player 30

FIGURE 8 | Top: Second moment of low coordination between two defenders (players 3 and 6, red). Bad defending from another player causes the disruption.
Bottom: Speed and movement comparison between the two defenders involved in the opposition advantage play.
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(12) Player 6
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the line graph, without the need to visualize the entire 6 min
of game.

CONCLUSIONS

In this study, we demonstrate that including visual analysis
techniques in sports group behavior analysis can produce both
high quality results and a satisfactory experience with the
computer at the same time (see Supplementary Video 1). We
designed an iterative workflow companion to this tool that
effectively captures and accelerates many expert workflows that
had to be performed manually or semi-automatically in the past.
We found that the application of data visualization and user-
centered design techniques helps to maintain the overall learning
curve of the system flat without compromising the accuracy or

efficiency of the analysis. In the provided examples, we could
also appreciate how the proposed workflow can scale to many
different game situations and combinations of analysis types -
collective or individual. By following a top-down approach that
goes from the general to the specific, the analyst can navigate
the positional data by progressively tuning the interface controls
and reach to conclusions of interest. Furthermore, the advantages
of combining the proposed workflow with a visual tool could
be noticed in the implementation of two different use cases that
employed geospatial data acquired from a professional match in
a very similar setting to what many sports scientists have in their
daily work.

Despite of these promising first results, the ideas presented in
this paper require of further validation and more complex user
studies that we expect to implement in future research, along with
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the following lines of future work that we compiled during our
research:

Positional Data of the Ball

As it has been commented before in this paper, some authors take
the ball position into account when calculating different group
metrics. Given the recent advances in positioning technologies,
we expect to be able to work with more data sets that include this
feature.

Social Network Analysis

As a result of the incorporation of the ball position, we plan
to generate social network visualizations that depict associations
of players during the game, extracting statistical data related
to the number of passes between players, direction of the
pass and other traits, which will be used as inputs for our
system. This information should be presented to the user by
employing dynamic network analysis and other complex network
visualization techniques.

Visualization of Biomechanical Variables

In our current implementation, we discretize the speed variable
according to five predefined clusters. In a similar way, we could
employ other non-geospatial variables gathered using different
equipment attached to the athlete’s body, such as a pulsometer.

Visualization of Labor Division and Areas

of Influence

Different studies divide the effective playing space of a group of
players in several areas of influence (one per player). There are
previous attempts to achieve this functionality in visual terms by
making use of Delaunay triangulations and Voronoi cells.

REFERENCES

Abade, E., Gongalves, B., Leite, N., and Sampaio, J. (2014). Time-motion and
physiological profile of football training sessions performed by under-15,
under-17, and under-19 elite portuguese players. Int. J. Sport Physiol. 9,
463-470. doi: 10.1123/ijspp.2013-0120

Bialkowski, A., Lucey, P., Carr, P., Yue, Y., Sridharan, S., Matthews, L, et al. (2014).
“Identifying team style in soccer using formations learned from spatiotemporal
tracking data,” in En: 2014 IEEE International Conference on Data Mining
Workshop, Shenzhen, 9-14.

Cummins, C., Orr, R,, O’Connor, H., and West, C. (2013). Global positioning
systems (GPS) and microtechnology sensors in team sports: a systematic
review. Sports Med. 43, 1025-1042. doi: 10.1007/540279-013-0069-2

Di Salvo, V., Collins, A., McNeill, B., and Cardinale, M. (2006). Validation of
Prozone ®: a new video-based performance analysis system. Int. J. Perform
Anal. Sport 6,108-119. doi: 10.1080/24748668.2006.11868359

Duarte, R., Araujo, D., Davids, K., Travassos, B., Gazimba, V., and Sampaio,
J. (2012a). Interpersonal coordination tendencies shape 1-vs-1 sub-
phase performance outcomes in youth soccer. J. Sports Sci. 30, 871-877.
doi: 10.1080/02640414.2012.675081

Duarte, R., Araujo, D., Folgado, H., Esteves, P., Marques, P., and Davids, K. (2013).
Capturing complex, non-linear team behaviours during competitive football
performance. J. Syst. Sci. Complex 26, 62-72. doi: 10.1007/s11424-013-2290-3

Duarte, R., Araujo, D., Freire, L., Folgado, H., Fernandes, O., and Davids,
K. (2012b). Intra- and inter-group coordination patterns reveal collective
behaviors of football players near the scoring zone. Hum. Mov. Sci. 31,
1639-1651. doi: 10.1016/j.humov.2012.03.001

Real Video Playback

The pilot tool is able to link incoming metrics data with real
in-game situations by establishing an interactive relationship
between the virtual player and the two analysis zones. During
analysis sessions, analysts tend to complement the usage of these
prototypes with real video playback of the game under study.
Currently this process must be performed manually, but it would
be interesting to reduce the number of steps needed to reach to
relevant parts of the video in a similar way to how the virtual
player performs in the current tool.

AUTHOR CONTRIBUTIONS

RT, JS, and CL-P: Conceptualization; JS and CL-P: Funding
acquisition; AB, RT, JS, and CL-P: Methodology; CL-P: Project
administration; AB, RT, and AL: Software; AB, RT, and AL:
Visualization; AB, RT, AL, JS, and CL-P: Writing—original draft.

FUNDING

The present study was supported by the Ministry of Economy and
Competitiveness of Spain with the Project DEP2016-75875-R.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2018.02416/full#supplementary-material

Supplementary Video 1 | Overview video. In this video, we present the proposed
prototype to the interested reader. It gives an overview of all the features
presented in this paper and depicts the usage of the tool to perform individual and
group visual analysis employing real in-game data.

Folgado, H., Duarte, R., Fernandes, O., Sampaio, J. (2014a). Competing with
lower level opponents decreases intra-team movement synchronization and
time-motion demands during pre-season soccer matches. PLoS ONE 9:¢97145.
doi: 10.1371/journal.pone.0097145

Folgado, H., Duarte, R., Marques, P., and Sampaio, J. (2015). The effects of
congested fixtures period on tactical and physical performance in elite football.
J. Sports Sci. 33, 1238-1247. doi: 10.1080/02640414.2015.1022576

Folgado, H., Gongalves, B, Sampaio, J. (2018).
synchronization affects physical and physiological responses
preseason in professional football (soccer). Res. Sports Med. 26, 51-63.
doi: 10.1080/15438627.2017.1393754

Folgado, H., Lemmink, K. Frencken, W., and Sampaio, J. (2014b).
Length, width and centroid distance as measures of teams tactical
performance in youth football. Eur. J. Sport Sci. 14 (Suppl. 1), S487-5492.
doi: 10.1080/17461391.2012.730060

Frencken, W., Lemmink, K., Delleman, N., and Visscher, C. (2011). Oscillations of
centroid position and surface area of soccer teams in small-sided games. Eur. J.
Sport Sci. 11, 215-223. doi: 10.1080/17461391.2010.499967

Frencken, W., Lemmink, K., and Delleman, N. J. (2010). Soccer-specific accuracy
and validity of the local position measurement (LPM) system. J. Sci. Med. Sport
13, 641-645. doi: 10.1016/j.jsams.2010.04.003

Gongalves, B., Coutinho, D., Santos, S., Lago-Pefas, C., Jimenez, S., and
Sampaio, J. (2017a). Exploring team passing networks and player
movement dynamics in Youth Association Football. PLoS ONE 12:e0171156.
doi: 10.1371/journal.pone.0171156

Gongalves, B., Esteves, P., Folgado, H., Ric, A., Torrents, C., and Sampaio, J.
(2017b). Effects of pitch area-restrictions on tactical behavior, physical, and

and Positional

to

Frontiers in Psychology | www.frontiersin.org

51

December 2018 | Volume 9 | Article 2416


https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02416/full#supplementary-material
https://doi.org/10.1123/ijspp.2013-0120
https://doi.org/10.1007/s40279-013-0069-2
https://doi.org/10.1080/24748668.2006.11868359
https://doi.org/10.1080/02640414.2012.675081
https://doi.org/10.1007/s11424-013-2290-3
https://doi.org/10.1016/j.humov.2012.03.001
https://doi.org/10.1371/journal.pone.0097145
https://doi.org/10.1080/02640414.2015.1022576
https://doi.org/10.1080/15438627.2017.1393754
https://doi.org/10.1080/17461391.2012.730060
https://doi.org/10.1080/17461391.2010.499967
https://doi.org/10.1016/j.jsams.2010.04.003
https://doi.org/10.1371/journal.pone.0171156
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Benito Santos et al.

Data-Driven Visual Soccer

physiological performances in soccer large-sided games. J. Strength Cond. Res.
31, 2398-2408. doi: 10.1519/JSC.0000000000001700

Gongalves, B., Figueira, B., Macis, V., and Sampaio, J. (2014). Effect
of player position on movement behaviour, physical and physiological
performances during an 11-a-side football game. J. Sports Sci. 32, 191-199.
doi: 10.1080/02640414.2013.816761

Gongalves, B., Folgado, H., Coutinho, D., Marcelino, R., Wong, D, Leite, L., et al.
(2018). Changes in effective playing space when considering sub-groups of
3 to 10 players in professional soccer matches. J. Hum. Kinet. 62, 145-155.
doi: 10.1515/hukin-2017-0166

Gongalves, B., Marcelino, R., Torres-Ronda, L., Torrents, C., and Sampaio,
J. (2016). Effects of emphasising opposition and cooperation on collective
movement behaviour during football small-sided games. J. Sports Sci. 34,
1346-1354. doi: 10.1080/02640414.2016.1143111

Gudmundsson, J., and Horton, M. (2017). Spatio-temporal analysis of team sports.
ACM Comput Surv. doi: 10.1145/3054132

Harbourne, R. T., and Stergiou, N. (2009). Movement variability and the use of
nonlinear tools: principles to guide physical therapist practice. Phys. Ther. 89,
267-282. doi: 10.2522/ptj.20080130

Larsson, P. (2003). Global positioning system and sport-specific testing. Sports
Med. 33,1093-1101. doi: 10.2165/00007256-200333150-00002

Memmert, D., Lemmink, K., and Sampaio, J. (2016). Current approaches to tactical
performance analyses in soccer using position data. Sports Med. 47, 1-10.
doi: 10.1007/s40279-016-0562-5

Nielsen, J. (1993). Usability Engineering. San Francisco, CA: Morgan Kaufmann
Publishers Inc.

Passos, P., Davids, K., Aratjo, D., Paz, N., Minguéns, J., and Mendes, J. (2011).
Networks as a novel tool for studying team ball sports as complex social
systems. J. Sci. Med. Sport. 14, 170-176. doi: 10.1016/j.jsams.2010.10.459

Perin, C., Vuillemot, R., and Fekete, J. (2013). SoccerStories: a kick-off for
visual soccer analysis. IEEE Trans. Visual. Comp. Graph. 19:2506-2515.
doi: 10.1109/TVCG.2013.192

Pincus, S. M. (1991). Approximate entropy as a measure of system-complexity.
Proc. Natl. Acad. Sci. U. S. A. 88, 2297-2301. doi: 10.1073/pnas.88.6.2297

Ric, A., Torrents, C., Gongalves, B., Sampaio, J., and Hristovski, R. (2016). Soft-
assembled multilevel dynamics of tactical behaviors in soccer. Front. Psychol.
7:1513. doi: 10.3389/fpsyg.2016.01513

Sampaio, J., Lago, C., Gongalves, B., Magas, V. M., and Leite, N. (2014). Effects of
pacing, status and unbalance in time motion variables, heart rate and tactical
behaviour when playing 5-a-side football small-sided games. J. Sci. Med. Sport
17, 229-233. doi: 10.1016/j.jsams.2013.04.005

Sampaio, J., and Magas, V. (2012). Measuring tactical behaviour in football. Int. J.
Sports Med. 33, 395-401. doi: 10.1055/s-0031-1301320

Silva, P., Duarte, R., Esteves, P., Travassos, B., and Vilar, L. (2016).
Application of entropy measures to analysis of performance in team
sports. Int. J. Perform. Anal. Sport 16, 753-768. doi: 10.1080/24748668.2016.
11868921

Stergiou, N., Buzzi, U., Kurz, M., and Heidel, J. (2004). “Nonlinear tools in
human movement,” in Innovative Analyses of Human Movement, ed N Stergiou
(Champaign, IL: Human Kinetics), 63-90.

Travassos, B., Gongalves, B., Marcelino, R., Monteiro, R, and Sampaio,
J. (2014). How perceiving additional targets modifies teams tactical
behavior during football small-sided games. Hum. Mov. Sci. 38, 241-250.
doi: 10.1016/j.humov.2014.10.005

Varley, M. C., Fairweather, I. H., and Aughey, R. J. (2012). Validity
and reliability of GPS for measuring instantaneous velocity during
acceleration, deceleration, and constant motion. J. Sports Sci. 30, 121-127.
doi: 10.1080/02640414.2011.627941

Yentes, J. M., Hunt, N., Schmid, K., Kaipust, J. P., McGrath, D., and Stergiou,
N. (2013). The appropriate use of approximate entropy and sample entropy
with short data sets. Ann. Bio Eng. 41, 349-365. doi: 10.1007/s10439-012-
0668-3

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Benito Santos, Theron, Losada, Sampaio and Lago-Pefias. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Psychology | www.frontiersin.org

December 2018 | Volume 9 | Article 2416


https://doi.org/10.1519/JSC.0000000000001700
https://doi.org/10.1080/02640414.2013.816761
https://doi.org/10.1515/hukin-2017-0166
https://doi.org/10.1080/02640414.2016.1143111
https://doi.org/10.1145/3054132
https://doi.org/10.2522/ptj.20080130
https://doi.org/10.2165/00007256-200333150-00002
https://doi.org/10.1007/s40279-016-0562-5
https://doi.org/10.1016/j.jsams.2010.10.459
https://doi.org/10.1109/TVCG.2013.192
https://doi.org/10.1073/pnas.88.6.2297
https://doi.org/10.3389/fpsyg.2016.01513
https://doi.org/10.1016/j.jsams.2013.04.005
https://doi.org/10.1055/s-0031-1301320
https://doi.org/10.1080/24748668.2016.11868921
https://doi.org/10.1016/j.humov.2014.10.005
https://doi.org/10.1080/02640414.2011.627941
https://doi.org/10.1007/s10439-012-0668-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

',\' frontiers
in Psychology

PERSPECTIVE
published: 11 December 2018
doi: 10.3389/fpsyg.2018.02550

OPEN ACCESS

Edited by:
Sergio José Ibafiez,
Universidad de Extremadura, Spain

Reviewed by:

Bruno Travassos,
Universidade da Beira Interior,
Portugal

Roland Seiler,

University of Bern, Switzerland

*Correspondence:
Rodrigo Santos
mirandamonteiro@globo.com

Specialty section:

This article was submitted to
Movement Science and Sport
Psychology,

a section of the journal
Frontiers in Psychology

Received: 31 August 2018
Accepted: 28 November 2018
Published: 11 December 2018

Citation:

Santos R, Duarte R, Davids K and
Teoldo | (2018) Interpersonal
Coordination in Soccer: Interpreting
Literature to Enhance

the Representativeness of Task
Design, From Dyads to Teams.
Front. Psychol. 9:2550.

doi: 10.3389/fpsyg.2018.02550

Check for
updates

Interpersonal Coordination in
Soccer: Interpreting Literature to
Enhance the Representativeness of
Task Design, From Dyads to Teams

Rodrigo Santos™, Ricardo Duarte?3, Keith Davids* and Israel Teoldo’

" Nucleo de Pesquisa e Estudos em Futebol, Departamento de Educacédo Fisica, Universidade Federal de Vigosa, Vigosa,
Brazil, ? Faculdade de Motricidade Humana, Universidade de Lisboa, Lisbon, Portugal, ° Football Association of Finland,
Helsinki, Finland, * Centre for Sports Engineering Research, Faculty of Health and Wellbeing, Sheffield Hallam University,
Sheffield, United Kingdom

Interpersonal coordination in soccer has become a trending topic in sports sciences,
and several studies have examined how interpersonal coordination unfolds at different
levels (i.e., dyads, sub-groups, teams). Investigations have largely focused on
interactional behaviors at micro and macro levels through tasks from dyadic (i.e., 1 vs.
1) to team (i.e., 11 vs. 11) levels. However, as the degree of representativeness of a
task depends on the magnitude of the relationship between simulated and intended
environments, it is necessary to address a discussion on the correspondence between
competitive and practice/experimental settings in soccer. The aims of this paper are to:
(i) provide a brief description of the main concepts underlying the subject of interpersonal
coordination in sports teams; (ii) demonstrate, through exemplar research findings, how
interpersonal coordination in soccer unfolds at different scales; and (iii), discuss how
coaches and researchers may ensure representativeness for practice and experimental
tasks. We observed that papers addressing the analysis of interpersonal coordination
tendencies in soccer often resort to dyadic (one vs. one) or sub-group (many vs. many)
experimental tasks, instead of full-sized (11 vs. 11) games. Consequently, the extent to
which such patterns reflect those observed in competition is somewhat uncertain. The
design of practice and/or experimental tasks that rely on sub-phases of the game (e.g.,
1vs. 1, 4 vs. 4) should ensure the preservation of players’ behavior patterns in intended
match conditions (11 vs. 11). This can be accomplished by measuring the level of action
fidelity of the task, ensuring correspondence and successful transfer across contexts.

Keywords: soccer, interpersonal coordination, task representativeness, behavioral correspondence, action
fidelity

INTRODUCTION

Coordination dynamics incorporates several concepts deemed relevant for investigating the
intricate mechanisms that underpin performance behaviors in sports (Aratjo et al., 2006). Analysis
of sports performance through a dynamic perspective seeks to shed light on how the continuous
interactions between elements of a system unfold at a microscopic level (i.e., player-player) and
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how they influence the emergence of macroscopic patterns (i.e.,
team collective structures) (Davids et al., 2005; Vilar et al., 2012).
In order to address this issue, the investigation of interpersonal
coordination tendencies in team games (e.g., soccer) has drawn
the attention of sports scientists in recent years.

Research addressing the identification of the principles
underpinning the interaction dynamics between players and
teams has largely focused on behavior patterns at different system
scales (i.e., dyads: 1 vs. 1, sub-groups: e.g., 3 vs. 3, teams: 11
vs. 11). Studies have uncovered the importance of collective
variables — higher-level parameters that describe the emerging
order of a system through the analysis of the functional behaviors
of the elements that comprise this system (Kelso, 1995) -
to interpersonal coordination at system and sub-system levels.
However, it is still unclear whether the behaviors observed in
dyadic tasks relate to those in competitive contexts, for instance
(Duarte et al., 2012b; Clemente et al., 2013; Folgado et al,
2014). As the representativeness of a particular task refers to the
correspondence between simulated and intended environments
(Stoffregen et al., 2003), it is necessary to address a thoughtful
discussion on this topic in soccer, as the utilization of tasks at
the sub-system levels (e.g., small-sided and conditioned games) is
widespread in training and research contexts (Araujo et al., 2007).

Therefore, the aims of this article are to: (i) provide
a brief description of essential concepts about interpersonal
coordination in sports teams; (ii) demonstrate, through exemplar
research findings, how interpersonal coordination in soccer
unfolds at different scales (i.e., dyads, sub-groups and teams);
and (iii) discuss how coaches and researchers may ensure
representativeness when designing practice and experimental
tasks in soccer.

INTERPERSONAL COORDINATION

Over the years, several scientific fields have attempted to provide
a clear definition of the term coordination, as it has been
used to outline processes specific to particular disciplines. In
animal physiology, for instance, coordination is regarded as “the
processes involved in the reception of sensory information, the
integration of that information, and the subsequent response of
the organism” (Martin and Hine, 2008, p. 155). As for the subject
of motor control, Bernstein (1967, p. 167) defined coordination
as “the organization of the control of the motor apparatus,” i.e.,
how the multitude of micro-components of the system become
coordinated into a controllable organization with the purpose of
achieving task goals.

Hereupon, Schmidt et al. (1999) suggested that interpersonal
coordination may be better understood through the mechanism
of inherent self-organization, ie., system tendencies that
can be manipulated to generate order and structure within
complex adaptive systems. Hence, the theoretical framework
underpinning the function of such systems reveals that
interpersonal coordination tendencies do not emerge uniquely
from internalized cognitive or neural organization in individuals,
but also from the way in which the elements of an organism
interact. Furthermore, there is still evidence suggesting that

interpersonal coordination can emerge subconsciously, even at
an elite level of athletic performance (Stevens, 1976; Varlet and
Richardson, 2015).

Kelso suggested that complex adaptive systems possess
analogous structural features irrespective of their scales of
function (Kelso, 1995). This is an important idea to guide
performance in team sports, as it provides a theoretical
foundation for understanding behaviors at all system levels.
Accordingly, investigations have indicated that athletes’ behaviors
need to be observed and understood in light of the same
principles, both in individual and team sports competitions
(McGarry and Franks, 1996; Grehaigne et al., 1997; Bourbousson
et al., 2010). Supported by these principles, individual sports
encompass inter-individual coupling between two opponents or
between an athlete and an object/surface/element within the
environment, whereas research on team sports individual system
components, such as competing players, can entrain the behavior
of the whole complex system, incorporating one or several
dyads that combine to generate intra- and inter-team couplings
(Bourbousson et al., 2010).

Correspondingly, the coupling interactions between
oscillating elements in a collective system yields dynamic
characteristics that equally describe the interactions in sports
teams (McGarry et al., 2002; McGarry, 2005). Thus, systems and
sub-systems in team sports (e.g., basketball, rugby union and
soccer) are likely to display both competitive and cooperative
characteristics. Consequently, every player within a team
coordinates his/her actions with teammates in search for a
solution for a joint performance purpose during competition.
In addition, opposing players and teams must coordinate their
actions between each other, in an attempt to create scoring
opportunities for their respective sides and to prevent the
opposition from scoring (McGarry et al., 2002; Glazier, 2010).
Therefore, in team sports, analyses of performances of individual
players and teams should take into account the influence of
opponents on individual and collective actions (Duarte et al.,
2012a). Hence, performance in team sports may be better
understood as an outcome of the interpersonal relations between
teammates and opponents and, consequently, such interactions
should be considered inextricable for the analysis of match
behaviors (Bourbousson et al., 2010).

With the purpose of identifying and describing the
continuous, complex interactions between players and teams, a
notable portion of the research on interpersonal coordination in
soccer has largely analyzed the distinct interactional scales that
comprise a complex adaptive system. This perspective considers
all players as elements that oscillate around a mutual locus,
and is based on the assumption that team vs. team interactions
comprise numerous one vs. one interactions (McGarry, 2005).

INTERPERSONAL COORDINATION IN
SOCCER - FROM DYADS TO TEAMS

Soccer is a team sport with an essentially tactical nature, and thus
demands from coaches, performance analysts and researchers an
appropriate level of knowledge about the interactions between
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its elements (i.e., players and teams) (Davids et al., 2005).
A soccer team can be described as a complex system whose
interrelating elements generate a large variety of patterns at a
macro scale, which differ from the micro-scaled behavior of each
element considered in isolation (Passos et al., 2016b). Hence,
the dynamic structures that comprise a soccer match should
be contemplated in their entirety, rather than analyzed in a
fragmented fashion because decomposing such deeply integrated
systems for analysis can lead to artificial behaviors being observed
(Grehaigne et al., 1997).

For this reason, seeking to understand how coordination
between players and teams arises (and which are the resultant
patterns), researchers have investigated interactions at various
scales (between dyads - in 1 vs. 1 situations — sub-groups -
attacking and defending units of players — and teams), in addition
to proposing variables capable of explaining the emergence of
collective behavior.

Thus, with the purpose of identifying these key collective
patterns of behavior, some order parameters (e.g., surface area,
centroids, distance to goal) were proposed, which addressed
the analysis of these parameters from dyadic to team levels. In
the following section, we attempt to provide a brief, though
potentially thoughtful analysis of some of the studies that
investigated one or more of these variables, according to the scale
of analysis (i.e., dyads, sub-groups, and teams). In addition, we
examine how the behavior of the collective variables proposed
vary across the distinct scales.

Dyads

Dyads (player—player interactions) are the basic unit of analysis
for studying interpersonal coordination in team sports (Passos
et al, 2015). Also, dyadic relations in competitive matches
have been deemed essential to support the analysis of playing
performance (McGarry, 2009). As a result, a considerable amount
of research has sought to identify coordination patterns in
attacker-defender dyads in team sports, particularly in soccer.

In team sports, athletes need to learn how to interact with
teammates and opponents to achieve their goals (Gréhaigne and
Godbout, 1995; McGarry et al., 2002). This process of continuous
interaction is founded on players’ co-adaptive behaviors, which
are constrained by locally created information (Passos et al.,
2016a). This information emerges from different task constraints,
including field markings and boundaries, and rules, which act as
constraints on the co-positioning of teammates and opponents.
Nevertheless, while markings and rules remain unchanged during
competitive performance, players’ co-positioning in a match
is continuously modified due to the presence and location of
significant others. For example, studies in team sports (Passos
etal., 2009; Correia et al., 2011) have revealed the relevance of key
collective performance variables — such as territorial gain or the
distance of the dyad to the scoring target — for the identification
of dynamic patterns that emerge from dyadic relations.

Orth et al. (2014) investigated the characteristics of dyads in
soccer, by examining the effects of defensive pressure on players’
running velocity during the approach to kick a football. Players
were observed as they ran toward a football to cross it to a receiver
in the penalty area who would try to score against a goalkeeper.

Defensive pressure was manipulated in three conditions: without
defenders; with a defender positioned far away; and with a
defender positioned close to the player crossing the ball. Overall,
findings suggested that the regulation of kicking is specific to
a performance context and that some features of movement
organization will not actually emerge unless the presence of a key
information variable (e.g., a defender’s position) is manipulated
as a task constraint during practice.

Headrick et al. (2012) examined how field location constrained
the regulation of players’ movements. They sought to determine
whether spatiotemporal relations between players and the ball in
1 vs. 1 sub-phases were constrained by their distance to the goal
area. The experiment consisted of each participant performing
the role of attacker (i.e., player in possession) and defender
in settings designed to replicate actual match conditions. It
was found that the modification of the dyads™ distance to goal
influenced players’ behaviors and intentionality in relation to the
ball. Specifically, they suggested that the variable “defender-to-
ball distance” might be considered a critical collective variable,
since the percentage of successful trials for the player in
possession revealed higher success rates in positions closer to the
goal.

Sub-Groups
Although dyads represent the basic scale of interaction within
the game, the analysis of more complex sub-phases has become
relevant for understanding the coordination patterns emerging
when players form groups (McGarry et al., 2002; Duarte et al.,
2012a). Research (Passos et al., 2011; Headrick et al., 2012; Orth
et al., 2014) suggest that, as small-sided and conditioned games
can be viewed as a subscale of the formal game, these constrained
game forms could be deemed useful for the investigation of
structural and functional patterns in competitive settings.
Aiming to identify behavioral patterns in 3 vs. 3 sub-groups
during creation and prevention of goal-scoring opportunities,
Duarte et al. (2012b) analyzed group coordination through
centroid (i.e., average team position) and surface area (ie.,
occupied space) measures, obtained by manual video tracking
procedures and 2-D reconstruction (Duarte et al., 2010). They
reported that the centroids of both teams approached and moved
away from each other’s defensive lines in a rather entwined
(ebbing and flowing) manner, particularly at the moments that
preceded the 3 vs. 3 system’s loss of stability (i.e., in attempts
of goal assists). These findings suggest that both sub-groups
moved synchronously in relation to each other. The emergence
of such characteristics was influenced to a prominent degree by
the distance between the attacking unit and the defensive line
(Duarte et al., 2012b). On the other hand, the surface area did
not reveal the existence of clear patterns of coordination between
the teams. The fact that this measure did not uncover emergent
patterns between sub-groups indicates that its utilization in
small-sided and conditioned experimental and practice tasks,
to understand and regulate collective behaviors in competitive
contexts, demands further investigation. This is because sudden
variations in this variable might occur due to more frequent
turnovers of ball possession and increased player speed in the 3
vs. 3, in comparison to 11 vs. 11 contests (Duarte et al., 2012b).
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Likewise, Frencken et al. (2011) aimed to identify emergent
playing patterns in 4 vs. 4 SSCGs through centroid positions
and surface area, acquired by positional data obtained through
a transponder and antennas placed in a vest worn by
players (Frencken et al., 2010). Results confirmed that teams’
centroid values display a tendency to move in the same
directions. Also, findings revealed a stronger association between
centroid forward-backward oscillations and lateral oscillations.
Nonetheless, like Duarte et al. (2012b); Frencken et al. (2011)
did not observe associations between teams’ surface area values.
They attributed this outcome to the type of design of the
experimental task. However, these studies raise doubts on
whether the dynamics of some collective variables (e.g., surface
area), analyzed in small-sided and conditioned games with a
fewer players (e.g., 3 vs. 3,4 vs. 4), correspond to those of a formal
game.

Teams

In soccer, some recent studies have been conducted in order to
verify whether the patterns observed at lower scales (i.e., dyads
and sub-groups) might also characterize behavior tendencies in
competitive play.

For example, Frencken et al. (2012) examined whether the
variability of inter-team distances related to critical periods of
a match, as well as whether these periods were associated to
key events (ie., goals and goal attempts), by analyzing the
variability of longitudinal and lateral distances between teams’
centroids. They acknowledged that, although in small-sided and
conditioned games great variability of a positional measure often
leads to key match events like goal-scoring opportunities, highly
variable periods in inter-team distance values preceded only two
out of fourteen goal attempts. Actually, results indicated that
periods of high variability in inter-team distances emerged from
changes in ball position. From this observation one may infer that
ball dynamics in small-sided and conditioned games, particularly
during crucial events, may differ from those observed in full-sized
competitive matches. Also, it may be that inter-team distance (at
least on the timescale analyzed by these investigators) may not be
an accurate measure to capture the variability that precedes key
match events in competitive contexts.

Also with respect to the variability of inter-team coordination,
Vilar et al. (2013) analyzed emergent patterns of play in soccer,
based on the assumption that locally outnumbering the opposing
team is essential for defensive and offensive success. They
utilized entropy measures (Shannon, 1948) to examine the
uncertainty of the number of players of each team in sub-
areas of play within what has been termed the effective-play
space - an imaginary polygonal area with lines linking all
outfield players located at the periphery of play at any given
instant (Mérand, 1977). They observed that, in the course of
a match, the teams seldom allocated more players than their
opponents in sub-areas of play closer to the opposition goal.
Moreover, entropy measures indicated that the central midfield
sub-area of play was more unstable than all the other sub-
areas, suggesting that numerical dominance within this sub-area
is highly unpredictable. Nevertheless, as enlightening as these
results may appear, such an approach has not been employed in

the investigation of numerical instability at sub-system levels (i.e.,
dyads and sub-groups).

IMPLICATIONS FOR TASK
REPRESENTATIVENESS

Research on interpersonal coordination in soccer may potentially
provide coaches with relevant information on how players
and teams interact with each other, thus ensuring that skills
acquired in practice are appropriately transferred to the
competitive environment (Carling et al., 2005). Hence, the
design of representative tasks — practice and/or experimental
activities that preserve the unique properties of the intended
environment (Hammond and Stewart, 2001) - is necessary
to ensure successful transfer of individual and collective
performances from learning/practice to competitive contexts
(Pinder et al., 2011). However, the investigation of coordination
patterns in soccer has often resorted to dyadic (one vs.
one) and/or group (many vs. many) experimental tasks, and,
consequently, the degree to which the interaction tendencies
observed at these scales represent the behavioral dynamics in the
intended environment is still somewhat uncertain (Bartlett et al.,
2012).

This uncertainty is due to the fact that some studies, in an
attempt to substantiate their findings, claim that the behavior
of the variables that describe a given dynamic system comply
with the same rules, regardless of the scale of analysis (ie.,
dyads, sub-groups, and teams) (Frencken et al, 2011, 2012).
However, these studies fail to acknowledge that the characteristics
of each element or sub-unit can only be understood through
the identification of the principles that describe the system at
the ecological scale, rather than simply analyzing the properties
of any given isolated parts (Capra, 1996). In addition, literature
has already indicated that behavior in competitive contexts
is highly dependent on situational constraints, particularly
on the amount of system elements involved (Garcia et al,
2013; Passos et al, 2016a). Neglecting such constraints may
result in loss of representativeness and, consequently, prompt
emergent behaviors entirely different from those intended in
competition.

In this respect, research data obtained in competition
could certainly ensure action fidelity in practice/experimental
tasks, through measurement and comparison of performance
outcomes between both contexts. Action fidelity refers to the
relation between the performance observed in a simulator (e.g.,
experimental or practice task), as well as in the intended system
(e.g., team game) (Stoffregen et al., 2003). Therefore, designing
practice tasks or test trials without taking into account the
structural and functional correspondence with the competitive
context may threaten the accurate interpretation of key aspects
of performance, as well as the effectiveness of training activities
and coaching interventions (Pinder et al., 2011). This is because
in experimental and practice tasks, players may exhibit behaviors
that do not resemble those displayed in a intended environment.
This usually occurs when the sampling of constraints is not
sufficiently thorough, and therefore does not enable the onset of
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certain perceptual demands (e.g., awareness of the possibility
of a counterattack by the opposing team during a practice
task) that are essential in competition (Aratjo et al, 2007).
Consequently, more research is necessary to validate appropriate
measures of action fidelity (i.e., measures of task performance)
that ensure that the essential behavioral characteristics inherent
to the game will be preserved in practice and experimental
contexts (Araujo et al., 2007).

Therefore, coaches and researchers should ensure that
the dynamics of the intended environment (e.g., collective
movement tendencies, relative strengths of both teams) are
preserved, by comparing performance outcomes between
practice/experimental settings and competition. Also, this
approach could warrant that individual performances are
reproducible (Stoffregen et al., 2003). Coaches could use this
knowledge to design training activities that provide appropriate
transfer of performance across training and competitive settings,
thus ensuring that players are adequately adapted to constraints
that are inherent to the sport itself, and not to a given random
task.

In summary, the design of dyadic or sub-group experimental
and practice tasks should account for both structural and
functional characteristics of performance — which capture how
players continuously regulate their behaviors in competitive
settings. This approach should enable researchers and coaches to,
respectively, increase the possibility for generalization of research
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A Commentary on

Interpersonal Coordination in Soccer: Interpreting Literature to Enhance the
Representativeness of Task Design, From Dyads to Teams

by Santos, R., Duarte, R., Davids, K., and Teoldo, 1. (2018). Front. Psychol. 9:2550.
doi: 10.3389/fpsyg.2018.02550

This commentary discusses and extends the ideas in the perspective paper, “Interpersonal
coordination in soccer: Interpreting literature to enhance the representativeness of task design,
from dyads to teams” (Santos et al., 2018). Our goal is to mention missing parts such as
the athlete’s experience and how athletes use it to adjust their activity to the interpersonal
coordination dynamics.

Although not explicitly mentioned, the authors’ interpretation of the literature was based on
the ecological dynamics framework (e.g., Silva et al., 2013). Within this framework, interpersonal
coordination is assumed to result from self-organizing processes that encompass interacting parts
like the players, ball, and environment in soccer. To understand how interpersonal coordination
emerges, is sustained or disrupted, and changes during performance, researchers record players’
behaviors during competition. From these positional data, they analyze the behavioral dynamics
of interpersonal coordination through collective variables (e.g., relative phase). Variations in
these measures describe the influence of informational constraints—like ball displacement
dynamics—on the process of interpersonal coordination. As behavioral dynamics show statistical
consistencies, they are interpreted as factors of this coordination. These informational constraints
are also defined as possibilities for controlling goal-directed activity with others or affordances
(Gibson, 1979). These affordances are subsets of the spatio-temporal structure of light converging
at the eyes (Seifert et al., 2018) that each player’s perceptual system may or may not detect. As
a reminder, the pedagogical outcome in a realistic learning environment is the athletes” placement
such that their perceptual systems become increasingly sensitive to the spatio-temporal information
that specifies affordances (e.g., Chow et al., 2016).

With this brief summary, we acknowledge our surprise that the authors cited Bourbousson,
Seve and McGarry (2010b) study, yet overlooked other studies from Bourbousson and colleagues
within the enactive framework of their research program (e.g., Bourbousson et al., 2010a, 2012;
Bourbousson and Fortes-Bourbousson, 2016). These works are nevertheless of great interest and
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relevance to the topic of their paper. In this commentary, we
therefore (re)present the theoretical assumptions of the enactive
framework and suggest how data collected within this design
might contribute to improving task design representativeness.

The enactive framework assumes that agents actively build
meanings through their actions and interactions with the
environment, enabling them to develop other understandings
of an unfolding situation (e.g., Varela et al, 1991; Di Paolo
et al, 2011). Meanings are thus not mere affordances in
the environment that specify properties of the individual-
environment relationship. Instead, they are outcomes of
interactions between individuals acting and the dynamics of
their environment. For instance, Bourbousson et al. (2012)
characterized how five basketball players shared concerns in
a real match situation. The concerns corresponded to what
made sense simultaneously for each of the players in the
situation, thereby delimiting their embedded activities (i.e., the
environmental information they were sensitive to in order to
act). This sensitivity to environmental information was linked
to what was relevant to the players at a given instant in
relation to their activity. In another example, a soccer player
who wanted to make a quick counterattack on the opponent’s
goal was sensitive to the opponent’s poor positioning and
perceived an opportunity to forward pass to a teammate (Gesbert
and Durny, 2017). Within this framework, the players were
actively adjusting the conditions for their exchanges with the
environment, highlighting the autonomy of their activity (Froese
and Di Paolo, 2011). And as they adjusted their activity, this
gave rise to an experience expressing that each was the author
of his own actions (e.g., Buhrmann and Di Paolo, 2015). Such
experience is not considered an epiphenomenon that reduces the
player-environment interaction to sensorimotor adjustments in
order to detect affordances. Instead, it describes “a coherent set
of habitual embodied actions, feelings and sensations” (Hauw,
2018, p. 56) that accounts for the phenomenological fraction of
the player-environment interaction (Thompson, 2007).

Special attention should therefore focus on how players
experience their ongoing interactions and dynamically adjust
their interpersonal coordination. Thus, recent studies have
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Currently, the number of women involved in sport is increasing. Although, research on
their characteristics and performance is scarce. A great amount of research on men’s
basketball is available, but it is unknown if it can be applied to women’s basketball. The
objective of this research was to characterize the internal and external load performed
by female basketball players during training and sports competition according to playing
positions through inertial devices. The participants in the following study were 10 amateur
basketball players who competed at regional level (21.7 + 3.65 years; 59.5 £ 12.27 kg,
and 168.5 + 3.56). Data were collected in games of the final phase (n = 8) and from
5 vs. 5 training tasks (n = 47). All the analyses were run according to playing positions.
Each player was equipped with a Garmin™ Heart Rate Band and Wimu™ inertial device
that monitored physical activity and movement in real time. The results obtained showed
that the load experienced during competition was significantly higher (o < 0.001) than
during training (Heart Rate, Player Load, Steps, Jumps, and Impacts). There were also
differences according to playing positions, mainly between the backcourt and frontcourt
players (o < 0.001). The players must work in higher areas of heart rate during training,
mainly in Z4 and Z5, increasing their HRmax y HRavg. The training doesn’t equal the
load supported and the distance performed in competition, so it is necessary to pay
more attention during training. This information allows us to develop adequate training
protocols adjusted to the specific individual requirements of the sports competition.

Keywords: performance analysis, women, basketball, internal load, external load

INTRODUCTION

The load experienced by athletes in competition is one of the most important research topics in
sports science. Knowing the physical and physiological demands of sports competition is the key
to determining optimum training processes (Torres-Ronda et al., 2016). The physical demands
of team sports are difficult to quantify due to the unpredictable and intermittent nature of the
sport (Caetano et al.,, 2015), in basketball, intense actions are combined with periods of rest, and
these do not follow temporal patterns. There are studies seek to understand what happens during
competition in order to replicate it in training; however there are few studies that compare what
happens in training with what happens in actual competition (Reilly et al., 2009).
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Previous research has already reported the different methods
used to quantify and measure load in training and matches,
mainly employing internal training load analysis (iTL) and
external training load (eTL) measurement by Time Motion
Analysis (Matthew and Delextrat, 2009; Scanlan et al., 2012).
With external training loads representing the physical work
performed during the training session or internal training
loads that are the biochemical (physical and physiological)
and associated biomechanical stress responses (Impellizzeri
et al., 2005). Besides, associations between internal and external
measures of load and intensity are important for understanding
the competition and training process (Vanrenterghem et al.,
2017).

Different means exist to facilitate the description and analysis
of the load that athletes endure in training and competition. The
monitoring of external load measurements derived from triaxial
accelerometers is currently considered a viable tool in indoor
team sports (Chambers et al., 2015). In turn, the use of micro-
technological sensors such as accelerometers has also allowed
the analysis of body movements representing an unspecific
assessment of the quantity and magnitude of high-intensity
activities without measurable movements on the court surface
(i.e., jumps, screens, rebounds, etc.,) which can’t be registered
by GPS (Puente et al., 2017). From a practical point of view,
the use of technology in official competitions allows a more
accurate control of the athlete’s load during a match, providing
an important reference for training prescription besides allowing
trainers and scientists to identify the level of fatigue by detecting
the changes in individual players’ movement mechanics due to
fatigue (Barrett et al., 2016; Barreira et al., 2017).

Basketball is a sport that comprises complex technical-
tactical abilities that have a direct influence on the physiological
requirements imposed on the player during competition
(Drinkwater et al., 2008; Ziv and Lidor, 2009). There are many
studies which consider that it is hybrid in nature, where most of
the energy mobilized has an aerobic origin (McInnes et al., 1995;
Abdelkrim et al., 2007; Narazaki et al., 2009). However, as occurs
in other collective sports, the explosive actions, such as direction
changes, jumps, or maximum intensity movements, as well as
some specific game actions, such as shots, getting unmarked, or
dribbling, are anaerobic dependent and are decisive for the final
performance of the athletes (McInnes et al., 1995; Ostojic et al.,
2006; Chaouachi et al., 2009; Narazaki et al., 2009).

Sallet et al. (2005) carried out a study with French basketball
players, and concluded that the anaerobic capacity could be
considered to be one of the most important performance factors
in this sport, regardless of the fact that, quantitatively, aerobic
work was more important for the energy supply. The study of the
load experienced by the athlete helps to understand the efforts
that lead to different energy requirements. The iTL and eTL of
basketball players makes it possible to understand the training
process, its effects on the athlete and the validity of specific
internal measures (Weaving et al., 2014; McLaren et al., 2017). In
men’s basketball, intensity differences have been found in the play
actions regarding the player’s position (Abdelkrim et al., 2007).
In team sports, it is essential to identify the most appropriate
exercise to promote the best performance adaptations. For

this, the differentiation of specific game positions is necessary
(Stiffler et al., 2015; Vitale et al., 2016, 2018). In women’s
basketball, differences in the distance covered have been found
according to teams’ styles of play, but not as a function of match
periods (Conte et al., 2015). Besides, it has been confirmed that
physiological demands are different according to competitive
level and playing position (Rodriguez-Alonso et al., 2003).

With regard to the external load, the distance covered by
the female basketball players is similar (5-6 km per match) but
there are differences among categories relating to intensity. The
players in higher categories spend more time, in an intermittent
fashion, in the more intense work zones (Scanlan et al., 2012).
During a match the female players carry out between 576 and 652
movement patterns, which implies a change every 3 s (Matthew
and Delextrat, 2009; Conte et al., 2015; Delextrat et al., 2015).
Regarding the most explosive actions in the game, the players
carry out between 1 and 2 jumps per minute and about 45
sprints per match (Matthew and Delextrat, 2009; Conte et al.,
2015; Delextrat et al., 2015). In relation to the internal load in
women’s basketball, the authors have found a mean HR of 162-
173 bpm, a HRmax of 188-195 bpm and a %HRmax of 82.4-
92.5% (Rodriguez-Alonso et al., 2003; Matthew and Delextrat,
2009; Scanlan et al., 2012; Abad et al., 2016; Reina et al., 2017).
With respect to training, there are no ecological studies that
assess it, without the intervention of the researcher, although it
is considered essential to carry out this type of studies.

When analyzing sports competition together with training,
it has been found that the type of training situations has been
evaluated in order to compare them with demands generated by
competition and in an attempt to try to match them. However, it
has only been found that the demands of training equal or exceed
those in matches or conditioning exercises (Petersen et al., 2011).
Reina et al. (2017) showed that kinematic demands, as well as
the more intense cardiac values, depend on the type of playing
situation, the loads more similar to the competition are given
in the 5 vs. 5 training tasks; however, higher values were always
recorded in competition.

In addition, the literature establishes the importance of
psychological factors such as motivation, stress or fatigue in
sports performance. Coaches use technology to track players
throughout the season, real-time monitoring provides data to
minimize factors such as fatigue and the risk of injury (Fox
et al., 2017). Marcora et al. (2009) state that mental fatigue
is a psychobiological state caused by prolonged periods of
demanding cognitive activity and is characterized by subjective
feelings of fatigue and lack of energy that could decrease
performance.

Research that describes women’s competition is relatively
scarce (Matthew and Delextrat, 2009; Narazaki et al., 2009;
Scanlan et al., 2012). It is not clear how to address the individual
needs of female players in order to optimize performance while
following the principles of sports training, such as individuality
and specificity (Boyle et al, 1994; Bompa and Haff, 2009).
There are no studies about the work base performed during
training, and no studies have been done comparing the load
variables recorded by inertial systems, between training and
official competition in women’s basketball. Thus, the main goal
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of this research was to analyze the existing differences in the
iTL and eTL between a 5 vs. 5 match in an official competition
and 5 vs. 5 in female basketball training, as a function of
the specific position of each player. Secondly, to know which
physical and physiological capacities are the most influential for
performance during competition. It was hypothesized that the
training load was different from the competition load, being
superior in competition. The same would be true of the specific
playing positions, each one will have specific characteristics.

MATERIALS AND METHODS

Experimental Approach to the Problem

This investigation follows an associative strategy (Ato et al., 2013)
where an attributive variable is utilized and differences between
groups are examined. It is a longitudinal observational study
performed with amateur athletes participating in official Spanish
Regional competitions.

The data was collected after the qualifying phase of the
competition. Only games played during the final phase (last 2
months of the season) were analyzed. In this phase, teams of
similar characteristics compete among themselves (the six best
teams in competition). All players took part in the pre-seasons
conditioning program to ensure a good standard of fitness at the
start to the championship. Competition habits were established
by this time, therefore avoiding the possibility of untrained
athletes (Matthew and Delextrat, 2009). In addition, data was
collected from training carried out during this period. All the
analyses were run according to playing positions. Overall, data
sets were collected from 22 training sessions and eight official
competitive matches (Figure 1). Only the 5 vs. 5 tasks were used
for the analysis, therefore, 47 tasks per position were used (235
statistic units). The purpose was to analyze and compare the full
game situation in training and competition. Knowledge of the
load that female basketball players reach in training compared
with competition, would allow coaches to design sessions with
the specific demands of competition for each playing position.

Subjects

The population to which this study was oriented were senior
female Spanish basketball players (>18 years). The team is
amateur because they don’t receive remuneration. It is a senior
team, in which each player has already defined its predominant
role in the game. It is true that the general game dynamics may
cause them to perform other specific functions during training
and competition. The participants in the following study were
10 basketball players (2 Point Guards, 2 Shooting Guards, 2
Small Forwards, 2 Power Forwards, and 2 Centers) who compete
at regional level (21.7 £ 3.65 years; 59.5 + 12.27 kg and 168.5
£ 3.56). All the players belonged to the same club and team,
and completed an 8-week pre-season conditioning program
consisting of a combined training plan of agility, plyometric,
anaerobic, and endurance components, ensuring adequate fitness
for the beginning of the competitive season. All players and
trainers were informed about the research protocol, requisites,
benefits, and risks, and their written consent was obtained before

10 amateur players

47 tasks
(235 statistic units)

5 playing position
(80 statistic units)

Hravg PL/min
HRmax Impacts/min
%HR Steps/min
Work Zones Jumps/min

FIGURE 1 | Methods flow chart.

the start of the study. The ethics committee of the University of
Extremadura approved the study (n° 67/2017).

Instruments

To collect the iTL and eTL variables, each player was equipped
with a Garmin™ Heart Rate Band and a Wimu™ inertial
device (Muyor et al., 2017) that monitors physical activity and
movement. The SPro™ software automatically analyzes all the
data gathered by the inertial device and sends it to the computer
screen in real time. The Wimu™ inertial device was turned on
and placed in a specific customized vest pocket located on the
posterior side of the upper torso fitted tightly to the body, as is
typically used in games. Both the inertial device and the software
come from the same organization (RealTrack Systems, Almeria,
Spain).

Variables

The independent variable was Game situation (GS), defined as
the specific demands and the number of players involved in
the training situation (Ibanez et al., 2016). The 5 vs. 5 training
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situations with the characteristics of real competition, Full Game
(FG), and 5 vs. 5 in official league games (C) were used for the
analysis. In addition, four dependent variables were established,
iTL; eTL; playing position and time.

Internal Training Load

These variables were collected from a heart rate monitor. Heart
Rate (HR) was measured in beats per minute. The values were
expressed as: Average Heart Rate (HRavg), Maximum Heart Rate
(HRmax), %Maximum Heart Rate (%HRmax) and Work zones
(Makivi¢ et al., 2013). The work zones were the time that players
spent in each zone during the task. Work zones were established
as the percentage of the maximum heart rate that each game
situation implied. The work zones were Z1 (50-60%), Z2 (60—
70%), Z3 (70-80%), Z4 (80-90%), Z5 (90-95%), and Z6 (>95%).
These work zones are calculated automatically and individually
by the SPRO™ software. For this, the HRmax presented by each
player in each session is taken into account.

External Training Load

These variables were recorded with the accelerometers using
WIMU™ inertial devices. The specific software SPRO™
processes data raw from the accelerometer automatically. This
step avoids possible errors by researchers. The following
neuromuscular variables were selected:

- Impacts: Measuring the g force to which the body is subjected
in the different play actions being the vector sum of the g forces
that a player endures in the three planes (x, y, z). The value of
an impact is established when the G force of the movement
is higher than 5 Gs (Puente et al., 2017). The manufacturer’s
software (SPRO™) uses these reference measurements.

- Steps: Movement that implies advancing with a flight time of
<400 ms.

- Jumps: Movement that consists in elevating oneself from the
court with an impulse that implies more than 400 ms of flight
time before landing again, in the same or another place. The
manufacturer’s software (SPRO™) reference measurements
have been used (Pino-Ortega et al., 2018).

- Player Load: Is a vector magnitude derived from the triaxial
accelerometry data that quantifies movement with high
resolution. It is the vector sum of the accelerations of the
device on its three axes (vertical, antero-posterior and lateral),
and is calculated from the following equation where (Z) is
acceleration on the antero-posterior axis, (X) is acceleration on
the medium-lateral axis; (Y) is acceleration on the vertical axis,
(t) is time and (n) is number. Accelerations and decelerations
are used to build a cumulative measurement of the acceleration
change rate. We use a cumulative measurement (PL) and
an intensity measurement (PL.min-1), which can, therefore,
indicate the stress rate that the player’s body is subjected
to during a determined time period. The Player Load as a
load unit has a moderate-high grade of reliability and validity
(Barreira et al., 2017).

Equation 1. Accumulated PlayerLoad™ wused in the

quantification of loads in sport. Where: Z, acceleration of
the anterior-posterior axis; X, acceleration of the medial-lateral
axis; and, vertical axis acceleration; t, time; n, number.

Playing Position
Specific position of the player in the team (Point Guard, Shooting
Guard, Small Forward, Power Forward, Center).

Time
Time in minutes in each 5 vs. 5 training and competition. Rest
periods between quarters and time out were excluded from the
study.

The data obtained from the selected kinematic variables for
this study come from the internal sensors of an inertial device
(accelerometers, pedometers, radiofrequencies) and do not rely
on data from global positioning systems (GNSS), since for this
study the position of the players on the court was not analyzed.
For the statistical analysis, all the kinematic data were normalized
to the practice time (repetitions per minute).

Procedures

Once the sample and the competitive phase were selected,
data was collected by monitoring each of the players in every
training session and matches played during that period. All
players took part in the pre-season conditioning program to
ensure a good standard of fitness at the start of the competition,
avoiding the possibility of having untrained athletes (Matthew
and Delextrat, 2009). Players always trained and played in their
specific position. The data collection in training and competition
was not performed in the same manner, differing in the following
way:

Training Analysis

Each training week included 3 sessions of an hour and a
half each, totaling four and a half weekly training hours, plus
the corresponding match. All training sessions in the final
competition phase began with 15 standardized minutes based on
dynamic stretching exercises, reactivation and racing. The players
were allowed to drink water during recovery periods. All training
sessions were designed, directed and supervised by the coaching
staff. The training sessions were based principally on contesting
shot exercises, small sided games, tasks with number superiority
or inferiority and 5 vs. 5 tasks. In this study, the demands
generated by the FG in training were analyzed to subsequently
compare it with the real game. 5 vs. 5 tasks in training took
place at the end of the session, with an average total duration
of 18.76 min. The tactical instructions were the same as those
performed in matches and fluctuated depending on the opponent
(Abdelkrim et al., 2010). It has been stated that time-motion
variables do not vary according to different defensive tactics
(Sampaio et al., 2016). The tasks of 5 vs. 5 respected the rules
of the competition and the scoreboard was used to control time,
fouls, free-throws.

t=n
PlayerLoadi—y Yy \/ (Zizit1 = Zi=)? + Kizit1 — Xe=)* + Yizip1 — Yizi)? M

t=0
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TABLE 1 | Descriptive and inferential results as a function of game situation.

5vs.5in 5vs.5in F d
Training Competition
iTL HRMax 175.18 192.33 33.23** 1.01
HRAvg 145.91 169.18 65.16"* 1.32
%HRMax 72.95 84.59 65.16"* 1.32
Z1 (60-60%) 17.78 3.66 23.83** 0.84
72 (60-70%) 19.32 6.30 4447 118
Z3 (70-80%) 23.28 12.35 26.42" 0.92
Z4 (80-90%) 27.38 37.74 15.89* 0.62
75 (90-95%) 9.19 31.84 130.92*** 1.64
76 (>95%) 1.27 8.09 69.53"** 0.87
eTL PL/min 0.94 2.82 814.84 2.37
Impacts/min 1.69 1.65 0.02 0.02
Steps/Min 39.15 53.96 63.37*** 1.15
Jumps/Min 1.43 1.76 5.12* 0.32

‘0 < 0.05; *'p < 0.07; **p < 0.000.

Match Analysis

A real time analysis was made for the four quarters in every
competitive game, excluding the rest intervals between quarters
(Torres-Ronda et al.,, 2016). Training and competitive 5 vs. 5
quarters lasted 10 min. Quarters lasted a total of 16 to 19 min.
Only the players on the court were analyzed. Analyses were
performed during the whole time the quarter lasted. All variables
were normalized to minutes.

Statistical Analyses

First of all, the normal distribution of the data was analyzed
with the Kolmogorov-Smirnov test (Field, 2009), to select the
subsequent statistical analysis. Next, the kinematic variables were
normalized to action per min, due to the difference shown in the
time duration of determined tasks and compared to competition.
A descriptive analysis of the data was performed with means and
standard deviation of all the collected variables in the study both
in training and competition. Next, a one-factor ANOVA, with
the effect size according to Cohen’s d, was used to identify the
differences between groups and the effect magnitude of training
or competition. Effects sizes were calculated by Cohen’s d from
the F-test where effect sizes of 0.20 are small, 0.50 are medium
and 0.80 are considered large (Thalheimer and Cook, 2002).
Statistical analyses were performed using SPSS v.21 software
(Inc., Chicago, IL, USA). Statistical significance was set at p <
0.05.

RESULTS

Table 1 presents the descriptive and inferential results of all
variables according to Game Situation (5 vs. 5 in training and
competition). The main descriptive results show the higher
demand of official matches, as reflected by the results of the iTL
variables (maximum, average, heart rate, or the time percentage
spent in each zone) (Figures 2, 3).

iTL
220
r100 @ Training
S T ob | Competition
180 T
€ 160 - 80
) =
140 F70
100 wonw (60 @ %HR Training
OL.. I: . . 50 ™ %HR Competition
‘b*' 4‘70
& &

FIGURE 2 | Internal load by game situation.

Work Zones (%)
e==Training

Z1 (50-60%)

Competition

Z6 (>95%) Z2 (60-70%)

Z5 (90-95%) Z3 (70-80%)

Z4 (80-90%)

FIGURE 3 | Work zones by game situation.

Besides, they reveal variations in the number of actions per
minute when assessing the eTL variables (PL, Steps and Jumps
per minute), except regarding the number of impacts per minute
(Figure 4).

A large size effect was found in those variables that show a
statistically significant difference. This effect size is >0.80 in the
variables HRmax, HRavg, % HRMax, Z1, Z2, 73, 75, Z6, PL, and
Steps per minute.

Secondly, Table2 shows results from the analysis of
differences between positions and the variables analyzed in
training and competition. The results of the analysis on the basis
of the specific playing position using a one-factor ANOVA and
the effect size through Cohen’s d show that there are statistically
significant differences in the iTL, Player Load and steps per
minute variables (p < 0.005), in all specific playing positions,
comparing training and competition. In the case of the impacts
and jumps per minute variables, there are statistically significant
differences only for the Center role. The center is the player
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performing the least jumps and receiving the least impacts. The
Shooting Guard supports a greater internal load, having values
of 88.18% HRMax. In addition, the Power Foward is the one
that accumulates the most external load, having values of 3.45 PL
(Figures 5, 6). In addition, large effect sizes are shown except for
the impacts per minute and jumps per minute variables, which are
small.

DISCUSSION

The present investigation, as far as we know, is the first one
to combine an internal and external load in women’s basketball
during training and competition according to a specific playing
position. It was considered relevant to perform an inferential
analysis according to playing position in order to guarantee
specificity and individualized training principles, and differences
were found. It has emerged that the load supported by the
players during competition is higher, except for the number
of impacts per minute. The players perform more steps and
jumps per minute and their PL value is higher in competition.
The shooting guard role is the one that has the highest %HR
in competition, and its values of PL are greater than for the
rest of the game positions. In the case of the power forward,
she is the one who receives the most impacts per minute and
performs more steps and jumps per minute. In addition, the
competition imposes a greater physiological requirement than
training.

When practicing basketball, the players have to experience
similar demands to the ones experienced in competition,

therefore, the trainers have to know and be able to reproduce
them (Matthew and Delextrat, 2009; Conte et al., 2015; White
and MacFarlane, 2015; Tee et al., 2016; Torres-Ronda et al., 2016).
From the training standpoint it is useful to know if the workload
has been below or above the real game reference loads, according
to individual needs.

Regarding the load experienced by the athletes, there are
different means that allow it to be defined in both training
and sports competition. The monitoring of the external load
measurements derived from triaxial accelerometers is currently
considered a viable tool in team sports (Paul et al., 2010; Arruda
et al,, 2015). Besides, the evaluation of physical qualities through
the use of different tests can also be useful to establish training
programs, as well as to monitor it (Attene et al., 2016; Padulo
et al., 2016). Previous studies have examined load using video
Time Motion Analysis (Bishop and Wright, 2006; Scanlan et al.,
2012; Hulka et al., 2014) and have presented controversial results
in basketball studies as outcomes have varied according to the
investigation (Bishop and Wright, 2006; Abdelkrim et al., 2007;
Scanlan et al., 2012). Because of this, Arruda et al. (2015) suggest
that using measurements derived from accelerometers could be
an alternative, objective and reliable method to assess external
load in training.

Player Load has been measured as a reliable and reproducible
metric in the quantification of cumulative motion for indoor
sports (Peterson and Quiggle, 2017). The use of inertial devices,
such as accelerometers also makes it possible to analyze
body impacts. This measurement represents an unspecific
assessment of the amount and magnitude of specific high-
intensity movements in basketball which cannot be registered
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TABLE 2 | Inferential results as a function of the game situation and specific position.

GS* Point guard Shooting guard Small forward Power forward Center
(n = 16 competition)  (n = 16 competition)  (n = 16 competition)  (n = 16 competition)  (n = 16 competition)
(n = 235 Training) (n = 235 Training) (n = 235 Training) (n = 235 Training) (n = 235 Training)
L HRMax Training 171.97* 184.46™ 180 161.33* 180.34*
Competition 191.33 196.83 193.67 187.43 193.25
HRAvg Training 141.82" 152.87** 147.52** 134.87* 154.18"
Competition 169.76 176.36 173.14 157.04 173.09
%HRMax Training 70.91* 76.44* 73.76™ 67.44" 77.09"
Competition 84.88 88.18 86.57 78.52 86.55
eTL  PL/min Training 0.94** 0.91* 0.95™ 0.96"* 0.92**
Competition 2.64 3.45 2.78 2.92 212
IMPACTS/min  Training 1.41 3.73 1.64 1.62 0.27*
Competition 1.63 1.83 1.62 2.06 0.83
STEPS/min  Training 36.58" 47.05* 3514 43.81™ 33.44
Competition 48.03 56.91 50.51 60.28 52.65
JUMPS/min Training 1.32 1.73 1.6 1.77 0.68*
Competition 1.65 212 1.51 2.15 1.13
*p < 0.05; *p < 0.01; **p < 0.000.
HRA essential measure of physical load (Chambers et al., 2015). Per
V9 example, numerous short sprints might occur in successive
190 Training different directions, therefore the development of a multi change
180 I T T - of direction is expected to help fitness trainers and coaches for
T . .. .

170 Competition training evaluation purposes, among others (Padulo et al., 2016).
£ 160 The training with multiple changes of direction reproduces more
g 190 closely the kinds of movements typical of basketball and should

140 be preferred from an ecological point of view during training

:zg (Attene et al., 2016).

II I I I I Physical fatigue using the variable PlayerLoad has been
0 5 5 N < Py analyzed, but mental fatigue has not been taken into account.
< © ° s Marcora et al. (2009) establishes that subjects with mental fatigue
Playing Position qualify the perception of effort during exercise as significantly
greater compared to the control condition. Therefore, it limits
tolerance to exercise in humans through greater perception of
HRMax effort. Besides (Padulo et al., 2018), confirm through their study
210 the need for a good recovery by the players during breaks,
Training waiting times, and substitutions since the increase in metabolic

200 r [ ips . . .
190 T T | conditions, such as the increase in HR, decreases the jump

Competition performance.

180 . Lo . s
E 470 Statistically significant differences between training and
S o . .
@ o competition were found for the analyzed team regarding this

150 kind of variables. Higher values were found in the PlayerLoad

100 variable and the number of steps per minute in all the specific

oil I I I I playing positions was higher in competition. In the case of
QC; %@' & & < impacts and jumps per minute, only the Center position revealed
. . differences between training and sports competition. The Center
Playing Position . . .
players received more impacts and performed more jumps
FIGURE 5 | Internal load by playing position. per minute in official matches. Therefore, the competition
demands obtained a directly influence in the neuromuscular

by GPS (Weaving et al., 2014; Puente et al., 2017). The impacts
per minute variable suggests the number of changes of direction,
and actions involving the use of the body such as blocking,
rebounding or defending (Barbero et al.,, 2014), which are an

load of centers in relation to training sessions, not found
this influence in the rest of playing roles. This effect could
be produced due to a higher intensity of specific skills with
physical contact (rebound, picks, to buttock down, etc.) during
competition due to a higher level opposition. In this sense
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(Gabbett, 2016), claim that pre-competition sessions with a high
load generate positive adaptations that reduce the risk of injury.
So it is recommended to adjust the demands of competition to
training.

Regarding the internal load, the specialized literature states
that this kind of variables allow a more adequate control
of the different responses of the organism toward training
and competition (Makivi¢ et al, 2013), therefore it is a
vital complement when characterizing load. Compared to
competition, Torres-Ronda et al. (2016) have shown that more
similar cardiac responses to the ones in competition appear with
5 vs. 5 training, however, higher values were registered in men’s
basketball competition. Likewise, regarding women’s basketball,
Matthew and Delextrat (2009) obtained a HRAvg of 165 and a
maximum of 170 in matches and Scanlan et al. (2012) obtained
mean values of 162 bpm. In this study, HRAvg and HRMax
during competition were 171 and 193 bpm while during training
they were 145 and 175 bpm. The available literature shows lower
values of HR, probably due to the sample studied. In Elite players
have better fitness and conditioning, expressed as a lower HR in
competition (Drinkwater et al., 2008), therefore it is necessary to
specify the age, competitive level, gender and characters of the
players.

Differences according to playing position are mainly due to
the specificity and specialization of players, how they relate with
their teammates or the needs of the competition (Sampaio et al.,

2008, 2015). An understanding of these differences is essential for
designing training sessions adequate for competitive demands.
Some players may reach a higher volume of work for the entire
session, while others may do less work overall but consistently
reach higher intensities. Guards have to perform at high intensity
on the whole court, whereas centers have to do so near the
basket. These variations in demands are evident between playing
positions and level of anaerobic and aerobic fitness (Abdelkrim
et al., 2007; Tee et al., 2016). Monitoring volume and intensity
during training and competition, and reporting data individually
better than jointly appears to be essential (Howatson and Milak,
2009) for designing specific training sessions for the competitive
demands of each player.

In this study, shooting guards are the players that face the
greatest physical demand, both in 5 vs. 5 training and in
competition. Their mean and maximum HR values are higher
than the rest, as well as Player Load, impacts and steps per
minute, while in jumps per minute maximum values are shown
by the power forwards. According to Delextrat et al. (2015)
shooting guards and small forwards cover more distance in
offense without the ball than point guards, who demonstrate
more ball control and have greater passing abilities. Regarding
the internal load, differences were found in HRAvg and %HRMax
between shooting guards and small forwards compared to power-
forwards. Therefore, the outside players are the ones that show
a higher physical demand through the HR. Based on this,

Frontiers in Psychology | www.frontiersin.org

69

January 2019 | Volume 9 | Article 2689


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Reina Roman et al.

Training and Competition Load in Women'’s Basketball

Puente et al. (2017) affirm that the centers cover less distance
and achieve a lower peak velocity than the outside players,
revealing lower external and internal demands than the outside
players.

Significant differences were found between the inside players
(power forwards and centers). The centers have higher cardiac
responses, while the power forwards cover greater distances,
and perform more jumps and impacts per minute, both in
training and competition. In other studies the difference between
inside players and outside players has been noted (Torres-
Ronda et al., 2016). Besides, players in these positions are clearly
differentiated by their anthropometric characteristics in high-
performance basketball (Ostojic et al., 2006), but not as clearly
in trainees or non-professional players (Nikolaidis et al., 2014). It
is possible that in this study, due to the non-professional status
of the players, the anthropometric differences between the inside
players imply differences in the physical demands, when previous
research stated that they perform at a similar level (Delextrat
et al., 2015; Torres-Ronda et al., 2016). Delextrat et al. (2015)
characterize the inside players as performing more jumps and
static efforts (blocking, positioning for the rebound...). In this
study, significant differences were found between centers and
other specific playing positions, showing less jumps per minute
(1.13 jumps/min) and a lower Player Load variable (2.12 Player
Load/min) supported by the inside players. However, power
forwards achieved more jumps per minute and, with the shooting
guards, were the ones that experienced a higher Player Load (2.29
Player Load/min). Inside players, due to their anthropometry,
possibly do not need to perform some actions in play. For
example, due to their physical dominance and height, centers
do not need to jump for rebounding or blocking. On the other
hand, power forwards record the highest number of impacts
and jumps both in training and in competition. Therefore,
this playing position would imply a greater effort during the
game in order to achieve a better performance; hence, different
conditioning training has to be planning according to playing
position.

Competition presents higher demands regarding iTL and eTL
compared to 5 vs. 5 training. Statistically significant differences
were shown in every analyzed variable except for the number
of impacts per minute. Differences were found in the demands
generated by the different playing positions, but in all cases they
were higher in competition. Training sessions usually do not
exceed the time of an official match so the same requirements
could apply, but, as observed, they are not of the same quality.
Hence, the existing differences in the rest of the variables imply a
higher game intensity and, thus, the needs of competition are not
being met making it essential to generate an optimal load in the
prior training so the athlete can face the demands of competition
and be physically ready to compete without the risk of an injury.

CONCLUSION

This is the first study to describe the internal and external load
demands experienced by senior female basketball players during
training and sports competition. Results show the importance

of developing specific training plans and conditioning programs
adapted to each player at every sport level. If training does not
reach the specific demands of competition, a lower competitive
performance will be achieved. In addition, rest and tapering
periods should be established according to the load experienced
by the athletes. Player Load is related with injury risk (Barreira
et al., 2017). High intensity accelerations and decelerations are
related with muscular damage and are not perceived by athletes
until 24 h later (Howatson and Milak, 2009; Barreira et al., 2017).
Regarding this point, the shooting guard and power forward
experienced higher loads than the rest of the team; therefore,
they would need more physical conditioning in training in order
to maintain an optimal performance in competition. On the
other hand, they also need resting periods to avoid the risk of
injury.

Some of the main limitations of the work are those related
to the size of the sample. Although a considerable number of
games and training tasks have been used, only players from the
same team participated, so it is unknown whether these physical
profiles are generalizable to other teams of the same competitive
level. Obtaining data in a massive way in a real situation of
training and competition through the use of inertial devices
is very expensive. On the one hand, the need to provide an
IMU to each player. On the other hand, the limitations that
some sport modalities establish, special permits being necessary.
Therefore, a team that was willing to be monitored during a
competitive period was contacted, while the official permission
of the federation was obtained to be able to use it during the
competition. The main strength has been to be able to use these
devices in official competition matches, to verify the real load
supported by the players in a specific context, in the field of play
and not in the laboratory. Currently we are working on increasing
the sample, of different categories and levels for a better definition
of women’s basketball in general.

This preliminary study was conducted with amateur players,
and it is necessary to implement this study with professional
players to check if this type of response is similar. It is necessary
to carry out specific studies to individualize the results in each
competitive level and age of training.

PRACTICAL APPLICATIONS

The results of this study provide the key to adapting the abilities
that must be performed during training sessions according to
player’s positions. Thank these results. physical trainers and
coaches will be able to adapt their training to what happens in
competition, preparing players to face the same demands as those
that are generated by real matches.

As for the internal load, the HRmdax obtained in training
equals HRavg in matches. The players must work in higher areas
of heart rate during training, mainly in Z4 and Z5. It could be
achieved by interval exercises without full recovery, to work at the
appropriate threshold. For example, a task of 5 vs. 5 in which each
team makes at least three attacks and defenses, without stopping
the game (dead ball, stops for fouls, out of bounds, field goal, etc.).
As a rest interval, each team will make a free throw.
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The eTL supported by the players in the competition is much
higher than the one supported during the training. It is necessary
for players to experience and train the load they have to endure
in matches, mainly to prepare and prevent injuries. for this, the
5 vs. 5 tasks have to keep the players active and intense for a
longer time and rest periods must be controlled so that they are
not excessive. If necessary, rules can be established for different
game positions to perform a minimum number of actions (such
as jumps, changes of direction, contacts, etc.). For example:

- That it is not necessary to take off ball after goal to give
continuity to the game and that the trainers establish the rest.

- That the ball touches the backboard or the rim to get point.
Thus, we managed to increase the number of jumps and
impacts to catch the ball by the inside players.

- That outside players have to make a certain number of changes
of direction in each attack, with or without the ball.
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This study aimed to develop a valid and reliable performance analysis template for
quantifying team action variables in elite men’s wheelchair basketball. First action
variables and operational definitions were identified by the authors and verified by an
expert panel of wheelchair basketball coaching staff in order to establish expert validity.
A total of 109 action variable were then placed into 17 agreed Categorical Predictor
Variable categories. The action variables were then used to develop a computerized
performance analysis template for post-event analysis. Each possession (n = 200) from
an international men’s wheelchair basketball game was analyzed by the first author
on two occasions for assessment of intra-observer reliability and by a coach and a
performance analyst for inter-observer reliability. Percentage error and Weighted Kappa
coefficients were calculated to compare the levels of error and agreement for each action
variable. Intra-observer reliability demonstrated perfect or almost perfect agreement
(<K0.980) and low percentage error values (<1.50%) for the 109 action variables
within the 17 categories. Inter-observer reliability demonstrated perfect or almost perfect
agreement (<K0.974) and low percentage error values (<3.00%) for the 109 action
variables within the 17 categories. The template should be used in future for obtaining
valid and reliable data in elite men’s wheelchair basketball.

Keywords: sport performance analysis, Paralympic, reliability, validity, elite sport

INTRODUCTION

Performance analysis aims to assist the decision making and learning of athletes, coaches and
support staff (Sampaio et al, 2013; Hughes and Bartlett, 2015). Objective performance data
are collected regarding the key actions and behavioral aspects of an individual’s and/or team’s
performance (Sampaio et al., 2013) through specifically designed performance analysis templates
and systems. The data are then utilized to provide feedback. Central to the quality of the feedback is
the analyst’s ability to design an appropriate data collection template that will permit the collection
of valid and reliable performance data.
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If a sport performance analysis template can record a sports
performance using precise definitions of actions and events and
consistently produce similar or identical results each time it is
used, it can be deemed both valid and reliable. However, previous
performance analysis research has highlighted problems in the
processes often undertaken to identify valid action variables and
to develop a reliable performance analysis template (Watson
et al., 2017; Jayal et al, 2018). Particularly in relation to the
validity of defining action variables, performance indicators,
operational definitions, and the reliability test procedures
themselves (James et al., 2005; Hughes et al., 2012; Thomson et al.,
2013; Hughes, 2015).

Hughes (2015) argued the presentation of reliability and
validation procedures has increased immensely since Hughes
et al. (2002) previously highlighted the need for the reliability of
performance analysis templates to be clearly established within
all studies. Prior to the 2007 special edition of the International
Journal of Performance Analysis in Sport that focused on
reliability issues in performance analysis, of the 77 empirical
studies published, only 56% of the journal’s articles reported
reliability procedures and only 42% included details detailing the
validation procedures.

Within the special edition’s editorial, O’Donoghue (2007,
p. i) stated the discipline “takes reliability very seriously
because many methods involve human operators where there
are many sources of measurement error.” Subsequently, the
number of articles within the journal presenting information
regarding the reliability procedures increased to 68% but
the number of studies outlining the validation processes
reduced to 40% (312 out of 462 articles that included
empirical data between 2007 and 2015). Despite these clear
recommendations, the importance of establishing and presenting
both the validity and reliability of performance analysis templates
is too often still overlooked. More recently, Watson et al.
(2017) have reiterated this point and attempted to address
the issue regarding validity and reliability of key performance
indicators that discriminate between successful and unsuccessful
rugby union teams. However, the issue of the collection of
valid and reliable performance analysis data in less studied
sports, e.g., wheelchair basketball, are no exception to this
trend.

Wheelchair basketball is played by people with varying
physical disabilities with a primary objective of scoring more
baskets than their opponents (Frogley, 2010). To achieve this
objective, the offensive team endeavors to progress the ball
toward the basket by coordinating actions in an attempt to
position themselves close to the basket, whilst the defensive
team attempts to coordinate actions to restrict the offensive
players’ space to shot and regain possession. The two teams
consist of players with a range of disabilities, including
amputations, birth defects, cerebral palsy, paralysis due to
an accident and, spina bifida, and who are unable to play
the running form of basketball (Gil-Agudo et al, 2010).
The growth in the sport, now being played by over 105
nations (International Wheelchair Basketball Federation, 2016),
has led to the performance gap between participation and
qualification into a World Championships or Paralympic Games

becoming increasingly difficult. Nations have had to become
more tactically and technically strategic in the way athletes and
teams prepare for competitions through turning to performance
analysis (de Bosscher et al., 2008). The discipline, therefore,
seems to be an excellent approach for increasing the technical
and tactical understanding of wheelchair basketball demands,
assisting coaches, athletes, classifiers and analysts with the ability
to apply the findings in order to improve training plans and game
management.

Each of the seven post-event wheelchair basketball
performance analysis articles published, however, that have
attempted to explore the technical and tactical demands of
the sport using a form of performance analysis template
(Vanlandewijck et al., 1995, 2003, 2004; Molik et al., 2009;
Skucas et al., 2009; Gomez et al,, 2014, 2015), have inherently
questionable validity and reliability. These studies have relied
on box score data, with no consideration of its validity or
reliability and the (modified) comprehensive basketball grading
system (CBGS) to provide an “objective” means of evaluating
individual player performance. The CBGS was originally
developed for use in running basketball and from a very small
sample of games at a specific level of competition (Mullens,
1978), making it invalid for use in the wheelchair game. The
CBGS records the frequency counts of shots, rebounds, and
fouls drawing a game, concluding that the classification system
proportionally represents the functional potential of the players.
However, these findings offer limited tactical and technical
insights into the key determinants of success and thus provide
limited contextually rich data that can be used by coaches,
players and staff to inform future practice. Furthermore, the
post-event analysis completed in these studies and largely in
performance analysis research differs from applied practice
whereby the immediateness of the obtained results is of priority.
Post-event analysis, however, allows for greater in-depth
analysis and warrants a higher precision of accuracy due to
the possibility that errors can be rectified (Arriaza and Zuniga,
2016).

Researchers have attempted to include wheelchair basketball
specific variables in the modified-CBGS (Byrnes and Hedrick,
1994), however, the sport-specific variables were removed due
to definitional errors identified as a result of the operators’
experience (Vanlandewijck et al.,, 2003, 2004). The CBGS and
modified-CBGS data were also found to be highly correlated with
one another. Reliability of these studies was assessed by inter-
observer reliability procedures using a Pearson’s R Correlation,
which has been criticized due to presenting miss-leading results
as it is an assessment of relationship, not agreement (Liu
et al., 2016). Despite this, researchers have elected to use this
“evidence” to determine the quality of players’ games and
made comparisons between functional classification groups,
identifying that higher classified players achieved higher CBGS
scores.

Furthermore, researchers have also claimed the findings from
individual box score data can be used to provide an insight
into team performance. Neither version of the CBGS, however,
capture contextual and situational relevant data regarding
team performance. Aratjo and Davids (2016) argued that it
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is important to consider the interactive behaviors of players
over time and recording these on a continuous or sequential
basis. Researchers have identified the performance relationship
between game status (e.g., Sampaio et al., 2010), line-up rotations
(e.g., Clay and Clay, 2014) and the offensive-defensive dyads
involved in sports (Garcia et al.,, 2013), and thus by capturing
this data it may be possible to provide meaningful objective
augmented feedback (Araujo, 2017; Jayal et al,, 2018). Passos
(2008) also argued that the collection of discrete variables,
as is the case with the (modified) CBGS, does not provide
a true insight into an entire performance. Additionally, the
seven studies did not mention how the action variables were
established. Therefore, if the process of establishing the action
variables is not outlined and the secondary box score data
has been shown to be potentially incorrect, the data collected
should not be used by coaches, players and support staft
to inform decisions regarding team aspects of performance
(Ziv et al., 2010). The (modified) CBGS is not suitable
for measuring team performance in elite men’s wheelchair
basketball.

Considering the above concerns within the discipline and
specifically in wheelchair basketball regarding reliability, there is
aneed for a new post-event valid and reliable sports performance
analysis template to assess a team’s performance in wheelchair
basketball. The template is required to correctly identify and
record the actions that occur during a game in a consistent
manner, thus providing coaches, players and support staff with
meaningful performance data to inform future decision making
following games. The variables that are analyzed in the study can
contribute to the players  learning, thus increasing the likelihood
of wheelchair basketball teams achieving performance success.
As such, an adequate methodological process for quantifying
action variables in elite men’s wheelchair basketball was required.
Therefore, the aims of this paper were to (i) develop a
valid performance analysis template in elite men’s wheelchair
basketball and (ii) assess its intra-observer and inter-observer
reliability by the lead author, a wheelchair basketball coach and
a performance analyst intern.

MATERIALS AND METHODS

Following ethical approval from the University of Worcester’s
Ethics and Research Governance Committee, the methodological
approaches used by James et al. (2005) and Thomson et al.
(2013) were followed as an initial framework. The framework
was adapted and followed nine distinct stages; stages one to six
relating to the validation process, stage seven developing the
performance analysis template and stages eight and nine referred
to establishing reliability (Figure 1).

Validation Process

First, a list of 120 action variables was developed from previous
wheelchair basketball literature and the knowledge of the authors.
The action variables were initially grouped into 16 categories
depending on the sub-phases that would occur during a single
possession in the game. The action variables within each category

were an exhaustive list of all behaviors that could occur which
help toward understanding the sequential nature of a possession
that would contribute toward scoring a basket.

Second, on receipt of written informed consent, developed
in line with The British Association of Sport and Exercise
Sciences code of conduct, from four elite wheelchair basketball
staff, the list was circulated and the participants were given
1 week to scrutinize the information. The four staff members
consisted of three elite wheelchair basketball coaches (Coach one:
20 years experience; Coach two: 19 years experience; Coach
three: 19 years’ experience) and a member of support staff from
an elite wheelchair basketball team (3 years” experience). During
the week, the staff were asked to review the list and provide their
opinions as to whether the variables and categories would allow
the collection of objective data regarding the sequential nature of
a possession. The staff made notes on the list and returned it.

Third, adaptations were made to the action variables and
categories during a focus group with all four staff and the lead
researcher. Following the discussion, the adapted list comprised
of 109 action variables placed into 17 categories. The Offense -
End and Defense — End categories were combined into the End
of Possession category, removing 18 action variables, the action
variables within the Offense — Shot category were split into
three categories (Shot Taken, Shot Point, and Shot Outcome)
adding two action variables and the Defensive System category
added five action variables to provide additional context to the
possession.

Fourth, operational definitions were developed for each of the
109 variables using various resources (Frogley, 2010; Federation
International Basketball Association, 2014; International
Wheelchair Basketball Federation, 2014). The list of action
variables and operational definitions was then re-circulated to
each of the wheelchair basketball staff members who were given
another week to comment.

Fifth, the staff identified any suggested amendments to the
definitions during a second focus group. The definitions for
“Zone” and “Highline” Defensive System were discussed and
amended to add further clarity.

Sixth, video clips with overlaying text were created illustrating
each action variable. The clips were circulated to the wheelchair
basketball staff using external hard drives. Each member was
given 1 week to watch the clips and ensure the overlaying text
represented the operational definitions for each action variable.
One staff member requested a further clip to illustrate the
different types of Defensive System when a team were playing a
“Highline” defense. The clip was circulated to all staff members.
After watching the additional clip, the staff members confirmed
the second video clip represented the overlaying text more
accurately. No additional clips or amendments to the operational
definitions were required, resulting in the final list of 109 action
variables placed into 17 categories (Table 1).

Template Development

Following the validation process (stages one to six above); a
performance analysis template was created in SportsCode Elite
Version 10 during stage seven by the lead researcher, the four
wheelchair basketball staff and the performance analysis intern.
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FIGURE 1 | Diagram showing the systematic research process for developing a new performance analysis template [adapted from James et al. (2005) and Thomson

etal. (2013)].

»{Performance analysis template created

The template underwent two pilot tests on a randomly selected
elite wheelchair basketball game from a pre-tournament held
in 2015. As a result of this pilot, the buttons were resized and
positioned in their category group (Figure 2).

Reliability Process

Intra-Observer Reliability Assessment

During stage eight, one game of elite male international
wheelchair basketball was selected at random from the 2015
European Wheelchair Basketball Championships. The footage
was imported into SportsCode Elite Version 10 and converted
into a “SportsCode Project” analyzed post-game and viewed at
normal playback speed (25 keyframes per second). If necessary,
the playback speed was adjusted to ensure events were observed
and recorded accurately. Multiple actions within a category could
be recorded. For example, if the player was fouled in the act of
scoring a successful basket then the End of Possession category
would automatically record “Basket Scored” and “Foul For.” In
addition, the home and away team numbers were checked against
the official tournament website and the players’ classifications
verified on the International Wheelchair Basketball Federation’s
player database.

Levels of agreement with Weighted Kappa -coefficients
(Cohen, 1968) and percentage error values (Bland and Altman,
1999) were calculated for each category. The interpretation of
Weighted Kappa coefficients within the field of performance
analysis has been demonstrated by Lamas et al. (2015); with
the following values being utilized: “<0 less than the chance
agreement, 0.01-0.20 slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 substantial agreement,
and 0.81-0.99 almost perfect agreement” (Landis and Koch, 1977,
p. 165). Whilst, the level of reliability for each category when
using the percentage error value was deemed acceptable when less
than five per cent error was identified (Hughes et al., 2002).

For intra-observer procedures, 100 Home Offense and 100
Away Offense possessions were analyzed on two occasions
with a period of 4 weeks between the two observations.
The two observations were exported as categorical variables
from SportsCode using the “Sorter” function into Microsoft
Excel. The 400 rows of data were transferred into a CSV file
(Supplementary Data Sheet S1) and imported into R (R Core
Team, 2015). Weight Kappa coeflicients and percentage error
values were calculated for each category to determine intra-
observer agreement levels between the two observations. Where
categories did not demonstrate perfect agreement or establish a

Frontiers in Psychology | www.frontiersin.org

January 2019 | Volume 10 | Article 16


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Francis et al.

A Wheelchair Basketball Analysis System

TABLE 1 | Operational definitions for the action variables in each category.

Category Action variable Definition
Quarter Q1 A possession which occurs during the stated quarter of the game.
Q2 The time in the game is indicated on the scoreboard. Each quarter
Q3 lasts 10 min, with the clock stopping when the ball is dead (out of
Q4 bounds, foul or the referee stops play).
Over time Once all four quarters have been played, a 5 min period of overtime
will be played if the teams are drawing.
Game status Winning At the start of a possession, the team with the ball are currently
leading on the scoreboard.
Drawing At the start of a possession, the team with the ball are currently
drawing on the scoreboard.
Losing At the start of a possession, the team with the ball are currently

Home team
Away team

Home classification
Away classification

Start of possession

Shot taken

Shot point

The vest numbers of the on-court players, ranging from 0 to 99. For
every possession, there will be five “Home Team” numbers and five
“Away Team” numbers.

The classification of the on-court players according to the
International Wheelchair Basketball Federation classification
system (International Wheelchair Basketball Federation,
2016). For every possession, there will be five “Home
Classification” numbers and five “Away Classification”
numbers.

Inbound — baseline

Inbound — endline

Sideline — front

Sideline — back

Defensive rebound

Offensive rebound

Free throw

Other start
Turnover

Shot

No shot

One

Two

losing on the scoreboard.

The referee will take the ball to either side of the backboard in the
defensive half of the court where the play will begin. One player on
the offensive team will push out of bounds behind the baseline and
is given 5 s to pass the ball to a teammate.

The referee will take the ball to either side of the backboard in the
offensive half of the court where the play will begin. One player on
the offensive team will push out of bounds behind the baseline and
is given 5 s to pass the ball to a teammate.

The referee will take the ball to the location near the half-court line
where the play will begin. One player on the offensive team will push
out of bounds behind the sideline and is given 5 s to pass the ball
to a teammate from within the offensive half of the court.

The referee will take the ball to the location near the half-court line
where the play will begin. One player on the offensive team will push
out of bounds behind the sideline and is given 5 s to pass the ball
to a teammate from within the defensive half of the court.

The defensive team gains possession of the ball after a missed shot
that is not gathered by an offensive player.

Possession starts when the offensive team retains possession of
the ball after a missed shot.

An unopposed shot behind a line 15 feet from the basket, typically
awarded to an offensive player who is fouled while in the act of
shooting. Each free throw made is worth one point. A free throw is
also known as a “foul shot.”

Any other possession start, e.g., start of the game.

A turnover occurs when the offensive team loses possession of the
ball to the opposing team, resulting from a handling error.

During the possession, the ball is propelled in an upward direction
toward the basket in an attempt to score.

During the possession, the ball is not propelled toward the basket
or if the ball is propelled toward the basket when the shot clock is
past 0.1 s resulting in a Violation Against.

Following the awarding of a free-throw attempt, the ball is propelled
toward the basket from the free-throw line.

The ball is propelled toward the basket from inside the three-point
zone and the referee will raise one hand in the arm and holds up
two fingers.

(Continued)
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TABLE 1 | Continued

Category

Action
variable

Definition

Shot outcome

Shot clock remaining

Shot location

Man out offence

End of possession

Three

No shot

Successful

Unsuccessful

No shot

6-0.18
12-7s

17-13s
24-18's

Dead

No shot

2Point-Left - Base |2 T OINE-Cantra-Near 2 Point- Right - Basq

N—
2Point- : 2Point-
Lek-45 2 Point - Centre - Mid Right-45

f::"’" i 2Paint-
=2 Right -
Yo, @ =~

3Point

A

No shot

Equal numbers

Numbers
advantage

Foul against

Foul for

Violation
against
Defensive
rebound
Offensive
rebound

The ball is propelled toward the basket from outside the three-point
zone and the referee will raise one hand in the arm and hold up
three fingers.

During the possession, the ball is not propelled toward the basket
or if the ball is propelled toward the basket when the shot clock is
past 0.1 s resulting in a Violation Against.

A shot that falls through the ring and is awarded the relevant points
by the referee, indicated by the number of fingers held up by his/her
hand.

A shot that does not fall through the ring and is rebounded by a
player or a player is stopped due to a foul/violation or the ball goes
out of bounds.

During the possession, the ball is not propelled toward the basket
or if the ball is propelled toward the basket when the shot clock is
past 0.1 s resulting in a Violation Against

The time remaining on the shot clock when the offensive player
propels the ball toward the basket. The time is recorded when the
ball is released from the shooting player’s hands and not when the
ball hits the ring, backboard or when the basket is scored. 17-13 s
is also triggered when a player’s free-throw attempt (successful or
unsuccessful) would result in the shot clock counting down from
14 s.

The time on the shot clock is stopped. This only happens when an
unsuccessful free-throw attempt results in an additional attempt.
During the possession, the ball is not propelled toward the basket
or if the ball is propelled toward the basket when the shot clock is
past 0.1 s resulting in a Violation Against.

The location on the court where the shot attempt is taken from, this
is measured from the position of the wheelchair’s front castors.
When a Free Throw attempt is taken this is from the Free Throw
Line.

During the possession, the ball is not propelled toward the basket
or if the ball is propelled toward the basket when the shot clock is
past 0.1 s resulting in a Violation Against.

The number of offensive and defensive players in the front-court is
equal.

The number of offensive players is different from the number of
defensive players in the front-court.

The referee penalizes the team with the ball for infringing the rules of
the game, resulting in a loss of possession.

The referee penalizing a player from the team without possession of
the ball for infringing the rules of the game.

The referee awards the defensive team with a throw-in at the place
nearest to the infraction of the rules.

The defensive team secure possession from an unsuccessful shot.

The offensive team maintains possession from an unsuccessful
shot.

(Continued)
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TABLE 1 | Continued

Category Action variable

Definition

Basket scored

Other

Out of bounds

Free throw

Handling error

Defensive system 1 Man press

2 Man press
3 Man press
4 Man press
5 Man press

Highline

Zone

No defensive system

Defensive outcome Successful defense

Unsuccessful defense

Maintained
Lost
Basket scored

Possession

The referee awards the offensive team with either a one-point,
two-point or three-point score dependent on the location and
circumstance of the shot.

The possession ends by another means, e.qg., referee stopping
play due to a player out of their wheelchair.

The ball goes crosses the field of play and results in the
offensive team losing possession.

The referee awards a player with an unhindered shot in
basketball made from behind a set line due to being fouled by
an opponent.

A player from the offensive team loses possession through a
backcourt violation, traveling or the opposition stealing the ball.
The stated number of defensive players applying pressure in the
backcourt at the point when the ball is inbounded.

The defensive players initially set up above the free throw line in
a straight line between each sideline and force offensive players
toward the sideline.

The defensive players initially drop back to around the key
before either staying put or pushing out toward the three-point
line.

The defensive players are unable to adopt a system as the
offensive team attack the basket too quickly, e.g., from a
turnover or the defensive system adopted when a player is
taking a free-throw attempt.

The defensive team stop the offensive team from scoring and
secure possession. If the team stop the offensive team from
scoring but fail to secure possession the Defensive Outcome is
Unsuccessful.

The defensive team are unable to stop the offensive team from
scoring or from re-securing possession.

The offensive team re-secure possession.
The defensive team are unable to secure possession.
The offensive team score a basket.

zero per cent error, the source of the discrepancy was identified
and the specific possession was re-observed to create an agreed
observation.

Inter-Observer Reliability Assessment
Following the establishment of an agreed observation,
stage nine involved a wheelchair basketball coach and a
performance analysis intern completing an observation
of the same game, enabling the completion of an inter-
observer reliability test. The wheelchair basketball coach,
who had 19 years of sport-specific experience, was involved
in the classification of action variables and had a year of
experience using a similar performance analysis software
program (Dartfish TeamPro, Switzerland). The performance
analysis intern had 9 months experience of performance
analysis in wheelchair basketball) and 3 years of experience
as a performance analyst in rugby union using SportsCode
Elite.

The coach and performance analyst intern accessed the
action variables, operational definitions and the accompanying

video clips 2 weeks prior to conducting the observations to
help familiarize themselves with the specific behaviors they
were required to record. In addition, the coach and the intern
were allowed to code a pre-tournament game between the two
competing nations to assist with learning the performance
analysis template and the software. Familiarization varied in
time for the two operators, with the coach completing four
sessions of 2 h over a 5 day period and the intern undertaking
an additional 2-h session before both individuals felt they
were able to complete the reliability test (O’Donoghue,
2014). The testing was conducted 1 day after they had
completed their final familiarization session. The coach and
the intern focused on observing the entire game, which
equated to 200 possessions. Weighted Kappa coefficients and
percentage error values were calculated for each category
to determine inter-observer agreement levels with the
agreed observation being first compared against the coach’s
observation and second against the performance analyst
intern’s observation. Finally, the coach’s, performance analyst
intern’s and the agreed observation were triangulated and
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FIGURE 2 | Team performance analysis template for coding wheelchair basketball performance.

expressed as Weighted Kappa coeflicients and percentage error
values.

RESULTS

Intra-Observer Reliability Test

Cohen’s Weighted Kappa demonstrated perfect agreement
(K1.000) for 12 categories and almost perfect agreement (K0.987-
0.994) for the remaining five categories between the first (Ob1)
and second observation (Ob2) (Table 2). Percentage error
reported zero error for the same 12 categories and below the
five per cent acceptable error percentage for the remaining five
categories.

Inter-Observer Reliability

Agreed Observation Versus Coach’s Observation

The test demonstrated perfect agreement (K1.000) and zero
percentage error for ten categories and almost perfect agreement
(K0.974-0.993) and within the acceptable percentage error
threshold (0.50-1.50%) for the remaining seven categories
(Table 3). The Man-Out Offense category recorded the lowest
Weighted Kappa coeflicient (K0.974) but almost a zero
percentage error value (0.50%). By comparing the frequency
counts for each action variable between the two observations
within this category, it was identified that no action was recorded
for one possession by the coach resulting in the discrepancy.

Agreed Observation Versus Performance Analyst
Intern’s Observation

The test demonstrated perfect agreement (K1.00) and zero
percentage error with 12 categories and almost perfect agreement
(K0.981-0.993) and within the five per cent error limit (0.50-
1.50%) with five categories (Table 3). The Shot Clock Remaining
category recorded the lowest Weighted Kappa coefficient

(K0.981) and highest error percentage (1.50%) as a result of three
disagreements.

Triangulation of Coach’s, Performance Analyst
Intern’s, and Agreed Observation

Through reporting the Weighted Kappa coefficients and
percentage error values of the 17 categories, 9 categories
demonstrated perfect agreement and zero percentage error,
and 8 categories produced almost perfect agreement (K0.974-
0.996) and within the five per cent error threshold (0.50-
3.00%). Three categories, Shot Location, Start of Possession
and Shot Clock Remaining, reported the largest number of
discrepancies amongst the variables within each action variable
(Table 3). The triangulation results for the Shot Location category
highlight the category is the most susceptible to producing errors,
however, the Weighted Kappa coeflicient and percentage error
values are still within the acceptable thresholds for agreement
levels.

DISCUSSION

This paper set out to develop a unique valid and reliable
performance analysis template for wheelchair basketball. To
achieve this aim, the methodological procedures to develop a
template completed by James et al. (2005) and Thomson et al.
(2013) were adapted. This involved completing a nine-stage
methodological process, which included a validation process,
template development and reliability assessment. To address
the limitations of the (modified) CBGS, it was necessary
to employ the knowledge of sport-specific staff to assist in
identifying contextually relevant action variables as well as
drawing on the existing sport-specific literature. The four
members of staff that were used in the paper provided
a qualitative contribution through focus groups to further
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enhance the final list of 109 action variables and operational
definitions.

The template was developed to be used post-event, with
the ability to extract data as total frequency counts or as
successive, discrete possessions. The development of the template
built on Cooper et al. (2007) idea of dividing an observation
into specific time cells. It also agreed with Thomson et al.
(2013) work that this process was a sufficient method for
assessing test-retest analysis. However, rather than dividing
the observed performance into 2 min or 10-s time cells,
each possession, which could last up to 24 s, was used.
As outlined above, within each possession, irrelevant of the
duration, each observer collected information pertaining to 17
categories.

Intra-observer and inter-observer reliability tests highlighted
that the accuracy of all observations was excellent for the
notation of all 109 action variables and 17 categories with
inter-observer reliability slightly lower than intra-observer
reliability. The coach’s observation achieved the lowest
Weighted Kappa coefficient for the Shot Clock Remaining
category whilst the performance analyst intern achieved the
lowest Weighted Kappa coefficient for the Man-Out Offense
category.

Previous research in boxing and rugby union have identified
that it is not unexpected for the level of inter-observer reliability
to be inferior to intra-observer reliability (Thomson et al,
2013: intra-observer agreement ranged from 80-100% whereas
inter-observer agreement ranging from 33-100%; James et al.,
2005: intra-observer agreement ranged from 1.97+3.14% whilst
inter-observer agreement ranged from 11.09+8.61%), but all
observations in this paper fell within the adequate levels of
reliability. It is clear, however, that an adequate period of template
piloting, familiarization and training was key to obtaining these
excellent levels of reliability. The small disagreements identified
between the observations could be due to the dynamic nature
of the sport whereby observers are attempting to record action
variables quickly and thus may incorrectly click on a closely
related button rather than missing an action at all. Examples of
this were identified when the coach coded the possession starting
as an “Offensive Rebound” whereas the agreed observation
coded the possession starting as a “Defensive Rebound.” It
could also be argued that whilst operational definitions should
be clear to distinguish between the two rebound types, they
share a number of characteristics and thus may explain the
disagreement.

The use of two reliability statistical approaches, Weighted
Kappa coeflicients (Cohen, 1968) and percentage error
values (Bland and Altman, 1999), provided a useful cross-
checking method for determining the reliability of the
template. The concept of percentage error allowed directed
comparisons of agreement to be made irrespective of the
scaling between observers (Hopkins, 2000). Thus, it enabled
the identification of errors and determined if these were
random (McHugh, 2012). Whilst the Weighted Kappa
tests acknowledged that in some instances no operator
could be sure of the action to record (McHugh, 2012)
and provided credit when two observers recorded adjacent

values, for example, in the Shot Location category. The use
of both percentage error and weighted kappa statistics to
assess intra-observer and inter-observer is recommended
in the development process of a performance analysis
template.

It is important to note, however, that this template was
developed for post-event analysis, and thus changes would
be required if the goal was to use the template in real-time
analysis. The action variables included within the template
were carefully considered to ensure meaningful and contextually
relevant information was captured. Additional action variables
could be added to the template to assist in strengthening
the profile of an elite team’s performance regarding different
tactical approaches, however, this would likely increase the
time taken to analyze the wheelchair basketball performance
and interpret the data. Subsequently, if additional modifications
were made to the action variables, operational definitions,
categories, or template, further reliability assessment would
be required. Nevertheless, the current template provides the
grounding for future attempts to identify the key tactical
determinants of team success in elite wheelchair basketball and
the processes undertaken to produce the template provide a
framework for the development of future templates in all team
sports.

CONCLUSION

The paper provides an improved methodological process to
establish a valid and reliable performance analysis template,
that in this article we have used to produce accurate and
reliable observations of key performance behaviors in a
sequential nature within elite male wheelchair basketball.
Additionally, the template has enabled the collection of most
actions that occur in a wheelchair basketball possession whilst
also recording the actions of the opposition, allowing for a
context-specific insight to be gained. The current template
should now be used by wheelchair basketball coaches, analysts
and researchers to collect valid and reliable performance data
at zonal qualification tournaments, world championships,
and Paralympic Games to help identify the key tactical
determinants of team success and subsequently to underpin
both performance enhancing training and within-game
practices.
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The use of observational methodology in the sports context provides coaches and other
sports professionals with flexible tools that adapt to their needs. In collective sports,
the use of these instruments is common for the technical and tactical analysis of the
game. Based on the importance of data quality in these instruments, the purpose was
to design, validate, and test the reliability of a mixed observational instrument of field
formats and category systems to analyze technical and tactical actions in the offense
phase in soccer. The instrument collects information regarding the actions with the
ball, moment of the play (start, development, and end), and contextual situation for the
offensive team and for the goalkeeper. The instrument design, validation, and reliability
calculation were done in four stages: (a) review of the literature, (b) design the first draft
of the instrument, (c) experts’ qualitative and quantitative review of the instrument, and
(d) observer training test (reliability calculation). The content validity was established by
12 experts (Ph.D. in sports science or soccer coach with at least of 10 years of coaching
experience). The Delphi methodology was used. Experts did a quantitative (scale 0-10)
and qualitative evaluation. Experts were asked about: (a) comprehension of the criteria,
categorical cores, degree of openness, and their definitions, (b) pertinence of categorical
cores and degree of openness, and (c) whether to include other categorical cores or
degree of openness in the observation instrument. The lowest Aiken’s V index was 0.91
for the categorical core “numerical situation with opponent goalkeeper.” The inter- and
intra-observer reliability presented good levels of agreement. The lowest Kappa index
was 0.96 for the inter-reliability in the categorical core “defensive pressing lines” and was
0.98 for the intra-reliability in the categorical core “ball height (start of ball possession),”
“distance of the defensive player,” “ball height (end of ball possession),” “numerical
situation,” and “defensive pressing lines.” The coefficients of the generalizability analysis
showed a high level of accuracy, validity and reliability of the instrument. The results
show that the instrument allows to obtain objective, valid and reliable information about
the offensive phase in soccer.

Keywords: performance, evaluation, team sport, match analysis, football, observational methodology
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INTRODUCTION

The study of the actions done by the players and team (ie.,
match analysis) is common in soccer (Carling et al., 2006). The
goal of team analysis is to give coaches useful information about
their players, team, and opponents in order to design training
and to prepare their matches (Hughes and Franks, 2004). From
a research perspective, the analysis of game has focused on
finding patterns in the game or performance indicators (Hughes,
2003; Dufour et al., 2017). For this purpose, the observational
methodology is used to collect information in team sports, as
it allows for the collection of multiple variables that interact in
the sporting context (Anguera, 2003; Anguera and Hernandez-
Mendo, 2015; Fabra et al., 2018; Maneiro et al., 2018; Nadal et al.,
2018). In this sense, observational instruments are used to collect
information about the behaviors done by players and teams
in order to register indicators to improve sports performance
(Anguera et al.,, 2017, 2018; Maneiro et al., 2017; Moreno and
Goémez-Ruano, 2017; Morillo et al., 2017; Serna Bardavio et al,,
2017; Chacon-Moscoso et al., 2018). The rules and characteristics
of the game of soccer, such other field sports, made that these
behaviors are complex in nature, uncertainty, and multifactorial
(Vilar et al., 2012). For that reason, most of the observational
instruments are created ad hoc to solve the needs of the coaches
or to answer a specific research problem. However, there is also
possible to find in the literature generic and specific observational
instruments, such the GAIP-Soccer, TSAP, SOF-5, SOFBAS,
FUT-SAT or SoccerEye. These instruments have similarities in
the analysis of the players and team behaviors, such technical
actions and spatial and temporal analysis. However, most of these
instruments are just focused on the field players’ actions and
they do not integrate the goalkeeper actions and the contextual
situations of the players actions with the ball. The current
development of football requires that coaches, researchers and
performance analysts use instruments that brings together all
aspects of the game. These instruments are required not only to
integrate the technical actions of the outfield players, but also
to analyze aspects such as the influence of the goalkeeper on
the offensive game, the numerical situations that occur and the
incidence of the outfield area on the technical-tactical actions
that occur.

Match analysis has been part of soccer for a several decades
(Hughes and Franks, 2004). The introduction of technology,
especially specialized software and video, has increased the used
of players’ and team analysis by coaches and researchers. The first
observation instruments were linked to specific software’s [e.g.,
Noldus or Sportcode (Hughes, 2003)]. The analysis of data quality
is one of the bases on which the observational methodology is
based. This is critical to collect precise, objective and reliable
data about the players’ actions. In the 1990s, several generic
observation instruments were designed and validated. Examples
of these instruments are the Team Sports Assessment Procedure
(Gréhaigne et al,, 1997) and Game Performance Assessment
Instrument (Oslin et al., 1998). These instruments were generic,
but they can be adapted easily to the different team sports (Harvey
et al., 2010). In the two last decades, several specific observation
instruments have developed in soccer. An incomplete list of these

instruments is: (a) SOF (currently in its fifth version), initially
developed by Anguera et al. (2003); (b) SOFBAS (currently in
its second version) initially developed by Castellano (2000), (c)
FUT-SAT, developed by Da Costa et al. (2011); and (d) SoccerEye,
developed by Barreira et al. (2012). There is also possible to
find in the literature a large number of observation instruments
generate ad hoc to solve specific research problems, such as set-
plays, activity profiles and group behavior (Sarmento et al., 2017).
The analysis of these instruments and the proposal of categorical
cores found in the reviewed literature show similar patterns. They
collect information related the start of the offensive phase, the
progress of the ball possession (attack and defense player/team),
and the end of the offensive phase. The information collected
about these phases described the actions done by the players
and the situation in which these actions are done (e.g., temporal
and spatial patterns). Most of these instruments are focused on
the study of the field players. Only studies focus on the specific
analysis of the goalkeeper had analyzed the actions of this player
(Sainz de Baranda et al., 2005; Sainz de Baranda et al., 2008;
Abellan et al., 2017).

Reviewed instruments analyze isolated actions, not integrated
in the action in their context or players involved. In the
same way, the analysis of the game of soccer requires a valid
and reliable instrument. The dynamics of the game needs an
instrument that analyzes the continuity of the player’s actions
with the ball, without isolating the actions of the game. The
current tendencies of the game require the integration of the
goalkeeper as a critical element that participated on the team’s
offense and the defense. The dynamics of the game need an
instrument that analyses the continuity of the game, without
isolating game actions. In addition, the goalkeeper’s offensive
actions and numerical situations need to be integrated, as his
participation in offensive actions in today’s football has increased
(Florin, 2009; Szwarc et al., 2010). The proposal of observation
instrument developed in this paper tries to integrate categorical
cores from previous research and instruments and to integrate
the goalkeeper in the analysis of the game players’ and team
patterns. This observational instrument will provide information
about how the technical and tactical actions are realized and will
help to provide more information related to the dynamic system
that involves team sport confrontation (Glazier, 2010; Castellano
et al., 2017; Gonzalez-Espinosa et al., 2017). The purpose of this
research was to design, validate, and test the reliability of an
observation instrument to analyze the offensive technical and
tactical individual ball actions in soccer.

MATERIALS AND METHODS

Design

For the development of the instrument an observational,
nomothetic, monitoring and multidimensional design was
carried out (Anguera and Hernandez-Mendo, 2013). The
observation instrument designed was a mixed field format
and category system (Anguera and Herndndez-Mendo, 2013).
The final instrument was composed of 3 criteria and 25
categorical cores. The multifaceted design for the generalizability

Frontiers in Psychology | www.frontiersin.org

January 2019 | Volume 10 | Article 22


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Ortega-Toro et al.

Observations Instrument for Soccer

analysis was composed of three facets: [Observers], [criteria],
and [categorical cores]. About these facets three designs
were analyzed: [Criteria] [Categorical cores]/[Observers],
[Observers]/[Criteria] [Categorical cores] and [Observers]
[Criteria]/[Categorical cores].

Participants

The sample studied consisted of 12 matches played by 44 players
belonging to four U-12 teams during three tournaments played
after the end of the regular season.

Instrument
The dimensions of the criteria collected by the instrument were
divided into three groups: the first criterion, start of the ball
possession; the second criterion, development (technical-tactical
actions done with the ball), and the third criterion, the end of
the ball possession. The unit of analysis was the play phase with
the ball. The established categories were exhaustive and mutually
exclusive (E/ME) (Anguera and Hernandez-Mendo, 2013).
Researchers did a pilot study of the observational instrument
with under-12 matches to review and complete the categorical
cores and degree of openness. The list of categorical cores
was grouped into three groups of criteria: (a) start of the ball
possession, (b) development (technical-tactical actions done with
the ball), and (c) end of the ball possession. Ten categorical
cores described the criterion “start of the ball possession” (way
of obtaining the ball, ball height, body part, origin zone, zone
where the ball was controlled (see Figures 1, 2), numerical
situation (offense players vs. defense players), numerical situation
with opponent goalkeeper (Offense players vs. Defense players
+ Goalkeeper), numerical situation with own goalkeeper
(Goalkeeper with ball + Offense players vs. Defense players),
distance of the defensive player, and teammate support). Five
categorical cores described the criterion “development of the ball
possession” (tactical collective actions, dribble, ball touches, type
of ball contact, and defensive pressing lines). Twelve categorical
cores described the criterion “end of the ball possession”
[technical action, body part, height, zone where ball possession
ends (see Figures 1, 2), goalkeeper zone intervention, zone where
the ball ends (see Figures 1, 2), numerical situation (offense
players vs. defense players), numerical situation with opponent
goalkeeper (Offense players vs. Defense players + Goalkeeper),
numerical situation with own goalkeeper (Goalkeeper with ball +
Offense players vs. Defense players), and teammate support]. The
definition of all the categorical cores and degrees of openness can
be found in Annexes 1-3 of the present paper.

Procedure

The instrument design, validation, and reliability calculation were
done in four stages: (a) review of the literature, (b) design the
first draft of the observation instrument, (c) experts’ qualitative
and quantitative review of the instrument, and (d) observer
training test (reliability calculation). In the first stage, a review
of the following databases was done: Web of Science (WOS) de
ISI Thomson Reuters, Latindex, Sports Discus, Scopus, Google
Scholar, Scielo, and Dialnet. The keywords of the search were:
“soccer” or “football” and “observational instrument.” A review

of the abstracts was carried out to select the observational
instruments used in the literature. After the selection of papers
with observational instruments, the researchers reviewed their
characteristics, criteria and categorical cores. In the second stage,
a draft of a list of categorical cores and degree of openness
was created from related scientific literature. The list of criteria
included the categories, degree of openness and the behavior’s
definition.

In the third stage, content validity was established by 12
experts (Ph.D. in sports science or soccer coach with at least
of 10 years of coaching experience). The Delphi methodology
was used. Experts did a quantitative (scale 0-10) and qualitative
evaluation. Experts were asked about: (a) comprehension of
the criteria, categorical cores, degree of openness, and their
definitions, (b) pertinence of categorical cores and degree of
openness, and (c) whether to include other categorical cores or
degree of openness in the observation instrument. The content
validity was calculated with the Aikenss V coeflicient (Aiken,
1985). A Visual Basic app was used to calculate it (Merino
and Livia, 2009). The confidence intervals were set out in 90%,
95%, and 99% through score method (Penfield and Giacobbi,
2004). Items with average values <0.70 were eliminated, items
>0.70 and <0.8 were reviewed according to experts’ proposals,
and items that were >8.0 were accepted (Bulger and Housner,
2007).

In the fourth stage, the reliability of the instrument was
calculated through an observer training and an observation
test. Two observers were trained in the use of the observation
instrument during three 2-h sessions. The observers had degrees
in sports science, had 10 years of experience coaching soccer,
and had experience as observers. After the training, a match
analysis was carried out by the observers and an expert
observer (Master in Sports Science with 5-years of experience
in match analysis and soccer). After minimum 15 days, the
same analysis was carried out again by the two observers
(observer and researcher, Ph.D. in Sports Science with 15-years of
experience in match analysis and coaching). The inter- and intra-
observer Cohen’s kappa, the intra-class correlation coefficient
and Kendall’s Tau B was utilized to evaluate observer agreement.
A generalizability analysis (Tables 6, 7) was performed to
test the validity and accuracy of the observation instrument
and the reliability of the observers (Blanco-Villasefior et al.,
2000; Morillo et al, 2017). For the statistical analysis the
SPSS software version 24.0 was used. For the generalizability
analysis, SGAT software was used (Hernandez-Mendo et al,
2016).

RESULTS

The list of categorical cores, degree of openness and their
definitions after the first and second stages of the observational
instrument design is shown in Tables 1-3. In the design of the
observational instrument, the categorical cores and degree of
openness were selected using the categorical cores and degree
of openness proposed by Moreno (2005), Sainz de Baranda
et al. (2005), Anguera et al. (2011), Garcia-Lopez et al. (2013),
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FIGURE 1 | Division of the field used to establish the zone from which the ball
was sent.

Herndndez-Mendo et al. (2014), and Anguera and Hernandez-
Mendo (2015).

In the third stage, the experts reviewed the observation
instrument. The experts” qualitative observations were related to
the definitions of categorical cores. No categorical cores were
eliminated by the experts after the experts’ evaluation. In the

OUTSIDE GOAL AREA

N

CENTRAL AREA

LATERAL LATERAL
AREA AREA

GOAL AREA

FIGURE 2 | Division of the goal area used to establish the zone where the
goalkeeper handled the ball.

quantitative evaluation, all categorical cores had an average
score >0.70 (Table 4). The lower Aiken’s V value found was
0.91, concretely in the categorical core “numerical situation with
opponent goalkeeper.” In the fourth stage (observer training), the
lowest intra and inter observer agreement coefficient observers
was >0.96 for all the studied categorical cores (Cohen’s Kappa

TABLE 1 | Categorical cores, degree of openness, and definitions related to the criterion “start of the ball possession.”

Categorical cores

Degree of openness

Way of obtaining the ball

Ball height
Body part
Origin zone (Figure 1)

Zone where ball was
controlled (Figures 1, 2)

Numerical situation (offense
players vs. defense
players)’

Numerical situation with
opponent goalkeeper
(Offense players vs.
Defense players +
Goalkeeper)'

Numerical situation with
own goalkeeper
(Goalkeeper with ball +
Offense players vs. Defense
players)'

Distance of the defensive
player

Teammate support?

— Field players (tackle, interception, clearance by an opponent, clearance by the opponent goalkeeper, goal rebound,
corner flag rebound, deflection by an opponent, deflection by the opponent goalkeeper, throw-in, free-kick, corner
kick, penalty kick, pass, throw-in pass, corner kick pass, goal-kick, kick-off, pass by the goalkeeper, and hand pass
by the goalkeeper)

— Goalkeeper (high save, medium height save, low height save, hand parry, foot parry, fist parry, other parries, deflection,
open palm technique with hand, open palm technique with fist, fly and/or dive, screen, 1-on-1 situation, and goal kick)

Set piece, flat ball, medium height ball (ankle to waist), and high (above the waist)
Foot, thigh, hand, head, chest, and fist

Zone 1, zone 2, zone 3, zone 4, zone 5, zone 6, zone 7, kick-off, goal-kick, corner from zone 4, corner from zone 6,
throw-in from zone 1, throw-in from zone 4, throw-in from zone 6, throw-in from zone 3, penalty kick and penalty mark

— Field players (zone 1, zone 2, zone 3, zone 4, zone 5, zone 6, zone 7, kick off, goal kick, corner from zone 4, corner
from zone 6, throw-in from zone 1, throw-in from zone 3, throw-in from zone 4, throw-in from zone 6, and penalty
mark)

— Goalkeeper (Goal area, central zone of penalty area, right zone of penalty area, left zone of penalty area, and outside
of penalty area)

3v1, 2v1, 3v2, 1v1, 1v0, 1v2, 1v3, 2v2, another equality, another inferiority, and another superiority

No goalkeeper, 3v1+G, 2vi+G, 3v2+G, 1v1+G, 1v0+G, 1v2+G, 1v3+G, 2v2+G, another equality, another inferiority,
and another superiority

The goalkeeper has not the possession of the ball, G+2v1, G+1v1, Gvi, G, G+2v2, Gv2, Gv3, another equality,
another inferiority, and another superiority

Very close (less than half arm length distance), close (between half arm and an arm length), near (between an arm and
two arms length), and long (more than two arms length)

Yes and no

"The number of players is counted between the line created by the ball and the goal. °Support from teammate: any teammate supports the possessor of the ball in less
than 4 m, without a defensive player on, and with a clear pass possibility.
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TABLE 2 | Categorical cores, degree of openness, and definitions related to the criterion “development of the ball possession.”

Categorical Degree of openness

cores

Tactical No collective tactical action, give and go, give and go with third player, overlap, crossover run, block an opposing player to reach

collective the ball, creation of a free space, check away (move away from teammate who has the ball), and check to (player runs toward the

actions ball carrier)

Dribble Number of dribbles done by the player

Ball touches No ball contact, short (two contacts), medium (three to four contacts), and large (>five contacts)

Type of ball No ball contact, delay (player control the ball to organize the offense against a organize defense), quick counterattack (player with

contact ball possession progress with opposition), counterattack (player with ball possession progress against a defensive line), and through
ball dribbling (player with ball possession progress toward the goal with a defensive player on and/or a defensive line)

Defensive None, one pressing line, two pressing lines, three pressing lines, and four pressing lines

pressing lines

Organization of defensive lines of players who are between the initial zone of the ball reception and the initial zone of the finishing phase.

TABLE 3 | Categorical cores, degree of openness, and definitions related to the criterion “end of the ball possession.”

Categorical cores

Degree of openness

Technical action

Body part

Height

Zone where ball possession end
(Figures 1, 2)

Goalkeeper zone intervention (Figure 2)
Zone where ball ends (Figure 1)

Numerical situation (offense players vs.
defense players)’

Numerical situation with opponent
goalkeeper (Offense players vs.
Defense players + Goalkeeper)'!
Numerical situation with own
goalkeeper (Goalkeeper with ball +
Offense players vs. Defense players)’
Defensive pressing lines overcome 2
Teammate support 3

Pass, wrong pass, throw-in, hand pass by goalkeeper, low side-volley pass by goalkeeper, high side-volley pass by
goalkeeper, dropkick by goalkeeper, shot interception by a field player, shot deflected by a field player, shot off target,
goal, goal rebound, shot cleared by goalkeeper, shot caught by goalkeeper, tackle, pass interception by goalkeeper,
deflection by a field player, deflection by the goalkeeper, rebound by a teammate, half time/full time, throw-in (ball went
out of the side-line), offside, goal kick (ball went out of the goal line), foul of the ball possessor, foul on the ball
possessor, foul of a teammate, and foul of a defensive player

Foot, thigh, hand, head, chest, and fist

Flat ball, medium height ball (ankle to waist), and high (above the waist)

Zone 1, zone 2, zone 3, zone 4, zone 5, zone 6, zone 7, ball went out of the opposing goal line, ball went out of the
own goal line, player lost the ball possession in a kick-off is performed, corner from zone 1, corner from zone 3, player
lost the possession of the ball in a goal kick, player lost the possession of the ball in a throw-in, player lost the
possession of the ball in a penalty kick, goal area, central zone of penalty area, right zone of penalty area, left zone of
penalty area, and outside of penalty area

Goal area, central zone of penalty area, right zone of penalty area, left zone of penalty area, and outside of penalty area
Zone 1, zone 2, zone 3, zone 4, zone 5, zone 6, zone 7, kick off, goal kick, corner from zone 1, corner from zone 3,
throw-in from zone 1, throw-in from zone 4, throw-in from zone 6, throw-in from zone 3

3vi, 2v1, 3v2, 1v1, 1v0, 1v2, 1v3, 2v2, another equality, another inferiority, and another superiority

No goalkeeper, 3v1+G, 2vi+G, 3v2+G, 1v1+G, 1v0+G, 1v2+G, 1v3+G, 2v2+G, another equality, another inferiority,
and another superiority

The goalkeeper has not the possession of the ball, G+2v1, G+1v1, Gv1, G, G+2v2, Gv2, Gv3, another equality,
another inferiority, and another superiority

None, one pressing line, two pressing lines, three pressing lines, and four pressing lines
Yes and no

"The number of players is counted between the line created by the ball and the goal. 2 Organization of defensive lines of players who are between the initial zone of the
ball reception and the initial zone of the finishing phase. 3Support from teammate: any teammate supports the possessor of the ball in less than 4 m, without a defensive

player on, and with a clear pass possibility.

and interclass correlation coeficient); and the lowest intra and
inter observer agreement coefficient observers was >0.97 for all
the studied categorical cores (Kendall’s Tau B) (Table 5).

Finally, the analysis of generalizability (Tables 6, 7) shows
in the first design a Generalizability coefficient (GC) equal
to 1, this result shows a high reliability of the observers.
In the second and third design, the results of the GC
are equal to or very close to 0, these results indicate a
high adjustment of the observation instrument and that its
categories were exhaustive and mutually exclusive (E/ME)
(Anguera and Hernandez-Mendo, 2013). The highest percentage

of variance (see Table 7) is found in the interaction [Criteria]
[Categorical cores], being very low in the rest of the sources of
variation.

DISCUSSION

The present paper describes the stages done to design,
validate, and test the reliability and generalizability of the
observational instrument. Considering the increasing number of
observational studies that use “Ad hoc” instruments in football,
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the development of this instrument aims to provide the many
observational studies that occur in football with a valid and
reliable instrument that allows adequate data collection. In the
same way, the developed instrument has the advantage of using
open categories, as opposed to other studies that present closed
categories, in which only the conducts carried out are registered.
In addition, the designed instrument has the advantage that it
takes into account the continuity of the game. The instrument
registers the actions that happens since the players obtain ball
possession until they lose it.

The fact of being able to record the continuity of the offensive
game, the procedures by which it is made with the ball, the
behaviors it manifests in possession of the ball and finally,
the actions developed when it is released from the ball, is an
advantage over other instruments that analyze and record actions
in an isolated way, for example instruments that analyze goals
(Reina-Gomez et al., 2010). In addition this instrument provides,
in spite of analyzing the continuity of the offensive action, do not
take into account categorical cores of relevance as the actions
of the goalkeeper, the corporal zones used in the action, the
existence of companions in support or the defensive lines that are
surpassed in the offensive action (Sarmento et al., 2010).

The process had different stages, similar to the one followed
in the development of observational instruments in other sports
(Villarejo et al., 2014; Palao et al, 2015a,b). The first stage
involved the review and analysis of the available observation
instruments and match analysis literature. The analysis of the
available material was focused in the design an instrument
that allows obtaining information: (a) about the individual and
collective game patterns, (b) about the players evolution in
training and competition, (c) about the effect of manipulation
of rules in small side-games or in competition, and (d) that
guide the training design. After the analysis, the researchers
established the categorical cores focus on the following aspects:
the sequence of the ball possession (stat, develop, and end),
description of the actions done by the player with the ball,
description of the temporal, spatial, and context of the actions
done with the ball, and inclusion of the goalkeeper in the
analysis of the situation. The researchers tried to use in the
design of the instrument categorical cores close to the criteria
used by coaches with the goal to increase the applicability
of the instrument. For that reason, the criteria used for
the Spanish Soccer Federation to describe the technical and
tactical actions with the ball in the coach training courses was
followed (Moreno, 2005). Along with this criterion, it was also
used the categorical cores proposed by researchers in other
instruments and research studies (Sainz de Baranda et al., 2005;
Anguera et al, 2011; Garcia-Lopez et al,, 2013; Hernandez-
Mendo et al, 2014; Anguera and Herndndez-Mendo, 2015).
The instrument has as unit of analysis the ball possession
and differentiates in the ball possession three moments (start,
development of end), like other instruments in soccer (e.g.,
SOFBAS or SoccerEye). The pilot studied carried out by the
researchers allowed reviewing the categorical cores and their
definitions.

In the third stage of the process, the experts qualitative
and quantitative revision and the use of Aiken’s V allowed for

TABLE 4 | Values of content validity (Aiken’s V).

Criteria and categorical cores Aiken’s V
Start of the ball possession

Way of obtaining the ball 1.00
Ball height 0.93
Body part 1.00
Origin zone 1.00
Zone where ball was controlled 1.00
Numerical situation with opponent goalkeeper 0.91
Numerical situation with own goalkeeper 1.00
Distance of the defensive player 0.93
Teammate support 1.00
Development of the ball possession

Tactical collective actions 1.00
Dribble 1.00
Ball touches 1.00
Type of ball handling 1.00
Defensive pressing lines 0.96
End of the ball possession

Technical action 1.00
Body part 1.00
Height 0.93
Zone where ball possession ends 1.00
Goalkeeper zone intervention 1.00
Zone where ball ends 1.00
Numerical situation 1.00
Numerical situation with opponent goalkeeper 1.00
Numerical situation with own goalkeeper 1.00
Defensive pressing lines 0.96
Teammate support 1.00

Expert judges (third stage).

measuring the content validity of the items. The values of the
quantitative evaluation were high for all the categorical cores
(Vo > 0.70) and above the minimum values proposed in the
literature as a reference (Vo = 0.70) by Penfield and Giacobbi
(2004). The qualitative evaluation helped specifically to clarify
some of the aspects of the definitions of the different degree
of openness of the categorical cores. The use of experts from
research and coaching provided a more complete and holistic
vision of the sport.

The level of intra-reliability, reached between observers after
the observer training, showed the instrument is adequate with
regard to reliability (Bakeman et al., 1997). The use of categorical
cores and degree of openness well established in the area
and the qualitative evaluation of the experts contributed to
the high level of reliability. Finally, the results shown in the
generalizability analysis made it possible to verify the high levels
of validity, precision of the instrument and corroborate the high
reliability indices of the observers (Blanco-Villasefor et al., 2000;
Hernéndez-Mendo et al., 2016).

Data obtained by the instrument can provide useful and
applicable information to coaches in order to understand game
patterns, face the competition and develop the training sessions.
The structure of the instrument allows coaches and researchers to
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TABLE 5 | Observers’ intra and inter agreement after training in the use of the observation instrument (fourth stage).

Criteria and categorical cores

Intra-reliability

Inter- reliability

Intra-reliability

Inter- reliability

Kappa/ICC Kappa/ICC Kendall’s Tau B Kendall’'s Tau B
Start of the ball possession
Way of obtaining the ball 1.00 1.00 1.00 1.00
Ball height 0.98 0.99 0.99 0.99
Body part 1.00 1.00 1.00 1.00
Origin zone 1.00 1.00 1.00 1.00
Zone where ball was controlled 1.00 1.00 1.00 1.00
Numerical situation with opponent goalkeeper 1.00 1.00 1.00 1.00
Numerical situation with own goalkeeper 1.00 1.00 1.00 1.00
Distance of the defensive player 0.98 0.98 0.98 0.98
Teammate support 1.00 1.00 1.00 1.00
Development of the ball possession
Tactical collective actions 1.00 1.00 1.00 1.00
Dribble 1.00 1.00 1.00 1.00
Ball touches 1.00 1.00 1.00 1.00
Type of ball handling 1.00 1.00 1.00 1.00
Defensive pressing lines 1.00 1.00 1.00 1.00
End of the ball possession
Technical action 1.00 1.00 1.00 1.00
Body part 1.00 1.00 1.00 1.00
Height 0.98 0.99 0.99 0.99
Zone where ball possession ends 1.00 1.00 1.00 1.00
Goalkeeper zone intervention 1.00 1.00 1.00 1.00
Zone where ball ends 1.00 1.00 1.00 1.00
Numerical situation 0.98 0.97 0.99 0.99
Numerical situation with opponent goalkeeper 1.00 0.98 1.00 0.98
Numerical situation with own goalkeeper 1.00 1.00 1.00 1.00
Defensive pressing lines 0.98 0.96 0.98 0.97
Teammate support 1.00 1.00 1.00 1.00

TABLE 6 | Absolute generalizability coefficient, relative generalizability coefficient, absolute standard deviation, and relative standard deviation in each of the designs.

Design Absolute Relative Absolute Relative standard

generalizability generalizability standard deviation
coefficient coefficient deviation

[Criteria] [Categorical cores]/[Observers] 1.000 1.000 0.001 0.001

[Observers]/[Criteria] [Categorical cores] 0.000 0.000 0.069 0.000

[Observers] [Criteria]/[Categorical cores] 0.089 0.089 0.114 0.114

TABLE 7 | Sources of variation, sum of squares, degrees of freedom, mean squares, % and standard error.

Sources of variation Sum of squares DF Mean squares % Standard error

Observers 0.000 1 0.000 0.000 0.000

Criteria 1.438 0.719 0.391 0.011

[Observers] [Criteria] 0.000 0.000 0.000 0.000

Categorical cores 0.0083 24 0.000 0.000 0.022

[Observers] [Categorical cores] 0.000 24 0.000 0.000 0.000

[Criteria] [Categorical cores] 31.436 48 0.655 99.608 0.065

[Observers] [Criteria] [Categorical cores] 0.000 48 0.000 0.001 0.000

DF, degrees of freedom.
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use it in its entirety or certain parts or criteria can be utilized to
solve specific research problems.

CONCLUSION

The results showed that the observational instrument is valid
and reliable for measuring the technical and tactical actions
done in the offensive phase by the player and team with the
ball possession. The instrument has some limitations. Only it
was assessed the content validity of the instrument (expert
evaluation), and the instrument is focused on the actions of
the players and team which the ball possession. However, the
instrument can provide coaches and research with information
about the type of actions done by the players with the ball,
their characteristics and in which context are done (distance,
numerical situation) and the level of involvement of the field
players and the goalkeeper. This information could allow coaches
and research to establish the demands of the game and to create
training plans that help players to be prepared for these demands.
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Are Soccer Players Older Now Than
Before? Aging Trends and Market
Value in the Last Three Decades of
the UEFA Champions League

Anton Kalén, Ezequiel Rey, Alejandro Sal de Rellan-Guerra and Carlos Lago-Pefas*

Faculty of Education and Sport Sciences, University of Vigo, Pontevedra, Spain

The aims of the current study were to analyze the evolution of players’ age in the UEFA
Champions League since the start of its modern-day format in 1992-1993 up until
2017-2018 and to determine how the players’ age relates to their market value. The
sample consisted of all players participating in the UEFA Champions League from the
1992-1993 to 2017-2018 seasons (n = 16062). The following variables were used in
this study: players’ age, number of seasons in the club, number of Champions Leagues
won, team performance, and market value of the player in the season. Data were
examined using a one-way ANOVA and a linear regression. The main finding of the
current study is that an aging trend has occurred in the last three decades in the
Champions League. A significant increase in average players’ age (>1.6 years) was
observed, rising from an age of 24.9 to 26.5 years. Goalkeepers and Center Backs tend
to peak later than attackers, and their peak performance can last until an age of about
31 years. Finally, an inverted-U curve defines the association between market value and
age, with peak value appearing in the 26-30 age range. These results provide useful
information regarding at which age soccer players are likely to perform at the highest
level, as well as the age they are likely to have the highest market value.

Keywords: aging trend, peak age, soccer, performance analysis, market value

INTRODUCTION

Professional soccer teams usually consist of players from a wide age range (Dendir, 2016). In the
four major European professional soccer leagues, FuSball-Bundesliga (Germany), Premier League
(England), Serie A (Italy), and La Liga (Spain), most players are between 21 and 29 years old,
and a substantial drop-off is observed at around the age of 29 years (Dendir, 2016). Moreover,
there is a general belief that players usually peak somewhere in their mid to late twenties, with
attacking players tending to peak earlier than defenders (Kuper, 2011; Caley, 2013). However, this
is based mainly on anecdotal evidence and views of professionals in the game and less on scientific
research. In a recent study, Dendir (2016) also found that the average professional soccer player
in the major leagues in Europe peaks between the ages of 25 and 27, where the average forward
peaks at 25 while defenders at 27. For midfielders, the peak age occurs in the 25-27 age range.
Also, several top European soccer clubs have adopted an unofficial contract policy with shorter
contracts lengths as players are nearing 30 years, based on a belief that elite players are well past
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their peak performance after this age (Dendir, 2016). Thus, the
age of professional soccer players and at which age professional
soccer players peak seems to be an important variable of interest
not only to performance analysts and sport scientists, but also
managers and coaches. The perception of when players tend
to peak can affect the soccer clubs personnel decisions, such
as the length of contracts offered to players and the acceptable
sum of transfer fees when buying or selling players (Dendir,
2016). Knowledge of when players are in their optimal age,
therefore, has substantial value for the soccer industry. From a
sport perspective, this provide useful information regarding at
which age soccer players are likely to perform at the highest level.

However, while the evolution of tactical, technical and physical
performance over time have been studied extensively (e.g., Barnes
et al., 2014; Wallace and Norton, 2014; Bush et al., 2015), to the
best of our knowledge, no studies have examined the aging trend
of male elite soccer players in recent decades. Conversely, aging
trends in different individual and team sports like baseball (Fair,
2008), tennis (Kovalchik, 2014), or triathlon (Riist et al., 2012),
among others, have been previously investigated, suggesting a
marked increase in the age of peak performance of elite athletes
during the last two decades, probably due to factors such as
advances in sport science and technology (Allen and Hopkins,
2015). In tennis, for example, Kovalchik (2014), p. 8) found that
the average age of the top 100 male players has increased over
the last decade at a pace of 0.34 years per season since the mid-
2000s, rising from the age of 26.2 years to an all-time high of
27.9 years. Given this evidence, there is a clear need to investigate
trends in the age of peak performance among top professional
soccer players in order to provide important clues about the
sport’s evolution and may help to create more specific strategies
to increase players’ performances in the future.

Chronological age of highest performance differs among
sports (Smith, 2003) and depends on different biological
capabilities involved in each sport and by the specific skills and
attributes needed to succeed (Allen and Hopkins, 2015). This
argues the evidence that physiological and technical constraint of
each sport dictates the window for optimal performance (Dendir,
2016). At this respect, peak window of mid-20s estimated by
Dendir (2016) seems to be explained by the combination of
endurance and explosive power necessary to cope with physical
and physiological demands of modern elite soccer. However, even
though the aging process influences the players’ physical and
mental development and, in turn, their competitive performance
(Allen and Hopkins, 2015), there are no scientific studies that
have examined the evolution of players’ age in elite soccer.

Taking all previous considerations into account, this study
aims to analyze the evolution of players age in the UEFA
Champions League since the start of its modern-day format
in 1992-1993 up until the 2017-2018 season. It also aims to
analyze if the players’ age has evolved differently depending on
playing position or team level. Lastly, it aims to analyze how the
players’ age relates to their market value. We hypothesize that
the average age of the Champions League players has increased
across all positions and team levels. We further hypothesize that
an inverted-U curve defines the association between market value
and age, with peak value occurring at the mid-20s.

MATERIALS AND METHODS

Sample

The sample consisted of all players participating in the UEFA
Champions League from the 1992-1993 to 2017-2018 seasons
that played at least in one match (n = 16062). Each participation
of a player in a season was recorded as an individual case,
i.e, a single player can represent multiple cases. The players
were classified into six positions: Goalkeepers (GK, n = 1224),
Center Backs (CB, n = 3206), Fullbacks (FB, n = 2383), Center
Midfielders (CM, n = 4609), Wingers (W, n = 1980), and Forward
(F, n = 2660). This classification was done according to the
information provided by the official UEFA website'.

Variables

The following variables were used in this study: players’ age,
number of seasons in the club, number of Champions Leagues
won, team performance, and market value of the player in the
season. Players’ age was calculated as the date of competition
minus the date of birth according to the information provided by
the official UEFA website (see footnote 1). In line with previous
studies and for posterior analyses (Botek et al., 2016), soccer
players were divided into five age groups: 16-20, 20-25, 26-30,
30-35 and >35 years. The team performance was decided by
how far the team reached in the Champions League: Winners,
Final, Semifinal, Quarterfinal, Round of 16 and Group Phase. The
number of seasons in the club and number of Champions Leagues
won by each player was obtained from the UEFAs website (see
footnote 1). Finally, according to previous research and due to the
difficulty of operationalizing performance in a mixed/skill-based
sport like soccer, the market value of the player in the season
(Gerhards and Mutz, 2017) was obtained from the Transfermarkt
website?.

Statistical Analysis
Statistical analyses were conducted using IBM® SPSS® Statistics
21 for Macintosh (IBM Co., New York, NY, United States),
except for regression analyses that were conducted using STATA
(version 15.1, TX, United States). Results are reported as means
and standard deviations (mean = SD). Statistical significance was
set at p < 0.05. The assumption of normality of the data was
checked both graphically and using the Kolmogorov-Smirnov
test. All data were normally distributed. The homogeneity of
variances was examined using Levene’s test. As the samples
were normally distributed and displayed homogenous variance,
a one-way analysis of variance (ANOVA) was used to evaluate
differences in mean ages across different playing positions.
Subsequently, one-way independent-measures ANOVA test with
sphericity assumed was used to compare mean age from each
season. In the event of a difference being present, Bonferroni-
adjusted post hoc tests were used to identify specific effects.
Moreover, the effects of the age of the players (AGE), the
playing position (PP), the number of seasons in the club (NS)
and the number of Champions Leagues won (NCL) on the

Lwww.uefa.com

2www.transfermarkt.com
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market values of the players were also examined through a linear
regression model. Positive or negative coefficients indicate a
greater or lesser market value of the players, respectively. §; is
the intercept; B2, B3, P4, and Bs are the impacts of each of the
independent variables; and € is the error term. The model is as
follows:

Market Value = B; + B2 AGE + B3 PP + 4 NS 4 5 NCL + ¢,

RESULTS

The histogram of the age distribution for players included in the
study is presented in Figure 1. The age of the players ranges from
16 to 43, with an average of 25.75 + 4.14 years. A large number
of players were observed between 21 and 29 years (>80%).
From 29 years an onward, there is a substantial yearly decrease
in the number of players. Between the 1992-1993 and 2017-
2018 seasons, a significant increase in the players’ average age
(> 1.6 years) was observed (p < 0.001). However, this increase was
not uniform, and two break-points were identified along these
seasons, the first one in season 2003-2004 and the second one in
season 2013-2014, which can be observed in Figure 2.

With all seasons pooled, the one-way ANOVA showed
significant differences between positional roles on mean
age (p < 0.001). GK (28.19 £ 4.66 years) and CB
(26.31 £ 4.13 years) showed significantly higher mean ages
than F (25.32 £ 3.92 years), W (24.70 £ 3.90 years) and CM
(25.44 £ 3.99 years). Although an aging tendency was apparent
for all playing positions between the 1992-1993 and 2017-2018
seasons, a more stable trend was observed in E CM, and GK
compared to CB, W, and FB (Figure 3).

As can be seen in Figure 4, although an aging trend was found
for all categories of team performance considered, no significant

differences were found between winners, finalists or semifinalists
and the other categories.

Effects of independent variables on the market values of the
players are displayed in Table 1. Players 21-25 and 26-30 years
old have a higher market value (p < 0.01) compared to players
16-20 years old (reference category in the regression model).
However, players 31-35 and more than 35 years old have a lower
market value than players 16-20 years old (p < 0.01). Concerning
the playing position, F, W, and CM are more expensive than GK
(reference category in the regression model), while no differences
were found between CB, FB and GK.

The more seasons a player stays in a club, the higher their
market value is. For each season in the club, the value of the
player increases by €435,123 (p < 0.01). Finally, the number of
Champions Leagues won by the players has a significant effect on
their market value; each Champions League won increases their
market value by more than €8 million.

DISCUSSION

This study provides new information about the evolution of
professional soccer players’ age of peak performance. The
principal finding of the present study is that an aging trend
has occurred in the last three decades in the UEFA Champions
League. Previous studies (Kuper, 2011; Caley, 2013; Dendir,
2016) have demonstrated that professional soccer players peak
around their mid-20s. However, none of these studies have
analyzed the aging pattern in elite soccer. It seems that the
evolution of contemporary soccer is probably associated with
increasing age of athletes. Several factors may have contributed
to recent “aging” of the top players. One of the factors is likely
the increased investments of football clubs on support functions
to monitor, increase and sustain the players’ performance;
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FIGURE 1 | Age distribution of UEFA Champions League players from 1992-1993 to 2017-2018.
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FIGURE 3 | Age trend by playing position.

including modern training facilities, strength and conditioning
departments and dietists (Anderson and Sally, 2013; Williams,
2013; Dendir, 2016).

Although an aging tendency has occurred for all playing
positions between the 1992-1993 and 2017-2018 seasons, GK
and CB tend to peak later than F. Recently, Dendir (2016)
found that the average forward and defender peaks at 25 and
27, respectively. For midfielders, the peak age occurs in the
25-27 age range. These findings can be largely explained by

differences in the physical demands of playing each position,
which has previously been heavily studied (Bangsbo et al,
1991; Rienzi et al., 2000; Mohr et al., 2003, 2008; Bradley
et al., 2009, 2010, 2011; Di Salvo et al, 2009). Using time-
motion analysis, these studies have shown that forward performs
both higher number of (and longer) maximal sprints, higher
number of shuffles, more contact at high intensity and higher
amount of high and very high intensity activities; defenders the
spend the least time running and sprinting, while midfielders
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the most (Bangsbo et al, 1991; Mohr et al., 2003, 2008;
Bradley et al., 2009, 2010, 2011; Di Salvo et al., 2009). The
lower physical demand for defenders is likely one of the reasons
they tend to peak at a later age, as well as maintaining a high
performance higher up in age. In similar fashion, the higher
amount of high-intensity activity is probably one of the causes
of the earlier peak of forward.

Conventional wisdom suggests that there is a perfect age to
be a successful player. The average age of the 32 teams that
participated in the last two World Cups was 27.5 and 27.37.
It has been found that a one-year increase in average team age
results in a performance drop of four positions in the World
Cup (Dendir, 2016). According to our results, although an aging
trend was found for all team performance categories considered,
no significant differences were found between winners, finalists
or semifinalists and the other classifications. These results may be
due to the fact that players from all over the world participate
in the Champions League, and the differences between the
participating teams probably are smaller than in the World
Cup. Future studies should provide more information about the
relationship between aging trend and success in elite soccer.

The results confirm the hypothesis that an inverted-U curve
characterizes the relationship between market valuation and the
age, with peak value occurring in the 26-30 age range. These
results are similar to those provided in other studies. For example,
Anderson and Sally (2013) found that the peak value in the
Premier League occurs at age 26. There is a substantial drop-off
in the market value at the 31-35 age range. Finally, players over
35 have the lowest market value. In regard to playing position,
attackers have a higher market value than defenders. That is, the
closer the opponent penalty area, the higher the market value of
the players, with forward having the highest market value.

A limitation in the current study is that extraneous variables
that might have some effects the results where not included
(Gémez et al, 2013). For example, the own and opponent
team’s formation might affect the amount of players the teams
contract for each position. The fact that anonymized data
was used in the study mean that some observation might
correspond to the same player. Finally, it has not been controlled
that the players occupied the same playing position or that

TABLE 1 | The influence of the age of the players, playing position, number of
seasons in the club and number of Champions Leagues won on the market values
of soccer players.

Variables Coefficients

Age

21-25 years 4,361,629 (442,206)*
26-30 years 5,024,691 (449,663)*
31-35 years 2,300,026 (550,657)*
>35 years —-8,790,432 (1,263,247)*

Playing Position
Center Back

Fullback

Central Midfielder
Winger

Forward

Seasons in the Club
Champions Leagues won
Intercept

R2

Number of observations

524,204 (543,055)
-703,459 (562,786)
2,238,671 (521,619)*
3,979,548 (580,273)*
4,931,916 (567,981)*
435,123 (47,849)*
8,238,528 (620,846)*
1,808,392*
0.18
8665

*0 < 0.01
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they have played in more than one team during the analyzed
seasons.

In conclusion, the results in the paper confirm that (i) an aging
trend has occurred in the last three decades in the Champions
League, and that (ii) GK and CB tend to peak later than
attackers, and their peak performance can be maintained longer,
until an age of about 31 years. The current results provide
useful information in terms of informing our expectations about
when soccer players are likely to perform at the maximum
level. They also inform us about when they are likely to be
the most valuable in the market. From a players recruitment
or renovation perspective, the current findings can provide
valuable information to assist in decisions regarding recruitment
and player list management within professional soccer clubs.
When a new contract will be signed, the duration of the
contract or the salary of the players can now be decided more
objectively. Similarly, post-match assessment of the technical,
tactical and physical aspects of performance can be made more
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Netball is a newly professional women’s sport, as such there has been little research
conducted investigating performance analysis (PA) in elite netball. The aim of this
study was to develop a model of the elite netball performance system to identify the
complex relationships among key performance indicators. Eleven elite subject matter
experts (SMEs) participated in workshops to produce a systems model of the netball
match performance. The model was developed using the work domain analysis (WDA)
method. A model of the netball match performance system was produced showing the
interrelated objects, processes, functions, values, and purposes involved in elite level
netball matches. The model identified the components of elite level netball performance
and the interactions and relationships between them. The output of this research has
identified novel PA measures including passing and possession measures, measures of
cognitive performance, and measures related to physical activity. Netball is a complex
sport, involving multiple dynamic and interrelated components. Consequently, there is
an opportunity to develop holistic PA measures that focus on interacting components,
as opposed to components in isolation.

Keywords: netball, performance analysis, work domain analysis, coaching, women’s sport

INTRODUCTION

Netball is one of the most popular women’s sports, and is played by more than 20 million people
across more than 80 countries (Netball Australia, 2018). Since 1963 a netball World Championship
tournament has been played every 4 years. In 1990 netball first featured in the Commonwealth
Games as a demonstration sport, and has since been played competitively for medals since 1998
(Netball Australia, 2018). Despite substantial international popularity, netball remained an amateur
sport for several decades. However, netball now has 61 countries recognized by the International
Netball Federation, which includes several professional netball leagues. This recently obtained
professional status of netball will no doubt generate new pressures and demands common within
professional sport, one of which will be the increased demand for successful on-court match
performance. To optimize match performance, it is necessary to assess performance variables in
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order to provide practical feedback to players and coaches,
which will guide coaches decision making and subsequently the
coaching process (Bishop, 2008).

Performance analysis (PA) in sport involves analysing and
evaluating the technical, tactical, physical, and cognitive aspects
of performance in training and competition to better understand
the components of successful performance (Hughes and Franks,
2004; Bishop, 2008). There is a substantial body of PA research
associated with long standing professional sports such as football
(Sarmento et al., 2014, 2017), basketball (Bourbousson et al.,
2010; Gomez et al., 2013; Sampaio et al., 2015), handball
(Meletakos et al., 2011; Oliveira et al., 2012; Lago-Penas et al,,
2013), rugby (Vaz et al., 2010; Bishop and Barnes, 2013; Higham
et al., 2014), water polo (Gémez et al., 2014; Lupo et al., 2014;
Ruano et al., 2016), and Australian rules football (Robertson et al.,
2015, 2016). In netball, research has focused on understanding
the players’ physical (Davidson and Trewartha, 2008; Cormack
etal., 2014; Bailey et al., 2017; Thomas et al., 2017), biomechanical
(Fish and Greig, 2014; Sinclair et al., 2015), and anthropometric
(Hopper et al., 1995) characteristics in isolation, rates of injury
occurrence, and injury prevention strategies (Hume and Steele,
2000; McManus et al., 2006; Mason-Mackay et al, 2016).
Although these studies have been important for understanding
the physical demands of netball and have demonstrated the
differences in variables between different levels of competition,
they do little to describe on-court performance. As such, there is
a paucity of PA research in netball that has attempted to integrate
multiple components of match performance, or to understand
team functioning. However, recent research has demonstrated
that a complex system approach is necessary to understand
sports performance, which requires a more holistic approach
than isolated measurement of performance variables (McLean
et al., 2017b; Salmon et al., 2017a; Hulme et al., 2018).

Previous research on the technical and tactical components
of PA in netball has typically used descriptive notational
analysis (frequencies and percentages) of isolated performance
variables for individual players such as passing, turnovers,
and shooting to determine successful netball performance
(O'Donoghue et al., 2008; Pulling et al., 2016). This suggests
that the current understanding of the composition of successful
netball performance, and the appropriate methods to measure
them is limited (Croft et al., 2017). A limitation of this approach
in netball, and generally for team sports, is that components
of performance are often investigated in isolation without
consideration of the interactions between other components of
performance (Rein and Memmert, 2016; McLean et al., 2017b).
This represents a deterministic and reductionist approach to
PA and does not consider interdependencies or the relational
perspectives within and between teams that is required to
understand and describe complex team performance (Mackenzie
and Cushion, 2013; McLean et al., 2017b).

In sports PA research, it is becoming increasingly accepted
that measuring isolated PA variables without considering
the interactions between them, and the influence of match
context, is limited and cannot appropriately explain team sports
performance (McLean et al., 2017b; Sarmento et al., 2017). In
addition, such analyses contribute to a research-practice gap,

whereby the reductionist analyses are of limited use to coaches
for the design of training practices (Bishop, 2008; McLean
et al.,, 2017b). Invasion sports such as netball represent complex
systems, where multiple human and non-human components
are operating within a dynamic and constantly changing
match environment (Duarte et al., 2012, 2013; McLean et al.,
2017b). Investigating sporting performance as complex systems
allows an understanding of the cooperative behaviors of team
members in space and time, as well as emergent behaviors
based on the opposition actions (Balague et al., 2013; Travassos
et al, 2013). Traditional sport science research applications
that measure individual performance variables cannot provide
a complete understanding of the complexity of performance
or the factors influencing it, nor do they allow the detection
of new emergent behaviors that could improve performance,
or how performance can be measured (Carling et al., 2014).
Recent studies have demonstrated the benefit of analysing and
understanding sporting performance using methods specifically
designed for analysing complex systems (McLean et al., 2017b;
Salmon et al., 2017a; Hulme et al., 2018). Systems ergonomics
methods are specifically designed to understand complex system
behavior, for example, one study used cognitive work analysis
(CWA), a systems ergonomics method, to model the football
performance system to identify the components of football
performance, and the interactions between them (McLean et al.,
2017b). Importantly, the use of subject matter experts (SMEs)
in the development of the football performance model helped to
provide practical insights for coaches that are both important to
measure that are representative of the state of the system, and
those that have a limited use for coaches (McLean et al., 2017b).
In addition, over the past 5 years, there has been a progressive
increase in team analysis measures based on positional data
(Bartlett et al., 2012; Frencken et al., 2012; Moura et al., 2012),
and teamwork interactions based on network analysis, in football
and basketball (Clemente et al.,, 2015a; Gongalves et al., 2017;
McLean et al, 2017c). Moreover, at an elite level, coaches
prefer emergent team PA measures compared to individual
player analyses (McLean et al, 2017b). As such, the use of
analysis methods to investigate group behaviors have improved
our understanding of the complex and dynamic nature of
team sports, and have provided usable information for coaches
regarding team functioning (Sarmento et al., 2017).

The infancy of professional netball, and the subsequent lack
of integrated PA research in elite level netball provides a unique
opportunity to obtain a more complete understanding of the
composition of performance in elite netball, to understand the
interactions between components, emergent properties (Croft
etal., 2017), and to develop a conceptual base for future research
and PA in netball. By building on established PA research in other
areas, it will be possible to optimize PA in netball, potentially
skipping decades of research describing isolated and independent
performance components, as has been the case in other sports
(Mackenzie and Cushion, 2013). Therefore, the primary aim
of the current study is to describe and model the netball
performance system via the application of CWA, a systems
ergonomic method that has been used to understand complex
systems, and in the design and re-design of complex systems
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across multiple domains (see “Materials and Methods” section).
This first-of-its-kind analysis will allow the identification of the
different components of performance and how they interact to
influence performance in netball. In turn, the model will support
identification of appropriate PA measures for netball.

MATERIALS AND METHODS

Participants

Ethical approval for this study was granted by the Human
Research Ethics Committee at the University of the Sunshine
Coast (A/17/1043). Eleven elite level SMEs participated in
structured workshops to develop a systems analysis model of the
netball match performance system. The SMEs were experienced
elite level netball coaches (C), professional netball players (PL),
netball performance analysts (PA), an exercise physiologist (EP),
a sports psychologist (SP), a skill acquisition specialist (SA),
a high-performance manager of a professional netball team
(HPM), and a strength and conditioning coach (S&C) (Table 1).

Study Design

In the current study, WDA, the first phase of a systems
ergonomics method, CWA, was used to develop a model of
the netball match performance system to describe in detail the
composition of netball performance (Naikar et al., 1999). CWA
(Vicente, 1999) is a systems analysis and design framework
that has previously been used in sport to analyze the football
match performance system (McLean et al., 2017b) and other
complex sociotechnical systems (Read et al, 2016; Salmon
et al., 2016, 2017b), and to inform system design or redesign
activities (Cornelissen et al., 2014; Stanton and Bessell, 2014). The

framework comprises five phases; however, the phases applied is
dependent on the purpose of the analysis. This study uses the first
phase of CWA (Vicente, 1999), WDA. WDA is used to provide an
event and actor independent model of the system under analysis:
in this case the elite netball match performance system. The aim
is to understand the constraints imposed on the actions of any
player performing activities within a netball match environment.
This is achieved by describing systems at five conceptual levels
using the abstraction hierarchy (AH) method (McLean et al,
2017b) (Table 2).

Within the WDA model the specific functional purposes,
measures, functions, processes and physical objects are displayed
as nodes. The nodes are linked across the AH levels via means-
ends relationships (indicated by connecting lines in Figure 1).
This indicates that linked nodes above a node in the hierarchy
relate to why the content of the node is required, and the
linked nodes below a node relate to how the node is achieved
(Salmon et al., 2017b). For example, in the netball model the
function Attack’ might have links to values and priorities such
as ‘Number of goals scored’ and ‘Scoring streak’ above, and links
from object-related processes such as “Target for scoring’ and
‘Physical performance’ below.

Procedure

The procedure for conducting a WDA requires an accepted nine
step methodology (Naikar, 2013). The following section outlines
the steps followed during the development of the current WDA.

Step 1: Establish Aims and Purpose
The purpose of the analysis was to develop a systems model of
netball match performance, including a description of on-court

TABLE 1 | Subject matter expert (SME) characteristics.

SME Professional Professional Professional International International Number of National sport Accreditation
experience games played games games played tournaments other sports academy
(years) coached worked in (years)

C 18 ~350 ~250 42 - - - -

C 12 ~50 76 - - 8 HPC

PL 7 32 - 63 2 - - -

PL 3 35 - 10* 1* - - -

PA 15 - - - 3 4 - Ph.D.; ISPAS

(L5)

PA 10 - - - 5 4 5 Ph.D.; AspS2;
ISPAS (L5)

SP 22 - - - - 7 - AHPRA

EP 23 - - - - - - Ph.D.

S&C 2 - - - 2 3 - ASCA (L2)

HPM 20 - - - 2 17 20 ASCA (L3)

SA 14 - - - - 12 10 Ph.D.

Total 146 67 250 115 15 36 43

Mean 13.3 33.5 38.3 2.5 9 10.8

*World youth cup, ~ self-reported estimates. ‘Professional games coached’ includes assistant coach. ISPAS, International Society of Performance Analysis of Sport; ASCA,
Australian Strength and Condlitioning Association; AHPRA, Australian Health Practitioners Registration Agency; Ph.D., Doctor of Philosophy; HPC, High Performance
Coach; ASpS2, Accredited Sports Scientist Level 2 — Exercise and Sports Science Australia. International tournaments include: Olympic Games, World Championships,
Commonwealth Games, South Asian Games, World Youth Cups, Asian Champions Trophy.
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TABLE 2 | Abstraction hierarchy descriptions.

Abstraction hierarchy level Question

1. Functional purposes

2. Values and priority measures
3. Purpose-related functions

4. Object-related processes

5. Physical objects

What is the reason for playing?

How can players, coaches assess whether the functional purposes are being achieved?

What functions must be performed to achieve the purposes of the netball match system?

What processes or affordances are provided by the physical objects in the netball match system?
What physical objects are in the netball match system?

FIGURE 1 | The work domain analysis of the netball performance system.

performance, current measures used to assess performance, and
to identify novel measures of performance.

Step 2: Anticipate Project Constraints

The main constraint considered was limited access to elite level
SMEs due to the high demands placed on their time during
training and competition. To manage this, we used multiple
SMEs, including players, coaches, match analysts, and strength
and conditioning coaches and held three separate workshops to
provide as much opportunity for participation as possible.

Step 3: Define the System Boundary

To develop the WDA, it was necessary to set analysis
boundaries. The boundary for the current analysis was confined
to professional women’s netball match-play. Factors related to
performance that occur outside of the match, such as training,
nutrition, sleep, etc., were not considered in the analysis.
A second aspect of the analysis boundary was a specific focus on
elite level women’s netball.

Step 4: Classify System Constraints

For the purpose of this study, the WDA constraints represent
the specific types of relationships that are to be modeled
between the different components of netball match performance.

For example, the physical context in which netball players
operate imposes constraints on the actions of individual
and group behaviors, whether this be via a need to adapt
to the opposing team or the pressure to perform under
stressful passages of play. Given that the relationships
among performance-based components are largely non-
deterministic (i.e., players continuously exhibit large degrees of
freedom and latitude for behavior), the type of data sources
and development of the analysis needed to include the
firsthand experience of ‘real’ people who could reflect on
why certain actions and behaviors occur during on court
performances.

Step 5: Locate Data Sources

Existing scientific research in elite-level netball and wider
sports performance peer-reviewed academic literature, as
well as the identified SMEs were considered appropriate data
sources to develop an initial WDA. In addition, the first
author attended multiple training sessions of a professional
netball team prior to the analysis to assist in understanding
what comprises netball performance. The knowledge gained
enabled recommendations of PA measures from other
sports that could be modified and used in netball to assess
performance.
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Step 6: Construct the WDA

An initial model of the netball match system was developed
by the research team based on the data collected in step five.
The research team comprised four researchers experienced in
applying systems ergonomics methods to sporting domains
(Hulme et al., 2017; McLean et al., 2017b; Salmon et al.,
2017a), two of which are human factors (HFs) practitioners with
extensive experience in applying CWA in systems analysis and
design across a range of safety critical domains (Read et al., 2015;
Salmon et al,, 2016), and two experienced netball performance
analysts. Due to the scarcity of netball specific PA measures,
several of the nodes within the initial WDA were derived from the
PA literature on well-established professional sports. The research
team applied the means-ends-links to the final model, to show the
connections between the nodes across the levels of the AH using
the how-what-why prompts.

Step 7: Refine the Analysis

The draft WDA model was reviewed and refined by the
SMEs in three separate workshops. The SMEs were questioned
on the appropriateness of the nodes in the draft model,
including whether each node should be included or excluded
from the model, and if the terms used were applicable to
netball practitioners and coaches. Where required nodes and
relationships were either removed, modified, or added.

Steps 8 and 9: Review and Validate the WDA

The completed WDA was presented to the two expert netball
performance analysts for review. They were asked to review
each node within the model, starting at the functional purposes
level and proceeding downward to the physical objects level.
The analysts agreed with the nodes at each level and provided
no further modifications to the WDA model. To determine the
novelty of included PA measures, the first author reviewed the
existing literature on PA in netball, and items that have not
previously been assessed in netball literature were considered to
be novel to netball PA.

RESULTS

Modifications to the WDA

Based on the feedback from the SMEs during the workshops,
there were modifications to the original WDA model of the
netball performance system that was developed by the research
team. See Appendix 1 for a summary of the SME modifications
to the WDA model.

Work Domain Analysis

The ‘netball match performance model’ is presented in Figure 1.

Functional Purposes

Five functional purposes identified highlighting the importance
of winning the match, continual team improvement, adherence
to the game plans, the demonstration of team values, and a need
to entertain audiences.

Values and Priority Measures

Nineteen values and priority measures were identified. These
included measures of goal scoring and passing, defense, cognitive
measures of psychological flow and scoreboard pressure, team
structure measures of space creation, and the strategic use of time
outs.

Purpose Related Functions

Eighteen general functions were deemed necessary for achieving
the functional purposes. These included match phase measures
such as such as attack, defend, and transition. Functions
of cognitive and physical performance, and tactical measures
including controlling momentum, maintenance of structures,

and adaptability.

Object Related Processes and Physical Objects

The two lower levels of the WDA show the physical objects in
the system and the processes that each object supports in order
to achieve the purpose-related functions. For example, the ‘Goal
post and goal’ provides a “Target for scoring, and ‘Footwear’
provides ‘Protection from injury.’

Means-End-Links

The means-end links in the WDA provide an indication of the
relationships between the nodes across the five levels in terms of a
how-what-why triad (Figure 2). The many-to-many means-end-
links demonstrate the numerous possibilities for action available
to the actors within the system (Figure 1).

DISCUSSION

The primary aim of this study was to develop, using WDA, a first-
of-its-kind model of the netball performance system to determine
the composition and interactions between the components of
netball performance. Furthermore, the study aimed to identify
components of performance that are not currently measured that
have potential to advance PA in netball.

Issues Identified With Current PA in
Netball

The discussions with SMEs in the workshops, and information
from the relevant netball PA literature, indicates that PA in
elite level netball primarily uses isolated notational analysis
measures of individual players to describe performance. For
example, commonly used measures identified included successful
and unsuccessful passes, offensive and defensive rebounds, and
number of penalties received. This reductionist approach is
further problematic as the SMEs identified a lack of integration
of these measures. It is our contention that PA in netball
can be enhanced by addressing these issues by incorporating
measures to analyze team behaviors. These measures can be
extracted from the WDA. The following sections will discuss
the results from across the levels of the WDA, with a specific
focus on the functions and measures novel to PA in netball.
The discussed functions and measures will highlight potential
analysis methods aimed at increasing the quality of feedback
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Win the
match
Passing
netw orks
Adaptability

Defines
match tactics

Game plan

FIGURE 2 | Example means-end-links pathway. The relationship between levels of the abstraction hierarchy are indicated by the means-end-links using a
how-what-why triad. Working from bottom to top, the physical object ‘Game plan,” enables the object related process of ‘Define match tactics,” which includes the
purpose related function of ‘Adaptability’ of which can be assessed by the ‘Passing networks’ which can be measured to determine its influence on the functional
purpose ‘Win the match.” This approach is completed for all components in the developed netball performance system model.

to coaches, and subsequently improve coach’s decision making
to improve the coaching process. The measures and functions
presented in the following sections are those that are deemed to
be novel to netball, based on the current literature and from the
workshop discussions with the SMEs. The two lower levels; object
related processes and the physical objects from the WDA are not
discussed further as they do not represent specific measures and
functions of performance, which is the main focus of the study.
They do, however, influence the behavior of the system which is
indicated by the means-end-links (Figure 2).

Functional Purposes

Five functional purposes were identified in the WDA (Figure 1).
Although winning the match would logically be considered
as the most important functional purpose, other functional
purposes were identified, which were seen as changing in priority
depending upon contextual factors. For example, the coaching
staff and players may still be satisfied when losing if the team
has implemented the game plan, progressively improved from
previous performances, and demonstrated team values. The
means-end links in the WDA demonstrate the interactions
between the measures and functions, and the core functional
purposes. However, it is questionable as to how appropriately the
functional purposes within the system are currently measured,
due to the reductionist tendencies of the notational analysis
measures typically used for PA in netball. Using performance

measures that cannot comprehensively measure the functional
purposes identified in the WDA indicates that at present coaches
may be required to subjectively assess the functional purposes
of a match. This is potentially problematic as coaches use match
performance statistics to reinforce their opinions of match events
for decisions relating to future matches (Hughes and Bartlett,
2002). As such, basing decisions on variables that cannot fully
capture the interactions of the components of performance, may
lead to incorrect or misinformed decision making by coaches. In
other words, “Most of us only see what we expect to see, and
what we expect to see is what we are conditioned to see when
we have learned the definitions and classifications of our culture”
(Turner et al., 1967). Therefore, to optimize PA in netball,
more sophisticated measures used in other more established
professional sports (that are presented in the WDA) could
be modified and used to objectively describe if the functional
purposes are being achieved. In addition, the SMEs emphasized
that as a relatively new professional women’s sport, it is important
that netball matches provide entertainment in order to develop
a strong supporter base, to gain sponsors, and to compete with
other women’s sports to ensure long-term sustainability.

Values and Priority Measures

Several of the values and priority measures from the WDA,
including passing and goal scoring variables, turnovers, and
rebounds have previously been measured to assess netball
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FIGURE 3 | Network analysis diagram of passing in a netball match. The direction of attack is from left to right. In this conceptual example, the node (player) size is
based on degree centrality (number of outward passes in the match). The larger nodes represent more passes made, and the edges (passes) are weighted by
frequency of passes completed between players, e.g., thicker lines indicate a greater frequency of passes. GK (goalkeeper), GD (goal defense), WD (wing defense),

performance (O’ Donoghue et al., 2008; Pulling et al., 2016; Croft
et al.,, 2017). Although these match actions are important for
successful performance in netball, they are often measured in
isolation and without context, which limits their use for coaches
(McLean et al., 2017b). Therefore, the model was used to identify
novel measures of performances including group behaviors,
measures from other sports that could be modified and applied to
netball, outcome measures related to physical performance, and
measures to optimize cognitive performance.

Passing, Possession, and Shooting

Research on passing in netball has previously used descriptive
notational analysis methods to determine performance (Pulling
et al., 2016). Using isolated passing success or frequency to
assess performance has decreased in many other sports and been
replaced with more sophisticated methods (Gongalves et al., 2017;
McLean et al., 2017c, 2018b; Ribeiro et al., 2017; Mclean and
Salmon, 2019). Therefore, to enhance PA in netball, the WDA
included passing metrics used in other team sports to assess
performance which have potential to be used for PA in netball.
One of the aims of invasion team sports is to score points by
overcoming the opposition through intra team coordination and
passing (Eccles and Tenenbaum, 2004). Therefore, for the passing
analyses to be effective, the methods applied need to explain
this team connectivity and coordination. Network analysis is
a commonly used method to assess passing interactions in
other sports (Ribeiro et al., 2017). Network analysis is used
to analyze passing networks and provides quantifiable metrics
of the connectivity of the team, and identifies the influential
players within the team (Clemente et al., 2015a,b; McLean
et al, 2017a,c, 2018a). The advantage of measuring passing
networks over traditional approaches is the consideration of
interdependencies and relational perspectives relative to the
entire team, compared to individual assessment of passing

(Figure 3) (Wische et al, 2017). This provides information
to coaches regarding team functioning, and potentially assesses
whether match tactics are being achieved, or require changing.
Therefore, the use of passing networks rather than isolated
passing metrics (e.g., successful and unsuccessful passes) will
provide additional information on team functioning in netball. In
addition, the passing network analyses could be further enhanced
when integrated with the location on the court where the passing
networks commence, progress through the court, and break
down (McLean et al.,, 2017¢). This allows the identification of
the areas of the court where passing networks were successful,
the vectors of the passing network, or potentially where the
opposition focuses their passing networks and their vectors
(McLean et al., 2017c).

Passing metrics that identify and describe the penetration
through opposition defenses, and spatial dominance are
beginning to be used in other sports as a measure to assess
the quality of passes (McLean et al., 2017b; Rein et al., 2017;
Tenga et al., 2017). These metrics consider the number of
opposition players bypassed by a single pass, which is an effective
pass compared to a sideways or backward pass that enables the
defenders to still be involved in that specific moment of the game.
Given the use of these measure in other team sports, penetrative
passes would be a useful measure in netball, which prompted
its inclusion in the WDA. Although this approach represents a
somewhat isolated passing metric, it is a good example of how
isolated passing analysis can be used alongside contextual details
to provide a detailed analysis of the effectiveness of a pass.

The analysis indicated that isolated types of passing that are
currently measured, such as center passes, and goal circle edge
feeds, should be reported with a shooting outcome. For example,
instead of simply counting the center passes, and goal circle edge
feeds, measuring the center passes that were converted, or the
goal circle edge feeds that were converted would provide a more
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detailed analysis, and could be incorporated into the passing
network analysis.

Physical Performance Measures

Measuring physical performance in isolation, such as distance
covered or the number of accelerations performed, also has
limitations in relation to PA in sport, as physical outputs
alone are not good indicators of overall performance (McLean
et al., 2017b). Netball performance requires repeat explosive
actions (Cormack et al., 2014), however, simply measuring the
accelerations does not provide any information for how the
accelerations benefit performance. In the model, strong takes
were identified as a potential measure that has a performance
outcome related to physical performance. Strong takes was
defined as a received pass preceded by a rapid acceleration.
Furthermore, acceleration data derived from motion tracking
micro-technology could be a useful measure to determine
effective defensive pressure, as it has been shown that percentage
of passing occurrences is less in high compared to low defensive
pressure for expert netball players (Bruce et al., 2009). Therefore,
a measurement that describes the speed to apply defensive
pressure, based on accelerations of the players may be a
potential future measure when analysing performance in netball.
Understanding physical match demands is important, especially
from aload and injury prevention perspective (Bailey et al., 2017),
however, more work is needed to integrate physical measures to
performance outcome measures. Furthermore, the PA measures
incorporating physical demands proposed here are somewhat
subjective, suggesting that more sophisticated and objective
methods are required.

Optimizing Cognitive Performance

The SMEs indicated that based on previous experience
psychological flow was identified as a key component of
performance in elite level netball. Psychological flow in sport
is explained as the optimal psychological state for performance
(Csikszentmihalyi, 1990). Experiencing flow for an athlete is
characterized by an intense focus and absorption in an activity,
at the exclusion of all other thoughts and emotions (Swann
et al., 2012). As a result, players acquire a sense of ‘everything
coming together’ even in the most demanding situations (Swann
et al., 2012). Interestingly, psychological flow in netball is not
represented in the literature and the SMEs indicated that flow is
not routinely assessed in professional netball. The absence of such
measures are despite the existence of flow state scales developed
to measure flow (Jackson and Marsh, 1996). Understanding
the mechanisms of flow, and the behaviors and actions of
players and teams demonstrated during flow states could enhance
performance in netball. Importantly, as players share common
experiences such as the same opponent, the same coach, and the
same conditions of play, flow can be experienced at a team level
(Bakker et al., 2011).

Minimizing scoreboard pressure errors was included in the
WDA as an area where players’ cognitive performance could
be enhanced. The effect of scoreboard pressure on the players,
which typically occurs toward the end of quarters, was described
by the SMEs as a critical phase in the match that can have a

direct influence on netball performance and match outcome. For
example, toward the end of matches and in overtime of close
matches, basketball players may be overstimulated (anxiety and
self-doubt) and therefore vulnerable to distractions (Hill et al.,
2009, 2010; Gémez et al., 2015). This results in poorer decision
making and subsequently turnovers of possession, compared to
an optimally stimulated state (Hill et al., 2009, 2010; Bradley et al.,
2011). Although, no research exits on scoreboard pressure in
netball, coaches could improve this component of performance
in training using time and match status constraints to replicate
these periods of a match.

Purpose Related Functions

The functions identified at this level included the high-level
functions of attack, defend, gain and maintain possession, and
components of these functions have been previously measured
using a variety of methods (O’Donoghue et al., 2008; Pulling et al.,
2016). However, several novel functions of netball performance
were identified in the current model and require further
investigation to optimize netball performance. These include
controlling momentum, spatial awareness, unpredictability to
opponents, and maintaining unit structures. Importantly, these
functions consider the relational perspective of team members,
and reduce the isolated type of analysis used so far in PA in netball
research.

Unpredictability to Opponents

Unpredictability to opponents in attack was identified and
included as a function of performance in the WDA. Commonly
termed entropy in sport science, unpredictability has been
measured in other sports to determine the predictability of
ball movements during play (Hobbs et al., 2018). In basketball,
there is a relationship between teams who display entropy in
offensive phases and the probability of a shot for an undefended
player (D’Amour et al.,, 2015). A separate study investigating
entropy of ball movements in basketball showed that in matches
won, the team displayed increased entropy in the front court
(scoring zone) compared to matches lost (Hobbs et al., 2018).
This result not only shows the importance of being unpredictable
in and around the scoring areas, but also the importance of
analysing unpredictability in relation to elements of match
context such as the location of actions. Given the use of entropy
as measure of performance in basketball, it is logical that entropy
could be a useful measure in netball to assess performance
due to the similarities of the sports. In addition, this could be
optimized in netball to include the entropy of the players spatial
movements (Sampaio and Magds, 2012) in combination with
the ball trajectories (Hobbs et al., 2018). An interesting future
direction would be to investigate entropy as a function of match
status, to assess differences in entropy whilst winning and losing
netball matches.

Maintenance of Unit Structures

The maintenance of team structures in sport is an integral
component of successful performance (McLean et al., 2017b). As
such, maintaining unit structure in netball is a critical strategy
to (a) be compact defensively, and (b) destabilize the opposing
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teams’ defensive structures by increasing the distance between
the opposition defenders when attacking (Moura et al., 2012). In
football, during attacking phases of a match the players are more
dispersed across the length and width of the pitch compared to
defending situations where they are more compact (Moura et al.,
2012). As an attacking team, an aim is to increase the dispersion
of the defenders to attempt to create space for a shot at goal. For
example, when the distance between defensive players in football
is increased, more attempts at goal are conceded compared to
when the distance between defenders is decreased (Moura et al.,
2012). Although there is no research of this type in netball,
research into team structures in other sports has shown the value
of such information to understand the necessary components of
creating attempts at goal. A difference between netball and other
sports is that the match constraints in netball allow players of
only certain positions to attack or defend. For example, only four
players from each team can occupy the defensive zone, and only
four players from each team can occupy the attacking zone of the
court. For this reason, maintaining attacking or defensive units
was included in the WDA rather than maintaining the entire
team structure. There are various existing methods of assessing
the maintenance of team structure, including stretch index,
measurements of surface area, playing area, effective playing area,
and centroid measures (Sarmento et al., 2017), all of which have
potential to determine the maintenance of unit structures in elite
netball.

Controlling Momentum

The ability to control momentum in netball was supported
in this analysis. The SMEs described controlling momentum
in netball as the ability to slow down or speed up play as
the match situation demands. Synonymous with controlling
momentum is match tempo, which has not been clearly defined
in sport science research (McLean et al, 2017b). There are
conflicting definitions of tempo, and attempts to define it have
included time in possession, speed of the ball, and speed of
the players (Tenga et al,, 2009; Buchheit et al.,, 2010; Wallace
and Norton, 2014). However, a comprehensive definition of
tempo, and the relationship between tempo and performance in
sport is yet to be established (McLean et al., 2017b). The SMEs
indicated that understanding the mechanisms of controlling
momentum in netball would be beneficial to performance. Firstly,
an appropriate method to determine how to measure tempo in
netball is required, followed by methods to understand the player
behaviors required to control it. This represents an opportunity
for future research, and such results that would be informative
and useable for coaches.

This first-of-its-kind WDA of the elite women’s netball
performance system has demonstrated that netball is a complex
system, which consists of multiple interacting and competing
components of performance. The purpose of the WDA is not
to determine the relative importance of individual nodes, but to
capture all of the possibilities that influence performance. One
of the strengths of WDA is that it does not attempt to describe
or predict the behavior of the individuals within the analysis, but
instead describes the constraints in the system that can influence
and effect behavior (McLean et al.,, 2017b). This is important

because coaches each have their own philosophies and preferred
coaching styles. In the current study, it was important to model
the existing measures of PA in netball, as well as to include novel
functions of performance and potential measures that would exist
in the optimal netball performance system. It is noted that the
necessary resources required for measuring some of the proposed
performance variables from the current study may not be readily
available for many netball performance analysts at this early
point in professional netball. This should represent a challenge
to researchers to develop methods that are sophisticated and
inexpensive, yet useable in practice. For instance, valid and
reliable observational instruments for the technical and tactical
analysis of rugby performance have been designed and could be
extended to many of the novel netball performance measures
proposed in this study (Villarejo et al., 2014). It has been shown
here that by understanding the PA variables of other sports more
advanced in terms of PA than netball, there are possibilities to
modify variables to be appropriate for netball. By enhancing
the PA methods in netball, a more detailed analysis is achieved
which will subsequently improve the feedback to coaches and
players, and improves coach’s knowledge of PA. By using elite
level netball SMEs to develop the model ensures that the novel
methods identified here will be usable in practice.

A final point of consideration relates to the lack of sports
science research that has applied systems thinking approaches
in women’s sports contexts. Thus, this research addresses two
important needs. First, netball is an under-researched area
relative to other team-based sports contexts, and the use of a
systems-based PA framework has been beneficial at identifying
non-traditional aspects of on-court performances that require
the attention of coaches and players. Secondly, this research
should encourage sports scientists to apply other systems
thinking approaches to optimize performance in women’s sports
contexts — whether this be netball or otherwise. For example, the
next step following this research may be to explore how best to
measure, test and validate the novel performance components
identified and question the feasibility of doing so from a practical
and coaching standpoint. This way, the growth of women’s sport
can parallel scientific advancement and innovation in the sports
sciences, bringing with it the formalization of systems thinking
approaches in a underrepresented athletic group.

Limitations

A potential limitation of the current study is the small number
of SMEs used to develop the WDA model of elite level
netball. However, the SMEs who participated in the current
study have extensive experience in elite level netball including
participation in national and international competitions as
coaches, analysts, and players. Furthermore, a similar model of
football performance used eight SMEs in their analysis (McLean
et al,, 2017b), and other research using this method has ranged
from three to eleven SMEs to develop similar models (Jenkins
et al,, 2011; Salmon et al., 2016). In addition, the demographics
of the SMEs spanned three of the top nations in world netball
(Australia, New Zealand, and South Africa). A limitation of the
WDA method is that is does not weight the relationships between
the nodes to determine nodal importance. However, the purpose
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of the WDA phase of the CWA framework is to model the
entire netball performance system, and in doing so identify all
the components within the system that influence the functions
and measures of performance. Future research could attempt
to weight the relationships between nodes to determine nodal
importance.

CONCLUSION

The current study provided a first-of-its-kind complex systems
model of the elite women’s netball match performance
system. The model depicts the key components of netball
match performance along with the means-ends relationships
between them. It is concluded that, whilst netball performance
is complex in nature, there are various opportunities to
understand this complexity through the introduction of new
PA measures. Further investigation is reccommended, particularly
the development, testing and validation of the new measures
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APPENDIX 1 | SME MODIFICATIONS TO THE INITIAL WDA.

Level of abstraction

Action taken

Functional purposes

Values and priority measures

Purpose related functions

Object related processes

Physical objects

Minor rewording:

‘Play in line with club values’ > ‘demonstrate team values’

Added nodes:

‘Provide entertainment’

Minor rewording:

‘Goals scored/conceded’ > ‘goals scored/missed/conceded’; ‘center restarts’ > ‘center pass conversions’

Removed nodes:

‘Distance covered’; ‘center restarts’; ‘goal assists’; ‘goal attempt blocks’; ‘number of possessions’

Added nodes:

‘Psychological flow’; ‘player workload’; ‘penetrative passes’; ‘converted edge feeds’; ‘contested errors/uncontested errors’; ‘time
outs’; ‘scoreboard pressure’; ‘passing chains’; ‘defensive/offensive pressure’

Nodes incorporated elsewhere:

"Handling errors’; ‘intercepts’; ‘loose ball wins’ incorporated into ‘turnovers to score’ ‘Discipline’ incorporated into ‘penalties
received/conceded’ ‘Defensive block’; ‘goal attempt blocks’ incorporated into ‘defensive pressure’

Minor rewording:

‘Mange tempo’ > ‘control momentum’ ‘Maintain structures’ > ‘maintain unit structures’ ‘Adhere to team culture’ > ‘value team
culture’

Removed node:

‘Gain and maintain possession’

Added nodes:

‘Spatial awareness’; ‘gain possession’; ‘maintain possession’; ‘optimize cognitive performance’; ‘optimize physical performance’;
‘unpredictability to opponents’

Minor rewording:

‘Team support/hinderance’ > ‘team and player support/hinderance’ ‘Visual communication’ > ‘communicates playing position’
‘Implement rules’ > ‘enactment of game rules’ ‘Stadium atmosphere’ > ‘controls stadium environment’

Minor rewording:

‘Game plan and tactics’ > ‘game plan’

Removed node:

‘Air conditioning’

Added nodes:

‘Benches’; ‘stadium utilities’

Nodes incorporated elsewhere:

‘GPS’ incorporated into ‘data capturing equipment’
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The aim of this study was to analyze the technical and tactical offensive and defensive
actions of the goalkeepers and to determine the relationship between these actions
and the qualifying results of their respective teams. The sample studied is made up
of the goalkeepers (n = 20) of the senior national teams that participated in the FIFA
Women’s World Cup in Germany 2011. A descriptive analysis was developed comparing
the offensive and defensive actions in competition carried out by the goalkeepers on
qualified teams (pass the group stage) with the goalkeepers on unclassified teams (not
pass the group stage). For the inter-group comparison, the value of the coefficient of
variation was incorporated and the effect size calculated. All data were treated with
a statistical significance level of p < 0.05. The results show that the goalkeepers on
qualified teams have higher offensive registers, as well as a higher number of passes
successfully completed in different areas of the field. The goalkeepers on unclassified
teams show higher defensive records such as saves inside the area, foot stops and
wrong clearances among others.

Keywords: women'’s football, match statistics, notational analysis, performance indicators, soccer

INTRODUCTION

The number of scientific investigations on women’s football specific to the topics of player
characteristics and demands of the game has considerably increased in recent years due to the
increased popularity of the women’s game worldwide, although they are not yet as numerous as in
the case of men’s football (Martinez-Lagunas et al., 2014). However, most of the published studies
have been focused on the physiological and physical attributes of female footballers, which appear
to condition the way the team plays and performs during games and competition (Gabbett and
Mulvey, 2008; Mohr et al., 2008).

The analysis of competition is currently a key process for improving the performance of football
teams in matches and training (Carling et al., 2005; Sarmento et al., 2014). This analysis of the
competition pretends to identify the strengths of the own or rival team and to have information
more adequate to the complexity of collective sports (Carling et al., 2008; Agras et al., 2016). To
this end, a variety of performance indicators are proposed, which are a combination of variables
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that help to achieve sporting success (Hughes and Bartlett, 2002;
Mackenzie and Cushion, 2013). These indicators constitute an
ideal profile that can be used to predict future behavior in a
sporting activity (O’Donoghue, 2005). The comparative analysis
over time of the performance profiles of the winning teams
reveals how the styles of play evolve and identifies those variables
(such as possession of the ball or blank shots) that are considered
the most important in today’s football (Castellano et al., 2012;
Sarmento et al., 2014).

In football, the characteristics of the players, the tactics,
the rhythm of the game and play at home or abroad are the
most important factors in the performance (Yamanaka et al,
1993; Bangsbo et al.,, 2006; Taylor et al., 2010). Hughes and
Franks (2005) compared the performance of successful and
unsuccessful teams at the 1990 FIFA World Cup, finding greater
possession and more shots on goal from successful teams. Several
studies have found differences in the individual and collective
technical and tactical patterns of the teams with the highest sports
performance (Yang et al., 2018). In this line, Folgado et al. (2015)
point to the level of tactical development, the pace of play and
player fatigue as determining factors in performance. In this way,
the specific position of the player affects the technical, tactical and
physiological performance of the players in competition (Reilly,
1997; Di Salvo et al., 2008). Studies have found large differences
in the physiological efforts and play actions of different specific
positions in football (Rienzi et al., 2000; Di Salvo et al., 2008).

A few studies have focused on match analysis of women’s
football. Soroka and Bergier (2010) studied the characteristics of
attack and defense actions to win or lose in women’s football.
Hewitt et al. (2014) reported a different game activity between
higher and lower ranked teams in women’s football. Pollard and
Gomez (2014) analyzed the advantage of playing at home in the
European women’s leagues, comparing them to the men’s leagues,
concluding that the advantage is greater in the men’s leagues.
On the other hand, Ibafiez et al. (2018) reported a different
game activity between higher and lower ranked teams in women’s
football. However, the studies have not specifically analyzed the
characteristics of the goalkeeper’s actions and their impact on the
team performance.

The goalkeeper is the most specialized position in football. The
goalkeeper’s primary role in soccer is to protect his/her team’s
goal, whilst a secondary purpose lies in ball distribution during
the initiation of an attack. As the objective of football is to out-
score the opposition, it stands to reason that the demands placed
upon goalkeepers have the potential to directly influence the
outcome of a match (Seaton and Campos, 2011). Indeed, as the
only players permitted to legally handle the ball (when inside the
penalty area) whilst the game is “live;” their positional role is not
akin to that of other outfield playing positions (Van Der Kamp,
2006; Di Salvo et al., 2008; Farifia et al., 2013; Almeida et al., 2016).

White et al. (2018) made a review of current literature
about match-play and performance test responses of football
goalkeepers. This review summarized the available literature
pertaining to the performance responses of football goalkeepers
and concluded that football goalkeepers demonstrate different
physiological profiles from outfield players (i.e., superior jump
performance, reduce VO2max values, slower sprint times).

Similarly, there are differences in physiological, anthropometric
and technical parameters between high-performance and
amateur goalkeepers (Rebelo et al., 2013).

In relation with the technical and tactical analysis of the
goalkeeper’s actions some studies have used observational
techniques to identify the type of activities performed by
goalkeepers during match play. In youth players Sainz de Baranda
etal. (2005c¢), analyzed the goalkeeper’s defensive actions in the 7-
a-side football format. At this same age, Ortega-Toro et al. (2018)
found differences in the goalkeeper’s offensive and defensive
actions between the formats of Futbol-5 and Futbol-8. In high-
performance football, Sainz de Baranda et al. (2008), during
the 2002 World Cup, reported that international goalkeepers
performed 23 defensive technical actions over 90 min, of which
the most frequent actions were saves. Other studies of Spanish
professional goalkeepers reported a lower incidence of saves,
however, these studies reinforce the defensive role of football
goalkeepers (Liu et al, 2015). Liu et al. (2015) examined the
performance of goalkeepers by considering three situational
variables (opposition, result, and location). Along the same lines,
Villemain and Hauw (2014) identified the game actions that
generate the most uncertainty for goalkeepers.

Peracek et al. (2017), during the European Championship
U17, found that demands on the goalkeeper’s game performance
are high. However, they found out that at present there has
been a change in the ratio between defensive and offensive game
activities in favor of offensive.

Then, goalkeepers need to participate/contribute effectively to
the implementation of the team’s game model and not only stay
on goalpost to defend/stop the shots. Goalkeepers need to be able
to play with their feet, actively participating in the offensive phase,
mainly in the distribution of the ball (participates in build up
play and involved as much as possible in shaping the play when
team is in possession). Therefore, Sainz de Baranda et al. (2005b)
point out the importance of analyzing the participation of the
goalkeeper both in the defensive phase and in the offensive phase.

The aim of the current study was to analyze technical and
tactical offensive and defensive performance of goalkeepers
from the national teams participating in the 2011 FIFA
Women’s World Cup in Germany, comparing the actions of the
goalkeepers on qualified teams (pass the group stage) with the
goalkeepers on unclassified teams (do not pass the group stage).

MATERIALS AND METHODS

The sample included 20 goalkeepers from the 16 national teams
that participated in 32 matches of the 2011 FIFA Women’s World
Cup in Germany (age: 28.9 £ 4.2 years; height: 172.54+6.5 cmy;
weight: 62.3 + 6.3 kg; years of experience: 11.23 £ 4.23 years).
Teams were divided in two groups in relation to advanced
(classified teams) or not advanced (unclassified teams) from
the group stage of the tournament. The first round, or group
stage, sees the sixteen teams divided into four groups of four
teams. The knockout stage comprises the eight teams that
advanced from the group stage of the tournament. The teams who
passed the first round were: Germany, Japan, Sweden, Australia,
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FIGURE 1 | Field zones used for establishing the pass length in the offensive actions of the goalkeeper.

England, France, Brazil and United States (these teams were the
classified teams). The unclassified teams were: Equatorial Guinea,
Nigeria, Korea DPR, Norway, Canada, Mexico, New Zealand,
and Colombia.

Statistics used in the study were made available by OPTA
Sportsdata Spain Company (Madrid). The reliability of tracking
system (OPTA Client System) has been verified by Liu et al.
(2013) which showed a high level of inter-operator reliability
using the system to track goalkeeper’s match actions (weighted
kappa for two tested goalkeepers: 0.86 and 0.92). The Company
maintained the anonymity of players and teams following
European Data Protection Law. The study was approved by the
Ethics Committee of University of Murcia (ID 1944/2018).

Based on the review and analysis of available literature
in the performance analysis of football, the following match
performance indicators were chosen for analyses the goalkeepers’
intervention. The variables were divided into two main categories
(offensive and defensive actions) (see Figure 1). The offensive
actions were divided in pass zones and types of passes (see
Table 1) and the defensive actions were divided in goals and
shots received, types of saves and basic goalkeeper’s actions
(see Table 2).

Statistical Analysis

First, a descriptive analysis based on goalkeeper actions (mean
and standard deviation) was performed. In addition, the value
of the coefficient of variation (CV) for each of the variables was
incorporated in order to know the variability or stability of each
action of the goalkeeper. After that, the mean difference test (T
student for independent samples) was carried out, analyzing the

variables and using as grouping variables the classified teams
(teams that had passed the first round; n = 8) against the non-
classified teams (teams that had not passed the first round; n = 8).
To know the magnitude of the differences found, the size of the
effect (ES) was calculated using the Cohen’s d (1988) considering
the values as small effect (d < 0.2), medium effect (0.2 <d < 0.6),
high effect (0.6 < d < 1.2) and strong effect (d > 1.2). Statistical
analyses were performed using the IBM SPSS Statistics 21.0
statistical package (IBM Corp., Armonk, NY, United States) and
the statistical significance was established at p < 0.05.

RESULTS

Table 3, shows the differences between classified and unclassified
teams, and total values of the variables of the pass areas.

The results in Table 3 show that the mean number of
passes attempted made by the goalkeeper and their success is
always higher in the qualified teams (teams that have passed
the group stage). Conversely, the coefficient of variation, for the
majority of unclassified teams is higher, except for the variables:
attempted passes in the offensive third and the successful passes
in the offensive third field. It is also noteworthy that none of
the variables show any significant differences between classified
and unclassified teams; There exists a trend toward statistical
significance in the successful passes in the middle third field
(p = 0.06; ES = 0.93; high effect) and in the successful passes in
the offensive third field (p = 0.05; ES = 1.04; high effect).

The results shown in Table 4 show the type of passes that
goalkeepers make. In all the variables the mean is higher in the
classified teams. In addition, the actions that are most performed
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TABLE 1 | List of goalkeeper offensive actions and definitions.

Variables Technical/tactical action

Definition

Pass zones Attempted passes in own half (APOH)
Successful passes in own half (SPOH)

Attempted passes in opponent’s half (APOP)

Successful passes in opponent’s half (SPOP)
Attempted passes in defensive third field (APDT)
Successful passes in defensive third field (SPDT)
Attempted passes in middle third field (APMT)
Successful passes in middle third field (SPMT)
Attempted passes in offensive third field (APOT)
Successful passes in offensive third field (SPOT)
Short passes (SP)

Success in short passes (SSP)

Types of passes

Long passes (LP)

Success in long passes (SLP)

Passes received (PR)

Passes to the opponent (POP)

Team’s own forward passes (TOFP)
Team’s own diagonal passes (TODP)
Passes forward to the opponent (PFO)
Passes with a fast moving ball (PMB)

Successful passing with a fast moving ball (SPMB)
Long ball goal kick (LBGK)

Successful long ball goal kick (SLBGK)
Short goal kicks (SGK)

Successful short goal kick (SSGK)

Any intentional played ball from one player to another in own half of field
Any intentional played ball from one player to another in own half of field
Any intentional played ball from one player to another in the attacking half of the
pitch (opposite field)

Accurate passes in the attacking half of the pitch (opposite field)

Any intentional played ball from one player to another in defensive third field
Accurate passes in defensive third field

Any intentional played ball from one player to another in middle third field
Accurate passes in middle third field

Any intentional played ball from one player to another in offensive third field
Accurate passes in offensive third field

Passes over a distance less than 35 yards or 32 meters

Accurate passes over a distance less than 35 yards or 32 meters

Accurate passes that have a distance greater than 35 yards or 32 meters
Accurate passes that have a distance greater than 35 yards or 32 meters
Sending and receiving the ball between two players of the same team
Passes to the opponent

Team’s own forward passes

Team’s own diagonal passes

Passes forward to the opponent

Style of play in which the ball is passed on or distributed after only one or two
touches

Accurate Passes with a fast moving ball

Kick that is used to return into play from inside the goal area (greater than 35 yards
or 32 meters); awarded to the defending team when a ball that crossed the goal line
was last touched by a player on the attacking team.

Accurate long ball goal kick (greater than 35 yards or 32 meters)

Kick that is used to return into play from inside the goal area (less than 35 yards or
32 meters); awarded to the defending team when a ball that crossed the goal line
was last touched by a player on the attacking team.

Accurate short goal kick (less than 35 yards or 32 meters)

by both the classified and unclassified teams are long passes with a
mean of 19.38+6.40 for classified and 15.854-6.79 for unclassified
teams and passes on the contrary with a mean of 13.30+6.36 for
classified and 10.78+4-6.28 for unclassified teams. The coefficient
of variation is higher in most unclassified teams. Finally, it
is observed that there are statistically significant differences in
passes with a fast moving ball (p = 0.027; ES = 1.16; high effect)
and in the successful passing with a fast moving ball (p = 0.028;
ES = 1.16; high effect).

The results in Table 5 show the goals and shots conceded
by the goalkeepers. In almost all variables, the mean number of
goals and shots allowed is higher in unclassified teams, especially
in shots allowed (SA - 5.51 £ 0.97) and shots allowed inside
the area (SAIA - 3.57 £ 0.89). The exceptions lie in goals
from outside the area (GAOA) (0.21 & 0.31 vs. 0.24 £ 0.20)
and the number of times they do not concede a goal (NG)
(0.16 = 0.17 vs. 0.32 & 0.21) which is higher in classified teams.
In addition, there are statistically significant differences in the
variable shots allowed (p = 0.001; ES = 1.92; strong effect) and
in the variable shots allowed inside the area (p = 0.001; ES = 1.86;
strong effect).

The results included in Table 6 show the types of saves
made by the goalkeepers. In almost all the variables the

mean number of actions is higher in the goalkeepers of the
unclassified teams, with the exception of the variables set-
piece saves (SPS) (0.08 £ 0.15 vs. 0.10 £+ 0.18) and body
saves (BS) (0.10 &£ 0.20 vs. 0.14 £ 0.20), which are higher in
classified teams. The CV is higher in almost all classified teams.
In addition, statistically significant differences are observed in
more than one variable: saves inside the area (SIA) (p = 0.010;
ES = 1.41; strong effect), standing saves (SS) (p = 0.009; SE = 1.42;
strong effect); palm hand saves (PHS) (p = 0.009; ES = 1.43;
strong effect); and badly oriented clears (p = 0.010; ES = 1.39;
strong effect).

Table 7 shows the basic defensive goalkeeper’s actions. In
all actions the mean obtained in the variables is higher in the
unclassified teams with the exception of the variable of recoveries
(RE) (11.38 £ 1.30 vs. 12.17 £ 3.35) that is higher in the teams
classified. It is also observed that the coefficient of variation
(CV) is higher in classified teams, except for the variable total
clearance (TC) (60.75% for unclassified teams) and punches
(PU) (86.71% for unclassified teams). The variable recoveries is
the most performed variable by both classified and unclassified
goalkeepers, followed by the action of hand-blocks balls (HBB).
In addition, there are statistically significant differences in the
variable drops (DRP) (p = 0.006; ES = 1.49; strong effect).
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TABLE 2 | List of goalkeeper defensive actions and definitions.

Variables

Technical/tactical action

Definition

Goals and shots received

Types of saves

Saves: A goalkeeper preventing the ball
from entering the goal with any part of his
body when facing an intentional attempt

Goals allowed (GA)

Goals allowed inside the area (GAIA)
Goals allowed outside the area (GAOA)
Shots allowed (SA)

Shots allowed inside the area (SAIA)
Shots allowed outside the area (SAOA)
Goals allowed in fast play (GAFP)
Goals allowed in clear play (GACP)

No goals are conceded (NG)

Saves inside the area (SIA)

Saves outside the area (SOA)
Set-piece saves (SPS)

Air saves (AS)

Total goals scored by the opposition

Total goals conceded from a shot inside the area

Total goals conceded from a shot outside the area

Total shots made by the opposition

Total shots made inside the area

Total shots made outside the area

Total goals scored by the opposition in fast play. Counter attack.
Total goals scored by the opposition in clear play. Open play attack.
No goals conceded to the rival team

Saves inside de area

Saves outside de area

Goalkeeper saves a shot from set-piece (corner kick, free kick, or throw-in)
Total goalkeeper air saves

from an opposition player
Standing saves (SS)

Saves on site (SOS)
Fingertip saves (FS)

Palm hand saves (PHS)
Foot saves (FOS)

Body saves (BS)

Oriented clear (OC)

Badly oriented clear (BOC)

Block saves (BLOS)
Two-step saves (2STS)

Basic Goalkeeper's actions Total clearance (TC)

Blocks (BLK)
Punches (PU)

Drops (DRP)

Hand-blocks balls (HBB)
Recoveries (RE)

Goalkeeper saves a shot by standing and deflecting/parrying to safety
saves away from starting position

Total goalkeeper saves on site

Goalkeeper save using his/her fingertips

Goalkeeper save using his/her palm hand

Goalkeeper save using his/her feet

Goalkeeper save using his/her body

Attempt made by the goalkeeper to get the ball out of the danger zone

Clearing the ball from danger by kicking it up field or out of bounds. The
kick has no intended receiver and is usually done to relieve pressure in the
goal area.

Block a shot that would have resulted in a goal
Ball secured but not on first attempt

Total number of times the ball is clearances defensively. The goalkeeper
clears the ball in difficult situations when he is not sure he can catch it

A goalkeeper blocks the ball from reaching its target

A high ball that is punched clear by the goalkeeper. The keeper must have a
clenched fist and attempting to clear the high ball rather than claim it.

A high ball where the goalkeeper tries to catch the ball, she gets her hands
on the ball but drops it from grasp.

A goalkeeper blocks a shot with her hand.

When the goalkeeper takes possession of a loose ball and successfully
keeps possession for at least two passes or an attacking play

DISCUSSION

The aim of this study was to examine the technical and tactical
performance of goalkeepers of the senior teams participating in
the Women’s World Cup Germany 2011, differentiating between
the teams who passed the group stage and the others.

The analysis of performance indicators in sports has
direct practical implications. As Higham et al. (2014) note,
reference values can assist in understanding variability in
team performance, can aid coaches in establishing quantifiable
objectives for training and performance, and can help when
evaluating the efficacy of training interventions and tactical
changes (Daza et al., 2017). Knowledge of performance
indicators can also be used to create performance profiles
to predict team behaviors and performance outcomes
(Wagner et al., 2014).

One of the first works carried out with the objective of
analyzing the technical-tactical performance of the football

goalkeepers was that of Sainz de Baranda et al. (2008). The
purpose of this study was to examine the characteristics of
goalkeepers’ defense interventions in parallel with the type of
opponent attack. Results related to goalkeepers’ defense showed
that the penalty area was the zone most often used, and the
defensive actions most frequently used were the save (9.96+3.8),
followed by foot control (6.5+4.2), and the clear out (2.9+1.8).
In total, Sainz de Baranda et al. (2008) observed a mean of 23.4
defensive technical actions per match. This results are similar to
that reported by Sainz de Baranda and Serrato (2000) for the 1998
World Cup (22.1 actions per match) but lower than that reported
by Sainz de Baranda (2002) for the 2000 European Championship
(28.31 actions per match).

In the current study (FIFA, 2011), we observed a mean of 24.06
defensive technical actions per match, with 12.29 saves and 11.77
recoveries. The results of the current study and the others studies
reinforce that the main defensive role of soccer goalkeepers is
preventing scoring opportunities and confirm that these events
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TABLE 3 | Offensive actions of the goalkeepers.

Unclassified Classified Total P ES E** Cl (90%)
Mean SD CV Mean SD cv Mean SD cv Lw Upp
APOH 13.23 6.04 45.60 14.78 4.65 31.46 14.01 5.27 37.61 0.57 0.27 M —0.54 1.11
SPOH 6.33 3.87 61.13 9.53 2.95 30.95 7.93 3.71 46.78 0.08 0.88 H 0.04 1.79
APOP 10.78 6.28 58.25 13.26 6.31 47.58 12.02 6.21 51.66 0.44 0.37 M —0.44 1.22
SPOP 2.86 1.90 66.43 4.72 2.48 52.54 3.79 2.34 61.74 0.11 0.80 H —0.03 1.69
APDT 8.55 4.46 52.16 8.91 2.62 29.40 8.73 3.53 40.43 0.84 0.09 S -0.73 0.92
SPDT 8.03 4.23 52.67 8.38 2.47 29.47 8.20 3.35 40.85 0.84 0.10 S -0.72 0.92
APMT 11.81 5.25 44.45 14.70 4.80 32.65 13.26 5.08 38.31 0.27 0.54 M -0.28 1.41
SPMT 4.53 2.16 47.68 6.55 1.95 29.77 5.54 2.24 40.43 0.06 0.93 H 0.09 1.84
APOT 3.65 219 60 4.44 3.21 72.29 4.04 2.69 66.58 0.57 0.27 M —0.54 1.11
SPOT 0.35 0.31 88.57 1.25 1.11 88.80 0.80 0.91 113.75 0.05 1.04 H 0.20 1.98

Differences between classified and unclassified, and total values of the pass areas. *Differences statistically significant. APOH, attempted passes in own half; SPOH,
successful passes in own half; APOF, attempted passes in opponent’s half, SPOP, successful passes in opponent’s half; APDT, attempted passes in defensive third
field; SPDT, successful passes in defensive third field; APMT, attempted passes in middle third field; SPMT, successful passes in middle third field; APOT, attempted
passes in offensive third field; SPOT, successful passes in offensive third field. ** E = effect [small effect (d < 0.2) = S; medium effect (0.2 < d < 0.6) = M; high effect
(0.6 <d < 1.2) = H; strong effect (d > 1.2) = ST].

TABLE 4 | Offensive actions of the goalkeepers.

Unclassified Classified Total P ES E** CI (90%)
Mean SD CV Mean SD cv Mean SD CcV Lw Upp
SP 8.18 4.05 49.51 8.67 3.03 34.94 8.42 3.46 41.09 0.78 0.13 S —0.69 0.96
SSP 7.24 3.77 52.07 777 2.55 32.81 7.51 3.12 41.54 0.74 0.16 S —0.66 0.99
LP 15.83 6.79 42.89 19.38 6.40 33.02 17.60 6.63 37.67 0.30 0.51 M —0.31 1.37
SLP 5.68 2.59 45.59 8.41 2.24 26.63 7.04 2.73 38.77 0.40 1.07 H 0.22 2.00
PR 4.47 3.70 82.77 8.49 415 48.88 6.48 4.33 66.82 0.06 0.97 H 0.13 1.89
POP 10.78 6.28 58.25 13.30 6.36 47.81 12.04 6.24 51.82 0.43 0.38 M —0.44 1.22
TOFP 8.94 3.65 40.82 9.11 4.15 45.55 9.03 3.78 41.86 0.92 0.04 S -0.78 0.87
TODP 9.01 5.57 61.82 9.94 2.58 25.95 9.47 4.22 44.56 0.67 0.20 M —0.61 1.04
PFO 10.78 6.28 58.25 13.30 6.36 47.81 12.04 6.24 51.82 0.43 0.39 M —0.44 1.22
PMB 6.85 4.72 68.90 12.77 4.90 38.37 9.81 5.56 56.67 0.02* 1.16 H 0.31 2.12
SPMB 4.83 3.36 69.56 8.59 2.77 32.24 6.71 3.55 52.90 0.02* 1.16 H 0.30 2.11
LBGK 7.15 3.35 46.85 8.81 2.32 26.33 7.98 2.92 36.59 0.26 0.54 M —0.28 1.41
SLBGK 3.50 2.05 58.57 4.49 0.69 15.36 3.99 1.57 39.34 0.23 0.61 H —0.21 1.48
SGK 8.19 3.61 44.07 5.29 2.21 41.77 6.74 3.26 48.36 0.07 0.92 H 0.08 1.83
SSGK 7.51 3.51 46.73 4.95 212 42.82 6.23 3.10 49.75 0.09 0.83 H 0.002 1.78

Differences between classified and unclassified, and total values of pass categories. *Differences statistically significant. SF, short passes; SSF, success in short passes; LR,
long passes; SLR, success in long passes; PR, passes received; POR, passes to the opponent; TOFF, team’s own forward passes;, TODF, team’s own diagonal passes;
PFO, passes forward to the opponent; PMB, passes with a fast moving ball; SPMB, successful passing with a fast moving ball; LBGK, long ball goal kick; SLBGK,
successful long ball goal kick; SGK, short goal kicks; SSGK, successful short goal kick. ** E = effect [small effect (d < 0.2) = S; medium effect (0.2 < d < 0.6) = M; high
effect (0.6 < d < 1.2) = H; strong effect (d > 1.2) = ST].

occur relatively infrequently during a match, although they may
be modulated by various contextual factors (Liu et al., 2015).

In the current study, results showed that there were differences
in some of the match performance indicators for goalkeepers.
Goalkeepers on classified teams allowed fewer goals, shots and
made fewer defensive actions, saves inside the area, standing
saves, palm hand saves and badly oriented clears. This is
possibly due to the fact that high level teams were subjected to
less attacking play from the opponents, whereas the opposite
happened to goalkeepers of low level teams.

Similar findings were found by Liu et al. (2015) when
league standing was used to group Spanish La Liga clubs into
high-, intermediate-, and low-standard teams. The analysis of
the results showed the goalkeepers on high-standard teams
(i.e., top six league positions) made fewer saves than those
on low-standard teams and also performed fewer touches of
the ball, passes, interceptions, clearances and catches. With
regard to the influence of opposition, goalkeepers on low-and
intermediate-standard teams made more saves when facing a
high-standard opposition than when facing other low-standard
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TABLE 5 | Defensive actions of the goalkeepers.

Unclassified Classified Total P ES E** Cl (90%)
Mean SD cv Mean SD CcVv Mean SD cv Lw Upp
GA 1.66 0.67 40.36 1.10 0.42 38.18 1.38 0.61 44.20 0.07 0.95 H 0.11 1.86
GAIA 1.45 0.69 47.58 0.86 0.51 59.30 1.16 0.66 56.89 0.07 0.92 H 0.08 1.83
GAOA 0.21 0.31 147.61 0.24 0.20 83.33 0.22 0.25 113.63 0.81 0.11 S -0.71 0.94
SA 5.51 0.97 17.60 3.53 0.98 27.76 4.52 1.39 30.75 0.001* 1.92 ST 0.97 3.04
SAIA 3.57 0.89 24.92 2.00 0.69 34.50 2.79 112 40.14 0.001* 1.86 ST 0.92 2.97
SAOA 1.94 0.63 32.47 1.58 0.70 45.75 1.73 0.68 39.30 0.242 0.58 M -0.24 1.45
GAFP 0.19 0.21 110.52 0.07 0.14 200.00 0.13 0.18 138.46 0.21 0.64 H -0.19 1.51
GACP 1.08 0.53 49.07 0.67 0.51 76.11 0.88 0.55 62.50 0.13 0.75 H —0.08 1.63
NG 0.16 0.17 106.25 0.32 0.21 65.62 0.24 0.20 83.3 0.99 0.79 H —0.04 1.69

Differences between classified and unclassified with respect to goals and shots received. *Differences statistically significant. GA, goals allowed; GAIA, goals allowed
inside the area; GAOA, goals allowed outside the area; SA, shots allowed; SAIA, shots allowed inside the area; SAOA, shots allowed outside the area; GAFR, goals
allowed in fast play; GACF, goals allowed in clear play; NG, no goals conceded. ** E = effect [small effect (d < 0.2) = S; medium effect (0.2 < d < 0.6) = M; high effect
(0.6 <d < 1.2) = H; strong effect (d > 1.2) = ST].

TABLE 6 | Defensive actions of the goalkeepers.

Unclassified Classified Total P ES E** Cl (90%)
Mean SD Ccv Mean SD CcV Mean SD CcvV Lw Upp
SIA 2.08 0.73 35.09 1.08 0.61 56.48 1.58 0.83 52.53 0.01* 1.41 ST 0.52 2.41
SOA 1.73 0.70 40.46 1.29 0.61 47.28 1.51 0.68 45.03 0.20 0.63 H -0.19 1.51
SPS 0.08 0.15 187.5 0.10 0.18 180.00 0.09 0.16 177.77 0.80 0.11 S -0.70 0.94
AS 0.90 0.32 35.55 0.52 0.38 73.07 0.71 0.39 54.92 0.05 1.02 H 0.18 1.95
SS 1.95 0.32 16.41 1.18 0.65 55.08 1.56 0.63 40.38 0.009* 1.42 ST 0.54 2.42
SASP 0.28 0.38 135.71 0.17 0.15 88.23 0.22 0.28 127.27 0.43 0.36 M —0.46 1.20
SOS 0.69 0.73 105.79 0.51 0.36 70.58 0.60 0.56 93.33 0.54 0.30 M -0.52 1.14
FS 0.17 0.36 211.76 0.03 0.09 300.00 0.10 0.26 260.00 0.32 0.50 M —0.31 1.36
PHS 3.58 1.04 29.05 2.18 0.79 36.23 2.88 1.15 39.93 0.009* 1.43 ST 0.55 2.44
FOS 0.13 0.17 130.76 0.04 0.08 200.00 0.08 0.14 175.00 0.24 0.64 H -0.18 1.51
BS 0.10 0.20 200 0.14 0.20 142.85 0.12 0.19 158.33 0.75 0.19 S —0.63 1.02
OC 0.95 0.65 68.42 0.66 0.57 86.36 0.80 0.61 76.25 0.35 0.45 M -0.37 1.30
BOC 0.86 0.37 43.02 0.39 0.26 66.66 0.63 0.40 63.79 0.01* 1.39 ST 0.51 2.39
BLOS 0.90 0.65 72.22 0.71 0.46 64.78 0.80 0.55 68.75 0.50 0.32 M —0.50 1.16
28TS 0.94 0.84 89.36 0.57 0.64 112.28 0.76 0.75 98.68 0.34 0.47 M -0.35 1.32

Differences between classified and unclassified and types of saves. *Differences statistically significant. SIA, saves inside the area; SOA, saves outside the area; SPS,
set-piece saves; AS, air saves, SS, standing saves; SASR, saves away from starting position; SOS, saves on site; FS, fingertip saves; PHS, palm hand saves; FOS, foot
saves; BS, body saves,; OC, oriented clear; BOC, badly oriented clear; BLOS, block saves; 2STS, two-step saves. ** E = effect [small effect (d < 0.2) = S; medium effect
(0.2 < d < 0.6) =M, high effect (0.6 < d < 1.2) = H, strong effect (d > 1.2) = ST].

teams. Conversely, goalkeepers on high-standard teams
made more saves when facing a low-standard opposition
than when facing intermediate-or other high-standard
teams. Such counterintuitive findings may be attributable

allowed, other authors claim that the most goals are scored in the
area (Yagiie and Paz, 1995; Romero et al., 1997). Gémez (1999)
found that 66.9% of the goals scored in the Spanish First Division
in 1998-1999 were scored from inside the penalty area. In this

to differences in playing style/formation when high-standard
teams face a lesser opposition, whereby adopting a more
expansive approach may create opportunities for the opposition
to counter-attack.

It is interesting to take account that the goalkeepers on
unqualified teams allowed more shots, more shots inside the
area, and more goals inside the area, with statistically significant
differences. Some studies show that the percentage of shots fired
in a match is similar both inside and outside the area (Sainz de
Baranda et al., 2008). But, with relation to the number of goals

same line, Park et al. (2016) report that 89% of goals are scored
from inside the penalty area.

To develop a defensive game, the goalkeeper should
coordinate his or her actions with the defensive players on the
team and adapt the defensive strategy to counter the opposition.
In the FIFA Women’s World Cup Germany 2011, the most
successful teams were capable of moving their defensive block
around 30 meters up and down the pitch without losing their
balance or increasing the distances between players. Within
their defensive block, they hunted for the ball and supported
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TABLE 7 | Defensive actions of the goalkeepers.

Unclassified Classified Total P ES E** CI (90%)
Mean SD cv Mean SD Ccv Mean SD CcV Lw Upp
TC 1.86 1.13 60.75 1.43 0.83 58.04 1.65 0.98 59.39 0.39 0.41 M -0.41 1.26
BLK 1.35 0.82 60.74 1.17 0.74 63.24 1.26 0.76 60.31 0.06 0.22 M —0.60 1.05
PU 1.43 1.24 86.71 1.14 0.78 68.42 1.28 1.01 78.90 0.58 0.26 M —0.55 1.10
DRP 0.61 0.29 47.54 0.21 0.21 100 0.41 0.32 78.04 0.006* 1.49 ST 0.60 2.51
HBB 7.98 0.78 9.77 7.40 2.22 30.00 7.69 1.64 21.32 0.50 0.33 M —0.49 1.17
RE 11.38 1.30 11.42 1217 3.35 27.52 1.77 2.49 21.15 0.54 0.29 M —0.62 1138

Differences in the basic goalkeeper’s actions between classified and unclassified. * Differences statistically significant. TC, total clearance; BLK, blocks; PU, punches; DRF,
drops; HBB, hand-blocks balls; RE, recoveries. ** E = effect [small effect (d < 0.2) = S; medium effect (0.2 < d < 0.6) = M; high effect (0.6 < d < 1.2) = H; strong effect

d> 1.2)=ST].

each other to win the ball back. Another important aspect of
the successful teams (all four semi-finalists) was the fact that
they had the goalkeeper playing as a libero behind the defense
when the defensive block was positioned high up the pitch
(FIFA, 2011). This may be one reason why the goalkeepers on
classified teams made more recoveries than the goalkeepers on
unclassified teams.

Another difference between the goalkeepers on classified and
unclassified teams were the number of badly oriented clears
and the number of drops. The higher number of oriented
clears and badly oriented clears made by the goalkeepers on
unclassified teams could be related with the playing style of
the opponent. For example, Tenga et al. (2010) showed that
the goalkeeper’s recovery is associated with counterattack. In
the same way, the number of drops can be conditioned to the
playing style of the opponent (crosses, corners, aerial success,
etc,). The variables related to the opposing team’s attacks, related
to passing and organizing, ball possession, pass, successful pass
and cross were variables that had been found to discriminate
winning and losing teams in UEFA Championship League (Lago-
Penas et al, 2011) and Spanish Professional Football League
(Lago-Pefias and Dellal, 2010).

On the other hand, with relation to the offensive actions of
the goalkeepers, it is important to know that some research has
shown decreasing frequency of defensive game activities in favor
of offensive game activities (Sainz de Baranda et al., 2005b).
Currently, the goalkeeper not only has a defensive role, but also
possesses an offensive role very important in the implementation
of the team’s game model.

Sainz de Baranda et al. (2005b) examined the characteristics
of goalkeepers’ offensive interventions in 56 matches of the
2002 World Cup in Korea and Japan. Sainz de Baranda
et al. (2005b) observed a mean of 30.3 £+ 7.9 actions per
goalkeeper in a match, and the offensive actions most frequently
used were the kick pass (11.31 £ 5.3) and the goal kick
(9.56+2.2). In relation to length, Sainz de Baranda et al.
(2008) observed a predominance of the long actions (62.19%),
with an average number of 19 + 8.9, while the short actions
have an average 11.53 £ 6.84. With respect to orientation,
the central zone was the most used (41.5%), followed by the
right zone (29.3%) and the left zone (29.2%). When it comes

to precision, 48.3% of the actions obtained direct precision,
13.9% obtained possession after rejection and 37.7% of the
time ball possession was lost. Therefore, a total of 63% of
the attacks started by the goalkeeper allow for continuation of
ball possession.

The results of the Sainz de Baranda et al. (2005b) study
indicated that the interventions in the attack have increased as
the years pass. Higher data in this study (30.3 actions) than in
previous studies was observed. Sainz de Baranda (2002) in the
European Championship in Holland and Belgium in 2000 and
Sainz de Baranda and Serrato (2000) in the World Cup in France
in 1998 registered an average of 28.48 and 25.96 actions, and
Yagiie and Martin (1995) in the World Cup in the United States
in 1994 registered an average of 25.3 actions, respectively.

In the current study (FIFA, 2011), we observed a mean of
26.03 offensive actions per match, with 14.01 passes attempted
in the own half of the field (short pass) and 12.02 passes
attempted in the opposite field (long pass). Furthermore, results
showed that there were differences in some of the match
performance indicators for goalkeepers. Goalkeepers on classified
teams attempted more lon