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Assessment in natural contexts through observation is unquestionably complex.
Systematic observation grounded in observational methodology offers a wide range
of possibilities to the rigorous study of everyday behavior in their natural context.
These possibilities have been enriched in recent decades with the explosion of
information and communication technologies. In this eBook we assemble 23 articles
from several researchers who have made important contributions to this evolving
field. The articles included in this eBook has been organized with a first part on general
methodological developments and a second part with methodological contributions
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that emphasize different application areas. Considering the enormous possibilities
of the systematic observation in the study of daily life, we hope this eBook will be
useful to understand innovative applications in different fields.

Citation: Anguera, M. T., Blanco-Villasefior, A., Jonsson, G. K., Losada, J. L., Portell, M.,
eds. (2019). Systematic Observation: Engaging Researchers in the Study of Daily Life
as It Is Lived. Lausanne: Frontiers Media. doi: 10.3389/978-2-88945-962-9
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Editorial on the Research Topic
Systematic Observation: Engaging Researchers in the Study of Daily Life as It Is Lived

The Research Topic Systematic observation: Engaging researchers in the study of daily life as
it is lived (Section Quantitative Psychology and Measurement) faithfully reflects the interest of
many researchers to conduct studies based on a methodology that is essentially characterized by
being highly flexible and rigorous, and that aims to capture reality as it happens when studying
it scientifically.

The analysis of a part of reality is complex, given the multifaceted nature of any aspect of daily
life. This complexity is manifested in numerous aspects to be considered, from the initial filtering
that must be done to conveniently delimit the part of reality to be studied, to the structuring of
the ideal observational design, the construction of a customized instrument that allows to properly
channel all the behaviors/elements to be observed around the axes or dimensions around which
the studied reality pivots, the materialization of a suitably coded record, the management of the
records, data quality control, its subsequent analysis, and the interpretation of the results.

This process is none other than the scientific method, although adapted to the reality of natural
situations, in which it is not possible or convenient to apply the control that other methodologies
offer, given that the spontaneity of behavior and the habituality of the context are of primary
concern. In a schematic way, we could say that in the systematic observation the face and cross of
a same coin are focused: “Face” because its proven versatility and adaptability make it extremely
interesting and demanded in innumerable situations, and “cross” because the rigor of the own
scientific method gives it a very estimable value that prestige such studies, as shown in the
scientific community. The fact that Frontiers in Psychology, a prestigious scientific journal of high
visibility around the world, had accepted the proposal of this Research Topic, gives more body and
arguments in favor of systematic observation to the scientific community.

The 23 articles that make up the Research Topic Systematic observation: Engaging researchers in
the study of daily life as it is lived are organized from a substantive point of view in different criteria,
although each of the published articles could have been “classified” from several points of view.

METHODOLOGICAL DEVELOPMENTS

Given the incessant development of systematic observation over the last quarter of a century, this
Research Topic has been an occasion to complete aspects that required progress, in order to be
taken as a point of reference in future studies and new developments.
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Basically, we differentiate four different aspects that mark a
procedural path, and we consider that they are the following:

On the one hand, the conceptualization, development and
analysis possibilities of indirect observation (Anguera et al.),
which is strongly emerging in recent years, and revealing a wide
field of application. More and more researchers are obtaining
texts, either by transcribing oral conduct, or by applying new
forms of communication, or by direct writing, and they are
provided with a procedure to follow.

The weak current of systematic observation has traditionally
been the psychometric, and the article by Chacén-Moscoso et al.
focuses, in an applied study, on the measurement of quality
of observational studies based on content validity, and taking
advantage of the possibilities of the Osterlind index.

One aspect that to date had been absent in systematic
observation studies is simulation. Manolov and Losada, offer a
computer application developed for this purpose, adaptable to
different sampling techniques.

And we can also consider as methodological development
the work of Izquierdo and Anguera, centered on the notational
development of movement, and for which a structured system of
rules and symbols is proposed.

AREAS OF APPLICATION

The studies that we publish in this section stand out for
both substantive and procedural aspects within systematic
observation, but we have considered that the emphasis that they
represent at the level of application areas was the most important:

a) Sport

This field presents special characteristics that make systematic
observation extremely suitable and attractive as the scientific
procedure to be followed.

At the same time, priority is given to the interest in
professional football in most sport articles published in this
Research Topic, although it is important to take into account
specific aspects of each one. While in Zurutuza et al. the
objective is oriented to an analysis by physiological variables
and is intended to study the relationship of external and
internal training load indicators with the objective and subjective
fatigue experienced by semi-professional football players, it has a
different purpose in other studies. In Diana et al. the interest lies
in knowing how game-location positively affects the secondary
and tertiary level of performance, prioritizing the incidence
of playing at home, or in an opponent field, or in a neutral
field. Casal et al., on the contrary, studied the identification of
factors that may allow predicting success in professional football,
focusing specifically on ball possession, and using bivariate and
multivariate statistical analysis.

The orientation is very different in the works of Castafer
et al. and Maneiro and Amatria. In both the aim is the in-depth
study of elite football players, from the intensive perspective.
The analysis of polar coordinates is used in both, and in that of
Castaner et al., in addition, the detection of T-Patterns, which was
also used in the Diana et al. article.

Morillo et al. address the study of referees in handball, also
taking advantage of the extraordinary possibilities of systematic
observation. As in the articles by Castaner et al. and Maneiro and
Amatria, they apply polar coordinate analysis.

With the exception of the Zurutuza et al. article, which
requires complementing the observation with physiological
variables, all the other studies mentioned here constructed a
custom observation instrument.

b) Health Psychology

From a broad definition of Health Psychology, three articles
were published in the Research Topic.

On one hand, Sanduvete-Chaves et al. have built a scale that
allows measuring the quality of the work climate in emergency
services, in which there is usually tension due to the responsibility
involved in making decisions and the necessary quickness that
is required. In addition to indirect observation, we have worked
with questionnaires and surveys.

Arias-Pujol and Anguera is a study of clinical psychology in
which the interaction between adolescents in a group therapy
has been observed. By means of a polar coordinates analysis it
has been possible to analyze the conversation in the therapeutic
group, starting from a detailed record obtained by means of a
customized observation instrument.

Finally, in Cerezo et al. the influence of parental gender
(father/mother) is studied in the interaction with children, and
also taking into account the gender of the child; we highlight
the study of interaction from the framework of nonlinear
dynamic systems.

¢) Educational Psychology

Systematic observation also has innumerable advantages in
studies that revolve around school and learning. In the Research
Topic, five articles were published with very different objectives,
but with many common elements regarding the procedure.

On the one hand, Rodriguez-Dorta and Borges set out to
study the good practices of teachers who attend students with
special educational needs. In Escolano-Pérez et al. the systematic
observation is complemented with the selective methodology
to evaluate the executive functions of preschoolers and analyze
their association with later academic skills, using the general
linear model from the analytical perspective. Sudrez et al. focuses
on the teaching of reading by primary school teachers, and,
as in Rodriguez-Dorta and Borges and Escolano-Pérez et al.,
the theory of generalizability is used. The study realized by
Garcia-Farina et al. uses indirect observation, and focuses on
the detection of patterns in the verbal behavior of physical
education teachers in the school. The article by Santoyo and
Mendoza focuses on the study of coercive patterns in the school
context, focusing in particular on the description of stability and
change in the behavioral patterns of children identified as victims
of bullying.

In the five articles of this group, an ad hoc observation
instrument was elaborated, although in the work of Santoyo
and Mendoza it had been presented in a previous study. In
Rodriguez-Dorta and Borges, in Garcia-Farifia et al,, and in
Santoyo and Mendoza, the analytical technique of lag sequential
analysis was used, and in Sudrez et al. the T-pattern detection and
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analysis was used, as in the articles by Castafier et al., Diana et al.,
Diana et al., and Pic Aguilar et al.

d) Social Psychology

Taking the term Social Psychology in a broad sense, we refer to
the Research Topic articles of this group, which are very diverse
among themselves.

Diana et al. focus on the study of deception in social
interaction; they combine systematic observation with an
experiment, and the T-Patterns detection is applied, as in the
articles by Castafier et al., Diana et al,, Pic Aguilar et al, and
Sudrez et al.

Cabrera et al. focus on the objective of studying antisocial
behavior, which begins in childhood, remains in adolescence, and
continues its escalation during adulthood; this paper explores the
social interaction patterns of adolescents, with and without risk of
committing antisocial behaviors and over 2 years, in a situation of
conversational negotiation about conflicting topics.

Pérez-Tejera et al. is a study of Environmental Psychology
that focuses on the study of gender differences in the occupation
of public parks; the EXOdES instrument was elaborated, and
35,000 co-occurrences of codes were recorded, with the analysis
of polar coordinates being used, as in the articles by Castarier
et al., Morillo et al., and Maneiro and Amatria.

e) Motor Game and Gaze Direction

Two articles make up this last group:

On the one hand Pic Aguilar et al. focus on the study of
motor games, and specifically in triadic ones, in order to know
the regularities that are detected from the observable behaviors.
The analysis technique used is the detection of T-Patterns, as in
the article by Castafier et al., Diana et al. and Diana et al.

And, on the other, Lappi et al. present as objective an expert
driver’s gaze behavior in natural driving on a real road, without
any instruction; and gaze directionality sequences are obtained
in the directionality of the gaze.

CONCLUSIONS

In short, the articles included in the Research Topic make up a
broad spectrum.

As Editors of this Research Topic, we want to express the
satisfaction that comes from having the opportunity to offer the
materialization of new studies in the exciting field of systematic
observation to the scientific community.

The Research Topic proposal has been motivating, exciting
and satisfying, as well as the highest level of acceptance of
the originals. Regarding the management, the originals of
the 23 articles that make up this Research Topic were sent
from December 2016 to November 2017 and were published
between April 2017 and November 2018. The time elapsed from
submission to publication has ranged between 3 and 21 months
(some were delayed due to the difficulty of finding specialist
reviewers in the subject), and 100% of the submitted manuscripts
were accepted. Now, the average number of views is 3,100.
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Indirect observation is a recent concept in systematic observation. It largely involves
analyzing textual material generated either indirectly from transcriptions of audio
recordings of verbal behavior in natural settings (e.g., conversation, group discussions) or
directly from narratives (e.g., letters of complaint, tweets, forum posts). It may also feature
seemingly unobtrusive objects that can provide relevant insights into daily routines. Al
these materials constitute an extremely rich source of information for studying everyday
life, and they are continuously growing with the burgeoning of new technologies for data
recording, dissemination, and storage. Narratives are an excellent vehicle for studying
everyday life, and quantitization is proposed as a means of integrating qualitative and
quantitative elements. However, this analysis requires a structured system that enables
researchers to analyze varying forms and sources of information objectively. In this paper,
we present a methodological framework detailing the steps and decisions required to
quantitatively analyze a set of data that was originally qualitative. We provide guidelines
on study dimensions, text segmentation criteria, ad hoc observation instruments, data
quality controls, and coding and preparation of text for quantitative analysis. The quality
control stage is essential to ensure that the code matrices generated from the qualitative
data are reliable. We provide examples of how an indirect observation study can produce
data for quantitative analysis and also describe the different software tools available for
the various stages of the process. The proposed method is framed within a specific
mixed methods approach that involves collecting qualitative data and subsequently
transforming these into matrices of codes (not frequencies) for quantitative analysis to
detect underlying structures and behavioral patterns. The data collection and quality
control procedures fully meet the requirement of flexibility and provide new perspectives
on data integration in the study of biopsychosocial aspects in everyday contexts.

Keywords: indirect observation, mixed methods, textual materials, verbal behavior, systematic observation,
quantitizing

Frontiers in Psychology | www.frontiersin.org

9 January 2018 | Volume 9 | Article 13


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2018.00013
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2018.00013&domain=pdf&date_stamp=2018-01-30
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:tanguera@ub.edu
https://doi.org/10.3389/fpsyg.2018.00013
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00013/full
http://loop.frontiersin.org/people/213753/overview
http://loop.frontiersin.org/people/225141/overview
http://loop.frontiersin.org/people/196512/overview
http://loop.frontiersin.org/people/196514/overview

Anguera et al.

Indirect Observation in Everyday Contexts

INTRODUCTION

Psychological science has shown a growing interest in the study
of everyday life. New methodologies have been proposed for the
within-person study of real-time biopsychosocial aspects in their
natural settings (Bolger et al., 2003; Conner and Lehman, 2013;
Reis, 2013; Portell et al., 2015b,c). New technologies have made it
possible to record spontaneous behavior—that is, behavior that
is not elicited by a researcher but forms part of the subjects
behavioral repertoire in his or her natural context (see e.g.,
Mehl et al., 2001). Compared with elicited behavior, spontaneous
behavior has the advantage of occurring in a natural context
and natural situation, so it is not influenced by extraneous
variables such as a non-natural context or social desirability
based on researchers’ expectations. However, this area of study
remains highly complex, particularly when it comes to obtaining
quantitative indicators that make it possible to reconstruct the
“who,” “what,” “how,” and “when” of events of interest and
position these events in the individuals’ ecological niche. The
difficult task of obtaining quantitative indicators of spontaneous
behavior in everyday contexts has been further complicated by
the long-standing clash between the qualitative and quantitative
paradigms in psychology. Mixed methods research (Johnson
et al,, 2007) has provided valuable resources for combining
qualitative data derived from non-spontaneous behavior (e.g.,
questionnaire responses) and narrative data derived from natural
settings (e.g., a life story). Nevertheless, the merging of qualitative
and quantitative perspectives in cases where only spontaneous
behavior is of interest has been little explored. In this article, we
describe a mixed methods approach grounded in observational
methodology (Anguera, 2003) that we believe fills this gap.
The proposed approach combines the strengths and offsets the
weaknesses of the qualitative and quantitative perspectives.

We present a methodological framework for studying
everyday behavior using a rigorous scientific approach based
on indirect observation that involves “liquefying” transcribed
verbal material or texts from original settings. The process
involves the quantification of qualitative data using techniques
that are based on order or sequence of events rather than
on traditional frequency measures. The approach proposed is
perfectly compatible with any guiding theoretical framework
whatsoever; this method is not linked to any concrete theoretical
model, it offers numerous methodological opportunities, and it
has the potential to lead to significant developments in the field of
studying everyday behaviors. This approach differs from previous
work in this area (Sandelowski, 2001; Sandelowski et al., 2009;
Seltzer-Kelly et al., 2012; Bell et al.,, 2016) in that it analyzes
the order and sequence of events. The parameters of frequency
(which only indicates the number of occurrences), order (which
also provides information about sequence), and duration (which,
in addition to the aforementioned information, also indicates
the time in conventional units) provide a higher degree of data
consistency (Bakeman, 1978). The use of the order parameter,
with the introduction of sequentiality, entails added value of
extraordinary importance (Sackett, 1980, 1987; Bakeman and
Gottman, 1987; Magnusson, 1996, 2000, 2005, 2016; Sdnchez-
Algarra and Anguera, 2013; Portell et al., 2015a).

The presented liquefying method enables the systematic
analysis of minor details that arise in a multitude of situations
involving text (e.g., conversations, speeches, diary, or blog
entries) with a level of granularity (Schegloff, 2000) that enables
these “natural texts” to be analyzed in combination with other
contextual data. The approach is applicable to both conventional
and new forms of communication (e.g., WhatsApp messages),
regardless of format or source. The source may be verbal
behavior (informal conversations, focus group discussions, etc.)
or documentary material (diaries, narratives, etc.), including in
some cases graphic material, such as photographs and drawings.

Most of the solutions proposed to date for transforming text
into quantitative data are either qualitative (e.g., ethnographic
methods) or quantitative. Our proposal, however, takes a mixed
methods approach in which spontaneously generated qualitative
material is transformed into quantifiable code matrices.

In this article, we discuss key aspects of our proposed system.
We analyze the concepts and meaning of systematic observation
and one of its two branches, indirect observation, alongside
key concepts of mixed methods research. We also look at types
of qualitative data used in indirect observation and describe
a methodological framework for building ad hoc observation
instruments, creating matrices of codes for the data collected,
and analyzing data and checking their reliability. Finally, we
present a protocol specifically designed for indirect observation
with examples from each of the stages in the process.

FROM SYSTEMATIC TO INDIRECT
OBSERVATION

Psychologists work in a wide range of fields and subfields
that correspond to everyday life situations. To name just
a few examples, they are involved in health education
programs in nurseries and nursing homes, prosocial programs
in primary schools, exercise programs for the elderly, social
support programs in neighborhoods, or communities with
families of multiple nationalities, AIDS prevention programs
for adolescents, support programs for families with a history of
child abuse or negligence or families of young car crash victims,
relaxation programs for athletes, and social programs in prisons
or juvenile correctional institutions. Systematic observation can
make important contributions to the study of spontaneous
behavior in a vast range of everyday contexts.

Observation is a useful method for collecting, processing, and
analyzing information that cannot be studied in the artificial
setting of a laboratory. It enables a largely unbiased analysis
of everyday behaviors and interactions that occur naturally
(Anguera, 2010). Although systematic observation dates back
to the 1970s, it has taken on an identity of its own in the last
two decades (Anguera, 1979, 2003; Anguera and Izquierdo, 20065
Sénchez-Algarra and Anguera, 2013). It offers both flexibility
and rigor as it is built on sound scientific principles, and this
combination makes it ideal for use in many fields (Portell et al.,
2015b).

Systematic observation differs from ethnography in that its
purpose is not to obtain a narrative account of subjective
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experiences in a process that requires the participation of the
researcher or person being studied. Ethnographic studies require
a qualitative approach, but unlike systematic observation, they
do not require quantitative analysis and rigorous data quality
control. Systematic observation, by contrast, is characterized by
highly systematic data collection and analysis, stringent data
quality controls, and the merging of qualitative and quantitative
methods.

Systematic observation follows the four fundamental stages of
scientific research: formulation of a research question, collection
of data, analysis of data, and interpretation of results. The
wealth of data collected in an observational study provides
researchers with the opportunity to capture valuable chunks or
snippets of everyday realities, without having to specifically ask
for the information (there are no interviews, questionnaires, or
psychological tests). In addition, it allows the researcher to study
spontaneous behavior in a natural, uncontrolled environment.

Everyday activity in context is the cornerstone of
observational studies. It is the source of a rich fabric of
information that the psychologist/researcher needs to tap into
in order to extract relevant information that is subsequently
processed systematically to produce a set of “net” data that can
be analyzed both qualitatively and quantitatively.

The study of everyday activity provides insights into the
diverse behaviors and events that occur throughout a person’s
life. It provides thus a privileged vantage point from which to
observe changes, but everyday life is a highly complex, dynamic
process replete with information that is often not even known
to exist (Anguera, 2001). Its study requires the examination of
diverse phenomena at different levels of a pyramid-like structure.
At the top of the pyramid, psychologists analyze how individuals
go about their lives and gradually become familiar with what has
shaped their life course. As they move down the pyramid, they
discover everyday realities at different levels (family, career, social
relationships, hobbies, etc.) and come to understand how these
are influenced by interacting factors, such as health, satisfaction
of needs, and conflicts.

According to Mucchielli (1974) observation equation,
o P+I+Pk—B, observation equals perception plus
interpretation plus previous knowledge minus bias. Observation
thus is not possible unless what is being observed is perceivable.
Perceptibility is a key concept when it comes to differentiating
between direct and indirect observation (Anguera, 1979, 2003).
In indirect observation, it is always incomplete, and Mucchielli’s
equation is only partially fulfilled.

In direct observation, perceptibility is considered to be
complete when what is being observed (whether in situ or
through video or audio recordings) can be captured by visual
or auditory senses. In anthropology, for example, the subfield
concerned with the study of visual representations is known
as visual rather than observational anthropology. Modern-day
technology permits maximum levels of precision in visual and
auditory perception (Escalera et al., 2009; Bautista et al., 2015)
and minimizes the need for interpretation.

Although everyday contexts can take countless shapes and
forms, the levels of response (or criteria or dimensions) that
can be directly observed are similar. Facial expressions, for

example, can be analyzed by software such as Face Reader,
which can distinguish between facial and emotional mimicry.
Gestures, in turn, which also have an important role in human
communication (Holle et al., 2012; Mashal et al., 2012), even
in children (Lederer and Battaglia, 2015) can be effectively
analyzed using programs such as NEUROGES+ELAN (Lausberg
and Sloetjes, 2009, 2016). Finally, vocal behavior (Russ et al.,
2008) can be analyzed using sound analysis software. Non-verbal
manifestations, or “expressiveness,’ are interesting external
indicators of a person’s emotional state (Rodriguez et al., 2014),
although adequate quality control is needed to reduce bias.

While aspects of human communication such as facial
expressions, gestures, posture, and voice tone are fully perceivable
through visual or auditory channels, they are frequently
accompanied by verbal behavior, which has very different
characteristics in terms of perceptibility. Indirect observation is
an appropriate method for studying both verbal behavior and
textual material, whether in the form of transcripts or original
material produced by the participants in a study.

Verbal behavior transmits messages and both these and the
channels through which they are transmitted can take many
shapes and forms. Messages are analyzed differently depending
on whether they are spoken or written. Written forms of
expression (e.g., self-reports, diaries, biographies) are largely
considered to be narratives. Narrative studies have been used
in qualitative methodology for many years and have both
strengths and shortcomings. One of their main strengths is their
adaptability to very different situations and contexts. Narrative
studies provide insights into a person’s true nature and help to
understand their experiences and needs (Riva et al., 2006). They
have been used, for example, in a wide range of settings, such
as secondary schools (Garcia-Farifia, 2015; Garcia-Farina et al.,
2016), high schools (Tronchoni et al., 2018), family gatherings
(Gimeno et al., 2006), support groups for patients (Roustan et al.,
2013), therapeutic interaction (Blanchet et al., 2005), and group
therapy for adolescents (Arias-Pujol and Anguera, 2017). One
of their shortcomings is that perceptibility is limited by the
documentary nature of the texts, and it is not uncommon for
different researchers to draw different conclusions from the same
text.

Human communication does not simply refer to the
transmission of information. It involves numerous aspects that
vary according to content, the people transmitting or receiving
the message, their relationship (hierarchy, previous interactions,
etc.), the flow of data or metadata, and the interpretative context.
In addition, changing lifestyle habits and new technologies
have led to new forms of human communication (Bavelas and
Chovil, 2000), such as WhatsApp messages and blog posts,
extending the traditional dichotomy between verbal and non-
verbal behavior established by the classical sociologist Weick
(1968, 1985). In a recent study, for example, Radzikowski
et al. (2016) analyzed Twitter messages in a quantitative study
on the rubella vaccine, and as stated by Hardley (2014, p.
34), “Over many decades, surveillance methods (often termed
“indicator based” methods) have been developed and refined to
provide disciplined, standardized approaches to acquiring and
recording important information. More recently, ubiquitous and
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unstandardized data collected from the Internet have been used
to gain insight into emerging disease events.”

Indirect observation can be considered a valid scientific
method (Webb et al., 1966; Anguera, 1991, 2017, in press;
Behar, 1993; Morales-Ortiz, 1999; Morales-Sanchez et al., 2014).
It uses similar techniques to systematic observation, and as
a procedure, it is structurally identical, although there are
important differences dictated by the nature of the source data
(verbal behavior and text).

Indirect observation involves the analysis of textual
material generated either indirectly from transcriptions of
audio recordings of verbal behavior in natural settings (e.g.,
conversation, group discussions) or directly from narratives
(e.g., letters of complaint, tweets, forum posts). The addition
of seemingly unobtrusive objects can also provide important
insights into daily routines. All these materials constitute an
extremely rich source of information for studying everyday life,
and they are continuously growing with the burgeoning of new
technologies for data recording, dissemination, and storage
(Morales-Ortiz, 1999; Morales-Sanchez et al., 2014).

Narratives are an excellent vehicle for studying everyday
life through indirect observation, and one option for studying
them is to apply a procedure for systematizing and structuring
the information through quantitization. This approach makes it
possible to integrate qualitative and quantitative elements.

The data used in indirect observation invariably start out as
qualitative and the source material varies according to the level
of participation of the person being observed and the nature of
the source (textual or non-textual).

Common sources of material used in indirect observation
studies include:

e Recordings of verbal behavior as it occurs (normally in mp3
files). There may be single or multiple dialogues and it is
essential to clearly distinguish between the different “voices”
recorded.

e Transcripts of audio recordings of verbal behavior in a
natural setting (Krueger and Casey, 2009). These may involve
an individual (speaking, for example, in person or on the
telephone), or a group (dyad, triad, focus group, etc.), in which
each person can be clearly identified.

e Written texts produced by the participants in a research study.
These include texts produced by the participants or those
close to them (e.g., letters of complaint, letters to a newspaper,
tweets, ads, messages on a mural, instant text messages). A
variety of communication channels are possible (e.g., paper,
e-mail, WhatsApp).

e Texts transmitted through the Internet, such as e-mails
(Bjork et al., 2014) and forum posts (Vaimberg, 2010). These
constitute an extremely rich source of information and are
particularly relevant to psychological interventions.

e Everyday objects related to the research question(s).
While objects may appear to have a secondary role in
communication, they can provide relevant insights into
everyday life as they evoke or facilitate the expression
of emotions through micro-valences (Lebrecht et al.,
2012). Examples are graphs, paintings, models, and clay

figures. Technological advances have also opened up new
opportunities in this area in recent years.

e Graphic material, particularly photographs. These can
constitute an extremely rich source of information (Zaros,
2016). A single photograph captures a moment, something
static, but a gallery of photographs separated in time can
capture the dynamics of an episode or successive episodes
in the life of a person, or even a group or institution. This
material can be primary (the only source available) or
secondary (complementing other sources).

e Unobtrusive objects, also referred to as aggregates (Webb et al.,
1966). These may simply be anecdotal, but in some cases they
can reveal the existence of certain behaviors, but only after
a process of inference involving variable risk. Examples are
fingerprints and objects such as cigarette butts or a napkin with
notes or drawings left behind in a café.

The above sources of information give rise to a varied set of data
that provides empirical evidence and can position specific events
and everyday behaviors along a continuum of time. Finally, the
information available becomes progressively richer as one gains
access to several sources of documentary material.

As mentioned, the material used to collect data in indirect
observation is only partly perceivable (Anguera, 1991) and
any conclusions made need to be inferred by a researcher
drawing from a theoretical framework or taking a position.
This is the main challenge in indirect observation. In the
system we propose, rigorous application of a carefully designed
observation instrument by duly trained observers offers the
necessary guarantees of data reliability. Although direct and
indirect observation may vary in terms of source material, level of
interpretation, and level of participation, the two methods share
a scientific procedure that when properly applied can provide
quantitative indicators of the processes underlying everyday
behavior.

THE CHALLENGES OF MIXED METHODS
RESEARCH

Mixed methods research has been increasingly embraced by the
scientific community over the past 15 years (Creswell et al., 2003;
Johnson et al., 2007; Tashakkori and Teddlie, 2010; Onwuegbuzie
and Hitchcock, 2015). The mixed methods approach involves
the collection, analysis, and interpretation of qualitative and
quantitative data for the same purpose and within the framework
of the same study; some authors have even raised the approach
to the rank of paradigm. Molina-Azorin and Cameron (2015)
acknowledge that mixed methods research is not easy to conduct
and requires considerable time and resources. Nonetheless, it is
a movement that is gradually gaining supporters. As stated by
Leech and Onwuegbuzie (2009) and Onwuegbuzie (2003), mixed
methods research lies on a continuum between single-method
and fully mixed studies, although the scientific community has
yet to agree on which position it holds along this continuum. That
said, it is generally agreed that the position will depend on the
research objective and the nature of the data, analyses, and level
of inference.
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Overall, mixed research is largely understood as “a synthesis
that includes ideas from qualitative and quantitative research”
(Johnson et al., 2007, p. 113). However, this is a very broad
framework in which many gaps need to be filled. In the case
of indirect observation, the methodological approach must be
extremely rigorous as we are dealing with situations in which
substantive areas merge with the multiple realities of everyday
life.

The exponential growth of mixed methods research in
recent decades has generated certain inconsistencies in terms of
terminology and definitions. We therefore believe that it is first
necessary to clarify the meaning of method/methodology and
to discuss the multiple meanings attached to the term “mixed
method” before we present our methodological framework for
indirect observation.

Greene (2006, p. 93) proposed a broad description of the
term “methodology;” understood as an inquiry logic that admits
different forms of data collection (questionnaires, interviews,
observational datasets, etc.), methods of research (experimental,
ethnographic, etc.), and related philosophical issues (ontology,
epistemology, axiology, etc.). Greene also refers to specific
guidelines for practice, which distinguish between methods that
obviously vary in terms of design, sampling, data gathering,
analysis, etc. We consider that systematic observation fits with
Greene’s definition of methodology (Anguera, 2003), although we
have not always used the term. We also agree with the following
statement by Johnson et al. (2007, p. 118): “It is important to keep
in one’s mind, however, that the word methods should be viewed
broadly.” Accordingly, in the approach we describe in this article,
we also consider indirect observation to be a method in the broad
sense of the word.

Johnson et al. (2007, p. 123) defined mixed methods research
as “the type of research in which a researcher or team of
researchers combines elements of qualitative and quantitative
research approaches (e.g., use of qualitative and quantitative
viewpoints, data collection, analysis, inference techniques) for
the broad purposes of breadth and depth of understanding and
corroboration” (Johnson et al., 2007, p. 123). They formulated
this definition after asking 19 renowned researchers in the
field (Pat Bazeley, Valerie Caracelli, Huey Chen, John Creswell,
Steve Currall, Marvin Formosa, Jennifer Greene, Al Hunter,
Burke Johnsson and Anthony Onwuegbuzie, Udo Kelle, Donna
Mertens, Steven Miller, Janice Morse, Isadore Newman, Michael
Q. Patton, Hallie Preskill, Margarete Sandelowski, Lyn Shulha,
Abbas Tashakkori, and Charles Teddlie) to send in their
definition of the term “mixed methods” by e-mail.

We fully agree with the definition proposed by Johnson
et al. (2007) and it provided us with the necessary elements to
draw up our methodological framework for indirect observation.
The success of any mixed methods approach depends on the
adequate mixing or integration of qualitative and quantitative
elements. Numerous authors have analyzed the term “mixing”
in an attempt to provide guidance on the processes required
to achieve a seamless result (Bazeley, 2009; O’Cathain et al.,
2010; Fetters and Freshwater, 2015). Qualitative and quantitative
data can be mixed in three different ways, aptly summed up
by Creswell and Plano Clark (2007, p. 7): “There are three

ways in which mixing occurs: merging or converging the two
datasets by actually bringing them together, connecting the two
datasets by having one build on the other, or embedding one
data set within the other so that one type of data provides a
supportive role for the other data set.” For our proposal, we
chose the second form: connecting two databases by having
one build on the other. According to Sandelowski et al. (2009),
this connection can be achieved through transformation, i.e.,
by quantitizing qualitative data or qualitizing quantitative data.
In our indirect observation framework, we transform non-
systematic qualitative data into a format suitable for quantitative
analysis.

Mixed methods research is marked by a persistent scientific
gap that requires powerful solutions rooted in two key
challenges in the field of indirect observation. These two
challenges, discussed in this article, are (a) how to rigorously
transform qualitative textual material derived largely from
everyday human communication into matrices of codes,
and (b) how to subsequently analyze these codes using
quantitative methods suited to the categorical nature of
the data in order to uncover the underlying structure.
The proposed transformation system breaks away from the
classical theoretical framework of mixed methods, which simply
involves integrating qualitative and quantitative elements. The
key difference is that it contemplates systematic observation,
and hence indirect observation, to be a mixed method in
itself (Anguera and Hernandez-Mendo, 2016; Anguera et al.,
2017a).

Integration of qualitative and quantitative elements is the key
to any mixed methods approach (Creswell and Plano Clark,
2007; Bazeley, 2009; O’Cathain et al., 2010; Maxwell et al,
2015). Our approach adds another element: the liquefaction of
verbal behavior and texts. This process consists of schematically
transforming “solid” textual material into “liquid” matrices of
codes apt for quantitative analysis (Anguera et al, 2017b;
Anguera, in press). The quantitative processing of originally
qualitative data with the aim of detecting hidden behavioral
patterns or underlying structures, for example, adds an element
of robustness to the integration of qualitative and quantitative
data, particularly in the case of everyday life events and behaviors.

Talkativeness and text, for example, can now be analyzed
within the framework of mixed methods research using
frequency counts (Poitras et al., 2015) thanks to the development
of reliable—and extremely useful—measures of verbal
productivity and the multiple opportunities offered by modern-
day technology (Bazeley, 2003, 2006, 2009). Frequency counts,
however, are weak and insufficient measures. Considering
that “methodological plenitude” (Love, 2006, p. 455) is not
always attainable in applied research, the mixed method
framework offers new and interesting possibilities for indirect
observation.

The combined use of qualitative and quantitative approaches
has been tried and tested in multiple studies and has also been
analyzed in several systematic reviews (Elvish et al., 2013). In
the following sections, we show that it is necessary to start with
qualitative inputs and to then quantify these in a process that
ensures reliability throughout the various stages.
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QUALITATIVE DATASETS IN INDIRECT
OBSERVATION

The empirical process in indirect observation starts with the
collection of qualitative data. While the characteristics and
standards that guarantee quality are perfectly outlined in the
literature on quantitative methodology, the same cannot be
said of qualitative methodology. Qualitative methodology ofters
enormous flexibility, but interpretations on content and form
vary and are not free of controversy. Content provides personal
and interpersonal information, which stems from experiences
that are temporally unstable and highly influenced by the context
and versatility of the moment. As for form, the tools used
to support indirect observation (narratives, biographies, self-
reports, life stories, in-depth interviews, etc.) cause doubt and
distrust in many researchers, who, in the absence of standardized
tools, question their stability and consistency.

Much has been written about the forms used to structure
narratives (e.g., Hurwitz et al., 2004; De Fina and Georgakopoulo,
2015; Riessman, 2015), and qualitative data can be gathered
using many tools, including interviews (e.g., Riera et al., 2015),
biographies (e.g., Lindqvist et al., 2014), children’s vignettes
(e.g., Jackson et al., 2015), focus group vignettes (e.g., Brondani
et al., 2008), telephone interviews (e.g., Bjork et al., 2014), self-
reports (e.g., Coutinho et al., 2014), focus group recordings
(e.g., McLean et al, 2011), and participant observation (e.g.,
Caddick et al.,, 2015). In our case we are specifically interested in
qualitative datasets within the framework of indirect observation.
Although systematic observation dates back to the 1970s, it
has taken on an identity of its own in the last two decades
(Anguera, 2003; Anguera and Izquierdo, 2006; Sanchez-Algarra
and Anguera, 2013; Anguera et al., 2017a). Indirect observation
shares many of the characteristics previously described for
systematic observation, namely, highly systematic data collection
and analysis, strict data quality controls, and an approach
that requires the merging of qualitative and quantitative
techniques.

A METHODOLOGICAL FRAMEWORK FOR
LIQUEFYING TEXT

In these next sections, we are going to describe, and illustrate
with examples, the stages and sub-stages involved in an indirect
observation study. We will focus largely on the extraction and
transformation of information from textual material produced
using conventional or newer channels of communication in a
variety of formats (handwritten letters, reports, transcriptions
of group meetings, and interviews, etc.), irrespective of origin
(e.g., informal conversations or focus group discussions or
documentary material).

Extracting information on human behavior from text and
transforming it into suitably systematized and organized
categorical data, without loss of key information, is a major
challenge in the Behavioral Sciences. In addition, the process
must offer sufficient scientific and ethical guarantees and produce
results in a format that can be rigorously processed using any

of a range of quantitative techniques available for analyzing
categorical data.

Our text-liquefying process consists of six stages: (1)
specification of study dimensions, (2) establishment of
segmentation criteria to divide the text into meaningful units,
(3) building of a purpose-designed observation instrument,
(4) coding of information, (5) data quality control, and (6)
quantitative analysis of data. Table 9 presents detailed steps and
guidelines for the “liquefication” of indirect observations. Each
of the steps will be explicated within the following sections.

Specification of Study Dimensions

In systematic observation, and by extension, indirect
observation, the term “dimension;” also known as level of
response (Weick, 1968) or criterion, refers to a distinguishable
facet related to the research objective. Dimensions are generally
derived from a theoretical framework (e.g., the seminal work of
(Weick, 1985) in the field of social interaction), but they can also
be created ex novo based on experience or expertise. In the latter
case, they must always be justified.

Studies can be one-dimensional or multidimensional. It is not
uncommon for researchers to start off with a single dimension
and then gradually add others as they delve deeper into the
theoretical framework. Below are examples of dimensions
and theoretical frameworks used in three indirect observation
studies. In the first case, a study of disruptive behavior and
communication difficulties in adolescents participating in
group communication therapy, Arias-Pujol and Anguera (2004)
proposed the dimensions verbal and non-verbal behavior,
derived from the corresponding interpersonal theoretical
framework (Danzinger, 1982; Gale, 1991; Poyatos, 1993). In
the second case, Vaimberg (2010), on studying a psychotherapy
group in which participants were able to write what they wanted
on an online forum at any time over 3 years, chose the following
dimensions: in-person, otherness, emotionality, thoughtfulness,
positivity, and realism. The theoretical framework was built
from work by various authors (e.g., Winniccott, 1979; Bion,
1985; McDougall, 1991; Lévy, 1995). In the third case, which
was a recent study of teacher-led discourse in physical education
built on the theoretical framework of the Teaching Games
for Understanding model (originally proposed by Bunker
and Thorpe, 1982) and work on discourse strategies by Coll
and Onrubia (2001), Garcia-Farina et al. (2016) proposed
nine dimensions: exploration and activation of previous
knowledge, attribution of positive meaning by students,
progressive establishment of increasingly expert and complex
representations of subject matter, interactivity segment, message
structure, extralinguistic resources, task type, destination of
message, and location of session.

Specification of Segmentation Criteria to

Create Textual Units

The second step toward liquefying a text is to define the
segmentation criteria to divide the text into meaningful units.
This process is known as “unitizing.” Although initially proposed
by Dickman (1963) and Birdwhistell (1970), Krippendorft (2013,
p. 84) defined unitizing as “the systematic distinctions with
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TABLE 1 | Vignette showing the segmentation of a text (transcribed from a conversation) into units.

S1. The truth is that | sometimes doubt whether | like basketball that much [U1], even though | have already devoted 15 years of my life to the game [U2].

S2. But you started as a young boy [U3], when you were given the possibility of playing as a junior at school [U4].

S1. That moment was very important for me [U5], as | got carried away with the enthusiasm [U6] and | couldn’t go for a day without playing [U7]. Then, when |
finished secondary school, | got the opportunity to join the club where | am now [U8] and to dedicate myself in body and soul to basketball [U9].

S2. Did you think back then about what this decision would entail? [U10].

S1. | couldn’t tell you exactly...[U11] | think | was somewhat confused [U12], as on the one hand | wanted to study industrial engineering, probably influenced by
my father and my uncle [U13], but on the other, the fact that | was valued, without being particularly tall [11], was a golden dream [U15]. | think that | was living
between real life and the dream...[U16] And | accepted straight away [U17], although after talking it through with my parents, uncle and brother [U18]. They gave

me some opinions and advice [U19], but left the final decision up to me [U20].

a continuum of otherwise undifferentiated text—documents,
images, voices, websites, and other observables—that are of
interest to an analysis, omitting irrelevant matter but keeping
together what cannot be divided without loss of meaning.” This
definition suggests that it would be logical to first segment the text
into primary criteria within the main study dimension and then
establish secondary criteria for the other dimensions (e.g., voices,
gestural behavior, etc.).

Krippendorff  (2013) suggested segmenting text using
orthographic, syntactic, contextual, and inter-speaker criteria. In
this last case, each intervention by an individual is considered
a unit. This is a very useful approach for analyzing interactions
between various people. We propose using the inter-speaker
criterion as the primary criterion and subsequently establishing
secondary criteria (subunits) for verbal or written interventions
containing various syntactic elements (phrases).

In cases with several dimensions, such as verbal behavior
accompanied by gestures, postures, or exchange of looks, verbal
behavior, as the most perceivable behavior, could be established
as the primary criterion. The other behaviors could then be
segmented into subunits as appropriate. In very specialized
cases, however, we consider that the above level of segmentation
is insufficient. The initial segmentation stage is crucial as the
categories that will be created in the next stage will directly
determine the content of the dataset for analysis. Where possible,
test runs or pilot studies should be performed first. Table 1
shows how a conversation between two anonymous speakers is
segmented into units.

Building an Indirect Observation

Instrument
Indirect observation studies, like systematic observation studies
(Anguera, 2003; Anguera and Izquierdo, 2006; Sanchez-Algarra
and Anguera, 2013; Portell et al., 2015a) require a purpose-built
observation instrument to systematically code the information
that will form the subsequent datasets.

Observation instruments can be built using category systems,
a field format system, a combination of these systems, or
rating scales (Anguera et al, 2007). One-dimensional studies
use category systems and rating scales, while multidimensional
studies use field formats or field formats combined with category
systems. To build a category system, there must be a theoretical
framework, and to build a rating scale, it must be possible to
grade the corresponding dimensions ordinally. In addition, the

category system must fulfill the requirements of exhaustivity and
mutual exclusion, and each category must be accurately defined.

The field format is built by creating a catalog of mutually
exclusive behaviors for each dimension. As it is not exhaustive,
the catalog is left open and is therefore considered to be
in a permanent state of construction. While not required,
a theoretical framework is recommendable for field format
systems.

Observation instruments combining a field format system
with category systems are becoming increasingly common. This
combination is possible when some or all of the dimensions in
the field format have a theoretical framework and the object of
research is atemporal (i.e., it is not a process).

To simplify matters, it is highly recommendable to code both
categories and dimensions using letters, numbers, or symbols. If
A, B, C, and D are categories in a category system, i.e., fulfilling
the requirements of exhaustivity and mutual exclusion (e.g., A =
XX, B = XX, C = XX, and D = XX), then the notation would
be CS (category system) = {A B C D}. If A, B, C, and D are
behaviors in an open catalog, i.e., they are mutually exclusive but
not exhaustive (e.g., A = XX, B =XX, C = XX, and D = XX)), the
notation would be Catalogue=AB CD...

Guidelines for Coding Information
Observational datasets created from narratives (Crawford, 1992;
Gabriel, 2004; Tuttas, 2015) have wide applications in many
everyday life situations. However, before qualitative inputs from
human communication can be transformed into quantitative
data, it is first necessary to decide how to organize the
heterogeneous information available. This process can be
extremely complex as it is necessary to bring together data from
very different sources, and very possibly, different points in time
(Duran et al., 2007). The first step is to correctly record and code
the data, and this is where the ad hoc observation instrument
becomes invaluable. As started by Bradley et al. (2007, p. 1,761),
“coding provides the analyst with a formal system to organize the
data, uncovering and documenting additional links within and
between concepts and experiences described in the data.”

If the sources have been carefully selected, they will all
contribute to creating a stockpile of information on the behaviors
or actions of all those involved in the communication process
being analyzed (e.g., therapists, participants, supervisors... ).

The system for processing narratives or bodies of texts is
quite similar to that used in discourse analysis (Calsamiglia and
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TABLE 2 | Tabular structure for creating a code matrix.

Dimensions (i)

D1 [Verbal behavior] D2 [Vocal behavior] Di
Textual units (n) U1 [Initial greeting] Code ... [Informal expressions] Code ... [Raised voice with laughter] Code ...
U2 [Activity to carry out] Code ... [We have to solve the math problems] Code ... [Normal voice]
Un Code ... Code ... Code ...

Each row of the matrix contains a series of boxes that are completed with codes corresponding to each textual unit (fragments of text from indirect observation). The columns, in turn,
contain the different dimensions, or criteria, of the observation instrument. The codes come from the ad hoc observation instrument and may correspond to behaviors from a field format
catalog or to categories in an observation instrument based on category systems only or on category systems combined with a field format. By way of illustration, we have added in
brackets the first two dimensions (verbal behavior and vocal behavior), a simulation of the first units and an indication of the behaviors produced (which will be coded).

Tuson, 1999), although the information retrieved is richer and
more diverse. Once the necessary quality controls are in place,
the information can be managed and processed systematically
within an empirical research setting that ensures replicability.
Examples of texts used for this purpose are interviews, speeches,
and conversations (Sidnell and Stivers, 2013). These may be
a specific audience, a single speaker or several (with turn-
taking), words in isolation, or, when direct and indirect
observation are combined, words accompanied by tone/pitch,
gestures, facial expressions, posture, objects, etc (Fischer et al.,
2012).

Once the study dimensions have been selected (section
Specification of Study Dimensions) and the text has been
segmented into units (section Specification of Segmentation
Criteria to Create Textual Units) and the behaviors coded using
the ad hoc observation instrument (section Building an Indirect
Observation Instrument), the data can be transformed into
a series of complete or incomplete code matrices containing
purely qualitative information (Anguera, 2017, in press; Anguera
et al., 2017b). This transformation is achieved by organizing the
dimensions into columns and adding the behavioral units to
the corresponding rows, achieving thus a “liquid” text, ready for
quantitative analysis (Table 2 contains an example).

Table 3a shows a hypothetical example of data extracted
from a text in a one-dimensional study using an observation
instrument with category systems, using a simulated example
of the diary of a patient with endogenous depression. Table 3b,
in turn, shows the results for a combined field format-
category system instrument from a multidimensional study,
using a simulated example of an oral mediation situation
involving a conflict between the parties A and B, with the
assistance of the mediator C. These matrices of codes (Table 3a
is atypical as it has just one column due to the single
dimension analyzed) show how the qualitative data have been
structured.

Additional sources of information, such as drawings, sounds,
or photographs can be incorporated simply by adding new
dimensions. Although this is still a relatively new concept, it is
perfectly feasible with today’s advanced coding systems (Saldaiia,
2013) and technological possibilities (e.g., Bazeley, 2003, 2006,
2009; Crutcher, 2003, 2007; Holtgraves and Han, 2007; Romero
et al., 2007; Dam and Kaufmann, 2008; Taylor et al., 2015).
In the ATLAS.i (v.7) qualitative data analysis program, for
example, the text coding feature can be used to supplement

the information entered with an object or an audio or video
recording.

Researchers now have access to a multitude of software
programs that facilitate their work. For those working with
indirect observation, the CAQDAS platform (AQUADS,
ATLAS.ti, MAXqda2, NUDIST, NVivo, etc.) offers numerous
programs for segmenting and coding text, and there are
also open-access programs, such as T-LAB (http://tlab.it/en/
presentation.php), IRAMUTEQ (www.iramuteq.org), and those
created by the Italian group GIAT (www.giat.org). Numerous
considerations are necessary when extracting information
from text using content analysis techniques. Content analysis
programs have traditionally favored the processing of large,
mostly qualitative, bodies of texts, graphs, and audio and video
material. The analysis uncovers relational structures (families,
networks, etc.) that are relatively stable, or at least appear to
be, and are always determined by the choices of the researcher.
Nowadays, however, powerful software programs can analyze
multiple sources of information to produce code matrices
(Vaimberg, 2010) that are of enormous value for analyzing
human communication in many fields.

Two programs can be used for both direct and indirect
observation. These are HOISAN (Hernandez-Mendo et al., 2012)
(http://www.menpas.com), which is open-access and is available
in several languages (English, Spanish, Portuguese, French) that
can be selected from the tab Archivos (Files), and TRANSANA
(http://www.transana.com).

QUANTITATIVE PROCESSING OF CODE
MATRICES

Rigorous Data Quality Control
The issue of data quality in indirect observation has been widely
debated in the literature, with a particular focus on reliability
and validity, and concerns have led many psychologists and
researchers working in this area to modify their approaches.
Both intraobserver and interobserver agreement are important
measures of reliability, but they are not the only ones. While
reliability is necessary, it alone does not guarantee the validity of
a dataset (Krippendorff, 2013).

Krippendorff (2013) was the first author to insist on rigorous
data quality control as a requirement for the quantification
of data resulting from indirect observation. Thanks to his
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TABLE 3 | (a,b) Hypothetical examples of a code matrix derived from a text.

b

Diary of a patient diagnosed with endogenous depression:
SC={ABCD}

A: Expressions of sorrow or sadness

B: Expressions of self-perceived improvement

C: Expressions of self-perceived worsening (situation of hopelessness)
D: Expressions of joy at having overcome the problem

[This is an exhaustive and mutually exclusive system of categories, constructed
from a theoretical framework (Altimir et al., 2010; Dagnino et al., 2012; Krause
etal., 2016)]

Units
U1
u2
u3
U4
us
ue
u7
us
U9
u10
uti
ut2
uU13
ut4
u1s
u16
Utz
u18
u19
u20

Categ.

O||m|>»| o/ ®W|>»| O|W|>»| 0|>» 0| T|>» O|>»| 0| W >

Oral mediation situation involving a conflict between the parties A and B, with
the assistance of the mediator C:
E = {E1 E2 E3 E4 E5}

F=F1F2F3F4F5F6F7F8...
G={G1G2G3}
H=H1H2H3 H4 ...

Dimension E: Verbal behavior

E1: Facilitating elements (greeting, courtesy routines, etc.)

E2: Focused on the crux of the issue

E3: Related to secondary aspects

E4: Neutral sentences not related to the conflict

E5: Conflictive elements (insults, mockery, etc.)

[This is an exhaustive and mutually exclusive system of categories]

Dimension F: Vocal conduct

F1: Shouting

F2: Speaking in an annoyed tone
F3: Speaking loudly

F4: Speaking while crying

F5: Speaking normally

F6: Speaking softly

F7: Whispering

F8: Silence

[This is a catalog of behaviors; as such, it is an open list and additional codes
can be added]

Dimension G: Interacting parties

G1: Party A

G2: Party B

G3: Mediator

[This is an exhaustive and mutually exclusive system of categories]

Dimension H: Expression of displeasure/disagreement

H1: Shaking head to indicate “no”

H2: H1 plus hands clasped

H3: H2 plus bulging eyes

H4: H3 plus clenched jaw

[This is a catalog of behaviors; as such, it is an open list and additional codes
can be added]

Units Dim. E Dim. F Dim. G Dim. H
U1 E1 G1 H1
u2 E2 F5 G2 H3
u3 E2 F5 G2 H2
U4 E3 F5 G1 H2
us E3 F1 G2

ue E3 F1 G2

u7 E5 F1 G3

us E5 F1 G1

U9 F5 G1

u10 F5 G1 H1
Ut E1 F5 G2 H2
ui2 E1 G1

u13 E1 Fa4 G3 H1
ut4 E2 F2 G3

u1s E2 F2 G3 H1

The columns correspond to the dimensions and the rows to the units into which they were segmented. Codes on the same row reflect concurrent behaviors. The codes are defined in

the ad hoc instrument designed for the study.
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TABLE 4 | Example of datasets used to calculate intraobserver canonical
agreement.

Occasion 1 Occasion 2 Occasion 3 Canonical agreement
E1 G1H3 E1G1H3 E1G1H3 0.84

E2F5G2H3 E2F5G2H3 E2F5G2H3  Result: Satisfactory agreement
E2F5G2H2 E2F5G2H2 E3F5G2H2

E3 F5 G1 H2 E3 F5 G1 H2 E3 F5 G1 H2

E3F1 G2H4 E3G2H4 E3F1 G2 H4

E3F1 G2 E3F1 G2 E3 F1

E5 F1 G3 E5 F1 G3 E5 F1 G3

E5 F1 G1 E1F1 Gl E1F1G1

F5 G1 F5 G1 F5 G1

F5 G1 H1 F5 G1 H1 F5 G1 H1

E1F5G2H1 E1F5G2H1  E1F5G2H1

E1G1 E1 G1 E1G1

In such cases, the same verbal behavior or textual material must be coded by the same
observer, using the same indirect observation instrument, on three separate occasions,
separated by at least a week. The data in the first column are from Table 3b.

TABLE 5 | (a) The first row shows the simple frequency counts for the data from
Table 3a. The matrix below shows the transition frequencies for the given
behavior A with the conditional behaviors shown at the head of each column. The
different lags are shown by rows. (b) The first row shows the unconditional
probabilities while the rows below show the conditional probabilities.

a b

Lag A B Cc D Total A B Cc D

7 5 3 5 20 0.35 0.25 0.15 0.25
1 0 5 1 1 7 0 0.71 0.14 0.14
2 2 0 1 4 7 0.28 0 0.14 0.57
3 4 2 1 0 7 0.57 0.28 0.14 0
4 0 2 2 2 6 0 0.33 0.33 0.33
5 4 0 0 1 5 0.8 0 0 0.2

Bold values are significative (upper that respective unconditional probabilities).

contributions in this area, there are now methodological tools
in place to demonstrate the quality of such data. The two
main quantitative measures for testing the reliability of data
from direct observation (behaviors) and indirect observation
(texts) are (a) coeflicients of agreement between two observers
who separately code behaviors using the same dataset and
observation instrument and (b) coeflicients of agreement based
on correlation. Numerous coeflicients exist for quantitatively
verifying the quality of data in a wide range of situations. One
widely used measure in indirect observation is Krippendorft’s
canonical agreement coeflicient, which is an adaptation of
Cohen’s kappa coefficient for analyzing three or more datasets.
It can be calculated in HOISAN. Another option for use in
situations with different sources of variation is generalizability
theory (Blanco-Villaseior, 2001; Escolano-Pérez et al., 2017).

A more qualitative method, the consensus agreement method
(Anguera, 1990), is gaining increasing recognition in indirect
observation and other studies. In this method, at least three
observers work together to discuss and agree on the most suitable

code for each unit from the observation unit. This method has
obvious advantages, as it produces a single dataset and frequently
results in a better observation instrument thanks to the detection
of possible gaps and shortcomings. While it offers significant
guarantees of quality, however, it also carries risks. An observer
may defer to the decisions of a more senior or “expert” colleague,
for example, and the need to agree can also give rise to frictions
or conflicts. The results of the consensus agreement method can
be complemented by quantitative measures of agreement (Arana
etal., 2016).

There has been much debate in the field of psychology
about the extent to which adherence to a particular theoretical
framework may influence agreement between observers. To
overcome this potential problem, Pope et al. (2000) proposed
using observers from different backgrounds to analyze the data.
Such an approach, however, would require even more rigorous
quality control measures given the greater difficulty of reaching
agreement.

Table 4 shows the canonical agreement coefficient calculated
in HOISAN for the data in Table 3b, combined with two other
sets of data recorded for the same section of text by the same
observer and with the same instrument, but at different moments.

Quantitative Processing of Code Matrices
Once the text has been liquefied and the necessary data controls
performed, the researcher now has access to a series of code
matrices perfectly suited for analysis using different techniques.

The novel nature of our proposal is that we do not study
frequency counts, which, despite their serious limitations, were
the only measure of quantification used in observation studies
for decades.

Over the last 15 years, our group has prioritized three
analytical techniques that are particularly well-suited to
processing qualitative data in both systematic observation
(Blanco-Villasefior et al., 2003) and indirect observation studies.
These are lag sequential analysis, polar coordinate analysis, and
T-pattern detection. All three techniques are based on statistical
calculations and therefore provide the necessary guarantees of
replicability and robustness.

Lag Sequential Analysis

Lag sequential analysis, which works with code matrices (see
example in Table 5), is used to detect behavioral patterns that
show the structure of interactive episodes (Bakeman, 1978, 1991;
Bakeman and Gottman, 1987; Bakeman and Quera, 1996, 2011).
The analysis can be performed prospectively (looking forward
in time from a given moment) or retrospectively (looking
backwards) using positive or negative lag counts. A behavior, for
example, with a lag count of 42 would correspond to a behavior
that occurs 2 positions after the behavior(s) of interest, while one
with a lag count of —2 would correspond to a behavior that occurs
2 positions before the behavior(s) of interest.

The analysis can be applied to part of a session, to a complete
session, to parts of different sessions (e.g., the first few minutes
of a series of sessions), or to series of complete sessions. The
technique thus offers enormous flexibility in terms of addressing
different research questions. Two types of data can be used:
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L1L2 L3 L4 L5 L1L2 L3 L4 LS

-

L1 L2 L3 L4 LS

L1 L2L3 L4 LS

FIGURE 1 | (A-D) The lags are shown on the X-axis and the probabilities on the Y-axis. Based on the results from Table 5b, the values corresponding to the
unconditional probabilities (first row) are indicated by the horizontal line parallel to the X-axis (e.g., 0.35 for category A). Also shown are the values for each of the
conditional probabilities for each category and lag. These values are linked by a (generally uneven) line for each category. The horizontal line parallel to the X-axis
represents the upper limit for the effect of chance. Accordingly, any conditional probabilities in the subsequent lags that are higher than the unconditional probability
for the corresponding category are significant and hence form part of the behavioral pattern.

FIGURE 2 | Behavioral pattern extracted after assigning significant conditional
behaviors (behaviors with a conditional probability greater than the
unconditional probability) to each lag. The behavior pattern extracted from the
presented illustration exhibits a regularity consisting of expressions of sorrow
or sadness being followed by expressions of self-perceived improvement and
these expressions, in turn, being followed by joy at having overcome the
problem. From there, the pattern bifurcates, leading either to the initial situation
of sorrow and sadness or to expressions of self-perceived worsening.

data for which only the order of occurrence of concurrent
behaviors has been recorded, using any of the free software
programs available SDIS-GSEQ v. 4.1.2 (Bakeman and Quera,
2011), GSEQ5 (Bakeman and Quera, 2011), or HOISAN v. 1.6.3.3
(Herndndez-Mendo et al., 2012), and data for which both order
and duration have been recorded (SDIS-QSEQ and GSEQ5).
Lag sequential analysis has been successfully applied in many
indirect observation studies conducted over the past 25 years
(e.g., Martinez del Pozo, 1993; Arias-Pujol and Anguera, 2004;
Cuervo, 2014).

Using the data from Table 3a again, we illustrate how to
manually calculate the results for the first, and simple, part of the
lag sequential analysis process. The first step is to create tables
for the matching frequencies and probabilities (Tables 5a,b) for
category A (in our example, expressions of sorrow or sadness),
which, according to the hypothesis applied, is the given behavior
(the behavior of interest). In row 1, for example, A has a
frequency count of 0 because this code does not occur again;
B (expressions of self-perceived improvement) has a count of 5
because it occurs after A on five occasions (units 2, 7, 12, 15, and

TABLE 6 | (a) Formula for calculating the corrected unconditional (expected)
probability. (b) Table showing the probabilities from Table 5b with the addition of
the corrected conditional probabilities in the second row (bold values).

a b

Pesp corr = Pesp +Za 0

o= | Pesp(! — Pesp) A B c D
N
0.35 0.25 0.15 0.25
0.56 0.43 0.31 0.43
0 0.71 0.14 0.14
0.28 0 0.14 0.57
0.57 0.28 0.14 0
0 0.33 0.33 0.33
0.8 0 0 0.2

These correspond to the upper limit of the confidence interval built around the
unconditional probability values, with p < 0.05.

18); C (expressions of self-perceived worsening) has a count of 1
because it only occurs after A on one occasion (unit 5), similarly
to D (expressions of joy at having overcome the problem) (unit
10). In row 2, in turn, A has a count of 2 because it occurs on two
occasions (units 6 and 11) in the second position after the given
behaviors (units 4 and 9, respectively); B has a count of 0 because
it does not occur in the second position after the given behavior;
and C has a count of 1 because it occurs just once (unit 13) in the
second position after the given behavior (unit 11), and so on.

The data are analyzed to search for behavioral patterns, with
consideration of some or all of the other behaviors, known as
target behaviors, to see if they form part of the pattern(s) detected.

The information for each of the categories is shown on a graph
with the lags on the X-axis and the probability values (ranging
between 0 and 1) on the Y-axis. Each of the four Figures 1A-D,
shows the value of the unconditional probability (the line parallel
to the Y-axis) and the points corresponding to the conditional
probability of each lag.

Based on this simple visual output and considering all the
statistically significant categories at each lag (i.e., the categories
with a conditional probability value greater than that of the
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FIGURE 3 | Optimized corrected behavioral pattern following construction of a
confidence interval around the unconditional probabilities. The corrected
pattern reveals the typical alternation seen in patients with endogenous
depression.
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FIGURE 4 | Polar coordinate map showing the vectors for the categories A
(focal category), B, C, and D. As indicated in the legend of Table 8, A is the
focal behavior and expressions of sorrow or sadness activate expressions of
self-perceived improvement (Quadrant IV) and joy at having overcome the
problem (Quadrant 1). The focal behavior is not self-generating (Quadrant ll).
Additionally, expressions of sorrow or sadness do not generate self-perceived
worsening (Quadrant Il), although self-perceived worsening does generate the
focal behavior.

unconditional probability), we extracted the behavioral pattern
shown in Figure 2. The strength of patterns is assessed using
interpretative rules (Bakeman and Gottman, 1987). In the
example provided, the first lag that is followed by another lag
containing significant categories is considered to be the last lag
(max lag) in the pattern (lag 3 in the example).

The robustness of the pattern must then be further
strengthened by building a confidence interval around the
conditional probabilities, for which only the upper limit is
needed. This upper limit is used to determine whether a given
category will form part of the pattern at the lag being analyzed,
as the conditional probability obtained has to be higher than
unconditional probability. The lower limit, by contrast, will

TABLE 7 | Adjusted residuals and corresponding Z-values from the polar
coordinate analysis with A as the focal behavior or category and B, C, and D as
the conditional behaviors.

Lag Categories

A B C D
ADJUSTED RESIDUALS
-5 1.94 -0.187 —0.996 —1.236
-4 —1.936 0.826 2.148 —0.413
-3 1.253 —1.557 —1.019 0.934
-2 —-0.125 2.49 —-1.112 —1.689
-1 —2.121 —1.861 2121 2.605

0 4.359 —1.77 —1.282 —1.77

+1 —2.121 3.207 0 —0.744
+2 —0.125 —1.689 -0.078 1.9
+3 1.253 0.596 —0.165 —1.789
+4 —1.936 0.826 0.537 0.826
+5 1.94 —1.764 —1.139 0.706
Z-VALUES
-5 1.94 -0.187 —0.966 —1.236
-4 —1.936 0.826 2.148 —0.413
-3 1.253 —1.557 —1.019 0.934
-2 —-0.125 —2.49 —-1.112 —1.689
-1 —2.121 —1.861 2.121 2.605
+1 —2.12 3.207 0 —0.74
+2 -0.13 —1.69 -0.08 1.9
+3 1.253 0.596 —0.165 —1.789
+4 —1.836 0.826 0.537 0.826
+5 1.94 —1.764 —1.139 0.706

The analysis was performed in HOISAN.

TABLE 8 | Polar coordinate analysis results showing the length and angle of the
different vectors, the quadrant in which each vector is located, and the Zgym
values (Cochran, 1954) from the prospective and retrospective perspectives.

Catergory Quadrant Prospective Retrospective Length Angle
SC_A 1l —-0.44 —0.44 0.63 225
SC_B vV 0.53 -0.13 0.54 346.19
SC_C Il -0.38 0.52 0.65 125.79
SC_D | 0.4 0.09 0.41 12.6

In the presented situation, A is the focal behavior, so the results show how expressions
of sorrow or sadness activate expressions of self-perceived improvement (Quadrant 1V)
or joy at having overcome the problem (Quadrant ). The focal behavior is not self-
generating (Quadrant Ill). Additionally, expressions of sorrow or sadness do not generate
self-perceived worsening (Quadrant ll), although self-perceived worsening does generate
the focal behavior.

always be lower than the unconditional probability and as such,
will never be significant. Application of this confidence interval
increases the requirements for statistical significance for the
categories at each lag, resulting in a more robust corrected
pattern.

The results obtained by applying the formula corresponding
to the corrected expected or unconditional probability (shown
in Table 6a) are presented in Table 6b, which is an extension of
Table 5b.
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FIGURE 5 | First of the 13 T-patterns detected in the data from Table 3a (o < 0.05).

A second optimization step involving the calculation of
adjusted residuals or hypergeometric Z-values (Allison and Liker,
1982) is also possible but cannot be done manually.

Figure 4 shows the corrected behavioral pattern extracted
from the data in Table 6b. As shown, it is different to the
uncorrected pattern shown in Figure 3. Note that in both cases,
A, the given behavior, is statistically associated with B at the first
lag and D at the second lag.

Lag sequential analysis is the first of the three key techniques
we use in our text-liquefying approach to indirect observation.
It has been widely used in systematic observation studies from a
range of areas published in journals listed in the Journal Citations
Report (JCR) (e.g., Gimeno et al, 2006; Lapresa et al., 2013;
Roustan et al., 2013).

Polar Coordinate Analysis

Polar coordinate analysis, which was proposed by Sackett
(1980), combines adjusted residuals from lag sequential analysis
and the Zg,y, statistic (Cochran, 1954). This statistic provides
a representative value for a series of independent values
(adjusted residuals at different prospective or retrospective
negative lags) to produce prospective and retrospective Zsym
values. Sackett (1980) recommended using the same number
of prospective and retrospective lags. Based on experience to
date (Sackett, 1987; Anguera and Losada, 1999), we suggest
analyzing at least five prospective lags and five retrospective lags
(—=5to +5).

The results of the computation determine the quadrant
in which the different vectors are located and indicate
their respective lengths and angles (Sackett, 1980). Vectors
provide information on the nature of the relationship
(prospective/retrospective activation/inhibition) between a
focal behavior, which is equivalent to a given behavior in lag
sequential analysis, and other categories of interest, known as
conditional behaviors. The concept of genuine retrospectivity
(Anguera, 1997) was introduced at a later stage to improve the
classic concept of retrospectivity. The genuine retrospective
approach considers negative lags from a backwards rather than
a forwards perspective, i.e., it looks at what happened from lag 0
back to lag —5 rather than from lag —5 to lag 0.

Adjusted residuals, Z-values, and vector length and angles can
all be computed in the open-access software program HOISAN
(v. 1.6.3.3) (Hernandez-Mendo et al., 2012), which also includes
a feature to produce the results in graph form.

The meaning of the vectors (see below) varies according to the
quadrant in which they are located, and the position of a vector
in one quadrant or another is determined by the combination of
positive or negative signs on the prospective and retrospective
Zsum values. In quadrant I (+ +), the focal and conditional
behaviors activate each other; in quadrant I (— +), the focal
behavior inhibits and is activated by the conditional behavior; in
quadrant IIT (— —), the focal and conditional behaviors inhibit
each other; and in quadrant IV (4 —), the focal behavior activates
and is inhibited by the conditional behavior. The length of
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the vectors indicates the strength (statistical significance) of the
association between the focal and conditional behaviors.

To illustrate briefly how the technique works, we used the
data from Table3a to produce a vector map showing the
relationships between A, the focal behavior (in our example,
expressions of sorrow or sadness), and categories B (expressions
of self-perceived improvement), C (expressions of self-perceived
worsening), and D (expressions of joy at having overcome the
problem), the conditional behaviors. Table 7 shows the values
for the adjusted residuals and corresponding Zg,y, values, while
Table 8 shows the length and angle of the vectors for each of the
conditional behaviors. The corresponding vectors are shown in
Figure 4.

The strongest association detected for the focal behavior A
(apart from with itself) was with B (in quadrant IV, with a vector
length of 0.54), followed by D (quadrant I, with a vector length
of 0.41). Although A and C have the longest vector (0.65), the
fact that C is located in quadrant II (because its angle is 125.79°)
means that A inhibits rather than activates C. C does not appear
because its excitatory activity was insignificant.

Readers can find numerous examples of the application of
polar coordinate analysis in a wide range of fields in direct
observation (e.g., Gorospe and Anguera, 2000; Herrero Nivela,
2000; Anguera et al., 2003; Castafer et al., 2016, 2017; Lopez et al.,
2016; Aragén et al., 2017; Morillo et al., 2017; Santoyo et al., 2017;
Sudrez et al., 2018), and more recently indirect observation (e.g.
Arias-Pujol and Anguera, 2017).

T-Pattern Detection

T-pattern detection was proposed and developed by Magnusson
(1996, 2000, 2005, 2016). It involves the use of an algorithm that
calculates the temporal distances between behaviors and analyzes
the extent to which the critical interval remains invariant relative
to the null hypothesis that each behavior is independently and
randomly distributed over time. It needs data, in the form of
code matrices, for which the duration of each co-occurrence
has been recorded. Microanalyses of data are also possible and
very useful (Anguera, 2005). The software program, Theme
(v. 6 Edu), features different settings that can be modified
to obtain complementary results that, analyzed together, can
provide a greater understanding of interactive transitions over
time. Theme is an open-access software program that provides
all the necessary features for analyzing data and presenting the
results graphically as dendrograms or tree diagrams.

As with lag sequential and polar coordinate analysis, we have
also used the data from Table 3a to illustrate the use of T-pattern
detection. It should be noted that the method applied is rather
unconventional, as the temporal distance parameter was set at 1
in all cases.

Figure 5 shows the first of the 13 T-patterns obtained (p <
0.05). Note that despite the small size of the dataset, Theme
detected a primary relationship between A and B (between
expressions of sorrow or sadness and expressions of self-
perceived improvement) and A and D (between expressions of
sorrow or sadness and expressions of joy at having overcome the
problem), as shown graphically in Figure 5.

Examples of the application of T-pattern detection can be
found in studies by Castafier et al. (2013), Diana et al. (2017),
Lapresa et al. (2013), and Sarmento et al. (2015) in direct
observation and by Blanchet et al. (2005) and Baraud et al. (2016)
in indirect observation.

Complementary Use of Techniques

Although the specifics of lag sequential analysis, polar coordinate
analysis, and T-pattern detection differ, all three techniques
serve to analyze and increase understanding of the internal
structure of verbal or textual material derived from indirect
observation. In addition, they can be applied to the same data to
provide complementary insights and unveil invisible structures
hidden within data. Their relevance is even greater in indirect
observation studies where data have traditionally been analyzed
from a purely qualitative perspective.

The convergence of results from three different quantitative
approaches is a cause for celebration in a field such as indirect
observation, where studies to date have largely relied on
frequency counts or on qualitative approaches, which of course
have their merits but are prone to considerable subjectivity
bias.

There is growing interest in combining these techniques to
gain a greater understanding of behavioral patterns that remain
hidden to the naked eye. Two recent examples can be found in
the studies of Santoyo et al. (2017) and Tarragé et al. (2017).

ADAPTED METHODOLOGICAL
PROCEDURE FOR CONDUCTING AN
INDIRECT OBSERVATION STUDY BASED
ON TEXT LIQUEFACTION

We have presented a structured procedure detailing the
successive stages of the method we propose for studying verbal
behavior and/or textual material in an indirect observation
study (Table9). Our aim was not to offer a general approach
to systematic observation from the perspective of indirect
observation, as guidelines already exist for the reporting of
systematic studies within observational methodology (Portell
et al., 2015a). Our aim rather was to introduce the reader to the
key concepts of indirect observation studies and provide step-by-
step guidance on how to perform such a study. The procedure we
propose is summarized in Table 9 and has already been applied in
studies from different fields (Vaimberg, 2010; Garcia-Farifa et al.,
2016; Arias-Pujol and Anguera, 2017).

CONCLUSIONS AND LIMITATIONS

Within the broad framework of mixed methods, we have
presented indirect observation as a structured method consisting
of different steps designed to guarantee scientific rigor. The
method consists of the quantitization of qualitative data derived
from verbal or textual material to produce code matrices which,
following appropriate organization and rigorous quality control
procedures, can be analyzed using robust, rigorous, and objective
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TABLE 9 | Procedure for conducting an indirect observation study based on liquefying a text.

Methodological action

Description

Guidelines for Indirect Observation (Liquefying a Text)
Define the research question

Delimit the source(s) of verbal or textual information using
clearly specified criteria (setting, participants, situations, etc.)
Specify the study dimensions

Establish the text segmentation criteria

Build an ad hoc observation instrument

Code the data and create code matrices

Computerize the codes

Merge/divide the code matrices in accordance with specific

research questions
Apply rigorous data quality controls

Analyze the data quantitatively using a suitable technique or
techniques

Analyze convergent or complementary results if various
techniques have been used

Evaluate the strengths and weaknesses of the study

Interpret your results

Conduct a thorough and up-to-date literature review

(although this is mentioned as the last step, relevant literature

should be investigated and read throughout the studly)

Focus the question on aspects that can be clearly delimited.

Take all necessary decisions about the sources of data, such as type, volume, time frame, geographic
location (if relevant) vs. online, etc.

After a detailed analysis of the theoretical framework, decide on the dimensions (or facets) of the
research question.

If the study is multidimensional, choose the primary dimension and define the segmentation criteria
accordingly. This step will influence the segmentation of all the other dimensions, which will be
considered secondary for this purpose.

Consider the number of dimensions, the existence or not of a theoretical framework, and the temporal
nature of the subject of study (process vs. atemporal situation). Validate the coding process.

Apply the codes from the observation instrument to the data to transform or ‘liquefy’ the primary material
(verbal behavior or textual material) into matrices of codes suited for quantitative analysis.

Depending on the features of the software programs available, convert the dataset into a computerized
format.

These data block management operations must be highly flexible as it may sometimes be necessary to
jointly analyze several code matrices or to analyze parts of the same matrix separately.

Rigorous data controls prior to the analysis of the data are essential for preventing possible biases from
skewing the results. Such controls are necessary as the datasets are prone to subjectivity bias. Each set
of textual units should be coded at least three times (by the same observer or by different observers).

Once the quality of the dataset has been confirmed, the code matrices can be analyzed quantitatively

to reveal underlying structures in the form of significant associations between codes. Choose the most

appropriate technique depending on the aim of the analysis.

A) Use lag sequential analysis to discover behavioral patterns that occur more often than would be
expected by chance.

B) Use polar coordinate analysis to obtain a vector map showing the prospective and retrospective
activating or inhibitory relationships between a focal behavior and other behaviors of interest.

C) Use T-pattern detection to uncover temporal relationships between categories based on the time
distance between successive occurrences of each code.

Compare and analyze similarities detected using different techniques and explore possible explanations
for divergent results.

The detection of strengths will allow you to argue the objectivity, rigor, and robustness of the studly.
Consider potential weaknesses by critically appraising the methodology, studying the literature, and
evaluating the consistency of the theoretical framework.

Interpret your results by analyzing them in the light of your research question(s) and considering
similarities and differences reported by related studies.

Conduct an exhaustive preliminary literature review and then apply rigorous filters as appropriate.

techniques. In a sense, we liquefy the text into a form suitable for

quantitative analysis.

Although the materials that support direct and indirect
observation are different, the methodological proposal described
in this paper shows that both forms of observation share a
systematic procedure in which adequately trained observers
apply a robust, reliable purpose-designed observation instrument
to produce quantitative indicators of the many processes
underlying everyday behavior. The main strengths of our
approach are that it enables the merging of data from different
sources and offers the possibility of taking advantage of
the continuous advances in information and communication
technologies to study aspects of biopsychosocial behavior in
everyday contexts. There are two main limitations. On the
one hand, the dimensions in an indirect observation study
depend largely on a theoretical framework and a conceptual

framework, and these may be lacking. On the other hand,
observation instruments comprising category systems, either
alone or combined with a field format, also require a theoretical
framework. However, the proposed approach has the advantage
of allowing all data obtained from narratives to be included in the
study, even those which do not fit with the theoretical framework
or are contradictory. In fact, the validation of the coding process
entails, among other things, checking that no new information
has been added, that no information has been eliminated, and
that the meaning of the information has not been altered. In
this way, there is no omission of information that could lead to
bias. This information can be included using bottom-up or top-
down processes (Anguera, 1991; Anguera et al., 2007), in other
words, the narratives are categorized on the basis of the chosen
theoretical framework (top-down) and the theoretical framework
is adapted on the basis of the narratives given (bottom-up). An
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exclusively quantitative study would entail the loss of sensitive
and relevant information about the spontaneous behavior, as it
would require excluding all variables not envisaged in the chosen
theoretical framework. Hence our insistence on the enormous
potential of mixed methods research, which suitably integrates
both qualitative and quantitative elements.

This work presented a novel approach, based on sequence of
occurrence, for transforming qualitative data into quantitative
data that can be analyzed using robust quantitative techniques.
Additionally, it is important to note that it is possible, at any time
during the analysis, to return from the quantitative data to the
narrative data. As a result, this approach presents advantages of
both qualitative and quantitative methods, at the same time it
covers weaknesses of both methods.
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Observational studies are based on systematic observation, understood as an organized
recording and quantification of behavior in its natural context. Applied to the specific area
of sports, observational studies present advantages when comparing studies based on
other designs, such as the flexibility for adapting to different contexts and the possibility of
using non-standardized instruments as well as a high degree of development in specific
software and data analysis. Although the importance and usefulness of sports-related
observational studies have been widely shown, there is no checklist to report these
studies. Consequently, authors do not have a guide to follow in order to include all of
the important elements in an observational study in sports areas, and reviewers do not
have a reference tool for assessing this type of work. To resolve these issues, this article
aims to develop a checklist to measure the quality of sports-related observational studies
based on a content validity study. The participants were 22 judges with at least 3 years of
experience in observational studies, sports areas, and methodology. They evaluated a list
of 60 items systematically selected and classified into 12 dimensions. They were asked
to score four aspects of each item on 5-point Likert scales to measure the following
dimensions: representativeness, relevance, utility, and feasibility. The judges also had an
open-format section for comments. The Osterlind index was calculated for each item
and for each of the four aspects. ltems were considered appropriate when obtaining
a score of at least 0.5 in the four assessed aspects. After considering these inclusion
criteria and all of the open-format comments, the resultant checklist consisted of 54
items grouped into the same initial 12 dimensions. Finally, we highlight the strengths of
this work. We also present its main limitation: the need to apply the resultant checklist to
obtain data and, thus, increase quality indicators of its psychometric properties. For this
reason, as relevant actions for further development, we encourage expert readers to use
it and provide feedback; we plan to apply it to different sport areas.

Keywords: checklist, reporting, observational studies, sports area, content validity, experts, Osterlind index
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INTRODUCTION

Observational studies are mainly based on systematic
observation, understood as an organized recording and
quantification of behavior in its natural context (Anguera,
1979, 1996, 2003). These types of studies involve a low level
of intervention (Chacén-Moscoso et al., 2013). Observational
studies present the following important advantages compared
to those with a medium or high level of intervention (Portell
et al., 2015), such as: (1) they can be adapted to any situation in
any setting and (2) they do not need standardized measurement
instruments because the context of the study is prioritized and,
as a consequence, the use of ad hoc instruments is accepted.

Observational studies are commonly used in many areas, such
as social (Anguera and Redondo, 1991; Santoyo and Anguera,
1992), psycho-pedagogical (Moya et al., 2012; Herrero-Nivela
et al., 2014), clinical (Roustan et al., 2013; Arias et al., 2015), or
sport (Weigelt and Memmert, 2012; Anguera and Herndndez-
Mendo, 2014) studies. The concrete field of observational
methodology, as applied to sports, currently benefits from
the advanced development of statistical analyses and specific
software to study men and women’s sports-related behaviors
in order to obtain indicators to improve their performance
(Anguera and Hernandez-Mendo, 2015; Anguera et al., 2017,
2018). For example, (1) sequential analysis of behaviors using
SDIS-GSEQ software (Bakeman and Quera, 2011) has been
developed to establish model sequences by high-level sportsmen
and women (Casteldo et al., 2015); (2) the use of polar coordinate
analysis by means of HOISAN software (Hernindez-Mendo
et al., 2012) enables the study of interrelations between different
categories of observational tools in different sports, such as tae
kwon do (Lépez-Lopez et al., 2015), handball (Sousa et al., 2015),
or soccer (Castellano and Herndndez-Mendo, 2003; Castafier
et al.,, 2016); and (3) T-pattern analysis using Theme software
(Magnusson, 1996, 2000) can be applied to discover hidden
structures in the observed behavior that are not directly visible
in elite climbing (Arbulu et al., 2016), futsal (hard-court soccer,
Sarmento et al., 2016), synchronized swimming (Iglesias et al.,
2015), or bouts epee (fencing, Tarrag et al., 2015).

Although observational studies are frequently used and their
utility in different contexts has been widely proven, a tool to
measure the reporting quality of these types of studies does not
exist, nor does a specific one for sports areas (Portell et al.,
2015). This lack causes important consequences for observational
studies in sports areas: (1) the author’s report is the unique
information we usually have about primary studies (Altman
et al., 2001; Grimshaw et al., 2006; Cornelius et al., 2009). As
authors do not have a checklist for reporting, transparency may
be affected, and important information for assessing the quality
of the study and, therefore, its degree of risk of bias, may be
omitted (Portell et al., 2015). (2) Authors who want to publish
these kinds of studies do not have a checklist to confirm that
all the important elements were considered in the study and
included in the report, and reviewers of these same studies lack
a useful tool for determining the indicators to consider when
accepting or rejecting their publication in a scientific journal
(Chacon-Moscoso et al., 2016).

ChecKklists to measure the quality of the reporting of primary
studies in general, without specifying the design type, have
previously been published, e.g., by the Journal Article Reporting
Standards (JARS) (American Psychological Association, 2010).
In addition, as a consequence of the differences existing across
designs, checklists with the same purpose but for specific study
designs have been published (Portell et al., 2015; Chacon-
Moscoso et al., 2016). For example, for high-intervention
designs (randomized control trials), we have the Consolidated
Standards of Reporting Trials (CONSORT) (Schulz et al.,
2010); for epidemiological studies, such as cohort, case-control,
and cross-sectional studies, we have the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement (von Elm et al., 2007); (3) for intensive repeated
measurements in naturalistic settings, we have the Guidelines
for Reporting Momentary Studies (Stone and Shiffman, 2002);
(4) for qualitative studies, we have the Guidelines for Qualitative
Research Methodologies (Blignault and Ritchie, 2009); and (5)
for mixed methods, we have the Guidelines for Conducting and
Reporting Mixed Research for Counselor Researchers (Leech and
Onwuegbuzie, 2010). The current standard for low-intervention
studies is the Guidelines for Reporting Evaluations Based
on Observational Methodology (GREOM) (Portell et al., 2015;
included in the EQUATOR library: http://www.equator-network.
org/reporting-guidelines/guidelines-for-reporting-evaluations-
based-on-observational-methodology/) which, combined with
JARS, provides a general view of the structural characteristics
of observational designs that must be considered for evaluation
in low-intervention situations without specifying any concrete
area.

The aim of this work is to develop a checklist to measure the
quality of the reporting of sports-related observational studies.
This checklist will further clarify the general guidelines presented
in the GREOM; determine the main quality indicators of the
reporting of sports-related observational studies; serve as a useful
tool for authors conducting and publishing observational studies
in this area, as well as for reviewers making decisions for
publications; and present indicators of the representativeness
(REP), relevance (REL), utility (U), and feasibility (F) of the
developed tool to measure the quality of the reporting based on a
content validity study.

METHODS

Participants

Twenty-two of the 43 potential candidates who were contacted
opted to participate in the study, resulting in a participation rate
of 51.2%. The inclusion criteria for eligibility were a minimum of
3 years of experience in observational studies, sports areas, and
methodology. The sample participants were between 31 and 70
years old [mean (M) = 45.9, standard deviation (SD) = 11.3],
including 17 men (77.3%) and 5 women (22.7%). Their years of
experience in methodology were between 3 and 44 (M = 17.1,
SD = 11.7). Their years of experience in observational studies
ranged from 3 to 35 (M = 13.6, SD = 9.3). Finally, their years of
experience in sports areas ranged between 3 and 40 (M = 19.9,
SD = 10).
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The main dedication and sports interest of these experts was
in the area of physical education (8 participants, 36.4% of the
sample), understood as the set of disciplines that aim to develop
the human body through sports participation and encourages
psychomotor learning in a game-like setting or through
movement exploration. This is a commonly introduced subject in
primary and secondary education curricula (Woodward, 2016).
The second most frequent area of interest was high-performance
sports (five participants, 22.7%), referring to the type of activity
(individual and team) in competition contexts (Harenberg
et al., 2016). The third area of interest was sport initiation (4
participants, 18.2%), the process by which a person makes contact
with new experiences in a physical activity or sport (Thomas
et al., 2015). The areas of health, sports, and physical education
(a set of educational, sporting, and organizational practices to
promote well-being and health; Williams and Macdonald, 2015)
and adapter sports (sports practices of people with some kind
of physical and/or psychological disability; Park and Sinelnikov,
2016) were chosen by two participants each (9.1%). Finally, one
participant (4.5%) chose technology, defined as the tools aimed
to improve athletes’ sports performance in order to set personal
records and, thus, be more competitive (Hardcastle et al., 2015).

Instruments
Appendix I in Supplementary Material presents the instrument
we designed to enable content validity experts to determine
the main aspects of sports-related observational studies. It is
composed of 60 items representing 12 dimensions from the
GREOM (Portell et al., 2015): (1) Extrinsic characteristics (1
item); (2) Objectives delimitation (6 items); (3) Observational
design (3 items); (4) Participants (9 items); (5) Context-
setting (11 items); (6) Observational instrument (7 items); (7)
Recording instrument (6 items); (8) Data (3 items); (9) Parameter
specification (2 items); (10) Observational sampling (6 items); (11)
Data quality control (5 items); and (12) Data analysis (1 item).

For the content validity study, four 5-point Likert scales
(Sanduvete-Chaves et al., 2013) were associated with each item
to be assessed by the experts referring to four different aspects
with respect to its dimension: (1) REP referred to the degree
to which each item represented the dimension to which it had
been assigned; (2) REL was defined as the extent to which each
item was important or highlighted something of the dimension
in which it was included; (3) U referred to the extent to which
each item was useful to evaluate the dimension to which it was
assigned; and (4) F was defined as the possibility of recording
information about each item. Additionally, an open-format item
(comments) was available for experts who wished to propose
something new, such as improving the writing of an item or
exchanging it for something more appropriate.

This instrument was available in two formats: the Internet
format using Google Drive Forms and a paper version. Microsoft
Excel was used for the data analysis.

Procedure

Ethical approval and written informed consent were not needed
for our study, as the participants were experts, a non-vulnerable
group, and the information gathered was professional opinions

about the adequacy of different items used to report observational
studies, without medical, clinical, or personal implications.

Item Selection and Assignment to Dimensions

We delimited the main dimensions of observational studies and
a list of items to measure those dimensions based on three
information sources: (1) A systematic review (Chacén-Moscoso
et al., 2016) was conducted of 12 databases that were of interest
due to their content (Web of Science, Scopus, Springer, EBSCO
Online, Medline, CINAHL, EconLit, MathSciNet, Current
Contents, Humanities Index, ERIC, and PsycINFO). We found
548 different ways to measure methodological quality in primary
studies. From this total, some of the tools were general reporting
standards not specific to any particular research design (e.g.,
Zaza et al., 2000; American Educational Research Association,
2006; American Psychological Association, 2010; Mohler et al.,
2012), while others were specific reporting standards for research
designs with some similarities to observational designs (Stone
and Shiffman, 2002; Tong et al., 2007; Blignault and Ritchie,
2009; Pluye et al., 2009; Leech and Onwuegbuzie, 2010). (2) The
GREOM (Portell et al., 2015) represents the specific guidelines
for developing observational studies. As an illustrative example
of the GREOM’s high degree of influence over the list of items
gathered, apart from the common structure, we can see the
direct correspondence in dimensions of the present checklist
6 Observational instrument, 7 Recording instrument, and 9
Parameters specification, according to section B2 Instruments
of GREOM, including the guidelines 7 Observation instrument,
8 Primary recording parameters, and 9 Recording instruments.
(3) The final dimension involves sports-related observational
studies found in the previously cited databases (Anguera and
Hernandez-Mendo, 2015).

Two coders separately studied the degree of agreement in the
items dimension assigned and intercoder reliability (Nimon et al.,
2012; Stolarova et al., 2014) was studied by calculating Cohen’s «
(Cohen, 1960). Any disagreements were resolved by consensus.

Content Validity Study

Once the 60 items were selected and assigned to one of the
12 dimensions chosen, the experts were asked, through 5-point
rating scales, about the REP, REL, U, and F of each item with
respect to its dimension.

The instrument was sent to experts in English (Appendix I in
Supplementary Material) or Spanish (Supplementary Material),
depending on their native language. We provided the access
link to the instrument in Google Drive by sending an email
to the potential experts that satisfied the participant’s inclusion
criteria. Fifteen days later, we reminded the participants that
the instrument was available to be fulfilled in the same link.
After another 15 days, we made the last call for answers in the
same way. After a final 15 days, the application was definitively
closed. As part of the final gathering stage, the same instrument
was available in paper format for all of the participants (who
worked in observational studies, methodology, and sports areas)
at the VII European Congress of Methodology, held in Palma de
Mallorca (Spain) in July 2016. Throughout the entire process, the
information was gathered anonymously.
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After gathering the information, the Osterlind index of
congruence (Osterlind, 1998) was calculated for each item and
each aspect measured (REP, REL, U, and F). The formula used
was.

n n n
(N=1D > X+ N X X — > Xk
j=1 j=1 ji=1

Iy =
ik 2(N—1)n

where N = number of dimensions (12 in this case), Xijjk = score
provided by each expert to each item referred to each aspect
measured, and n = number of experts. The scores were
provided in a 5-point Likert scale (—1 = strongly disagree,
—0.5 = disagree, 0 = neither agree nor disagree, 0.5 = agree,
and 1 = strongly agree) instead of the classical one with 3 points,
to make the achievement of high results slightly difficult, as the
5-point version is more conservative (Revised Osterlind Index,
Sanduvete-Chaves et al., 2013).

The results of the previous formula ranged from —1 to
+1. Minus one implied a total agreement among the experts,
indicating that all answered that they disagreed strongly; 1 meant
a total agreement among the experts, positioning all in strong
agreement; and 0 represented the highest possible disagreement
among the experts.

Based on the criteria (Osterlind, 1998), items that obtained a
score of 0.5 or higher on the four aspects measured were included
in the final version of the checklist for reporting observational
studies.

RESULTS

The assignment of the 60 items selected to the 12 dimensions
made by two independent researchers obtained a degree of
consensus of k = 0.76 (p < 0.001) and a 95% confidence interval
(CI) of [0.646, 0.874]. This result can be considered appropriate
(Landis and Koch, 1977).

Forty-three experts were contacted by email to fulfill the
content validity questionnaire. A total of 14 experts answered via
Google Drive. Two participants sent their responses after the first
call for answers, five participants answered in the second round,
and seven additional experts gave their opinions in the final
round. Additionally, eight experts fulfilled the questionnaire in
paper format during the VII European Congress of Methodology
(July 2016). The total number of answers gathered was 22.
According to Prieto and Muniz (2000), a number of experts
ranging from 10 to 30 through a systematic procedure can be
considered a moderate sample size.

Table 1 presents the Osterlind indexes obtained for each item
referring to REP, REL, U, and F. Fifty-three items met the
criterion of having a result of 0.5 or higher in these four aspects.
Only seven items were removed because they did not meet
this criterion: those in dimension 4 referred to the participants,
items 12 (cultural background), 13 (socio-economic level), 17
(differential exclusion of participants), and 18 (participants’
allocation); those in dimension 5 referred to the context (setting),
item 24 (number of non-observable periods); those in dimension
6 referred to the observational instrument, item 34 (criteria

that lead to the catalogs and categories systems); and those in
dimension 9 referred to the parameters specification, item 48
(parameters fitting). The removed items appear in bold text in
Table 1.

Analyzing all of the items as a whole and taking into account
that the possible results ranged from —1 to 1, we found that,
in REP, Mdn = 0.71 (SD = 0.14), with the values ranging from
0.3 to 0.98; in REL, Mdn = 0.69, SD = 0.16, range = 0.21-1;
in U, Mdn = 0.69, SD = 0.15, range = 0.33-0.98; finally, in F,
Mdn = 0.73, SD = 0.14, range = 0.28-0.93.

Table 2 presents the open-format comments made by the
experts and the actions developed in order to follow their advice.
From a total of 22 different comments, all were followed with
the exception of one (item 11), to which we made only a partial
change. Four comments did not imply changes because they
referred to items excluded by the Osterlind index results.

All of the comments presented were provided by only one
expert, except those referring to the graduation of the answers for
some dichotomous items, which were proposed by five experts.

Appendix II in Supplementary Material presents the final
version of the checklist for reporting sports-related observational
studies after making the changes derived from the results of
the Osterlind indexes and the experts’ open-format comments.
One proposal provided in open format was to add one more
item. Originally, the instrument presented 60 items, and 7 were
removed due to the Osterlind indexes, resulting in the inclusion
of 54 items in the final version.

DISCUSSION

We propose a 54-item and 12-dimension checklist to measure
the reporting quality of observational studies in sports areas. Its
use by authors and reviewers may contribute to the increased
transparency of these studies, as it lists the main aspects to
consider and delimit when designing, executing, or evaluating
observational studies in sports areas. The importance of this
checKklist resides in its exclusivity, considering that no other tool
with this same purpose exists in the literature. There are other
checklists available with the same objective as our proposal, that
is, to measure the quality of reporting, although to be applied
in other contexts (e.g., in orthopedics, Mundi et al., 2008) and
other kinds of designs (e.g., in orthopedics and randomized
control trials, Chan and Bhandari, 2007). Additionally, there
are checklists in sports (e.g., Arnold and Schilling, 2017), but
in designs different from observational studies (Anguera et al.,
2018; as guidelines created for this methodology, readers can
see the GREOM included in the EQUATOR library: http://
www.equator-network.org/reporting- guidelines/guidelines-for-
reporting-evaluations-based-on-observational-methodology/).
On other occasions, we find checklists applied to similar designs
(e.g., STROBE for epidemiological studies, von Elm et al., 2007),
although not exactly for observational studies understood as an
organized recording and quantification of behavior in its natural
context.

These checklists present some characteristics in common with
our proposal, such as the format (closed-ended questions) or
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TABLE 1 | Osterlind indexes obtained for each item in representativeness (REP), relevance (REL), utility (U), and feasibility (F).

Item? REP REL V) F
DIMENSION 1. EXTRINSIC CHARACTERISTIC
1. Publication type 0.90 0.93 0.94 0.93
DIMENSION 2. OBJECTIVES DELIMITATION
2. Problem delimitation, sport 0.77 0.93 0.84 0.85
3. Problem delimitation, general 0.93 1 0.95 0.93
objectives
4. Problem delimitation, specific 0.93 0.90 0.88 0.85
objectives
5. Reference to theoretical framework 0.71 0.81 0.79 0.74
6. Specification of response levels 0.82 0.83 0.80 0.78
7. Specification of participation degree 0.70 0.76 0.70 0.73
DIMENSION 3. OBSERVATIONAL DESIGN
8. Specification of observational design 0.86 0.83 0.93 0.90
for each objective
9. Justification of the observational 0.81 0.79 0.73 0.73
design
10. Sequence data are obtained 0.50 0.79 0.70 0.60
DIMENSION 4. PARTICIPANTS
11. Age 0.50 0.58 0.66 0.66
12. Cultural background 0.34 0.21 0.33 0.33
13. Socio-economic level 0.30 0.36 0.33 0.28
14. Sport modality 0.55 0.64 0.65 0.80
15. Professionalism 0.60 0.62 0.60 0.58
16. Global exclusion of participants 0.66 0.68 0.58 0.60
17. Differential exclusion of 0.57 0.40 0.42 0.52
participants
18. Participants’ allocation 0.57 0.50 0.42 0.40
19. Activity type 0.68 0.62 0.68 0.75
DIMENSION 5. CONTEXT (SETTING)
20. Place (location) 0.61 0.62 0.63 0.83
21. Social impact of the activity 0.59 0.562 0.53 0.63
22. Time frame 0.66 0.67 0.73 0.75
283. Session acceptance criteria 0.68 0.64 0.70 0.65
24, Number of non-observable 0.66 0.55 0.55 0.45
periods
25. Duration of non-observable periods 0.73 0.71 0.75 0.73
26. Total results indication 0.73 0.69 0.65 0.68
27. Partial results indication 0.59 0.69 0.65 0.63
28. Observational unit adjustment 0.61 0.69 0.65 0.60
29. Observational units delimiting, 0.70 0.71 0.73 0.68
denominating and definable
30. Global/molecular units’ degree 0.91 0.95 0.93 0.88
justified
DIMENSION 6. OBSERVATIONAL INSTRUMENT
31. Type of observational instrument 0.86 0.79 0.82 0.73
32. Instrument appropriate to the 0.80 0.74 0.68 0.75
design
33. Justification of instrument type 0.66 0.69 0.65 0.68
according to the observational design
34. Criteria that led to the catalogs 0.64 0.43 0.55 0.50
and categories systems
35. Requirements to categorize from a 0.64 0.60 0.55 0.63
certain criterion

(Continued)
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TABLE 1 | Continued

Item? REP REL U F
36. Availability of full coding manual 0.80 0.79 0.68 0.75
37. Observational instrument adequate 0.75 0.74 0.75 0.78
to the study context

DIMENSION 7. RECORDING INSTRUMENT

38. Software utilization as user 0.70 0.68 0.70 0.65
DIMENSION 8. DATA

39. Software type used to record 0.68 0.64 0.63 0.70
40. Observational recording 0.80 0.81 0.75 0.80
41. Software used to record 0.91 0.93 0.98 0.93
42. Software used for data quality 0.91 0.90 0.93 0.90
control

43. Software used for data analysis 0.82 0.83 0.85 0.83
44. Type of data according to Bakeman 0.75 0.62 0.68 0.75
(1978)

45. Type of data according to Bakeman 0.70 0.60 0.55 0.65
(1983)

46. Data management 0.66 0.60 0.53 0.53
DIMENSION 9. PARAMETER SPECIFICATION

47. Parameter type (the most complex) 0.64 0.562 0.55 0.50
48. Parameter fitting (the most 0.48 0.48 0.45 0.58
complex)

DIMENSION 10. OBSERVATIONAL SAMPLING

49. Observational period 0.75 0.57 0.68 0.74
50. Sessions periodicity 0.75 0.60 0.70 0.73
51. Number of sessions 0.86 0.71 0.78 0.74
52. Starting session criterion 0.75 0.76 0.68 0.68
58. Ending session criterion 0.80 0.74 0.73 0.78
54. Within-session sampling 0.70 0.57 0.65 0.58
DIMENSION 11. DATA QUALITY CONTROL

55. Agreements 0.67 0.60 0.58 0.50
56. Concordance 0.93 0.93 0.90 0.85
57. Within-session reliability 0.86 0.79 0.80 0.75
58. Between-session reliability 0.84 0.76 0.78 0.75
59. Generalizability theory application 0.76 0.70 0.71 0.66
DIMENSION 12. DATA ANALYSIS

60. Data analysis developed 0.98 0.90 0.89 0.89

RER, representativeness; REL, relevance; U, utility; F, feasibility. One item is considered appropriate when the values obtained in the four aspects measured (RER, REL, U, and F) are at

least 0.5. We marked the Osterlind indexes under 0.5 and removed the items in bold text.

altems appear in abbreviated form; the full items can be consulted in Appendix | (Spanish version in Supplementary Material).

the capacity to detect relevant information that has not been
reported. Nevertheless, they differ in content, not only due to the
sport context [e.g., item 14, Sport modality: (1) Individual sport,
(2) Team sport; or item 15, Professionalism: (1) Professionals, (2)
Semi-professionals, (3) Sportsmen/women in training stage], but
also due to the casuistic of the observational design [e.g., item 9,
Justification of the observational design: (1) No, (2) Yes; or item 24,
Number of non-observable periods].

The main strength of this work is that the content validity
study was developed through a clear, careful, and explicit process,
so it presented a high degree of reproducibility. In this way,
we were able to define a list of items based on different
sources of information: a systematic review, the GREOM as

the theoretical framework and the basis for the 12 delimited
dimensions and content in several dimensions (illustrated in the
correspondence between dimensions 6 Observational instrument,
7 Recording instrument, and 9 Parameters specification of the
presented checklist and guidelines 7 Observation instrument,
8 Primary recording parameters, and 9 Recording instruments,
corresponding to section B2 Instruments of the GREOM)
(Portell et al., 2015), and published observational studies in
sports areas. We provided the full list of items assessed by
the experts in English (Appendix I in Supplementary Material)
and Spanish (Supplementary Material). We determined the
inclusion criterion a priori; we reported the Osterlind index
for all of the items in the four aspects measured (Table 1). We
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TABLE 2 | Open-format comments provided by experts and actions taken as a consequence.

Item? Comment ActionP
DIMENSION 2. OBJECTIVES DELIMITATION
2. Problem delimitation, sport Remove the alternative psychomotor skills and add Done

3. Problem delimitation, general objectives

4. Problem delimitation, specific objectives

5. Reference to theoretical framework

6. Specification of response levels
DIMENSION 3. OBSERVATIONAL DESIGN
9. Justification of the observational design

DIMENSION 4. PARTICIPANTS
11. Age

12. Cultural background
13. Socio-economic level

14. Sport modality
15. Professionalism

16. Global exclusion of participants
17. Differential exclusion of participants

18. Participants’ allocation

modified/reduced sport games

Introduce one more option between no and yes
Introduce one more option between no and yes
Remove the alternative Regulation

Introduce one more option between no and yes

Introduce one more option between no and yes:
partial/incomplete

Establish 10-year intervals from 19s

Introduce one more option between no and yes

Introduce one more option between each pair of
alternatives

Related to this, add a new item: opposition (yes/no)

Include the options amateur and retired from
professional sport

Include it in dimension 11, Data quality control
Include it in dimension 11, Data quality control

It is not applicable in most observational studies.

We introduced the intermediate option yes, but unclearly
We introduced the intermediate option yes, but unclearly

Done

We introduced the intermediate option yes, but unclearly

Done

Based on basketball classification, we included one
more category (under 20s). We did not include more

intervals because, in the absolute category (senior), there

is usually no age restriction
Removed due to Osterlind index results
Removed due to Osterlind index results

Done
Done

Done
Removed due to Osterlind index results

Removed due to Osterlind index results

Include it in dimension 11, Data quality control

19. Activity type
DIMENSION 5. CONTEXT (SETTING

21. Social impact of the activity

Include physical exercise

28. Observational unit adjustment
DIMENSION 6. OBSERVATIONAL INSTRUMENT

37. Observational instrument adequate to

the study context
DIMENSION 7. RECORDING INSTRUMENT
41. Software used to record Add SportsCode

42. Software used for data quality control
control

43. Software used for data analysis

Change the options to low/medium/high
Add the option according to the player

Include an intermediate option: partial

Include this item in dimension 11 Data quality

Include this item in dimension 12 Data analysis

Done

Done

Done

Done

Done

Done

Done

altems appear in abbreviated form; the full items can be consulted in Appendix | (Spanish version in Supplementary Material). Only the items that received some comment have been

included in Table 2.

bChanges resulting from these comments are presented in the final version of the checklist (Appendix Il).

objectively applied the previously established inclusion criterion
and transcribed all of the open-format comments provided by the
experts and each action we executed in answer to each comment
(Table 2). After considering the Osterlind indexes and open-
format comments, we presented the final version of the checklist
for reporting sports-related observational studies (Appendix II in
Supplementary Material).

Additionally, we obtained adequate results for the fitness item
dimension with respect to four aspects: REP, REL, U, and F, which
provides a quality indicator of the content validity in favor of the
use of the resulting tool as appropriate. The resultant checklist is
expected to be extensively useful, as it can be applied to any sports
area.

On the other hand, the main limitation we found in the
checklist obtained is that it supposes a preliminary proposal in
which further development is needed to increase the quality
indicators of its psychometric properties. For this purpose, we
encourage and urge expert readers to improve our final version
checklist (Appendix II in Supplementary Material) with their
comments or results regarding its application.

Additionally, we plan to apply the checklist to different
sports areas in order to demonstrate that it is an adequate
measurement instrument independent of the sport context
and to develop an intercoder reliability study to locate
discrepancies across the independent coding of a high number
of studies (more than 40) by two different previously trained
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coders. We consider this proposal as open and in progress,
as we will continue to consider additional comments for
the improvement of the checklist that we might receive by
experts.

Taking this work as the basis, we plan to develop a scale to
measure methodological quality in sports-related observational
studies. This checklist can serve as a guideline for measuring
the reporting quality of these studies because it lists the main
aspects to consider when designing, executing, and evaluating
a sports-related observational study. We can also recommend
concrete actions to increase the methodological quality of these
studies.
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Observational studies entail making several decisions before data collection, such as
the observational design to use, the sampling of sessions within the observational
period, the need for time sampling within the observation sessions, as well as the
observation recording procedures to use. The focus of the present article is on
observational recording procedures different from continuous recording (i.e., momentary
time sampling, partial and whole interval recording). The main aim is to develop
an online software application, constructed using R and the Shiny package, on the
basis of simulations using the alternating renewal process (a model implemented in
the ARPobservation package). The application offers graphical representations that
can be useful to both university students constructing knowledge on Observational
Methodology and to applied researchers planning to use discontinuous recording in their
studies, because it helps identifying the conditions (e.g., interval length, average duration
of the behavior of interest) in which the prevalence of the target behavior is expected
to be estimated with less bias or no bias and with more efficiency. The estimation of
frequency is another topic covered.

Keywords: direct observation, time sampling, alternating renewal process, prevalence, interval recording

INTRODUCTION

Observation as a means of gathering data has been and is still present across disciplines and
contexts related to psychological processes, including clinical psychology (Langer et al., 2016),
work-related behaviors (Beck et al., 2016), family interactions (Dishion et al., 2016), social
competence in childhood (Vaughn et al., 2016), sports (Castafier et al., 2016), primatology (Dolado
et al.,, 2016), and ethology in general (Pasquaretta et al., 2016). Observation is also the most
frequently used means for gathering data in single-case designs in which the behavior of individuals
usually takes place in free-operant contexts (Pustejovsky, 2015). In the present text, the focus is
put on direct observation, which is considered direct in two senses (Fassnacht, 1982): there is
nothing between observer and observed (e.g., no interview or questionnaire is used) and records
are compiled immediately after the observation session. In that sense, Ayres and Gast (2010)
distinguish direct observation from automated-quantitative recording (that does not require
human observers) and direct measurement of permanent products (such as exams or reports
elaborated by the participants).

In the following sections we present an example of an observational study, in the context of
which we illustrate the decisions that need to be made when conducting such an investigation:
(a) choose observational designs; (b) choose what to code; (c) decide whether time sampling is
required; (d) choose an observational recording procedure. Afterward, we focus on the latter point;
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specifically, we describe the method used for performing the
simulations for studying how well prevalence and frequency
of the target behavior are estimated in different observational
recording procedures. We comment on the way in which the
results of the simulations are implemented into interactive
graphs, how these graphs can be used and what their main
results are.

An Example
In an observational study, the aim is to focus on spontaneous
behavior taking place in the natural environment of this target
behavior and without modifications being introduced by the
researcher. Specifically, the context of the example is Attention
Deficit Hyperactivity Disorder (ADHD), due to its relatively
high and maintained prevalence across countries and decades
(Polanczyk et al., 2014). Moreover, the diagnostic criteria for
ADHD are largely based on directly observable behaviors
(American Psychiatric Association, 2013).

The aim of the study is to obtain initial information about
a class of students, for whom the teacher claims that the
number of interruptions and inappropriate behaviors is excessive,
according to his perception. Specifically, the objective is defined
as estimating the proportion of time in which the students
are involved in off-tasks behaviors and on-task behaviors.
Subsequent evaluation is planned for future research assessing
whether the relative duration of off-tasks behaviors is excessive
and whether they are systematically related to any of the students
for which there is a suspicion by the teacher that they might
present problems with deficit of attention or impulsivity.

Decision #1: Choose an Observational
Design

The design in Observational Methodology is the strategy
determining the course of action or sequence of decisions about
how to collect, organize and analyze the data, always subordinate
to the objectives of the study (Anguera et al., 2001). The purpose
of an observational design is to identify the axes of time (when to
record: in a continuous or discontinuous way?), behaviors (what
to record: one or several target behaviors?) and subjects (who to
record: one or several participants?) involved in an investigation,
in order to be able to propose the best strategy in an observation
situation.

In the math class studied there are 10 students. According
to the subject axis, a nomothetic design (Allport, 1942; Anguera
et al., 2001) is used, given that all children are observed.
According to the behavioral axis, a multidimensional design is
used, given that there are several different specific behaviors
coded as “off-task” or “on-task” (see the “Decision #2: Choose
What to Code” subsection). According to the time axis (see
Figure 1) and the inter-sessional criterion, the design is a
“tracking” one (also referred as “follow-up” design), as several
sequential sessions are to be recorded. According to the time
axis and the intra-sessional criterion, time sampling has to be
used, as discussed in the subsection entitled “Decision #3: Decide
Whether Time Sampling Is Required.” The beginning and end
of the observational sessions (i.e., the uninterrupted time of

recording) are defined according to the duration of the math
classes.

Decision #2: Choose What to Code

Systematization of the recordings consists in expressing in
observable terms all the information contained in behaviors or
events, in order to improve objectivity. The behavioral units
(i.e., the minimal behavioral manifestation that is considered
meaningful) can be distinguished according to their duration,
being either “states” (longer units, for which duration matters)
or “events” (brief events, for which duration is not recorded;
Altmann, 1974). Additionally, it is possible to distinguish the
behavioral units according to their content, being “structural”
(a physical movement or location, defined in time and space),
“functional” (consequence of the structural units on the physical
or social environment), or “causal” (causes of the structural
units). Finally, the behavioral units can be classified according
to their degree of abstraction, leading to “molecular” categories
based on Weick’s (1968) response levels: verbal, vocal, gestures,
and proxemics behavior or to “molar” categories (complex
combinations of these response levels with a greater degree of
abstraction, implying a certain amount of inference about the
intentions).

For instance, Ardoin and Martens (2000) adapted Barkley’s
(1990) Restricted Academic Situation and distinguished the
following categories: off-task (interruption of the child’s attention
from the task to engage in another behavior such as breaking
eye contact with the worksheet), fidgeting (repetitive, purposeless
movement of the legs, feet, arms, hands, fingers, buttocks, or
trunk), vocalization (verbal noises), plays with objects (touching
objects not directly related to the task, desk or child’s own body),
and out of seat (child’s buttocks breaking contact with the seat).
Similarly, yet slightly different, Stahr et al. (2006) mention as
examples of “off-task behavior” the repetitive pencil tapping,
head or leg shaking and fidgeting, drawing, gazing around class;
leaving the assigned instructional area, and making audible
vocalizations not related to the instructional task. Stahr et al.
(2006) define “on-task behavior” as attending to or participating
in instructional activities as requested by classroom staft (e.g.,
looking at the teacher while she was instructing, doing or
attempting the assigned task, seeking assistance, and following
directions). Therefore, the on-task and off-task behaviors refer to
different response levels (i.e., they are “molar” categories), coded
according to their relation to the academic task taking place at
any given moment. Moreover, the focus is put on the function
of the behavior rather than its location or the specific movement
in any part of the body; thus, the units are “functional”. Finally,
whereas some of the specific instances of on-task behavior can be
“events” (e.g., shifting the gaze from the book to the blackboard),
the “on-task behavior” category itself is rather a “state;” given that
it is expected to have a certain duration.

Decision #3: Decide whether Time
Sampling Is Required

In the running example, carrying out the observational study
involving the direct presence of observers in the environment
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FIGURE 1 | Representation of intersessional and intrasessional time sampling.

would require an authorization from the school. One approach
would be “recording activated by transitions” (RAT), in which
the observer is coding every transition from one category to
another, optionally recoding duration times as well, without any
time-related divisions of the observation session. However, a
RAT would require video parents’ authorization for videotaping.
Therefore, time sampling would be required. When the recording
rule is conceptualized as “recording activated by units of time”
(RAUT), the observation session is divided into many short
intervals in which an observer determines if an event occurs
(Barlow et al., 2009). These intervals are usually of constant
duration, although in some cases intervals with variable duration
are also possible (Test and Heward, 1984; Ayres and Gast, 2010).
The main types of observational recording procedures that follow
a RAUT rule are momentary time sampling (MTS, in which
only the category taking place at the end of the time interval is
recorded), partial interval recording (PIR, in which any category
appearing at any point during the time interval is recorded)
and whole interval recording (WIR, in which an occurrence is
recorded only in case one category takes place throughout the
whole interval) (Arrington, 1943; Hutt and Hutt, 1970; Cooper
et al., 2007). In terms of taxonomies, Suen and Ary (1989) refer
to PIR and WIR as “semi-continuous” recording and to MTS
as “discrete” recording, whereas other authors (e.g., Rapp et al,,
2011) refer to MTS, PIR, and WIR as “discontinuous” recording.
The main features of the MTS, PIR, and WIR are described in
Table 1.

Opting for MTS, PIR, or WIR as feasible alternatives to
continuous recording is justified on the basis that all these
recording procedures have been commonly used in a variety of
disciplines (e.g., Mudford et al., 2009, report that discontinuous

recording was used in 45% of the articles reviewed; Adamson and
Wachsmuth, 2014, report that MTS was used in 9% of the articles
using direct observation and a time-based system like PIR or WIR
was used in 48% of the studies, versus 39% using an event-based
code). Moreover, MTS, PIR, and WIR may inform about whether
a behavior is likely to occur at the beginning, mid, or end of an
observation period, which cannot be assessed via event coding
only.

Given that there are several participants to be observed, this
can be achieved using multifocal sweep sampling, and more
specifically, its alternating variant. This within-session sampling
of focal participants takes places as follows. The observational
session lasting for 100 min is divided into ten 10-min fractions. In
the first fraction, during the 1st minute participant 1 is observed,
during the 2nd minute participant 2 is observed, and so forth up
to participant 10 being observed during the 10th minute. In the
second fraction, during the 1st minute participant 2 is observed,
during the 2nd minute participant 3 is observed, and so forth
up to participant 10 being observed during the 9th minute and
participant 10 being observed in the 10th minute. The sequence
of observing the participants continues accordingly up to the
10th fraction in which during the 1st minute participant 10 is
observed, during the 2nd minute participant 1 is observed, and
so forth up to participant 9 being observed during the 10th
minute. This alternating multifocal sweep sampling (represented
on Figure 2) ensures that all individuals are observed in all
fractions and, additionally, that all individuals are observed in
different parts of the fractions (i.e., not always at the beginning
or at the end). Subsequently, it is necessary to choose the interval
length and the specific observational recording procedure to use
(see next section).
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TABLE 1 | Main features of the observational recording procedures following a recording activated by units of time (RAUT) rule.

Feature
Recording rule

Need for observer attention
during the whole interval

Minimum number of categories
that can be coded in an interval
Maximum number of categories
that can be coded in an interval
Coding of several occurrences
within a single interval

Coding of a single occurrence
spreading over two intervals

Momentary time sampling

Code the category that occurs at the
end of the interval

No, only at the end of the interval

Coded as one occurrence, only if taking
place at the end of the interval;
otherwise, O

Coded as one occurrence, assuming
that it takes place at the end of the

Partial interval sampling

Code any category that occurs during any
moment within the interval

Yes, unless all categories in the coding
scheme already took place at least once

As many as categories present in the
coding scheme

Coded as one occurrence.

Coded as two occurrences

Whole interval sampling

Code the category that occurs during
the whole interval or as per Hutt and
Hutt (1970) code the predominant
category

Yes, unless the category present since
the beginning of the interval stops
occurring before its end

0

Coded as zero occurrences, assuming
that a non-occurrence takes place in
between

Coded as zero occurrences, unless it
takes place during the whole interval

interval; coded as two occurrences if it
last until the end of the second interval

(coded as 1 or 2).

Decision #4: Choosing A Raut
Observational Recording Procedure

There are three reasons why the choice of a discontinuous
recording procedure is important. First, they are expected (and
have been shown) to present random or systematic errors, due
to the fact that these procedures do not record the frequency
and duration of each category (Gardenier et al., 2004). Second, it
has been shown (Rapp et al., 2011) that the type of observation
recording procedure used on the same real behavioral stream
is related to the degree of interobserver agreement (IOA). This
finding suggests that high values of IOA are not necessarily
the result of high concordance between data collected by two
independent observers, but could also stem from procedural
features. Third, inaccuracy of MTS, PIR, and WIR in estimating
count and duration also has an effect on subsequent analyses
performed for giving an answer to the research question of
interest (e.g., see Ledford et al, 2015, for results related to
estimating effects in single-case designs; Barlow et al., 2009).
Accordingly, there have been efforts to propose effect size indices,
whose values do not depend on the observation recording
procedure (Pustejovsky, 2015).

The factors that have been related to the presence of error
are: (a) the type of time sampling method used (Powell et al,
1977; Simpson and Simpson, 1977; Murphy and Goodall, 1980;
Green et al,, 1982; Gardenier et al., 2004; Alvero et al., 2007;
Rapp et al., 2008; Devine et al, 2011); (b) the length of the
intervals used (Dunbar, 1976; Leger, 1977; Powell et al., 1977;
Mansell, 1985; Mudford et al., 1990; Alvero et al., 2007, 2011;
Rapp et al., 2008; Devine et al., 2011) and (c) factors related
to the categories of interest, such as its frequency (McDowell,
1973; Powell et al, 1977; Murphy and Goodall, 1980; Green
et al., 1982; Gardenier et al., 2004; Alvero et al., 2011) and
duration (Murphy and Goodall, 1980; Sanson-Fisher et al., 1980;
Green et al, 1982; Ary and Suen, 1986). In general, it has
been observed that when the duration of the interval (t) is
small relative to the duration of the category and the spaces

1st minute: participant 1
2nd minute: participant 2
0 — 10 minutes -
9th minute: participant 9
10th minute: participant 10
1st minute: participant 2
2nd minute: participant 3
10 — 20 minutes :
9th minute: participant 10
10th minute: participant 1
100 minutes :
1st minute: participant 9
2nd minute: participant 10
80 — 90 minutes :
9th minute: participant 7
10th minute: participant 8
1st minute: participant 10
2nd minute: participant 1
90 — 100 minutes 3
9th minute: participant 8
10th minute: participant 9

FIGURE 2 | Graphical representation of within-session sampling of
participants to be the focus of observation: alternating multifocal sweep.

between categories, the estimates will be more precise (Suen and
Ary, 1989). The number of factors and the number references
provided suggests that choosing a discontinuous recording
procedure and, additionally, choosing an interval length are
not necessarily straightforward tasks. The interactive graphs we
created and implemented in a web page are intended to provide
guidance for this specific decision in the process of conducting an
observational study.

Aim of the Article

Given that observation is commonly present in research and it
is also included in the curricula of university majors such as
Psychology and Educational Sciences, it is important to illustrate
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the conditions (e.g., interval length, average duration and
prevalence of the behavior of interest) in which MTS, PIR, and
WIR are expected to perform well when estimating estimate the
frequency and prevalence of the behavior of interest. Specifically,
we here describe the development of interactive graphs available
in a free web page, with the aim to make accessible to students
and applied researchers the complex simulation evidence, taking
into consideration several factors at a time.

METHOD

Justification of the Need for Simulation
Simulations offer several advantages over the analysis of
observational records obtained from real situations. First,
simulations entail knowing the truth about the parameters of the
underlying process from which the observed behavioral streams
arise. More concretely, the researcher can specify the average
duration of the behavior each time that it occurs (i.e., how long
or how short are the individual occurrences, on average) or the
proportion of time that it takes place (i.e., what is the prevalence
of the behavior). Second, an evaluation of the sampling methods
with a simulation eliminates the error attributable to the human
observer. The possible error produced in the records by the
observer can be indirectly attributed to a series of variables
such as biological factors, psycho-social factors, reaction time,
motivation, behavior perceptibility (Repp et al., 1976; Tyler,
1979; Green et al., 1982; Saudargas and Zanolli, 1990; Murphy
and Harrop, 1994; Taylor et al., 2012). Third, the measurement
error can be quantified either in terms of absolute error values
(i.e., difference between estimated and actual durations) or in
terms of relative error values (i.e., the difference expressed as a
proportion of the actual durations of the events; this is the option
we followed here).

Data Generation Model

For generating the behavioral stream of occurrences and
their duration we used the alternating renewal process (ARP)
model (Pustejovsky and Runyon, 2014), implemented in the
ARPobservation package for R (R Core Team, 2016). ARP treats
both the length of behavioral events and the interim times
(i.e., interresponse time between events) as random quantities
(Pustejovsky and Swan, 2015).

The review of simulation studies performed by Pustejovsky
and Runyon (2014) showed that most studies followed a
procedure that agrees with the ARP model, whereas others
mostly followed a random onset model in which the point of
onset for a behavioral event is chosen at random repeatedly,
on the basis of a predetermined duration per occurrence, and
usually avoiding overlaps (e.g., Ledford et al., 2015). Another
procedure followed in previous research (Rapp et al.,, 2011) is
to use real data gathered via continuous recording and then to
convert this data to interval measures on the basis of MTS, PIR,
or WIR.

The main advantage of the ARP model and the
ARPobservation package is that it mimics the actual process
in which there is first a behavioral stream and then data are

gathered according to a predetermined procedure (continuous
recording, MTS, PIR, or WIR). Moreover, the ARP model offers
great flexibility in simulating behavioral streams with different
characteristics (Pustejovsky and Runyon, 2014).

The assumptions of the ARP model include (Pustejovsky
and Swan, 2015): the event duration times corresponding to
the same observation session are assumed to be identically
distributed; the interim times corresponding to the same
observation session are assumed to be identically distributed’;
the length of the next event or interim time does not depend
on the sequence of events leading up to it; there is a constant
probability that an event is occurring at any given point in time
during the observation session (i.e., the behavior stream is in
equilibrium).

Data Generation Parameters
The following are the relevant simulation parameters that
describe the main characteristics of the observational situation:

(a) Session duration: set to 10, 20, 30, and 60 min. Previous
studies included sessions of 10 min (Ledford et al., 2015),
or 10, 15, and 30 min (Rapp et al., 2011). According to the
review performed by Pustejovsky and Runyon (2014) the
range of session durations is between 10 and 300 min, with
most common lengths being 30 or 60 min.

(b) The prevalence of the behavior of interest (1) is defined as
proportion of duration with respect to whole observation
session length. We used the range from 5 to 95% in steps of
5%. Ledford et al. (2015) varied prevalence from 10 to 70%,
Pustejovsky and Runyon (2014) provided an illustration with
values from 1 to 99%, in steps of 1%, and the prevalence from
Rapp et al.’s (2011) real data sets ranged from 10 to 93%.

(c) The incidence per time unit is defined as the average number
of times that a behavior occurs, for instance, per minute.
Pustejovsky and Runyon (2014) provided an illustration with
values ranging from 0.1 to 0.5. Incidence is not manipulated
directly in the ARPobservation package; we rather tallied the
occurrences and divided the sum by the observation session
length, measured in minutes. Pustejovsky and Runyon (2014)
define incidence, within the ARP framework, as being equal
to 1/(n + 1), where p is the average event duration and A
is the average interim time. In our simulations, incidence
ranged from 0.1 to 3.2 (according to the prevalence of the
behavior) for i = 18 s and from 1.5 to 28.6 (according to the
prevalence of the behavior) for i =2s.

(d) Average event duration (p), also referred to as mean
bout duration or average “duration per occurrence” (DPO):
ranging from 2 to 120 s in our simulation. Comparatively,
Ledford et al. (2015) set DPO to 2 or 10 s, whereas
Pustejovsky and Swan (2015) provide an illustration with
DPO = 6 s. In the review performed by Pustejovsky and
Runyon (2014), the most common DPOs were in the range
of 1 to 120 s, with three of the 14 studies using greater values
of the maximum DPOs, up to 500 s.

!'Several possible distributions can be specified for the event durations and interim
times, but we followed Pustejovsky and Runyon (2014) in using an exponential
distribution.
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(e) Average interim time (\): this parameter was determined
according to the previously defined average DPO and
prevalence. Specifically, given that Pustejovsky and Runyon
(2014) define prevalence, within the ARP framework, as
being equal to w=p/(L+ %), then A = (n —pm)/m .
Thus, for instance, for w = 0.5, the average interim time
was equal topL, whereas for m = 0.3 the average interim time
ranged from 4.67 s (for . = 2 s) to 42 s (for p = 18 s).
Ledford et al. (2015) did not set interim times explicitly, as
they apparently followed the random onset model rather than
the ARP model. Pustejovsky and Swan (2015) use 12 s, with
the most common values ranging from 2 to 60 s according to
the Pustejovsky and Runyon (2014) review.

(f) For discontinuous recording, the interval length (t) has to be
set. We used interval lengths ranging from 2 to 20 s. Ledford
etal. (2015) used intervals of 2 and 20 s as well, whereas Rapp
etal. (2011) used 10 s, and Pustejovsky and Swan (2015) 5 and
20 s. A relevant aspect highlighted by Ledford et al. (2015)
and Pustejovsky and Swan (2015) is whether the interval is
longer or shorter than the average DPO, which is related to
the degree to which estimates of count and duration obtained
from discontinuous recording misrepresent the measures
from continuous recording. Specifically, Ledford et al. (2015)
studied interval size relative to DPO ranging from 0.33 to
3.33. In the interactive graphs we developed we also included
a calculation of interval size relative to DPO for the specific
combination of conditions selected by the user. For the
shortest interval (t = 2 s) and longest behavior (. = 18 s), the
ratio T/ is 0.11, whereas for the longest interval (t = 20 s)
and shortest behavior ()L = 2 s), the ratio T/ is 10.

Figure 3 illustrates how the parameters can be selected in the
web application and it also shows how the website presents the
information about the ratio t/p , and about average interim time
and incidence per minute for each of the values of prevalence.

Data Analysis

With the ARP model it is possible to assess the performance of
discontinuous recording in two different ways (Pustejovsky and
Runyon, 2014). On the one hand, it is possible to compare the
measures from discontinuous recording to the ones that would
be obtained in continuous recording. In this case, we would be
assessing how well the observed behavior is represented, taking
into account that MTS, PIR, and WIR entail time sampling within
the observation session. This approach takes into consideration
the fact that continuous recording does not contain intrasession
sampling error (Suen and Ary, 1989). On the other hand, it
is possible to compare both the measures from discontinuous
recording and the measures from continuous recording to the
parameters that generate the behavior stream. According to this
latter approach, the behavior observed in a given session and
measured via continuous recording is only a realization of the
underlying process, as selecting the moments for the observation
sessions also involves time sampling of the behavior of the
organism studied. This approach takes into consideration the
fact that continuous recording may contain intersession sampling

error (Suen and Ary, 1989). Both kinds of comparison are
possible with the interactive graphs created.

The interactive graphs offer results for 1, 100, or 1000 samples.
The results for 1 sample illustrate what could happen in any
given study (in which the results from continuous recording need
not match perfectly well the underlying process generating the
behavior in a given observation session), whereas the results for
100 and especially for 1000 samples are more informative of the
general performance of the discontinuous recording techniques
as compared to continuous recording. When the results for 100 or
1000 samples are represented graphically, apart from the average
value, we also provide information about the scatter: one or two
standard deviations away from the mean, represented in orange
and red, respectively.

The following terms are relevant for the results illustrated in
the interactive graphs:

(a) Pseudofrequency: PF = r + ng;, where r is equal to 0 when
the first interval in the observation session is not marked
and it is equal to 1 when this interval is marked as
denoting occurrence of the behavior, and ng; is the number
of transitions from non-occurrence (unmarked interval) to
occurrence (marked interval). According to Suen and Ary
(1989), PF would be an unbiased estimator of frequency
when the interval is shorter than the shortest behavior
duration and shorter than one half the shortest interim time.

(b) Modified frequency (6) = number of intervals for which
the occurrence of the behavior of interest is marked when
using MTS, PIR, or WIR. The modified frequency would
be the most straightforward way of estimating frequency,
although evidence has shown that it is imperfect. We have
included this way of estimating frequency for MTS and PIR
in order to enable exploring whether it is appropriate in any
of the conditions tested. Moreover, the modified frequency
is also in the basis of estimating prevalence; in general, it is

assumed that prevalence is estimated as 7 = 0/n, where n is
the number of intervals into which the observation session
is divided. However, for PIR and WIR corrections have
been proposed (Suen and Ary, 1989): Tpir= (6 — PF)/n and
;WIR: (6 + PF)/n, respectively.

(c) For PIR we also applied a formula for estimating frequency
that is not based solely on the modified frequency (Altmann
and Wagner, 1970):

)

This formula is expected to function well when: (a) the
behavior of interest is an event (ie., it has a very short
duration, practically equal to zero), and (b) the probability
of occurrence of the behavior of interest is independent of
the time that has passed since the last time it occurred, as the
case for a Poisson distribution. In relation to point (b), in the
ARP model “[a]ll interim times and all event durations are
generated in a mutually independent manner, which means
that the length of a given event is influenced neither by the
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Features of the recording
situation

Length of the interval (seconds)
2 5 ] 2

Duration of the event (seconds)
2 @ 120

Length of the observation session 8.85 199.908
(minutes) 8.1 92,98
8.15 56.67

10 8.2 49.90

® 20 8.25 39.00
0.3 23.33

30 8.35 18.57
60 8.4 15.00
8.45 12,22

Number of samples: How much is many e.5 10.90
8.55 8.18

Bji100 8.6 6.67
1000 8.65 5.38
8.7 4.29

8.75 3.33

Visited: 169 -8 ey
8.85 1.76

8.9 1.11

8.95 8.53
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prevalence, considering the average duration of the event.

Estimating the prevalence and frequency of behavior

Additional information about the data
Momentary time sampling: Many samples
Partial interval recording: One sample
Partial interval recording: Estimating frequency
Whole interval recording: Many samples
[2] “"Interval size relative to DPO = ©.5"

Average duration of the time between occurrences and average incidence per minute for

Interim time Incidence

FIGURE 3 | Screenshot of the web application created using Shiny. The average interim time and the average incidence per minute can be seen for each value of
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length of previous events nor by how long it has been since
the last event ended” (Pustejovsky and Runyon, 2014, p. 213).

Finally, the amount of error when estimating prevalence

is quantified as relative bias, using the formula: (m —n)/m ,
where 1 is the value of the simulation parameter for prevalence

and T is the estimated obtained using MTS, PIR, or WIR.
For PIR and WIR, relative bias is computed separately for

estimating prevalence as T = 6/n or as EPIR: (6 — PF)/n and
Twir= (6 + PF)/n.

Development of the Application

The illustrations are based on the ARP model and the
ARPobservation package and have been prepared using Shiny
applications®, for two reasons. First, from the perspective of
the interested reader, Shiny is freely available and user-friendly,
given that the only actions required to obtain the graphical and
numerical results are selecting options from the left-hand side
menus and clicking the tabs in the upper part of the browser
(see Figure 3). Second, from the perspective of the researcher

Zwww.shinyapps.io

and developer, Shiny communicates easily with R’, which is
the free platform in which the ARP model is implemented.
This communication is made efficient thanks to RStudio*. The
interactive graphs and tables are available at http://jlosada.
shinyapps.io/Prevalence.

OUTPUT OF THE APPLICATION
Obtaining the Results

When accessing http://jlosada.shinyapps.io/Prevalence the user
can manipulate the options at the left of the web browser in
order to specify several features defining the observation session:
(a) length of the observation session; (b) length of the interval
in seconds; (c) the average duration of the behavior of interest
in seconds; and (d) the number of samples when presenting
the results of more than one sample. When a selection is made
(or with the default selection), information is provided in the
initially active tab called “Additional information about the data.”
In the first row, the ratio of the interval length (1) to average DPO
() is provided. Afterward, a table is presented containing the

*http://cran.r-project.org
“https://www.rstudio.com/products/rstudio/
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average interim time (\) and the average incidence per minute
for each of the values of prevalence (m) of the behavior of
interest. A screenshot including this information is provided in
Figure 3.

The remaining tabs offer two types of information. On
the one hand, there are graphical representations of the
estimated prevalence (on the ordinate) for each simulation
parameter 7 on the abscissa (e.g., Figures 4, 5 for MTS
and Figure 6 for PIR). On the other hand, there are tabular
representations of the estimated frequency (third column for
MTS; third and fourth columns for PIR) compared to the
average frequency as determined by continuous recording
(second column), for each value of prevalence (e.g., Figure 7
for PIR). The information is obtained by clicking on the
tabs, with several seconds required for the corresponding
simulations to take place and to provide the graphical or tabular
output.

Using the Application for Pedagogic
Purposes

An initial pedagogic purpose could be to illustrate the concept
of sampling variability, clicking on any of the three tabs
illustrating the results of one sample. When comparing the
results of the recordings in a single observation session
with the simulation parameters that defined the underlying
process generating the behavioral stream, the graphs make
obvious that not even continuous recording is absolutely
perfect for estimating prevalence. This is due to the fact

the behavior observed in a given session is only a sample.
The results for MTS and continuous recording are usually
similar for short intervals and when the average DPO is
longer than the interval used in MTS. Figure 4 presents an
example.

A second purpose could be to illustrate the degree to
which there is overestimation or underestimation of prevalence,
according to the interval length (1) and average DPO (1), while
also considering the actual simulation parameter m. For that
purpose, the play buttons for t and p can be used in order to
provide a visual impression of the importance of these factors and
how they interact. The play buttons are useful when presenting
the results for one sample, because the use of many iterations
requires time and the play buttons are not practical anymore.
However, the graphical representations generated on the basis of
100 or 1000 iterations can be saved and compared afterward by
putting them side by side.

In general, over many iterations, when the comparison is
performed with the simulation parameters that defined the
underlying process generating the behavioral stream, prevalence
is estimated without bias when continuous recording and MTS
are used. For MTS, more precise estimates of prevalence (i.e.,
narrower standard deviation bands, as represented on the
interactive graphs) are obtained for: (a) shorter intervals (i.e.,
smaller t), (b) behaviors with shorter duration ., and (c) longer
observation sessions. Figure 5 presents an example.

For PIR prevalence is overestimated. However, when the
correction proposed by Suen and Ary (1989) is applied,

1 sample MTS; interval length = 5
E! - 0.01
0.0109
=Y
==} 0.0
== 0.08
o A -0.01
[} =)
= 0.08 )
3 a
w 9 ]
z ©
= 0.23 7%
h= é ) |2
2 -t A
g o 7 0.0
8 4).02*"5
o~ 0.0
o
0
-0.04 73
o7
O]
=
I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0
Prevalence parameter
Black triangles = MTS vs. Green dots = Continuous
FIGURE 4 | Screenshot of the web application created using Shiny. Prevalence of a behavior with average duration per occurrence of 8 s as estimated in a single
observation session of 20 min, using continuous recording (green dots) and momentary time sampling [MTS] (empty triangles) based on a 5-s interval. The numerical
values represent the relative bias of the estimation using MTS.
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FIGURE 5 | Screenshot of the web application created using Shiny. Average prevalence of a behavior with average duration per occurrence of 8 s as estimated in
1000 observation sessions of 20 min, using continuous recording (green dots) and MTS (empty triangles) based on a 6-s interval. The dashed lines represent one
and two standard deviations above and below the average estimate by MTS. The numerical values represent the relative bias of the estimation using MTS.

this overestimation is attenuated, although not removed,
consistent with the findings of Rogosa and Ghandour (1991).
Complementarily, for WIR prevalence is underestimated, but
the correction leads to attenuating this overestimation. For both
PIR and WIR, in terms of bias, the averages of estimates are
closer to the simulation parameters for: (a) lower actual levels of
prevalence (7 < 0.3) than for higher ones, (b) shorter intervals
in general (e.g., for T = 2 s PIR provides practically unbiased
estimates of prevalence), (c) smaller t/j ratio, as reported by
Ledford et al. (2015), and (d) longer observation sessions. More
precise estimates of prevalence are obtained for actual prevalence
close to 0 or 1, due to the bounds of the index, and also for
the three previously mentioned situations. Figure 6 shows an
example for one of the favorable conditions for PIR, but for which
the estimation of prevalence is also biased.

For PIR, regarding the estimation of frequency via the formula
by Altmann and Wagner (1970), the results obtained indicate that
in no condition (not even when . = 2 s) did the formula provide
a good estimate of frequency, as computed via continuous
recording. Actually, the results illustrated in the graphs are worse
than the ones reported by Ledford et al. (2015), who used 6 as an
estimate of count and found that smaller counts were estimated
better in longer intervals and larger counts were estimated better
in shorter intervals. In few situations meeting these conditions
the estimates of frequency using 6 were within 10% of the actual
count. Figure 7 shows a snapshot of the table generated in the

website, illustrating the abovementioned findings about these two
ways of estimating frequency when using PIR.

Using the Application for Applied

Research Purposes

When the aim of the use of the Shiny application is to choose
an appropriate interval for a given RAUT, there are several
possible scenarios. First, if absolutely no prior information
is available, the applied researcher would have to follow an
approach similar to the one describe for the pedagogic use of the
Shiny application.

Second, in some cases it is possible to have an empirically
based expectation on the approximate prevalence of the behavior
of interest. For instance, the estimated prevalence of on-task
behavior for children with ADHD has been reported to be
between 0.30 and 0.50 according to the moment of the
observation session (Rapport et al., 2009), an average of 0.64 with
a standard deviation of 0.06 (Junod et al., 2006), or as high as an
average of 0.71 average with a standard deviation of 0.16 (Mahar
et al., 2006). For such high values of expected prevalence, the

even the ;plp\: (6 — PF)/n estimates of prevalence are always
positively biased (e.g., see Figure 6 and, specifically, the red
crosses, denoting the estimates of prevalence, above the diagonal
black line representing unbiased estimation, for prevalences
greater than 0.2), but the overestimation is attenuated when
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100 samples PIR; interval length = 6

values refer to using modified frequency minus pseudofrequency in the numerator.
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FIGURE 6 | Screenshot of the web application created using Shiny. Average prevalence of a behavior with average duration per occurrence of 12 s as estimated in
100 observation sessions of 60 min, using continuous recording (green dots) and partial interval recording (PIR) (empty triangles without the correction; red crosses
with the correction) based on a 6-s interval. The dashed lines represent one and two standard deviations above and below the average of the corrected estimates by
PIR. The numerical values represent the relative bias of the estimation using PIR: black values refer to using the modified frequency in the numerator, whereas red

the average DPO is @ > 30 and t < 5 (e.g., see Figure 8
and, specifically, the red crosses on the diagonal black line for
practically all values of prevalence). If the there is no evidence for
assuming L > 30, on the one hand, and T < 5 is judged not to be
practical, on the other hand, then PIR should not be considered
as an adequate observation recording procedure. In such a case,
it would be advisable to use MTS instead of PIR.

A third situation would entail having information about both
the likely range of prevalence and the average DPO, although
the latter has been claimed to be seldom reported (Ledford et al.,
2015). If we use the information from Rapport et al. (2009) that
the average duration of on task behavior for children diagnosed
with ADHD and low attention is 2 min (120 s), an interval length
of t = 15 (as actually used by Rapport et al., 2009) would be
justified, as illustrated from Figure 9 in which the estimates of
prevalence (red crosses) are practically unbiased (i.e., close to the
diagonal line).

Summary of the Results of the

Application

Concerning the estimation of prevalence and frequency, the
evidence of the performance of discontinuous recording
procedures is very complex, due to the fact that this performance

is affected by many interacting factors. This complexity makes
difficult summarizing the results via a simple rule. For instance,
Ayres and Gast (2010) suggest that WIR is more appropriate
when the behavior of interest is of low frequency and long
duration, whereas PIR is appropriate for behaviors of high
frequency and short duration, given that the frequency of long
duration behaviors may be overestimated. This statement can be
verified from the interactive graphs. Moreover, more nuanced
knowledge can be obtained, as it can be verified that the frequency
of short duration behaviors is also overestimated, for certain
combinations of interval length t and average behavior duration
p with © > p, when the prevalence m is relatively low (below
0.45 for some combinations of T and  or below 0.75 for other
combinations). Regarding MTS, Ayres and Gast (2010) state that
it is appropriate for behaviors with high frequency and long
durations and that this recording procedure has a tendency to
underestimate frequency and overestimate duration. Using the
interactive graphs it can be shown that prevalence is actually
not overestimated, whereas the underestimation of frequency is
only present when the length of the interval is greater than the
average duration of the event (t > W); in contrast, frequency is
overestimated when the length of the intervals is shorter than
the average duration of the event (t < ) and the estimation is
unbiased when behavior and interval are of the same length.
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FIGURE 7 | Screenshot of the web application created using Shiny. Frequency estimates of a behavior with average duration per occurrence of 6 s as estimated in
100 observation sessions of 20 min, using PIR) based on a 15-s interval (i.e., the rate of interval length to duration per occurrence is 2.5).

Although the aim of the interactive graphs was to provide
nuanced information, taking into account the specific interval
lengths, DPOs, and prevalences, it should be noted that Table 2
includes a necessarily simplified summary of the performance
of the time sampling methods for estimating prevalence and
frequency. This summary suggest that MTS can be recommended
to be used when the aim is to estimate prevalence (e.g., Figure 5),
especially when interval is short and when the average DPO of the
behavior is short. These results concurs with previous findings
regarding the lack of systematic bias (Tyler, 1979; Harrop and
Daniels, 1986); specifically, Rogosa and Ghandour (1991) note
that MTS is useful for estimating prevalence, but not incidence
or event duration.

In contrast, the results concur with previous findings about
PIR overestimating of the frequency and prevalence of the
categories (Tyler, 1979; Harrop and Daniels, 1986), which is
why Rogosa and Ghandour (1991) state that PIR does not
provide useful information on incidence, prevalence, or event
duration. More specifically, the results from the interactive
graphs suggest that PIR can only be used for estimating
prevalence in case 2 T < p and for m < 0.3 (e.g., Figure 6).
For WIR, the requirement is even more stringent: 3 T < .

This result is consistent with previous findings about the
underestimation when using WIR being greater for longer
intervals (Alvero et al, 2007). Thus, if the prevalence is not
known beforehand and if the bout durations are relatively short,
PIR and WIR should not be used when the objective is to estimate
prevalence.

In terms of estimating frequency, this can be done without
systematic error only when the average DPO is known and
it is used for defining the interval length when using MTS.
For PIR the requirements involve prevalence as well, which
means that it is a less practical option. In summary, the
choice of a time sampling method is an important one
in order to avoid inaccurate descriptions of the degree to
which the phenomena of interest are present or inaccurate
comparisons, especially if different observational recording
procedures are used for the different behaviors observed. For
instance, Abikoft et al. (2002, p. 353) use MTS and WIR to
obtain “behavioral rates” of children with ADHD and Junod
et al. (2006) use MTS and PIR to estimate prevalence of
several behaviors children with and without ADHD; in neither
of the two cases is there any mention of average DPO or
prevalence.
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FIGURE 8 | Screenshot of the web application created using Shiny. Average prevalence of a behavior with average duration per occurrence of 35 s as estimated in

100 observation sessions of 60 min, using continuous recording (green dots) and PIR (empty triangles without the correction; red crosses with the correction) based
on a 4-s interval. The dashed lines represent one and two standard deviations above and below the average of the corrected estimates by PIR. The numerical values
represent the relative bias of the estimation using PIR: black values refer to using the modified frequency in the numerator, whereas red values refer to using modified
frequency minus pseudofrequency in the numerator.

TABLE 2 | Performance of the observational recording procedures following a recording activated by units of time (RAUT) rule.

Feature

Momentary time sampling

Partial interval sampling

Whole interval sampling

General summary of performance
for estimating prevalence

General summary of performance
for estimating frequency

Unbiased estimation; more efficient
for shorter t and p

Estimation via modified frequency:
(@) underestimation when t > ; (b)
overestimation when t < p; (C)

Qverestimation even with correction, but
less severe when t < v and when 7t is small

Estimation via modified frequency:
overestimation, unless T > ., but
depending on . Estimation via the formula

Underestimation, even with
correction, but less severe when
T < p and when 7 is small

Not included in the application, as
the literature review does not
provide support.

unbiased estimation when t = p

by Altmann and Wagner (1970): more
severe overestimation.

v, interval length; w, average duration per occurrence; w, prevalence.

DISCUSSION

Advantages and Limitations of the
Application

The application constructed has several advantages. First, it
is available online free of charge. Second, the application is
user-friendly in the sense that no programming skills are required
and the selection of the values of the factors defining the
observational situation is made by clicking. Third, according to
the review performed by Pustejovsky and Runyon (2014), the
ARP model used for the simulation is a framework representing

most of the simulation studies on observational data. Fourth,
for obtaining the results of the simulation, it is not necessary
to specify potentially unavailable information, such as the
average incidence per minute. Accordingly, it is not strictly
speaking necessary to know the average DPO beforehand, given
that the user can select several likely values using the slider
in the application. For the same purpose (i.e., not requiring
specific knowledge about the expected prevalence), the graphical
representations cover practically the whole range of possible
prevalences. In that sense, it is not required to have information
about the specific values of incidence, average DPO or prevalence
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FIGURE 9 | Screenshot of the web application created using Shiny. Average prevalence of a behavior with average duration per occurrence of 120 s as estimated in
100 observation sessions of 60 min, using continuous recording (green dots) and PIR (empty triangles without the correction; red crosses with the correction) based
on a 15-s interval. The dashed lines represent one and two standard deviations above and below the average of the corrected estimates by PIR. The numerical
values represent the relative bias of the estimation using PIR: black values refer to using the modified frequency in the numerator, whereas red values refer to using

modified frequency minus pseudofrequency in the numerator.

to get a general insight of the interval lengths that are justified
to be used. Fifth, the variety of parameter values for defining
the observation situation (i.e., observation session length, average
DPO, prevalence of the behavior of interest, interval length and
the average interim time, incidence, and ratio of interval length to
average DPO) is greater than the one present in recent simulation
studies.

Besides strengths, it is especially important to dedicate space to
the limitations of the application, taking into account the use of
simulation as a basis (e.g., von Oertzen and Brandmaier, 2013).
Regarding the limitations of the application, an initial technical
limitation refers to the fact that the simulations are performed
when the user selects the values defining the observational
situations rather than accessing information (e.g., stored in data
matrices) of already performed simulations. Therefore, it is not
possible to always obtain instantly the results when performing
100 or 1000 iterations. Our calculations suggest that for 1000
iterations for MTS approximately 5 s are needed, whereas for
100 iterations for PIR require between 10 and 15 s. Second,
we can mention as limitations the assumptions of the ARP
model mentioned previously (i.e., the event duration times
corresponding to the same observation session are assumed to
be identically distributed and there is a constant probability
that an event is occurring at any given point in time during
the observation session) and to the fact that we used only one
distribution (the exponential) for modeling event durations and

interim times. Third, a limitation of the evidence provided in
the Shiny application is related to the way in which the behavior
stream is converted into strings of categories. Specifically, human
error is not included in the simulation process and this represents
a relevant future endeavor for modifying the ARPobservation
package that is used as a basis of the simulations. Fourth, the
graphical representations do not cover all possible combinations
of average DPO and interval length. Therefore, as is the case
for any simulation, the evidence cannot be considered as
representing perfectly all real situations, but it can be used as an
indication in absence of better simulation models or in absence of
specific knowledge about interval lengths that have been proven
to be useful for estimating the prevalence of given behaviors.

Implications for Teachers and
Methodologists

In order to improve the way in which knowledge is transmitted
or, more accurately, the way in which students construct
knowledge (Driver et al, 1994), there are already efforts
focused on statistical topics, including specialized journals such
as Understanding Statistics. However, some topics specific to
observational methodology need more attention. In that sense,
from the perspective of the teacher or methodologist, the
three types of competence (McLagan, 1997; Kaslow, 2004)
are involved in constructing and using the interactive graphs
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presented in the current text: (a) the fundament is the attitude
to try to improve teaching methods; (b) specific knowledge
is constructed by the teacher or methodologist in relation
to the conditions (e.g., average duration per occurrence of
the behavior, interval length, and ratio of the two) in which
each of the discontinuous observation recording procedures
perform best; and (c) methodological skills are developed by
learning to use software specifically designed for simulating
behavior in observation sessions and for using different recording
procedures. Interactive graphs such as the ones presented here
make possible a presentation of empirical findings that is both
more detailed (i.e., covering a greater range of conditions) and
more accurate (i.e., avoiding oversimplifications and representing
the amount of bias present in the different conditions).

Implications for Students and Applied

Researchers

The same three types of competence are also involved from
the perspective of the student or applied researcher: (a) the
fundament is the attitude or disposition to follow the best
possible practices when choosing the recording procedure to
use for observing overt behaviors; (b) knowledge or subject
matter is constructed, in this case, on the topic referring to
the strengths and limitations of different observation recording
procedures (continuous recording, MTS, PIR, and WIR); and (c)
methodological skills or abilities are expected to be developed
by getting acquainted with the simulation procedure followed
for studying the quality of the measures obtained in MTS, PIR,
and WIR (i.e., extensive application to generated data with
known characteristics or to actual behavioral data for which
continuous recording has been carried out). In relation to the
methodological abilities, it is crucial that students and applied
researchers not only trust that the content taught by their teachers
and textbooks is correct, but that they are aware that subject
content is the result of research (e.g., via simulation) and that
this research also presents certain limitations such as the ones
mentioned in “Advantages and limitations of the application.” In
summary, getting to know how knowledge is obtained is expected
to make students and applied researchers exercise their critical
thinking skills (although comprehensive programs are required
for developing such skills; Halpern, 1998) and the disposition to
always look for more refined and more precise knowledge.
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Advances in the study of non-verbal behavior and communication have generated
a need for movement transcription systems capable of incorporating continuous
developments in visual and computer technology. Our research team has been working
on the construction of a common morphokinetic alphabet (CMA) for the systematic
observation of daily life activities. The project, which was launched several years ago,
was designed to create a system for describing and analyzing body motion expression,
physical activity, and physical appearance. In this paper, we describe an idiosyncratic
application of Noam Chomsky’s phrase marker grammar to the morphokinetic phrase,
the objective being to establish the grammatical rules and basic order of the symbol
string according to a relational tree formed by the breakdown of the syntactic
components identified as structuring the visual description of movement. Criteria for
using the CMA as a coding system and a free transcription system are proposed.

Keywords: movement behavior, observational methodology, field format, coding system, morphokinetic alphabet,
grammar, movement phrase-structure, rules

INTRODUCTION

This article discusses the theoretical and methodological aspects of the behavior stream through
consideration of the problem of movement notation (Hadar, 1994). As Freedman (1981) has
pointed out, the analysis of movement behavior by means of narrative description (or natural
language) was superseded by the postulated use of symbolic notation systems, and current efforts
are focused on obtaining objective measures that require the development of reliable coding
systems (Donaghy, 1988) which, given that language is a code of a notational system (Krajcsi and
Szabo, 2012), fulfill linguistic conditions: “The term ‘code’ as it is used here refers to the final result
of three parallel processes, simplifying the original material, organizing it so that the relationship
among its elements can be clear, and restructuring the whole for easy transmission.” (Dittmann,
1987, p. 39).

In the field of research into non-verbal communication any attempt to develop a movement
alphabet must inevitably take into account Ray Birdwhistell’s Kinesic Notational System (KNS)
(Birdwhistell, 1952, 1970) and the Facial Action Coding System (FACS), which is limited to facial
expressions (Ekman and Friesen, 1978), without forgetting that there is a wide range of other
approaches to this problem (Barker and Collins, 1970; Kendon, 1981, 1997; Crivelli et al., 2016).
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In terms of notational systems it is important to highlight the
following: (1) the most important aspect is not the tokens but
the ability of the system to provide an exhaustive representation
of people’s anatomical possibilities for movement; (2) how easy
or hard a notational system is to use must be evaluated in
terms of the relationship between clarity and precision; and (3)
the acceptance and use of a notational system is determined
by the consensus reached among researchers of the scientific
community in question.

Hirsbrunner et al. (1987) reviewed the problem of movement
transcription and argued that although the required efficiency
of the coding language cannot be replaced by video technology
for recording visual information (or audible information when
analyzing a multimodal system of communication), neither is
greater efficacy achieved by developing impressive notational
schema to transform audiovisual information into data. Faced
with such a situation the authors adopted the diagnosis
and proposed solution of Frey and Pool (1976): “...current
difficulties in movement description do not originate from
the complexity of phenomena to be described, but from
the investigators' failure to base their coding systems on
the principle of time-series notation.” (Hirsbrunner et al,
1987, p. 100).

The Bernese Time-Series Notation invokes a classic expression
coined by Frey and Pool (1976), one which has proved highly
powerful at resolving the continuity of the behavior stream
(unifying speech and movement) by using nominal or categorical
codes and seeking to detect space-time patterns. It starts by
obtaining matrices of recorded data by transcribing movements,
whether simple or complex, and thus generates a large amount
of simultaneous data over time. Hirsbrunner et al. (1987) praise
its possible application to the different parts of the body during
movement and, after two decades of successive technological
advances, the hurdle once posed by frame-by-frame transcription
has now been totally overcome, thus ensuring high degrees of
precision when obtaining data.

In this context, and having carefully reviewed the literature
on the analysis of movement in the field of dance (Hutchinson-
Guest, 1984) and physical appearance (Fink et al., 2015), as well as
the most well-known and scientifically sound notational systems
(Laban, 1926; Benesh and Benesh, 1956; Eshkol and Wachman,
1958; Eshkol, 1971; Bartenieft and Lewis, 1980; Farnell, 1996;
Guest, 2011), we sought to develop a notational grammar of body
movement which we call the Common Morphokinetic Alphabet
(CMA).

The term “morphokinetic” is defined as a temporally
demonstrable change in properties and spatial design of body
motion form. By “common” we understand two things: (1)
the notation system can be communicated and learned, as
a balance is sought between clarity and precision and (2)
the notation system shares the logic of meaning, physical
identity/semantic content, which emerges from the writing of
movement in the notational systems reviewed according to the
choreographic model. Finally, the concept of “alphabet” denotes
the conventional and discretional nature of the tokens and
connotes the material condition sine qua non required to develop
a notational system governed by grammatical rules.

In previous publications (Izquierdo and Anguera, 2001;
Anguera and Izquierdo, 2006; Izquierdo, 2010) we have mapped
out the different facets of this theoretical and methodological
proposal that forms part of the movement observation process
within the field of psychology (Chinellato et al., 2015; Castafier
et al, 2016; Anguera et al, 2017). Now our aim is to
present the CMA grammar and the criteria for its use in
systematic observation studies. The following sections address
the theoretical and methodological basis of the CMA notation,
the grammatical formalization of the morphokinetic description,
the general criteria for use in the coding format and as a free
transcription system, and, finally, the possibilities offered by this
notational system.

THEORETICAL-METHODOLOGICAL
BASIS OF THE CMA

Advances in the study of non-verbal behavior and
communication have led to the need for suitable systems
for transcribing movement that are capable of incorporating
continuous developments in visual and computer technology
(Archer, 1991; Anguera, 2003; Blanco-Villasefior et al., 2003;
Portell et al., 2015a,b).

The range of possibilities offered by visual records and the
physical analysis of behavior in the context of everyday human
activity was clearly illustrated by the pioneering photographic
work (in some cases, including magnificent images of reality) of
cultural anthropologists, such as Mead and Bateson (1942) and
Efron (1942), or clinical researchers, such as Scheflen (1964 ), who
used images taken from film stills to indicate the path of gestures.
Despite the promise of this early work, however, the relationship
between visual records and the space-time analysis of movement
in interactive and non-interactive situations has, as pointed out
by Ekman (1964) faced a number of significant problems, some
of which concern the KNS.

The warning raised in the context of interdisciplinary research
into social behavior (Farnell, 1999) about the dangers of reducing
kinesic descriptions to the anatomical functioning of the human
body in order to achieve greater analytic rigor concerns the way of
interpreting the application of kinesiology to kinesics more than
it does the fact of basing the choreographic model of notation on
anatomical and biomechanical knowledge (Shafir et al., 2016). In
sum, “a comprehensive movement writing system has to resolve
several technical difficulties. Human actions take place in three
dimensions of space and one dimension of time and mobilize
many parts of the body simultaneously. [. . .]. The task is complex,
surely, but not insurmountable [...]” (Farnell, 1996, p. 868).

The CMA aims to code the visual form of body movement by
describing it as a configuration sculpted in space-time. Each new
configuration perceived by the observer implies a demonstrable
change with respect to the immediately previous one. The change
in configuration includes total or partial mobility of the body
and relative stillness with respect to the following position, and,
whenever necessary, the initial position can be maintained as a
basic reference point for subsequent changes.
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In terms of the spatial description of body movement a
determining feature is that the body has a large number of degrees
of freedom when executing movements. Bearing in mind this
principle, CMA notation of spatial points is geared toward what
is specific about the spatial design of a movement in accordance
with the objective of the observation (Frey and Pool, 1976).

Given that body space is located in space/setting, CMA
notation considers the movements through space that we can
make with our body and the relationship between the use of space
and overall body positions, that is, physical postures (standing,
sitting, kneeling, lying down, etc.) and the postural movements
produced by a form of established behavior (Mehrabian, 1969;
Argyle, 1973; Poyatos, 1986).

In terms of timing, the morphokinetic description of a series
of movements involves making a decision about the time interval
to be used in order to obtain a good resolution of discontinuity,
which results in the presence or absence of certain primary data
that are considered in light of what is significant for the analysis
(Page, 1996). Here a discretional criterion is used, which ranges
from the frame-by-frame reading of the image to viewing at
normal speed (Hirsbrunner et al., 1987).

A complete understanding of the temporal structure of
movement phenomena involves the notation of the duration and
temporal form (i.e., simultaneous or sequential) of movements.
In addition to qualities concerning the speed, intensity and
amplitude of changes, the use of signals derived from the physical
appearance of the moving subjects and their socio-historical,
cultural, and linguistic context are also transcribed in order to
distinguish variations and individual differences in the kinesic
form and style (Scheflen, 1972; Poyatos, 1986; Kendon, 1997).

From a methodological perspective the CMA has notable
potential in that it is able to objectify behavioral units at the micro
level due to the way it breaks up the stream of behavior (Condon
and Ogston, 1970), and this gives it important analytic properties
for subsequent empirical processing.

The first part of the analytic process consists of transforming
the kinesic reality of human movement into units of behavior
that are later turned into data with the aid of an observation
instrument developed ad hoc; these data must be suitably
managed before being analyzed, a task for which there are various
approaches. Thus there are four stages that are necessary from a
methodological point of view and that provide the CMA with its
required consistency.

(1) The creation of molecular units (Schegloft, 2000) is a prior
condition in the development of an observation instrument
(Anguera and Izquierdo, 2006). In our view, demarcating
the unit of behavior is clearly linked to the specific setting of
objectives, and it must also be possible to demarcate, name,
and define each unit.

(2) The decision taken regarding the demarcation of units
opens the way to the development of an observation
instrument: the field format. Originally, in the work
of Weick (1968, 1985), this was a simple recording
technique, but it has subsequently been revisited, developed
(Anguera, 2003; Sanchez-Algarra and Anguera, 2013), and
used widely in numerous fields, especially those involving

movement, such as sport (Anguera et al, 2003). The
development of the instrument involves the following steps:
(a) Establishment of the criteria or axes of the instrument,
which are set in accordance with the study objectives
(for example, in observing a person who is learning to
swim these might be area of the swimming pool, entering
the water, submersion, equilibriums, displacements, etc.).
Some of these criteria may be broken down hierarchically
into others. (b) Listing of behaviors/situations (this list is
neither closed nor exhaustive, and is known as the catalog)
corresponding to each one of the criteria, and noted
according to the information provided by the exploratory
stage of the study. For example, starting from the criterion
entering the water the list of behaviors could be entering
feet first with help, entering from a sitting position on the
edge of the pool without help, entering head first without
help, etc. (the etc., indicates precisely that further behaviors
can be added as the list is not closed). (c) Assignment
of a decimal coding system to each one of the listed
behaviors/situations that are derived from each one of the
criteria. This means that any of the behaviors or situations
can be displayed in a hierarchical system of lower order.
Depending on the complexity of the case in question or
the desired range of molecularity, these coding systems may
be double, triple, etc. For example, the codes of the criteria
would be 1 (area), 2 (entering the water), 3 (submersion),
etc. And from 2 we could derive 2_1 (entering feet first
with help), 2_2 (entering from a sitting position on the edge
of the pool without help), 2_3 (entering head first without
help), 2_4 (entering by jumping feet first from the side of
the pool without help), etc. However, from 2_2 we could
also derive 2.2 1,22 2,2 2 3, and so on successively'.
(d) Drawing up of a list of criteria configurations. The
configuration is the basic unit in recording field formats,
and consists of linking together the codes corresponding
to simultaneous or concurrent behaviors, thus enabling an
exhaustive recording of the behavior stream and greatly
facilitating the subsequent analysis of data’. For example,
in the event that four criteria have been proposed:

132432142
132332142
122332 44 4

(3) Having a tailor-made field format offers enormous
flexibility in terms of data gathering, but it must be properly
managed if the data in question are to be positioned in a
way that optimizes their subsequent analysis. Given that
the field format configurations are chains of simultaneous
codes (synchronous relationship), and the sequence of
these criteria configurations is established over time
(diachronically), the modification of a single code over
time is sufficient to yield the recording in the next

'Lower-case hyphen: links the digits that form a new code comprised by two or
more already-assigned codes.

2Empty space in the code chain (rows): indicates the concurrence of different codes.
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row. Furthermore, the passage of time can be measured
in conventional units (seconds) or in frames, and it is
even possible to consider a conventional interval of any
chronometric unit for each row of the matrix. In other
words, the code matrices obtained will have, at most, the
same number of columns as there are field format criteria,
while the number of rows will depend on the successive
changeability of the observed situation. This is perfectly
in keeping with the proposal of Coster (2005, p. 17) as
regards the preparation of data corresponding to postural
dynamics, and is consistent with the structure of time-
series notation. In this regard, there is a correspondence
with the gathering of homogeneous data through the
“restrictive coding” suggested by Frey and Pool (1976).
Coster, following the way in which music is written, refers
to the horizontal dimension, indicative of diachrony, and
the vertical dimension, corresponding to synchrony or
concurrence of behaviors. This proposal was found to fit
perfectly with that resulting from the data management
obtained when recording by means of field formats.

(4) Once the recorded data have been suitably managed
a decision must be made as to the most appropriate
analytic technique, always bearing in mind the objectives
proposed in each case and the corresponding design. The
three favored options, in light of their analytic potential,
are lag sequential analysis (Sackett, 1980; Bakeman and
Gottman, 1986; Bakeman and Quera, 1995), used to
detect, if present, patterns or regularities in the series of
recorded behaviors; detection of T-Patterns (Magnusson,
1996, 2000; Magnusson et al., 2015), which has a wide
range of applications (Anolli et al., 2005), including non-
verbal communication (Haynal-Reymond et al., 2005)
and facial expressions (Merten and Schwab, 2005); polar
coordinate analysis (Perea et al., 2012; Castafier et al.,
2016), and time-series analysis on the basis of categorical
variables (Bakeman and Gottman, 1986; Albert, 2001).
Graphical representations of the temporal structure of body
movement during a given period of time are also of great
interest (Frey et al., 1982).

GRAMMATICAL FRAMEWORK OF THE
CMA

Chomsky referred to generative grammar as “a system of rules
that in some explicit and well-defined way assigns structural
descriptions to sentences” (Chomsky, 1965, p. 8). The function
of these rules is to specify whether the minimum terminal
units of syntactic function comprise well-formed strings (phrase
markers).

From the methodological point of view, Chomsky (1956)
bases his investigation of the syntax of a natural language on
the detailed analysis of what traditional grammar has to say
about a simple statement. To this end he analyzes the following
example: sincerity may frighten the boy. After considering the
example from different perspectives he distinguishes three levels
of information which may be extracted from the sentence.

Each level implies referring to notions used in the syntactic
and morphological analysis of the language; notions, such as
“nominal phrase” and “verb”, from the first information level,
are clearly distinguished from functional grammatical notions
(e.g., subject, predicate, direct object, etc.) on the second level.
The lexical and grammatical elements appear on the third level.
Chomsky aims to determine “how information of this sort can
be formally presented in a structural description and how such
structural descriptions can be generated by a system of explicit
rules” (Chomsky, 1965, p. 64).

In terms of our grammatical framework for the morphokinetic
alphabet, it is sufficient to consider these two questions in relation
to the first level of information: the breakdown of the sentence
[S] into successive series on the basis of nominal [NP] and
verb [VP] syntagms. The phrase marker indicates three types of
information: (1) category labels (i.e., NP, V, Det, etc.); (2) the
hierarchical arrangement of these categories; and (3) the linear
order of the terminal string (Figure 1). The linear order of the
terminal string from the category symbol ‘S, which represents
“Sentence”, is obtained by applying a sequence of rewriting rules
(Table 1).

Movement-Phrase Structure

By analogy to Chomsky’s procedure, the analysis of the structural
components of a terminal string of the morphokinetic alphabet
must answer three basic questions present within the movement
notation systems reviewed (Izquierdo and Anguera, 2001;
Izquierdo, 2010): “What has moved?” “What has changed?” and
“How has it changed?” The information provided by Laban
Notation, Benesh Movement Notation, and Eshkol-Wachman
Notation in answer to these basic questions differs slightly as they
have different reference frameworks and orthography. The Laban
and Benesh systems have a richer vocabulary than the Eshkol-
Wachman system when it comes to describing movement (form,
space, time, and temporalization) and the qualitative aspects or
“how one move” (Neagle et al., 2002; Guest, 2011).

Within the framework of the CMA, the first question requires
us to name and identify the bodily form of movement: part
of the body + figure. The second question must be answered
by specifying spatial and temporal references with respect to
position (overall physical posture, position on the floor, or
any other aspect related to the maintenance of overall physical
posture), orientation (position in the movement plane, direction,
and height), and the duration of movements and their structure
in time. The final question (How has it changed?) involves
identifying the contextual factors which may affect the form of
movement and classifying the specific mode of the motor action.
The contextual factors, considered as invariant at least within the
same observation session, include the situation where the activity
takes place, the baseline body and psychosocial conditions of
the person (or persons) in movement, the reference culture,
and the acquired habituation in executing the movements (i.e.,
slow movers, lively movers, etc.). The qualities perceived for
specific movements, that is, the impression we form of speed (e.g.,
slow/fast), intensity (e.g., gentle/strong), and amplitude (e.g.,
narrow/wide), as well as the use of physical appearance, including
styles related to culture or social status that are not selected by the
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Basic Sentence = S : [sincerity may frighten the boy]

Symbols definition of the latent
structural categories

Nomunal Phrase = NP: the name is the
core component of the syntagma.
Auxiliary = Aux: auxiliary verb
Modal =M [may]: auxiliary verb
conjugated

Verbal Phrase = VP: the lexical verb is
the core component of the syntagma
Determinant = Det: a word that adds
grammatical and specific information
to name

S
—
NP/IJ'\]ux P L
\ | /\ ¢
A v
N M A% NP
e
AN
sincerity may frighten Det N §

the boy

Lineal order

FIGURE 1 | Triple structural information of the phrase marker: tree diagram.

TABLE 1 | Branch generation of the terminal string for a given grammar.

Example

Given an initial string S

Production Set P Derivation
RI. S— AB AB (RI)

R2. A— CD CDB (R2)
R3.C—c¢ cDB (R3)
R4.D— d cdB (R4)
R5.B— b cdb (R5)

Terminal string cdb

G = ({cdb}, {ABCD}, S, P)

Applying the sequence of production rules P the substitution of the element on the
left of the rule by the one on the right is written on each derivation line. G is the
grammar symbol, lower-case letters are the terminal symbols, and capital letters
are the non-terminal symbols used by the generative grammar G.

situation, are the aspects that classify the idiosyncratic differences
observed in the execution of specific movements.

Insofar as the aim of the morphokinetic alphabet is to
symbolize elements of the visual image that have been recognized,
named, and labeled using the words/concept that represent
body movement (e.g., up/down of shoulder), then the structured
organization of the symbols of a morphokinetic alphabet may
use, as one option among other possible ones, the same
way of representing structural information as phrase marker
grammar. Therefore, the information recognized, named, and
labeled leads us, on the one hand, to the structural categories
of the morphokinetic expressions and, on the other, to the
morphokinetic categories established in each case for the coding
protocol. At the structural level, the nominal component is

referred to by the symbol NG (meaning “Nominal Identification
Group”) and the labeling component is referred to by the symbol
DG (meaning “Differential Elements Group”). The breakdown of
the components of these structural categories into hierarchical
levels is shown in Figure 2.

Let us analyze a visual description with words, chosen from
among the many possibilities to be found in common written
texts or works of literature, and apply the proposed structural
categories. The chosen text (from Poyatos, 1994, p. 140) is “Every
morning [my father] attended mass, [all the time*] with both knees
on the floot, his hands together, pointing upwards at chest level, his
hat on top of them” (Alemdn, GA, 1, I)’, and thus we obtain:

‘Every morning’ > DG: it is context [Det]: temporal reference;
‘[my father]’ > DG: it is context [Det]: personal reference with
a social basis: family relationship;

‘attended mass’ > DG: it is context [Det]: religious activity:
selects the repertoire of action;

‘[all the time*]” > reader’s inference > NG: it is time [T]:
duration of the whole body figure;

‘with both knees’ = [kneeling] > NG: it is form [F]: body
part + figure;

‘[kneeling] on the floor’ > NG: it is position [P]: location in
physical space;

‘his hands together’ > NG: it is form [F]: part of the
body + figure;

‘pointing upwards at chest level > NG: it is orientation [O]:
vertical axis, sagittal plane;

‘his hat on top of them’ > NG: it is form [F]: supporting object;
(...) on top (...) > NGt it is orientation [O]: height scale;

3 Authors’ own translation. The original Spanish text is: “Cada mafiana [mi padre]
oia su misa, [todo el tiempo*] sentadas ambas rodillas en el suelo, juntas las manos,
levantadas del pecho arriba, el sombrero encima de ellas (taken from Guzmdn de
Alfarache by Mateo Aleman: see Poyatos, 1994, p. 140).
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GRAMMAR K
STRUCTURAL CATEGORIES
- Nominal Identification Group (NG)
e Form (F)
e Space(S)
* Position (P)
* Orientation (O)
* Time (T)

- Differential Elements Group (DG)
e Determinants (Det)
e Modes (M)

SYNTACTIC STRUCTURE

/\

NG

ZN / \
JIN

PO

FIGURE 2 | Syntactic components of the morphokinetic grammar K.

‘his hat on top of them’ DG > it is modal [M]: it is form:
familiar/strange emphasis.

This exercise is merely an initial approach to the adaptation of
structural symbols to the morphokinetic information expressed
in a word or group of words.

Rewriting Rules
Continuing with the “phrase-structure” analogy, let us consider a
simple example of syncopated verbal-morphokinetic description
(the order follows the conventional above-cited written text):
“every morning, attended mass, all the time, kneeling, hands
togethet, pointing upwards chest, and hat on top hands” (1). (The
commas separate the word symbols; note that there are symbols
composed of several words).

Representation of (1) using labeled square brackets (K is the
initial symbol. Vid Figure 2):

K [NG [F[hands together]F s [P[kneelinglp O[pointing upwards chest]o T[all] T]

[every morning, attended mass]Det M[hat on top hands]

S]NG DG [Det M]DG]K

Assuming that this formalizatiwic entities, the branch
rewriting rules of the grammar K are:

R1.K— NG DG

R2. DG — Det M

R3.NG—FS

R4.S—POT

R5. F — hands together

R6. P — kneeling

R7. O — pointing upwards chest

R8. T — all the time

R9. Det — every morning, attended mass
R10. M — hat top hands

The “base mold” of grammar K is acceptable within
the restrictive framework imposed by our interpretation
of the structural components of the morphokinetic
description. In this regard, the formalization of the
systematization carried out here is characterized by the
negligible abstraction of the categorical notions, and in
concert a clear application effect on the grammatical
ordering of the symbolized morphokinetic expressions.
In some ways, the analogical attitude (as if) indicates
that we have defined an intermediate space between the
branching rules of phrase marker grammar and the rules of
action.

TABLE 2 | Example 1: CMA codes.

Code 2_2: Entering from a sitting position on the edge of the pool
without help. morphokinetic analysis of the shape of the state of the
torso

F S Det M

Description

Standing up (1F) + convex (411F) + forward (21f°) + duration (77) + first
attempt (1°¢%) + tense (4M) + slow, deliberate waiting time (2M)

Morphokinetic syntactic configuration Code 2_2 1-K: 1411 21f7 142

TABLE 3 | Example 2: CMA codes.

Code 2_2: Entering from a sitting position on the edge of the pool
without help. Analysis of the sequence of positions of large head
movements with or without speech

F S Det M

P O T

111/lab 1 31 7.00 1 29

Description

Standing up (1P) + labile head (111F) + rotation speech (31°) + duration
(77) + first attempt (1P¢!) + slow, deliberate waiting time (2M) + speech fear (OM)

Morphokinetic syntactic configuration Code 2_2 2-K: 1111317129
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TABLE 4 | CMA selection of symbols (#) for free transcription.

Form # Spatial Points # Other Notations #
Body parts Location Body side
Joint/areas At the center 000 Right/left F'/F,
Neck 1 At center front 100 Body participation
Shoulder 2 .. Bilateral movement F*
Elbow 3 Physical body posture Unilateral movement F
Knee 4 Standing up 1 Form timing movement
. o Sitting 2 Simultaneous compound ~F
Head pole 1
12
Arms pole 21 Orientation Sequential compound E
(e.g., index fingers) (232)
Legs pole 31 Vertical plane 11 Height scale
32 position 12 body/vertical axis
Trunk 41 Sagittal plane 21 Higher. . .....Lower x5,...,x1
42 position 22
Figure Horizontal plane 31 Time-duration
position 32
Drawing and poetry abbr./words Direction Non-recorded duration < 1's <
Technical terms abbr./words/numbers High/low V axis h/w >1 s (decimal notation) 1.00
(e.g., labile head) (111) Right/left H axis r/l Minutes (u:v) 1:00
(e.g., convex torso). .. (411)... Forward/backward S axis /K Determinants and attributes abbr./words/numbers
(e.g., slow) @
(e.g., tense) @)
(e.g., speech fear) ©)
Oblique directions rf... Transcription number n-K

The readers should read these column by column.

CRITERIA FOR USE OF THE CMA

The proposed formal method for determining the hidden
structure of “natural” morphokinetic expressions provides a
syntax that orders the symbols of the morphokinetic alphabet: F
NS (P, O, T) N Det N M. As we have just seen, each element of
the terminal string is a member of K in NG N DG. For example,
“smoothly” is a member of K in DG N M.

The formalized syntax of the morphokinetic phrase serves as
a guide not only when the movement image is observed live
or through the viewing of photographs, film, or video but also
when working with written texts. The grammar K channels the
search for answers, and their writing, to the three basic questions:
“What has moved?” “What has changed?” and “How has it
changed?”

One way of optimizing the structural categories is to link them
to the movement behavior criteria established in the field formats.
The folder of each structural category can be displayed in as many
sub-folders as necessary. Each folder contains complementary or
alternative codes and, in addition, there are open options and

specific catalogs (in accordance with the morphokinetic protocol
created) so that the observer/analyst of movement selects, for
each recording level, the codes that describe the image of the
observed movement. This procedure can be carried out relatively
easily using a database, such as Access.

In the example “learning to swim” (see above), one of the
recording axes established in the field format is the criterion
entering the water (code 2). Let us suppose that code 2_2, entering
from a sitting position on the edge of the pool without assistance,
requires a simplified morphokinetic description for some reason.
In this case, the file of code 2_2 would contain the sub-files E
S, Det, and M, and the coding dimensions considered to be of
interest, the codes, and the stipulated measurement specifications
would all be displayed for each one of these sub-files. We propose
two examples (Tables 2, 3) of simplified morphokinetic coding
[K]. See the list of symbols in Table 4.

Example 1: Analysis of the shape of the torso at the current
moment in code 2_2 (Table 2).

Example 2: Analysis of the sequence of positions of large head
movements with or without speech in code 2_2. See Table 3.
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TABLE 5 | Transcription from Kendon example.

Identifiers

1-K [transcription number]

Action context [. . .29]

Action sign [indicating to leave: Fext]

Speech [“.. ., so maybe we ought + GESTURE”]

Sequence actions order F Movement behavior with CMA

1 F*232ext 11 [“two™* extended ™! index
fingers™32 side by side¥'!”]
2 F*21ext 21fdoor [“then extended ™! both™

arms™ ! away from himself and upwards ©2'h
in the direction of the doorPetdoor”]

Morphokinetic syntactic configuration 1-K: F* 232ext_21ext 21h door

When the aim is to prepare the simplified schema for the
data collection work that will subsequently be carried out, the
CMA functions as a free transcription system. In the context,
it is necessary to economically transcribe the movement action
for their analysis (Table 4). Free transcription also converts
the kinesics present in written natural language into movement
scores.

One example is the compound and sequential gesture
described by Kendon (1987, p. 85) - “[action context and
speech:...]. In this gesture he placed his two extended index
fingers side by side and then extended both arms away from
himself and upwards in the direction of the door”. It is
transcribed as follows (Table 5):

Finally, the use of general scripts (e.g., Labanotation) is
compatible with our grammar. Any of these transcriptions can
be converted to a decimal coding system or translated to the
CMA vocabulary (alphanumeric and word symbols), achieving
an accurate reproduction of the motor action, without loss of
meaning.

CONCLUSION

The process of observing human movement depends on
how morphokinetic changes are perceived and described.
The CMA notation system simplifies, organizes, and
restructures (Dittmann, 1987) the morphokinetic changes
in the psychological space of the observer/analyst as distinct
descriptive phrases or movement configurations. Changes in
the body figure are demarcated by the variables of space and
time, and the identification is completed through the inclusion
of words that mark the context of activity and classify the
movement’s linguistic space.

Grammatical formalization is a way of forming acceptable
symbol strings in accordance with the properties assigned to the
syntactic component. The grammar has been developed here on
the basis of phrase marker grammar. The simplest movement
phrase, regardless of the size of the morphokinetic unit being
considered, must be able to be analyzed as a basic expression:
the visual form of the movement described provides information
about, on the one hand, the perceived constraints between body,

space, and time, and, on the other, the perceived connection
between body, space, and time and the particular execution of the
motor action.

Without doubt the most delicate question related to precision
concerns the selection of movements and their description with
respect to the reference framework adopted: body parts/space-
time and other attributes.

Finally, the CMA may be useful for several basic reasons
set out in this article: (1) it gives structure to the processes
of identifying, writing, reading, rebuilding, reflecting upon,
and analyzing raw data in the form of time function (video
record); (2) it offers an open and flexible coding format that
is compatible with the solutions offered by other notational
systems for transcribing body movement; (3) it meets the
frequent need to combine molar and molecular units in the
same recording as if it were a zoom, in other words, without
losing the unitary view of the whole body under consideration;
(4) it allows the computerized management of visual notations;
(5) it combines the principles of synchrony and diachrony of
movement behavior, which enables advanced analytic techniques
(time-series, sequential analysis, T-pattern analysis, etc.) to be
applied to the matrix of reliable data; and (6) it performs
an appreciable function as a transcription system in situations
involving direct observation and when working with the kinesics
of written texts.

The CMA is designed as a basic framework for developing
specific coding schemes of body movement in a social context.
In this regard, the next step will be to build a guide for
recording and coding movement behaviors in each area of
study. Further research is required on the applications of
the CMA in order to assess its potential and scope. It is
expected that new initiatives will provide additional evidence
about the versatility of the system and assurances regarding
the reliability of the trials carried out by different researchers
who are committed to the grammatical principles of the
morphokinetic observation on which the CMA is based:
simplified coding, field format time recording, and syntactic rules
of descriptions.
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The aim of the study was to assess the relationship of external and internal training
load (TL) indicators with the objective and subjective fatigue experienced by 15 semi-
professional football players, over eight complete weeks of the competition period in the
2015-2016 season, which covered microcycles from 34th to 41st. The maximum heart
rate (HRmax) and maximum speed (Vmax) of all the players were previously measured
in specific tests. The TL was monitored via questionnaires on rating of perceived
exertion (RPE), pulsometers and GPS devices, registering the variables: total distance
(TD), player load 2D (PL2D), TD at >80% of the Vinax (TD80), TD in deceleration at
< —2 m-sec—2 (TDD <—2), TD in acceleration >2 m-sec™2 (TDA >2), Edwards (ED),
time spent at between 50 and 80% (50-80% HRmax), 80-90% (80-90% HRmax), and
>90% of the HRmax (>90% HRmax), and RPE both respiratory/thoracic (RPEres) and
leg/muscular (RPEmus). All the variables were analyzed taking into account both the
absolute values accumulated over the week and the normalized values in relation to
individual mean competition values. Neuromuscular fatigue was measured objectively
using the countermovement jump test and subjectively via the Total Quality Recovery
(TQR) scale questionnaire. Analytical correlation techniques were later applied within
the general linear model. There is a correlation between the fatigue experienced by
the player, assessed objectively and subjectively, and the load accumulated over the
week, this being assessed in absolute and relative terms. Specifically, the load relative
to competition correlated with the physical variables TD (—0.279), PL2D (—0.272),
TDD < —2 (—0.294), TDA >2 (—0.309), and sRPEmus (—0.287). The variables related
to heart rate produced a higher correlation with TQR. There is a correlation between
objectively and subjectively assessed fatigue and the accumulated TL of a player over
the week, with a higher sensitivity being shown when compared to the values related
to the demands of competition. Monitoring load and assessing fatigue, we are closer to
knowing what the prescription of an adequate dose of training should be in order for a
player to be as fresh as possible and in top condition for a match. Normalizing training
demands with respect to competition could be an appropriate strategy for individualizing
player TL.

Keywords: team sports, training, physical load, physiological load, fatigue
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INTRODUCTION

The main aim of training is to provide a stimulus which
will optimize the player/team’s performance during competition
whilst minimizing the negative consequences of that training
such as lack of freshness, fatigue, over-training, or injury (Gabbett
et al., 2012). The load experienced by players in training and
competition can provoke temporary metabolic, neuromuscular
or mental fatigue (Campos and Toscano, 2014), reducing
performance (Fessi et al., 2016) and increasing the possibility
of injury to the player (Ehrmann et al, 2016). In fact, the
inappropriate management of training loads (TDs) is emerging
as one of the main risk factors in no contact injuries (Soligard
etal., 2016).

However, appropriate doses of stimulus could improve
performance and protect against possible injury (Gabbett et al.,
2016). It is therefore vitally important for physical fitness and
sports technicians to determine the optimum quantity of training
required for the player to continue improving his/her fitness or to
maintain it without putting at risk their freshness, and to reduce
the probability of injury, with a view to the maximization of
performance in competition.

By monitoring load (Akenhead et al., 2016), information
can be obtained concerning the handling of its prescription to
try to reduce, when appropriate, acute fatigue (thus improving
freshness), so that performance does not decrease whilst avoiding
placing the player at greater risk of injury (Gabbett, 2016).
The search for an optimum relationship between load, fatigue-
freshness and performance is no easy task, given that it concerns
an individual process influenced by internal and external factors
which are at times independent from the workload itself (Gabbett
et al, 2012). In addition to knowing the external load placed
on the players, it is necessary to discover how this affects each
player (internal load) given that the same external load can
have different repercussions in different players or even in the
same player at different points in the season (Impellizzeri et al.,
2005). Current scientific literature (Gaudino et al., 2013; Colby
et al., 2014) presents different methods for controlling load levels
(external and internal) in team sports players. That research used
objective measurements such as GPS devices (Casamichana et al.,
2013) or heart rate monitoring (HR) (Henderson et al., 2015),
but also subjective measurements such as the rating of perceived
exertion (RPE) (Los Arcos et al., 2014b).

As a consequence of imposed load, the performance of a player
is temporarily reduced due to the fatigue which is generated.
Fatigue is defined as any decrease in muscular performance
associated with muscular activity (Nédélec et al., 2012a). There
is currently (Gastin et al., 2013) widespread use of different
methods (objective and/or subjective) to assess fatigue. To this
effect, the procedure used repeatedly to objectively assess fatigue
is a variety of vertical jumps, such as the countermovement jump
test (CMJ) (McLean et al., 2010; Malone et al., 2015; Thorpe
et al., 2015). Alternatively, subjective assessments of fatigue are
done using questionnaires such as that of Hopper (Hooper
and Mackinnon, 1995), variables associated to Wellness (Thorpe
et al., 2016a), Total Quality Recovery Scale (TQR) (Kentta and
Hassmen, 1998), The Profile of Mood State (McNair et al., 1971).

There is an increasing tendency to study (Thorpe et al., 2016b)
the relationships between the TD borne by players and the fatigue
which this produces, in an attempt to find the optimum load with
which to increase physical fitness, allowing the soccer players to
be fresh for the match whilst avoiding loads which by default or
excess put him/her at risk of injury.

Accumulated load values are usually assessed in absolute terms
(Gabbett and Ullah, 2012; Cross et al., 2016). To date, no research
has normalized the TD to the mean values of the player in
competition. This would allow the comparison of the TD demand
placed on the player with the demands of competition, which
have shown a high inter-individual variability (Schuth et al,
2016).

To that end, the aim of this research is to study the relationship
between external and internal training load indicators (TL),
in absolute values and relative to competition, with respect to
the fatigue experienced by semi-professional football players
measured using objective and subjective values. The results of this
research could increase knowledge about how to manage the load
imposed on players with a view to adjusting its prescription in
order to optimize physical performance in competition.

MATERIALS AND METHODS

Subjects
A total of 15 semi-professional male football players
(Defenders = 5, Midfielders = 8 and Forwards = 2,

goalkeeper did not take part in the study) took part in the
study (age = 25.2 £ 3.0 years; height = 177.8 + 5.6 cmy
weight = 76.9 £+ 6.5 kg) percentage of body fat (Mohr and
Johnsen, 1972) was 11.6 £ 2.7% from group IV of the third
division in the Spanish League. The players did, on average,
3-4 weekly training sessions and played one official match
every weekend. The Ethics Committee of research with humans
(CEISH) of the University of the Basque Country (UPV/EHU)
gave its institutional approval of the study. In accordance with
the protocol, before taking part in the study, all the players
involved signed an informed consent form. Both the participants
and the team’s technical body were kept informed at all times
about the procedure and possible risks and benefits of the study.

Training Sessions and Competition
Matches

All the training sessions and competition matches were
monitored during the microcycles of the study. In total, 250
recordings were made in 20 training sessions (16.7 £ 3.6 per
player) and 72 recordings from eight matches (4.9 £ 2.1 per
player). The individual session or match recordings were grouped
into microcycles, with a total of 69 weekly recordings (4.6 &= 1.3
per player). In order to calculate the mean value of the demands
in competition, all the values were normalized to a 90 min match
(mean match duration recorded per player £SD).

Heart Rate

In all the training sessions and competition matches heart rate
(HR) was recorded via a short range telemetry system (Polar
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Team2 Pro System, Polar Electro Oy, Kempele, Finland). The
reliability of the devices used in this study has been reported in
previous studies (Macleod and Sunderland, 2012). To quantify
the internal load from the HR the Edwards (1993) method was
used. The Edwards method distributes the exertion of the HR in
five different zones. Each zone has an established value (50-60%
HRpmax = 1, 60-70% HRpax = 2, 70-80% HRpax = 3, 80-90%
HRpax = 4, 90-100% HRpax = 5) which are later added together.

To calculate the maximum HR for each player, a maximal
progressive test was carried out on a treadmill with a HR monitor,
beginning with a speed of 8 km/h~! which was increased at a rate
of 1 km/h™! every minute until the point of physical exhaustion
was reached (Graff, 2002). Furthermore, the minutes spent in
each zone were taken into account in the following intensity
ranges (Henderson et al., 2015): time spent between 50 and 80%
of the maximum HR (50-80% HRmax), time spent between 80
and 90% of the maximum HR (80-90% HRmax); and time spent
at more than 90% of the maximum HR (>90% HRmax).

Perceived Exertion Response

Once the training and/or match was finished, the players had
to complete a subjective RPE. The RPE questionnaire used was
a translation into Spanish of the Borg scale of 0-10 points
modified by Foster (Foster et al., 2001), adapted to distinguish
between perceived respiratory/thoracic exertion (RPEres) and the
perceived exertion in legs/muscular (RPEmus) (Los Arcos et al.,
2014b).

The players were able to respond with a plus symbol (for
example 5+ means 5.5) next to the unit of assessment. The
assessment was carried out 10 min after the end of the session or
match (Ngo et al., 2011). Afterward, the value obtained in each of
the scales was multiplied by the duration of the session or match
(including warm-up and rests or pauses, but excluding cool
down) to obtain the following variables (sRPEres and sSRPEmus).

Physical Variables

The players’ external load was monitored using GPS devices
(Minimax S4, Catapult Innovations, Docklands, VIC, Australia,
2010) which function at a sampling frequency of 10 Hz and
contain a 100 Hz triaxial accelerometer. The reliability and
validity of the devices used in this study have been reported
in previous studies (Castellano et al., 2011b; Gale-Ansodi et al.,
2016). The mean (£SD) number of satellites during data
collection was 12.5 (£0.6). The device was attached to the upper
back of each player using a special harness. The GPS devices were
activated 15 min before the start of each session or match, in
accordance with the manufacturer’s instructions. The data from
the GPS devices was later downloaded to a PC to be analyzed
using the Sprint v5.1.4 software package (Catapult Innovations,
Docklands, VIC, Australia, 2010).

The following physical variables were studied: (a) TD, total
distance (TD) in m; (b) TD80, distance covered at more than
80% of maximum speed (Viay) in m; (c) PL2D, player load 2D
[in arbitrary units (AUs)]; (d) TD80%, percentage of distance
covered at more than 80% of Vi (in %); (¢) TDD < —2, TD
in deceleration under —2 m/sec™? (in m); and (f) TDA >2, TD
in acceleration over 2 m/sec”2 (in m).

Assessment of Neuromuscular Fatigue

To assess neuromuscular fatigue, as in previous work (McLean
et al,, 2010), a test was carried out (vertical bipedal jump with
countermovement and with hands on hips) using the previously
validated app My Jump v.1 (Balsalobre-Fernandez et al., 2015).
The protocol followed is similar to that of Malone et al. (2015).
Prior to the test the players did a standard warm up including
a 5 min low speed run with dynamic exercises and two 20 m
progressions followed by three repeats of the jump.

The best value obtained in the 14 tests of the trial was
used to calculate the maximum CM]J (CMJmax) of each player.
Furthermore, in each microcycle the level of absolute fatigue
(FATabs) of each player was calculated by discovering the
percentage of the value obtained by the player on the pre-match
session day (always carried out 24 h before the next match)
with respect to the CMJpax value. The following formula was
used to calculate the absolute fatigue value: CMJpre/CM]max. To
calculate relative fatigue (FATrel) the formula CMJpre/CM]post
was used. This second fatigue value was calculated in order to
know specifically whether the load accumulated in the week prior
to the one studied had any repercussion on the freshness or
objective fatigue of the player. The coefficient of variation (CV)
for each of the CMJ tests was of between 0.0 and 7.7%.

Assessment of Subjective Fatigue

The subjective questionnaire TQR scale (Kentta and Hassmen,
1998) was used as a subjective measurement to assess the fatigue
suffered by the players. The questionnaire was given to the players
10 min before the start of training or pre-match warm-up. The
players had to complete the TQR by answering the question “how
recovered do you feel?” on a scale of 0-10, with 0 being rested and
10 extremely good recovery.

Procedure

This observational study was carried out during the competitive
phase (March-April) of the 2015-2016 season during the
microcycles from 34 to 41°. All training and matches were
monitored via pulsometers and GPS. Two of the microcycles
were excluded from the analysis as not all of the sessions were
present. Before beginning the trial, the players underwent a
maximal progressive resistance test on a treadmill (in laboratory)
to calculate the maximum HR of each player and a 40 m speed
test on the training ground whilst wearing the GPS devices.
Furthermore, where higher values in peak speeds were detected,
these were taken as the Vi, of the player.

During the study period, performance in a CM]J test was
recorded both on the first training day of the week (with a
minimum of 48 h with respect to competition) and the last
(24 h prior to the next competition). The test was always carried
out indoors and the players previously familiarized with it.
It was decided not to include the CMJ test for matches for
two reasons — one was the lack of adequate facilities in away
matches and the second was due to the difficulty in getting
the players to carry out maximal tests on competition days,
despite these having a low impact on fatigue. Furthermore,
before beginning the first or the last training session of the
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week or pre-match warm-up, the players completed the TQR
questionnaire (TQRpost, TQRpre, and TQRcomp, respectively).
Finally, after the training session or match they completed the
RPE questionnaire.

For the correlation analysis between load and fatigue, both
the absolute values accumulated through the week and the
accumulated values normalized to individual competition were
used. The competitive reference values were obtained from the
competitions recorded during the same trial. For this, the mean
values of each player in competition were used as reference.

Statistical Analysis

Starting from the relative values of the different physical,
physiological and perception of exertion variables, correlation
analysis techniques were implemented within the general linear
model. The results are shown as mean and standard deviation
(£SD). The Pearson correlation coefficient was calculated to
determine whether there was a relationship, and if this was
significant among the analyzed variables. To interpret the results,
threshold values for the Pearson correlation coefficient used by
Salaj and Marckovic (2011) were used: low (r < 0.3), moderate
(0.3 < r <0.7) to high (r >0.7). The statistical analysis was
conducting using SPSS v.23 (IBM, Corp., Chicago, IL, United
States). Significance level was fixed at 0.05 (p < 0.05).

RESULTS

Table 1 shows the mean and £SD values for each of the variables
obtained by the players in the matches played during the trial. It
also shows the mean and (£SD) values of the load accumulated
by microcycle, normalized to the demand of competition. It can
be seen that in all the analyzed variables, except that of TD80,
the accumulated weekly load was higher than the mean load
in competition (a value of 100% means that the demands of
competition are repeated for this variable).

Table 2 shows the values obtained in the different CM]
tests carried out during the trial together with assessment of
neuromuscular fatigue (FATabs and FATrel) and the subjective
assessments of the state of fatigue (TQRpost, TQRpre, and
TQRcomp). As it can see when TQR scale are closed to the
matches the values of subjective fatigue are higher, that is, player
finished the week with better wellness.

Table 3 shows the correlations between objective fatigue with
the 13 load variables studied, both in absolute values and relative
to the competitive demand for each player. The values show that
the objectively measured fatigue (FATabs and FATrel) correlated
only with some of the internal and external load variables, when
the load was assessed in absolute and relative terms. Among the
physical variables, only TDA >2 is moderately correlated with the
FATabs variable, while the other variables that are significantly
correlated with FATabs present low correlations. There were
higher correlations between relative values of the match demands
than when were used absolute values. Subjective assessment
of fatigue (TQRpre and TQRcomp) obtained correlations in a
moderate range and were significantly high (p < 0.01) for the
three HR variables.

DISCUSSION

The aim of this research was to study the relationship between
the TD, from external and internal indicators, and the objective
and subjective assessment of fatigue in semi-professional football
players. This is the first piece of work which relates the load placed
on semi-professional footballers in terms relative to the demands
of competition with the fatigue accumulated in each microcycle
of the competitive period, calculated using an objective CM] test
and also via the subjective perception of recovery quality (TQR).

The main results of the study can be summarized as follows:
(1) normalizing training demands with respect to competition
could be an appropriate strategy for individualizing player TD,
(2) both the use of objective (from CM]) and subjective (from
TQR) fatigue indicators proved to be related to the load borne by
players in the weekly microcycle.

The application of this procedure of individually monitoring
TD and fatigue in players can be applied to load adjustment for
each of the variables. The aim would be, on the one hand, to avoid
players being fatigued on match day, and on the other hand, to
increase the status of training among players, optimizing physical
fitness and thus being able to give maximum performance on
competition day. Previous studies (Impellizzeri et al., 2005;
McLean et al., 2010; Nédélec et al., 2012b; Casamichana et al,,
2013; Gastin et al., 2013; Gaudino et al., 2013; Colby et al., 2014;
Los Arcos et al., 2014a; Henderson et al., 2015; Malone et al., 2015;

TABLE 1 | Mean and standard deviation values (SD) for the profile of the external
and internal demand on the players in competition and of the weekly training load
(TD) in percentage values with respect to the individual demands of competition.

Variables (units) Competition

demand (units)

Weekly training
demand (%)

Mean +SD Mean +SD
TD (m) 9061.5 935.5 151.4% 40.4%
TD8O (m) 99.9 66.7 48.7% 39.6%
PL2D (AU) 534.7 83.2 177.7% 45.6%
TDD < -2 (m) 220.3 49.5 145.5% 43.8%
TDA >2 (m) 303.6 66.1 157.7% 42.3%
ED (AU) 345.4 31.5 144.5% 46.3%
>90% HRmax (min) 17.7 13.3 112.2% 122.6%
80-90% HRmax (min) 39.6 8.8 102.6% 38.6%
50-80% HRmax (min) 25.4 13.9 693.8% 478.0%
RPEres (AU) 6.5 1.2 177.9% 56.4%
RPEmus (AU) 6.8 1.3 167.2% 46.4%
sRPEres (AU) 581.9 103.9 165.1% 59.6%
sRPEmus (AU) 611.3 114.7 158.3% 48.3%

TD is total distance, PL2D is two dimension player load, TD80 is TD at more
than 80% of the maximum speed (Vmax), TDD < —2 is TD in deceleration below
—2 m/sec?, TDA >2 is TD in acceleration above 2 m/sec’?, ED is Edwards, 50—
80% HRmax is the time spent between at 50-80% of the HRmax, 80-90% HRmax
is the time spent between 80 and 90% of the HRmax, >90% HRmax is the time
spent at more than 90% of the HRmax, RPEres is the perceived exertion response
(respiratory/thoracic), RPEmus is the perceived exertion response (leg/muscular),
SRPEres is the perceived exertion response (respiratory/thoracic) multiplied by
the minutes in the session, and sRPEmus is the perceived exertion response
(leg/muscular) multiplied by the minutes in the session.
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Thorpe et al., 2015; Akenhead et al., 2016; Gabbett, 2016; Gabbett
et al., 2016) have analyzed the load placed on players in training
and matches, but none have compared the load accumulated by
the players in a training microcycle normalized to the physical
demands of competition, despite being a practice used by elite
teams as a means of training status (Akenhead and Nassis, 2016).

The decision to take the physical demands of competition as
an individual reference is due to the probability that similar doses
of training (absolute load) do not suppose the same percentage
in relation to that which competition demands of each player (%
of the match). This is not only because of differences in imposed
demands on the players depending on their position on the pitch
(Di Salvo et al., 2007), but also due to inter-individual variations
(Impellizzeri et al., 2005; Castellano and Blanco-Villasefior, 2015)
even among those playing in the same position. To consider
only the demands of training in absolute values could lead to
inappropriate decisions being taken in the prescription of TD,
over-stimulating certain variables in some players whilst other
players may not be sufficiently stimulated in relation to the values
of some variables in competition.

This gives rise to a new hypothesis regarding the need to
individualize the variables which can affect a player’s fatigue or
recovery, which will require further research. It is known that

each player assimilates loads in a different way, due to his/her
past and present characteristics (Impellizzeri et al., 2005), which
provokes a particular state of fatigue which could be conditioned
by the type of demand variable (e.g., those related to speed,
acceleration/deceleration or metabolic system). That is why it
is essential to individualize training as far as possible in order
to strengthen collective training and thus optimize competition
performance.

In order to normalize the weekly load, in this work it was
decided to take as a reference the mean values of each player in
competition, whilst being aware that these competition demands
present a moderate-elevated variability (Castellano and Blanco-
Villasefior, 2015) in response to numerous situational variables
such as place, current score or the quality of the teams (Castellano
et al., 2011a). All of these could provoke a demand on the
players at specific times which is higher than the estimated match
average.

However, the quantity of load placed on the players should
be conditioned by what they are able to assimilate, in order not
to avoid over-training or increasing the probability of injury
(Gabbett, 2016). To avoid unwanted negative effects from the
load, it is necessary to study the player’s accumulated fatigue.
Special attention is currently being paid (McLean et al., 2010;

TABLE 2 | Mean and standard deviation values (+SD) of the objective and subjective fatigue variables.

CMJpost (cm) CMJpre (cm) CMJmax (cm) FATabs (%) FATrel (%) TQRpost (AU) TQRpre (AU) TQRcomp (AU)
Mean 34.8 34.7 37.4 0.93 0.99 7.34 7.44 7.91
+SD 3.6 3.6 3.4 0.04 0.05 1.80 1.26 1.25

CMdJpost is countermovement jump carried out post-competition, CMdJpre is countermovement jump carried out pre-competition, CMJmax is the maximum value of
countermovement jump obtained in the trial, FATabs is absolute fatigue, FATrel is relative fatigue, TQRpost is the TQR questionnaire completed on the first day of training,

TQRpre on the day before competition and TQRcomp done on match day.

TABLE 3 | Values of the Pearson correlations of the objective absolute (FATabs), relative (FATrel) and subjective fatigue variables on the day before (TQRpre) and on
competition day (TQRcomp) in relation to the accumulated weekly values of the absolute load variables and those relative to competition.

Variables FATabs FATrel TQRpre TQRcomp
Rel Abs Rel Abs Rel Abs Rel Abs

TD -0.279* -0.234 —0.233 —0.186 —0.046 —0.079 —0.190 —0.199
PL2D —0.272* —0.153 —0.192 —0.095 0.000 0.233 —0.144 0.015
TD80 —-0.178 —0.221 —0.161 —-0.277* —0.034 0.016 0.095 0.055
TDD < -2 —0.294* -0.278* —0.251 —0.241 —0.029 —0.089 —0.135 —-0.234
TDA >2 —0.309* —0.283* —-0.227 —0.234 —0.036 —0.154 —-0.134 —0.250
ED —0.170 -0.138 -0.123 —-0.129 0.195 0.215 0.075 0.109
>90% HRmax 0.074 0.042 0.079 —0.067 0.233 0.436** 0.193 0.288*
80-90% HRmax 0.031 —0.072 0.007 —0.033 0.350** 0.081 0.337* 0.164
50-80% HRmax 0.061 —0.302* —0.090 —-0.219 0.114 —0.186 0.146 —0.268*
RPEres —0.039 —0.085 —0.045 0.096 0.022 —0.039 0.051 0.101
RPEmus —0.186 -0.176 —0.086 —0.057 —0.021 —0.164 —0.052 —0.163
sRPEres —0.166 -0.214 —-0.141 —0.012 —0.037 —0.096 —0.032 0.021
sRPEmus —0.287* —0.283* —-0.174 —0.146 —0.086 -0.215 —0.120 -0.226

TD is total distance, PL2D is player load 2D,

TD8O is TD at more than 80% of maximum speed (Vmax), TDD < —2 is TD in deceleration below —2 m/sec?, TDA >2 is

TD in acceleration above 2 m/sec?, ED is Edwards, >90% HRmax is the time spent at more than 90% of the HRmax, 80-90% HRmax is the time spent between 80 and
90% of the HRmax, 50-80% HRmax is the time spent between 50 and 80% of the HRmax, RPEres is the perceived exertion response (respiratory/thoracic), RPEmus is
the perceived exertion response (leg/muscular), SRPEres is the perceived exertion response (respiratory/thoracic) multiplied by the minutes in the session, and SRPEmus
is the perceived exertion response (leg/muscular) multiplied by the minutes in the session. *p < 0.05 and **p < 0.01 (bilateral).
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Gabbett and Ullah, 2012) to the assessment of neuromuscular
fatigue via a simple and objective vertical jump test (i.e., CM]).

Assessment of neuromuscular fatigue from CMJ may not
be sensitive when the aim is to compare acute fatigue from
a football training session (difference in a test of jump
over height reached in pre with respect to post-training)
(Malone et al.,, 2015) perhaps because football training usually
involves multidimensional demands (Gaudino et al., 2015). In
our research, the neuromuscular fatigue measured with CM]
wassensitive to the different percentages of load borne by the
players during the training week.

Along the same lines, Gathercole et al. (2015) in his study
found significant correlations between different microcycles
for the CMJ variable which measures neuromuscular fatigue.
Although more research is needed, assessment of neuromuscular
fatigue via CM]J, or other tests, could be a useful tool for adjusting
optimum TD, by which the technical team could ensure that their
players are fresh when they come to compete.

This innovative study has also analyzed variables connected
to accelerations and decelerations in which correlations with
fatigue have also been found. To be more specific, the variables
related to the neuromuscular dimension (PL and accelerations
and decelerations) showed a greater sensitivity (correlation) with
this objective jump test.

The use of questionnaires such as the TQR has allowed
us to discover the players degree of subjective recovery
at the end of the microcycle, which provides information
on the fatigue generated in the player during the week.
Despite there being practically no differences in the TQRpost
with respect to the end of the week (TQRpre), it is worth
pointing out that in the variables related to HR, and
therefore the cardiovascular energy system, it was the TQR
questionnaire which showed a higher sensitivity to the
changes.

This suggests that it may be interesting to consider that just as
different dimensions of TD are monitored, it could be relevant to
have various tools available with which to assess the state of player
fatigue or recovery, which would deal with different dimensions
of the fatigue generated.

One of the limitations of the study was the relatively low
number of recordings of training session load and match
load. A higher number of recordings would have provided
more information about each player and therefore established
particular load-fatigue relationships for each one, in the search
for the adequate dose and typology of TD for each player.

We should also highlight that using a higher number of
players in the study, apart from providing information about
their physical condition, would have shown how far players
with different ability or fitness present a particular load-recovery
relationship. This would thus allow attention to be paid to the
capacity for bearing load and/or being fresher in competition or
having better recovery after the match (Rabbani and Buchheit,
2016).

Finally, it should also be underlined that the reduced sample
group did not allow the incorporation of variables with which to

differentiate the players who played a match in the week prior
to the studied microcycle. It is probable that different states of
recovery at the beginning of the week could have conditioned
some of the results of this work.

Practical Applications

With the information obtained from the monitoring of TD and
assessment of fatigue (objective and subjective), we are closer to
knowing what the prescription of an adequate dose of training
should be in order for a player to be as fresh as possible and in
top condition for a match.

CONCLUSION

The main conclusion of this study is that in those microcycles
where the players accumulated a greater TD or high values in the
load indicators normalized to those demanded in competition,
the players showed a higher level of neuromuscular fatigue,
measured with CMJ. However, the players were able to recover
practically the same CM] values (measured with the FATrel) as
at the beginning of the week prior to competition. This research
provides a better understanding of the load-fatigue relationship
with respect to competition demands. Information about external
objective load (distance, speed, and acceleration/deceleration),
internal objective load (HR) and internal subjective load (RPE)
on the one hand, and the objective (CM]J) and subjective (TQR)
indicators for fatigue assessment on the other, can help trainers
to better understand and adequately manage training status and
player freshness throughout the training process. Finally, it would
be necessary to know whether the load borne by the players in the
weekly training process maintains or improves their fitness, and
thus discover whether management of the load-fatigue binomial
produces an improvement in the players’ physical performance.
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The influence of game location on performance has been widely examined in sport
contexts. Concerning soccer, game-location affects positively the secondary and tertiary
level of performance; however, there are fewer evidences about its effect on game
structure (primary level of performance). This study aimed to detect the effect of game
location on a primary level of performance in soccer. In particular, the objective was
to reveal the hidden structures underlying the attack actions, in both home and away
matches played by a top club (Serie A 2012/2013—First Leg). The methodological
approach was based on systematic observation, supported by digital recordings and
T-pattern analysis. Data were analyzed with THEME 6.0 software. A quantitative analysis,
with nonparametric Mann-Whitney test and descriptive statistics, was carried out to
test the hypotheses. A qualitative analysis on complex patterns was performed to get
in-depth information on the game structure. This study showed that game tactics were
significantly different, with home matches characterized by a more structured and varied
game than away matches. In particular, a higher number of different patterns, with a
higher level of complexity and including more unique behaviors was detected in home
matches than in the away ones. No significant differences were found in the number
of events coded per game between the two conditions. THEME software, and the
corresponding T-pattern detection algorithm, enhance research opportunities by going
further than frequency-based analyses, making this method an effective tool in supporting
sport performance analysis and training.

Keywords: analysis of observational data, T-Patterns, sport performance analysis, game location, soccer

INTRODUCTION

The influence of game location on performance has been investigated in sport contexts for more
than 30 years. Courneya and Carron (1992) defined the so-called “home advantage” as “the term
used to describe the consistent finding that home teams in sport competitions win over 50% of the
games played under a balanced home and away schedule” (p. 13). Research has pointed out how
athletes and teams perform significantly better when competing at home (Allen and Jones, 2014;
Sarmento et al., 2014). While it is true that home advantage does not play the same role in all sports
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(Jones, 2013), there are no sports where athletes or teams perform
better when playing away from their home venue (Courneya and
Carron, 1992; Nevill and Holder, 1999; Jones et al., 2015).

Comprehensive models have been developed to guide the
understanding of the home-advantage phenomenon. An outline
on recent research (Allen and Jones, 2014) identified three
models which take different positions on the explanation of the
home advantage phenomenon: the standard model (Courneya
and Carron, 1992; Carron et al., 2005), the territoriality model
(Neave and Wolfson, 2003), and the “home disadvantage” model
(Wallace et al., 2005).

Relevant to this work is the operationalization of the link
between outcomes and performance, offered by Courneya and
Carron (1992) within their standard model. We will refer to
this model when speaking about three performance levels. The
primary one represents the fundamental skill execution (e.g., free
throw percentage in basketball, penalties per game in soccer); the
secondary is the intermediate or scoring aspect of performance
(e.g., points scored in basketball); and the tertiary corresponds to
the traditional outcome measure (e.g., win—loss ratio).

Concerning soccer, game-location affects positively the
secondary and, more often, the tertiary level of performance,
representing an important factor in determining the result of a
game (e.g., Pollard, 1986, 2006; Brown et al., 2002; Wolfson et al.,
2005; Pollard and Gémez, 2013).

However, there are fewer evidences about the effect of game
location on game structure (primary level of performance). Most
of the studies analyzed professional British soccer teams. Sasaki
et al. (1999) found that the 1st division team they studied
from the 1996 to 1997 season performed a greater number of
goal attempts, shots on target, shots blocked, shots wide, and
successful crosses during home matches. Tucker et al. (2005)
analyzed the matches of a professional team and found significant
differences in the frequency of corner, crosses, dribbles, passes,
shots (more in home matches), clearances, goal kicks, gains
of possession, and losses of control (more in away matches).
However, Taylor et al. (2008) showed that the outcome of
most behaviors of the professional team they studied were not
influenced by game location.

Other studies have tended to aggregate performance of
different teams during analysis. Carmichael and Thomas
(2005) revealed that in the Premier League home teams have
significantly higher performance measures for attack indicators,
such as shots and successful passes in the scoring zone, while
away teams committed significantly more fouls and suffered
more yellow and red cards. Lago-Pefias and Lago-Ballesteros
(2011) analyzed 380 games of the Spanish professional soccer
league, focusing on the effects of game location and team
quality in determining technical and tactical performances, and
showed that home team have significantly higher means for goal
scored, total shots, shots on goal, attacking moves, box moves,
crosses, offsides committed, assists, passes made, successful
passes, dribbles made, successful dribbles, ball possession, and
gains of possession, while visiting teams presented higher means
for losses of possession and yellow cards. However, Seckin and
Pollard (2008) in their analysis of 301 matches during the season
2005-2006 in the Turkish Super League showed that the success

rates for shots, fouls and disciplinary cards do not differ between
home and away teams.

The contradictory findings showed in these studies may be
due to the fact that the authors examined the effects of match
location on single indicators of performance rather than on
patterns of play. Recent studies in sport contexts have underlined
the importance of identifying visual undetectable structural
regularities in order to better assess the complex reality they refer
to (Anguera et al., 2013; Zurloni et al., 2014a; Cavalera et al.,
2015).

With our study, we propose an innovative data analysis
technique for the analysis of performance on a primary level.
It involves the detection of temporal patterns (T-patterns), to
reveal hidden yet stable structures that underlie the interactive
situations during matches. Therefore, detecting hidden patterns
could help the coach to better predict both the performer’s
behavior and the opponent’s one thanks to an integrated system
that allows for an increased depth of analysis (Zurloni et al,
2014a).

This methodology is based on systematic observation,
allowing the analysis of all the relevant information about any
aspect related to any interactions linked with primary factors. The
same single behaviors, which appear with the same frequency,
can combine with each other to form different patterns of play;
t-pattern analysis allows to detect these patterns, surpassing the
results obtained by exclusively considering single indexes of
behavior (such as number of crosses, or yellow cards).

Temporal pattern analysis (Magnusson, 2000) has been
applied to a great number of research experiments in very
different fields. Patterns have been used to describe, interpret
and understand phenomena such as deceptive communication
(Anolli and Zurloni, 2009; Zurloni et al., 2013, 2016; Diana et al.,
2015), animal and human behavior (Casarrubea et al., 2015a,b) a
wide variety of observational and sports studies, such as analysis
of soccer team play (Camerino et al., 2012; Castaier et al., 2016),
deception detection in doping cases (Zurloni et al., 2014b), motor
skill responses in body movement and dance (Castader et al.,
2009), effectiveness of offensive plays in basketball (Remmert,
2003; Ferndndez et al., 2009) and futsal (Sarmento et al., 2015)
or tactics employed by runners (Aragon et al., 2015).

Only few studies have recently applied T-pattern methodology
to soccer. In a preliminary investigation, Jonsson et al. (2010)
have examined T-pattern in five Icelandic and nine international
soccer matches and showed a correlation between the number of
patterns identified in each match and the coaches’ ratings of team
performance. Moreover, data showed a more defined temporal
structure in international matches than in national ones,
suggesting that international soccer matches are characterized
by the presence of a more structured game. In another study,
thirteen national and seven international soccer matches were
coded using T-pattern analysis, confirming that the players’
behavior is more synchronized than the human eye can detect
and suggesting that high levels of synchrony are correlated with a
good evaluation of performance by professional coaches (Jonsson
et al., 2003). Camerino et al. (2012) used T-pattern analysis in
order to analyze five National League (Liga) matches and five
Champions’ League matches from the 2000 to 2001 season of
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FC Barcelona. T-patterns detected revealed regularities in the
playing styles of the observed team, including ball possession
and ball position patterns during the attacking actions. Zurloni
et al. (2014a) compared the T-patterns of attack actions in the
won matches and in the lost ones played by a top club of the
Italian National League Championship (Serie A) over the 2012—
2013 season. The number of pattern occurrences and the number
of different T-patterns detected was greater for lost matches and
lower for the won matches, whereas the number of events coded
was similar.

Rather than focusing on single indicators of performance, this
paper aims to detect the effect of game location on the structure
of play (primary level of performance) analyzing how single
behaviors can combine to form patterns of play. Specifically, we
will focus on attack actions, comparing T-patterns detected in
home and away matches. Within the T-pattern approach, we
define diversity of patterns as the number of unique behaviors
included in patterns and pattern complexity as the synthesis of
its length (the number of events that composes a pattern) and the
number of levels (the hierarchical structure of a pattern). Given
that, our hypotheses are:

H1: higher number of different patterns in home than in away
matches;

higher patterns’ diversity in home than in away matches;
higher complexity (more length and levels) of patterns in

home than in away matches.

H2:
H3:

METHODS

We employed a systematic observation (Anguera, 1979; Anguera
et al, 2011; Portell et al, 2015a) combined with recent
technology, bringing great advantages in terms of recording

Using an N/P/M (nomothetic, punctual, multidimensional)
design is the reason behind decisions made regarding the
structure of the observation instrument, the type of data, data
quality control, and data analysis.

Participants
We analyzed all games played by a top club during the first leg
(19 matches) of the Italian National League Championship (Serie
A), over the 2012-2013 season. Table 1 reports half-time and full-
time results for comparison (this data was also included as mixed
criteria in the coding instrument—see Section Instruments).
This study has been approved by the Bioethic Committee
of the University of Barcelona (Institutional Review Board
IRB00003099).

Instruments

Coding Instrument.

LINCE, v. 1.2.1 is a freely available software program (Gabin et al.,
2012) that can be loaded [www.observesport.com and/or www.
menpas.com] with purpose-designed observation instruments
for the systematic recording and coding of events. The time of
occurrence and duration of events (in seconds or frames) are
automatically registered. The program also incorporates a data
quality control tool and allows datasets and results to be exported
in different formats. LINCE software operates on fixed, mixed
and changing criteria of the observation, therefore making it a
consistent tool for the observational design. LINCE was used to
record and code each of the 19 games, and also to check the
quality of the data.

TABLE 1 | Half-time and full-time results for the observed matches.

Observed Half-time result Full-time result Position in table Fixture
quality, measurement of time, and capture of co-occurrences  team (observed team (observed team (higher/lower
or diachrony (Borrie et al, 2002). We designed an ad  home/away first) first) than rival team)
hoc observation instrument, and observation was active,
methodologically rigorous, non-participative, and characterized Away - -2 (Iolss) !
by total perceptivity. The systematic observation became more ~ °M® 2 o (Vlv'n) Lower 2
and more widespread within sport research (Lapresa et al., W& 0-0 22 (tie Lower 8
2013a,b), because of its high flexibility and adaptability (Sanchez- ~ Home 0-1 1-2 (loss) Lower 4
Algarra and Anguera, 2013; Portell et al., 2015b). Away 1 8-3 (tie) Higher 5
The methods of analyzing performance in the game of soccer ~ Home 0-0 1-0 (win) Higher 6
have evolved from the simple use of hand notation tracking  Away 11 2-3 (loss) Lower 7
of players’ movements on scale plans of pitches to the current ~ Home 1-0 1-0 (win) Lower 8
utilization of digital video recordings and computerized analyses. ~ Away 0-2 2-3 (loss) Higher 9
Home 0-0 1-1 (tie) Lower 10
. Home 0-1 0-2 (loss) Lower 11
De8|gn . o ) ) L Away 0-0 0-0 (tie) Higher 12
We consider th.ree maln.cntena to zg.lve a taxonomic definition |, 11 141 (tie Lower 13
of the observational des1gn,'as applied to ogr.study (.Angu.era Away 11 3-1 (win) Higher 14
etal, 2011). It was nomothetl‘c (as opposed to 1('110graph1c, which Away 1 2.2 (tie) Higher 15
refers to the number of subjects observed), since we observed .
diff h ) q . forri Home 1-1 2-2 (tie) Lower 16
ifferent matches; punctua. (as opposed to continuous, re e?rlng Away 0-0 0-1 (l0ss) Lower 17
to the number of observations conducted on the same subject); ) .
L . . R . Home 1-0 3-0 (win) Higher 18
multidimensional (as opposed to unidimensional, referring to ,
. . L. . . Away 2-3 3-4 (loss) Higher 19
the number of dimensions/criteria, which are in correspondence
with observation instrument). *, N/A.
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Observation Instrument

The observation instrument combines field format and category
systems (Figure 1). The field format system comprised different
dimensions/criteria, each of which formed the basis for an
exhaustive and mutually exclusive category system. The fixed
criteria are entered at the beginning of the match and are
independent from the dynamic of play, while the mixed criteria
apply every time there is a change in the score, number of players
and between the first and the second half of the match. The
changing criteria are coded throughout the whole match (ie.,
passing, lateral position, shot, recovery). Each of these criteria
gives rise to respective category systems that fulfill the conditions
of exhaustiveness and mutual exclusivity (E/ME).

The dimensions/criteria considered in the present observation
instrument correspond to the following criteria: lateral position,
zone (Figure 2), lateral passing, zone passing, recovery and loss,
ball out of play.

Procedure

In this study, we decided to focus on attack actions mainly
because of shooting restrictions, since our video data were
obtained from the T'V recordings of the matches.

We defined an attack action as an action that brings the
ball in the ultra-offensive zone and can end with: Goal (G),
Non-Goal (NG), and Permanent Loss (PL) (see Figure 1 for a
complete description of events coded); this includes penalties,
corner kicks, free kicks in ultra-offensive zone, and throw-ins in
the ultra-offensive zone. Each attack action was coded according
to two possibilities: (1) starting from the first pass that crosses
the offensive line; (2) the same was coded when the ball got
to the ultra-offensive zone thanks to a free kick or a throw-
in conceded to the observed team without their active effort in
bringing the ball to the zone. Therefore, actions starting with
a pass were not interrupted in coding by temporary pauses
(such as throw-ins, free kicks, or Temporary Losses, defined
as a non-possession of the ball by the observed team for no
longer than 2 passes completed by the rival team) as long as
the interruptions let the action proceed [e.g., during the attack
action the ball is taken by a defense player, who passes it on
to a different player from his team who then loses the ball
to the observed team (temporary loss case)]. Permanent Loss,
Goals, and Non-Goals (shots on or off-target, or deviated/saved
by rival team) work as interruption lines in the attack actions
coding. These interruption lines, however, do not interfere with
the subsequent pattern analysis (see Section Data Analysis),
which considers the coded match as a whole and will take
into account time passed between events, its main value being
that of allowing for similar patterns to be found when time
“stretches” are insignificantly different (on the basis of pattern
search parameters).

Two observers used LINCE software (Gabin et al., 2012)
to code the games selected. The same software calculated
Cohen’s kappa coeflicient (Cohen, 1960) for all the criteria, by
comparing two registered data files (~5% of all the collected
data) related to the same match. The values ranged between
0.75 and 0.85, which provides a satisfactory guarantee of
data quality. However, when particular disagreements were

identified, the specific cases were discussed and agreed on
by the two coders before moving on to the complete
analysis.

Data Analysis

Datasets were analyzed with THEME 6.0 (http://patternvision.
com/). This software detects the temporal structure of data
sets, revealing repeated patterns (T-patterns) that regularly
or irregularly occur within a period of observation. A T-
pattern is essentially a combination of events where the
events occur in the same order, with the consecutive time
distances between consecutive pattern components remaining
relatively invariant, regardless of the occurrence of any unrelated
event in between them (Magnusson, 2005). THEME software
allows the detection of repeated temporal patterns even when
multiple unrelated events occur in between components of the
patterns.

A quantitative analysis, with nonparametric and descriptive
statistics, was carried out to test the hypotheses. A qualitative
analysis on more complex patterns was performed to get in-
depth information on the game structure expressed by the team.
We chose to consider the more complex patterns because they
represent the highest level of organization expressed by the team
in the two conditions.

RESULTS

Of the 19 matches played, the observed team collected 30 points
(3 points per victory, 1 per tie, and 0 for losses), with 9 wins,
7 losses, and 3 ties. Six wins out of 9 were obtained in home
matches, highlighting a home advantage for the observed team
at tertiary level of performance (Courneya and Carron, 1992).

Comparison between Home and Away
Matches

We performed descriptive statistics as a preliminary analysis.
Extreme values identified 5 matches as potential outliers. We
decided to exclude them from next analysis. According to
sample size and distribution, we used the non-parametrical
Mann-Whitney test to assess differences between home and away
matches. Here follow the results (Table 2) for each parameter
considered in our hypotheses: a higher number of different
patterns was detected in home matches (Mdn = 127) than in the
away ones (Mdn = 42), U = 1, Z = 3.003, p = 0.001, r = 0.80.
Home matches included more unique behaviors in their patterns
(Mdn = 31) than away matches (Mdn = 20), U = 2.5, Z = 2.83,
p =0.002, r = 0.76. Home matches’ patterns were more complex,
with a higher number of levels (Mdn = 1.9817) than the away
ones (Mdn = 1,381), U = 2, Z = 2.875, p = 0.002, r = 0.77,
and a higher length (Mdn = 3.2557) than the away ones (Mdn
=2.4048), U =2, Z = 2.875, p = 0.002, r = 0.77. No significant
differences were found in the number of events coded per game
between the home (Mdn = 87) and the away condition (Mdn =
75), p = 0.259.

A second analysis was performed to qualitatively compare
home and away attack strategies, by combining the single
datasets, from each of the two conditions, for the T-pattern
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LATERAL POSITION Lateral position of play

ZONE Zone of play, defined according to five pitch
areas or spatial strips

- D
o
V opP

Offensive Passing
RECOVERY & LOSS

Permanent Loss Ball is definitely lost, the attack action is over. It
is considered permanent loss after 3 consecutive
passes from the opposing team or if the ball is
recovered in C, D, or UD zone.

KeepsBall KB The player brings the ball from a zone to another
or from a lateral position to another (or both at
the same time). It can also happen if the player
launchesthe ball forward and he himself gets to
the ball in the next zone.

BALL OUT OF PLAY

Dropped Ball When the referee interrupts the game for
reasons not due to the other conditions of BALL
OUT OF PLAY (for example, medical staff is
entering the area because a player is down but
there is no foul).

Any shot not on target, or on target but saved by
the keeper or a defender.

Free Kick FK

FIGURE 1 | Observation instrument.

detection. THEME detected 721 different T-patterns occurringin  events (minimum threshold when speaking about complexity,
at least 80% of the home matches (p = 0.005). Two hundred and  since it means considering patterns that connect at least two
fifty-six out of 721 different T-patterns (36%) have four or more  different sub-patterns).
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DIRECTION OF ATTACK

FIGURE 2 | Zones and lateral positions. Adapted from Camerino et al. (2012).

The most complex T-pattern (see Figure 3!) was detected 8
times in at least 80% of home matches, with a length of 10
events and 5 levels. It shows a ball keeping in left offensive
area (o,le,kb), another ball keeping in left ultra-offensive area
(uo,le,kb), a pass from the left ultra-offensive area to the central
ultra-offensive area (uo,le,uop,cep), a permanent loss in this area
(uo,ce,pl), a pass from the right ultra-offensive area to the central
ultra-offensive area (uo,ri,uop,cep), a momentary loss in this
area (uo,ce,ml), a corner kick from the right ultra-offensive area
(uo,ri,ck), another pass from the right ultra-offensive area to the
central ultra-offensive area (uo,ri,uop,cep), another momentary
loss in this area (uo,ce,ml) and finally a permanent loss in this
area (uo,ce,pl).

THEME detected 203 different T-patterns occurring in at least
80% of the away matches (p = 0.005). Twenty-nine out of 203
different T-patterns (14%) have four or more events.

The most complex T-pattern (see Figure 4) was detected 10
times, with a length of 5 events and 3 levels. It shows a pass from
the central offensive area to the same area (o,ce,op,cep), followed
by a momentary loss in the central ultra-offensive area (uo,ce,ml),
a corner kick from the right ultra-offensive area (uo,ri,ck), a pass
from the right ultra-offensive area to the central ultra-offensive
area (uo,ri,uop,cep), and again a momentary loss in this area
(uo,ce,ml).

'How to read the pattern tree graph: the left box of Figures 3-6 shows the events
occurring within the pattern, listed in the order in which they occur within the
pattern. The first event in the pattern appears at the top and the last at the bottom.
The lower right box shows the frequency of events within the pattern, each dot
means that an event has been coded. The pattern diagram (the lines connecting
the dots) shows the connection between events. The number of pattern diagrams
illustrates how often the pattern occurs. Sub-patterns also occur when some of the
events within the pattern occur without the whole of the pattern occurring. The
upper box illustrates the real-time of the pattern. The lines show the connections
between events, when they take place and how much time passes between each
event.

Comparing Positive Attack Actions

between Home and Away Matches

In order to explore the efficacy of the attack actions both in home
and in away matches, we considered for a deeper analysis only
those t-patterns that involved Goals or NoGoals (shots).

In home matches, THEME detected 82 common T-patterns
including at least a Goal or a NoGoal event (p = 0.005). The most
complex T-pattern (see Figure 5) was detected 12 times in at least
80% of home matches, with a length of 5 events and 3 levels. It
shows a ball keeping in the left ultra-offensive area (uo,le,kb),
followed by a pass from that zone to the central ultra-offensive
area (uo,le,uop,cep), a momentary loss in this area (uo,ce,ml),
a recovery in the central offensive area (o,ce,r), and finally a
NoGoal (shot) from the same area (o,ce,ng).

THEME detected 20 common T-patterns in away matches
with at least a Goal or a NoGoal (p = 0.005). The most complex
T-pattern (see Figure 6) was detected 9 times in at least 80% of
away matches, with a length of 4 events and 2 levels. It describes
a momentary loss in the central offensive area (o,ce,ml), followed
by a recovery in the same area (o,ce,r), a pass from the central
offensive area to the same area (o,ce,op,cep), and a NoGoal from
the same area (o,ce,ng).

DISCUSSION

Since the average number of events coded per game does not
significantly differ between home and away matches, we can
affirm that differences in patterns between the two conditions are
not due to the number of events coded.

Mann-Whitney test results allow us to refuse the null
hypothesis, hence confirming home and away matches to be
significantly different in terms of patterns’ number, diversity, and
complexity. Descriptive statistics show that in home matches
THEME detected a greater number of different patterns (H1
confirmed), characterized by a higher diversity (H2 confirmed)
and complexity (H3 confirmed). Moreover, according to Cohen’s
classification (Cohen, 1988), results showed a large effect size,
ranging from 0.7 to 0.8.

In terms of primary level of performance, home matches are
characterized by a more structured (higher number of levels
in patterns) and varied (longer patterns, each composed by
different events) game; this could be due to the team having more
confidence when applying rehearsed tactics, as well as new ones.
In fact, away matches present a more stereotyped game, with
simpler patterns; there seem to be more difficulties in structuring
and changing the game tactics. The greater number of different
behaviors, identified in home matches’ patterns, confirms these
data and provides the team with a wider range of opportunities
not to be predictable, making it harder for the opponents to
respond appropriately.

Qualitatively analyzing the more complex patterns of the two
conditions, we noticed that they end similarly, with a corner
kick and ball in the ultra-offensive area (positive events speaking
about attack actions in soccer, because they can lead to a chance
on goal). However, there is a difference if we focus on the events
preceding this outcome. It seems that, in home matches, ball
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TABLE 2 | Results recap.

Home median Away median U V4 P r
Unique patterns 127 42 1 3.008 0.001 0.80
Unique behaviors 31 20 2.5 2.83 0.002 0.76
Patterns’ levels 1.9817 1.381 2 2.875 0.002 0.77
Patterns’ length 3.2557 2.4048 2 2.875 0.002 0.77
Number of events coded per game 87 75 NS NS 0.259 NS

P- and r-values in italics are considered significant and related to a medium-large effect size.
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FIGURE 3 | The most complex T-pattern from home matches. It occurred in 80% of the games analyzed. Events are (1) o,le,kb; (2) uo,le,kb; (3) uo,le,uop,cep;
(4) uo,ce,pl; (5) uo,ri,uop,cep; (6) uo,ce,ml; (7) uo,ri,ck; (8) uo,ri,uop,cep; (9) uo,ce,ml; and (10) uo,ce,pl.
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possession and the widening of the play on the lateral sides are
an important part of the team’s strategy. There are numerous
and continuous changes of play with crosses from the sides
directed to the central ultra-offensive area but there seem to be
difficulties in exploiting those crosses, mistakes, and adversaries’
defenses tend to prevail. Regarding away matches, the limited
number of events composing the pattern makes it difficult to
draw general conclusions about the team strategy, apart from
highlighting a difficulty in the central penetration (from the
offensive central to the ultra-offensive central zone), probably
linked to a difficulty in widening the play. This simplicity,
however, is an index of a difficulty for the team in creating
and establishing a functional game strategy to getting important
attack chances, such as the one described in the pattern. You
could also say that this kind of occasions happened more
randomly in away matches compared to what happened in the
home condition.

By restricting the analysis to positive attack actions, we
found that the number of patterns including goals and shots
to goal is much higher in home rather than in away matches

(on a 4 to 1 ratio). This partially confirms previous findings.
Sasaki et al. (1999), for example, found that the team they
studied performed a greater number of goal attempts and
shots on target during home matches. Different studies have
shown significantly higher performance measures for attack
indicators, such as shots to goal (Carmichael and Thomas,
2005; Tucker et al., 2005) and goals scored (Lago-Penas and
Lago-Ballesteros, 2011) when the teams they observed were
performing at home. It seems that, in home matches, the shot
to goal is more probably the result of a strategically repeated
structured maneuver, compared to what happened in the away
condition.

Qualitative analysis of the more complex patterns reveals
that, like the previous case, they end similarly in the two
conditions (a ball recovery in the offensive central zone and
a shot from outside). However, while in home matches these
events are preceded by a ball possession on the lateral sides and a
penetration in the ultra-offensive zone, in the away matches the
game develops in the central offensive zone, an area where it is
more difficult for the team to create scoring chances.
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CONCLUSION AND PRACTICAL
APPLICATIONS

An important limitation of this study, similar to other studies
previously discussed (e.g., Sasaki et al., 1999; Tucker et al,
2005; Taylor et al., 2008) is that we considered a single’s team
performance over a sustained period. Even if tactics and strategies
are unique to individual teams and what is successful for one
team may therefore not be for another (Tucker et al., 2005),
aggregating performance of different teams during analysis
may favor generalization of findings. Moreover, we did not
examine the effects of match location on technical and tactical

performances as a function of team quality. Several studies have
revealed that team quality affects the degree of home advantage
obtained in sport (i.e., Schwartz and Barsky, 1977; Madrigal and
James, 1999; Lago-Peifias, 2009; Lago-Pefias and Lago-Ballesteros,
2011).

However, in line with the findings of other studies that have
applied T-pattern methodology to soccer (Jonsson et al., 2003,
2010; Camerino et al., 2012; Zurloni et al., 2014a), the results
obtained and discussed above strengthen the belief that T-pattern
analysis is an effective tool, producing different potential ways
of supporting research in sport performance analysis and more
specifically in game location effects.
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In general, this study shows that game tactics are different
between home and away matches. The home advantage detected
at a tertiary level of performance is linked to a difference in
the primary level, that t-pattern analysis translated in a more
structured and varied game (more different patterns, longer and
more complex), in which the ball possession in midfield and
the numerous attempts to widen the play on the sides seem to
represent an important part of the team’s strategy. The situation is
different for away matches; the “poor and stereotyped” structure
of the detected patterns does not allow us to draw general
indications on game attack strategies, apart from a difficulty
in creating and establishing stable structures of play. It would
be probably useful for the team to replicate the same “home
strategy” of widening of the play, given the inefficacy of central
penetration, which often leads to shots from outside.

These data need to be further developed and analyzed, for
example by increasing the sample size, comparing tactics between
different teams and extending the analysis to defensive play as
well (ad hoc footage would be needed, since television footage
usually follows the ball’s movements).

These results also point toward the need to investigate
the potential link between temporal structure detection and
soccer managers observations. In fact, the chance to create an
observation instrument tailored on the needs of a specific team,
exploiting the collaboration of the manager and his technical
staff, would achieve even more significant results.

THEME and the corresponding T-pattern algorithm offer
alternative means of analyzing team performance at a primary
level, contributing to the research on the effects of game
location, enriching the models already existing in literature and
creating a different perspective that can be used to increase the
team’s performance at all levels. An important step will be to
support this kind of analysis with the measurement of psycho-
physiological factors, to understand which and how specific state

and trait variables influence performance, aiming at a better
monitoring and training of the team as a whole.
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Possession time in football has been widely discussed in research but few studies have
analyzed the importance of the field area in which possession occurs. The objective
of this study was to identify the existence of significant differences in the field zone of
ball possession between successful and unsuccessful teams and to acknowledge if
the match status modulates the possession model. To this end, 2,284 attacks were
analyzed corresponding to the matches in the final phase of the UEFA Euro 2016
France, recording possession time and field zone in which possession occurred. Video
recordings of matches were analyzed and coded post-event using notational analysis.
We have found that successful offensive game patterns are different from unsuccessful
ones. Specifically, field zone in which major possession occurs changes significantly
between successful and unsuccessful teams (x2 = 15.72, p < 0.05) and through
Welch’s T significant differences were detected in possession time between successful
and unsuccessful teams (H = 24.289, p < 0.001). The former are characterized
by longer possession times, preferably in the middle offensive zone, on the other
hand, unsuccessful teams have shorter possession times and preferably on the middle
defensive zone. Logistic regression also allowed us to identify that greater possession
in the middle offensive zone is a good indicator of success in the offensive game,
allowing us to predict a greater chance of victory in the match. Specifically, every time
the teams achieve possession in the middle offensive zone, the chance of winning
the match will increase 1.72 times and, the probability of winning the match making
longer possessions in the middle offensive zone is 44.25%. Applying the Kruskal-
Wallis test we have also been able to verify how match status modulates the teams
possession time, specifically, when teams are winning they have longer possessions
x2 =92.628, p = 0.011. Results obtained are expected to help gain more knowledge
about successful offensive game models, as well as performance factors of the offensive
phase, which will allow teams to optimize their training process and performance during
the match.

Keywords: observational methodology, football, offensive phase, possession ball, performance indicators
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INTRODUCTION

In sports games and specifically in football, encounter analysis
through systematic observation is an effective and objective
instrument to collect information and identify the most relevant
events that occur in them, as revealed by Carling et al. (2009)
when affirming that match analysis has taken a transcendental
role in sports.

In many cases observation is the only way to study a
phenomenon without distorting it, watching it as it occurs
in game context since, according to Anguera (1993), it is
a particular strategy of the scientific method that proposes
the quantification of spontaneous behavior that occurs in
unprepared situations, implying that to achieve results an orderly
series of stages is required (problem definition, design, data
collection, data analysis, and results interpretation). This is the
only scientific methodology that allows data to be collected
directly from playing participants in competitions, without
eliciting the response from the direct apprehension of perceptible
information, preferably helping us through recording, which is
the usual method to access information (Anguera and Mendo,
2013).

Observational methodology is a scientific procedure that
allows the detection of behaviors perceiving them in their usual
context, proceed with systematic recording and analysis, both
qualitative and quantitative and mixed methods (Anguera et al,,
2014), using a suitable instrument, enabling the detection of
different types of relations and evaluating them. This will require
the selection and use of the most appropriate analysis tool
depending on the data collected nature (qualitative, quantitative
or mixed) and the intended results (descriptive, comparative,
or predictive). Observational methodology, proposes certain
procedural structures —observational designs— through a set of
criteria which are the natural bases of observational studies.
In each study, once the objectives have been defined, the
observational designs established then guide the entire process,
influencing the preparation of the observation instruments, the
recording and its metrics, the observational sample, data quality
control and to a large extent the choice of the most appropriate
analysis techniques. They also have a significant repercussion on
the interpretation of the results.

In football, unlike other team sports of cooperation-
opposition and simultaneous participation, due to its complex
nature (Davids et al., 2005; Aratjo et al., 2006; Perl, 2006), high
uncertainty and multifactoriality (Gréhaigne, 2001; McGarry
et al., 2002; Lames and McGarry, 2007), the search is not easy,
which means that identifying factors that affect success is of
particular interest (O’Donoghue, 2010). Performance in this
sport has a multidimensional setting and can be grouped into
two broad areas of study. On the one hand, we would find
analytical factors related to conditional aspects and, on the other
hand, competition factors that would require an analysis in its
natural context. Within the latter, tactical-strategic aspects allow
to better reflect the nature of the game and to better understand
its development.

In recent years this type of work has proliferated (Hughes
and Franks, 2005; Lago, 2009) aiming to detect successful play

patterns through the analysis of different game situations and
different variables. Some of these studies focus their interest in
studying the offensive phase (Ensum et al., 2000; James et al.,
2004; Jones et al., 2004; Hughes and Franks, 2005; Lago and
Martin, 2007; Acar et al., 2009; Lago-Ballesteros et al., 2012;
Collet, 2013; Casal et al., 2015; Ric et al., 2016), others the
defensive phase (Barreira et al, 2013; Vogelbein et al., 2014;
Andujar, 2015; Mohammad et al., 2016; Ric et al., 2016) and
others in the analysis of situational variables (Borras and Sainz
de Baranda, 2005; Tucker et al., 2005; Taylor et al., 2008; Lago,
2009, 2012; Lago-Peifias and Dellal, 2010; Lago-Pefias and Lago-
Ballesteros, 2011; De Oliveira, 2012; Sainz de Baranda and Lopez-
Riquelme, 2012; Sanchez Flores et al., 2012; Arda et al., 2014;
Casal et al., 2014, 2015).

Another element of great interest in football’s performance
analysis is the identifying and understanding differences between
game patterns developed by successful and unsuccessful teams
(Hughes and Bartlett, 2002). To acquire objective information
that permits assessing team performance (Carling et al,
2005) and differentiate playstyle from successful teams and
unsuccessful ones (Mckenzie and Cushion, 2012).

One of the most studied indicators in football research has
been possession (Bate, 1988; Dawson et al., 2000; Garganta, 2000;
Hadley et al., 2000; Carmichael et al., 2001; Hughes and Bartlett,
2002; Hughes, 2003; McGarry and Franks, 2003). This is because
it can lead a team to take the initiative of the offensive game,
though it doesn’t necessarily mean to win the match. In recent
years this variable has acquired greater significance due to the
success of teams like F.C. Barcelona and the Spanish national
team who have maintained hegemony in European and world
football using a playstyle based on possession and taking the lead
through keeping the ball.

This fact is reinforced by some studies that claim that greater
possession implies greater team success. Hook and Hughes
(2001) reported that successful teams in the UEFA Champions
League, FIFA World Cup, and UEFA Euro achieved longer
possession time than the unsuccessful teams. Bloomfield et al.
(2005a) showed that the top three teams in the 2003-2004
English Premier League (Arsenal, Chelsea, and Manchester
United) achieved longer possession time than their opponents.
James et al. (2004) detected significant differences in possession
between successful and unsuccessful teams from the English
Premier League. Carling et al. (2005) obtained the same results
in a study from the same league but in the 1996-1997 season.
Grant et al. (1999) analyzed the 1998 FIFA World Cup and
Hook and Hughes (2001) 2000 UEFA Champions League, both
studies reaching the same conclusion, that possession is linked
to team success. Casal et al. (2015) analyzed the 2008 UEFA
Euro, concluding that a longer offensive phase predicts greater
success, and studies Grant et al. (1999), Hook and Hughes (2001),
James et al. (2004), Bloomfield et al. (2005b), Carling et al. (2005),
Hughes and Franks (2005), Collet (2013), Casal et al. (2015) also
corroborate the relationship between greater possession and team
success.

But it seems presumptuous to claim that longer possession
time ensures greater success, as the results of different studies are
inconclusive and reality shows how teams with low possession
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time are also successful, as demonstrated by studies like those of
Bate (1988) which indicates that teams are more likely to achieve
goals having the ball near the goal zone and not the longer you
keep the ball on your own possession, even though these two
variable are often related. Stanhope (2001) also indicates that
possession did not represent the successful teams of the 1994
FIFA World Cup, although it seems that the game strategies used
by the successful teams have evolved over the years into a more
possession based playstyle. Studies Lago and Martin (2007), Lago
(2009), and Lago-Penas and Dellal (2010) indicate that in the
Spanish League greater possession is a feature observed in teams
that are either losing or tying the game. Collet (2013) concludes
that the effect of possession time in matches of the domestic
league was negative, in the UEFA Champions League had no
effect and in National team tournaments was not significant,
leading to think that the influence of possession on success will
depend on team capacity. Moreover, we must emphasize that in
season (2015/16), according to data collected on FIFA’s official
website, the top teams in the major European leagues (Bundesliga
in Germany, France Ligue 1 in France, Spanish Liga, A Series in
Italy and the Premier League in England) have possession times
over 50% with the exception of Leicester, leader of the Premier
League, which has 42% of possession during matches. Possession
time or offensive phase duration could also be explained by the
playstyle selected or some situational variables. Some studies have
shown that possession is influenced by the match status (Sasaki
et al., 1999; James et al., 2004; Jones et al., 2004; Bloomfield et al.,
2005a; Lago and Martin, 2007; Taylor et al., 2008). Studies Lago
and Martin (2007) and Lago (2009) found that losing teams had
longer possession times in the offensive zone rather than the
defensive zone.

Another variable that modulates possession time is the match
location, and some studies show that home teams have longer
possession times than away teams (James et al., 2002, 2004;
Jones et al., 2004; Lago-Penas and Dellal, 2010). The quality
of rival team also varies possession time, being greater when
facing rivals with low capacity level (Jones et al., 2004; Bloomfield
et al., 2005a; Tucker et al., 2005; Lago and Martin, 2007; Lago,
2009). A transcendental aspect when possession is analyzed as
a performance indicator is to discern the quality of it, as Collet
(2013) advises. It will therefore be important to not only quantify
the time a team retains possession during the offensive phase, but
also to identify the zone in which it is carried out as keeping the
ball in fruitless offensive zones (away from the goal) might not
guarantee the success of the offensive phase, although it may be
a recommended strategy to defend possession in circumstances
that reccomend it. In this study, an analysis of ball possession
of the 2016 UEFA Euro France was realized, the main objective
being to identify the possible relationship between possession
time and the zone in which it develops with team success,
reflected in the results of the match. That is, we want to know
whether the successful and unsuccessful teams are characterized
by more or less possession in certain zones of the field, showing
a different offensive game. The main contribution that this study
provides to the scientific field is conducting a quantitative and
qualitative analysis of ball possession, as it not only means to
quantify the time of team possession but also to identify the area

where this occurs in order to determine the quality of the same.
On the other hand, performing a multivariate analysis to identify
the influence of possession time and area on the outcome of the
match, and identifying a model that enables us to predict team
success based on these variables.

The hypothesis of this study is that team level modulates the
type of ball possession, both quantitatively (possession time) and
qualitatively (area of possession).

MATERIALS AND METHODS

Participants

To control some of the situational variables that can potentially
affect tactical and strategic team behavior, such as quality or
level of opposing teams and the match location (Kormelink and
Seeverens, 1999; Carling et al., 2005), 12 matches corresponding
to the round of eighth-finals, quarterfinals, semifinals and final
of the 2016 UEFA Euro France have been selected in which
2.284 ball possessions occured. Switzerland, Poland, Croatia,
Portugal, Wales, Northern Ireland, Hungary, Belgium, Germany,
Slovakia, Italy, Spain, France, Eire, England, and Iceland were the
teams analyzed. Three games (Switzerland vs. Poland; Poland vs.
Portugal and Germany vs. Italy) have been excluded from the
analysis since the match outcome was a draw having in account
regular time and extensions, which makes impossible to label the
teams as successful or unsuccessful. This sample ensures that all
matches are played on neutral ground, the teams have a similar
level and, by eliminating the games of the group phase, we also
make sure that the teams look for the victory in their matches,
since defeat will mean elimination. In the group phase matches,
it may happen that some team is more interested in drawing or
losing any of their matches, to avoid a particular opponent in
the following phases, this would lead to incorrect results in the
study.

Instruments

Four national coaches and experts in football research designed
an ad hoc observation instrument combining a field format
and category system (Anguera and Mendo, 2013) was created
(Table 1). Variables designed for the study are time (time that
teams have ball possession in each field zone, in minutes);
possession zone (spatial division of the field in defensive half and
offensive half); match outcome (determined based on the number
of goals scored and conceded at the end of the match); match
status (match result at the time of registering each possession);
match half; move outcome.

Procedure

In order to carry out the study, a direct, non-participatory,
systematic, and natural observational methodology was used
(Anguera et al., 2011).

Matches were recorded from TV emitted images and
were registered and analyzed post-event. Because the video
recordings were public, confidentiality was not an issue and
authorization was not required from the players observed or
their representatives. Furthermore, the information cannot be
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TABLE 1 | Category system used in the observation tool.

Criterion Categories

Time Possession time in each zone

Possession zone Middle defensive zone
Middle offensive zone
Win

Draw

Match outcome

Loss
Match status Winning
Drawing
Losing
First half

Second half

Match half

Goal
Shot

Own corner kick

Move outcome

Opponent’s corner kick
Own throw-in
Opponent’s throw-in
Own'’s foul

Opponent’s foul

Lost possession

considered either personal or intimate, as the research consisted
solely of naturalistic observations in public places, and it was
not anticipated that the recordings would be used in a manner
that could cause personal harm (The American Psychological
Association’s [APAs], 2010). No experimental analysis involving
human studies is performed in the study.

Basic Concepts

Basic concepts used in this study are, firstly, the definition of
ball possession. We have adopted the definitions of two previous
studies (Castellano, 2000; Casal, 2011), determined that a team
starts a possession, while it is in play or when a player gets the
ball while it is in possession of the other team must meet at least
one of the following criteria:

(1) The player who receives the ball must touch it at least two
times.

(2) The player intercepts the ball and a partner continues
possession.

If the ball is stationary, a team starts a possession, when the ball
has been put into play after a reglementary interruption had been
decreed and consequently the match stopped. The analysis unit
was composed for the entire offensive phase of the team, since ball
possession started until it was lost or the match was interrupted.

Space arrangement used harnesses the subdivision performed
by field regulation, dividing the field into two parts by a vertical
line (central line). The zone of the field comprised between the
central line and the bottom line of the goal of a team has been
called middle defensive zone and the other half, bounded by the
central line to the bottom line of the opposing goal has been called
middle offensive zone.

Criteria used for the division of the teams into two groups,
successful and unsuccessful, has been the outcome of the match
(Lago-Penas et al., 2010), excluding penalties. This way, all the
teams that won their matches during reglementary time or
extensions were classified as successful and teams who lost their
matches as unsuccessful.

Data Quality Control

To try to ensure data reliability, all matches were registered
and analyzed by four observers, all of them national soccer
coaches with more than 10 years of experience in the field of
training, teaching, and research in football through observational
methodology. In addition, the following training process was
carried out: First, eight observing sessions were conducted on
teaching the observers following the Losada and Manolov (2014)
criteria and applying the criterion of consensual agreement
(Anguera, 1990) among observers, so that recording was only
done when agreement was produced. To ensure inter-reliability
consistency of the data (Berk, 1979; Mitchell, 1979) the Kappa
coeflicient was calculated for each criterion (Table 2), it revealed
a strong agreement between observers, which means high
reliability, taking Fleiss (1981) as a reference, who establishes
a classification for the Kappa values where it characterizes as
regular values found between 0.40 and 0.60, good between 0.60
to 0.75, and excellent above 0.75. Moreover, the procedure was
repeated after 2 weeks (to exclude any learning effects) to check
intraobserver reliability (Mitchell, 1979).

Statistical Analysis

Variables analyzed were Match Status, Half Match, Possession
Zone, Move Outcome in relation to Possession Time. In the
case of possession time and match status result was significant,
and was complemented by a Kruskal-Wallis post hoc test to
know among which categories the differences existed. Half
match proved to be non-significant while possession zone has a
significant result.

In the case of possession time and move outcome, several play
options are analyzed, applying the Kruskal-Wallis test to see if
differences were found between them (Tenga and Sigmundstad,
2011).

A comparative analysis of possession zone between successful
and unsuccessful teams (match outcome) was also carried out,
with significant differences between both groups of teams. The
size effect was calculated in terms of Cramer’s and Chupov
that showed low intensity between the two variables. We also
found differences between possession time and successful and
unsuccessful teams, using Welch’s T. To know the size of the
effect, a point-biserial correlation was applied (Nakagawa and
Cuthill, 2007), indicating that a relationship exists, but with a low
intensity.

Finally, a logistic regression model was performed, to know
the influence that possession time and possession zone (predictor
variables) have on match outcome (variable explained). The
model’s degree of adjustment was verified (Ato and Lopez, 1996;
Hair et al, 1999), and once verified the success probability
estimation was calculated, depending on the values of predictor
variables.
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TABLE 2 | Observers inter-reliability by criterion.

Criteria Ob1 -0b2 0b1 -°b3

Ob1-Oby

Ob,-Oby Obj3-Oby

Time 0.9
Possession zone 1
Match outcome 1
Match status 1 1
Match half 1
Move outcome 1

Ktotal 0.98

0.89 0.92

- a4 a4
—
—

- a4 a4

0.98 0.98

To perform statistical analysis the R program (v.3.2.0) was
used, libraries used were epiDisplay, pscl, BaylorEdPsych, and
Modeva. Significance level for each performance indicator was
set at 5%, as usual in comparable scientific studies (Taylor et al.,
2005).

RESULTS

Agreeing with Allen (2003) definition, the most common way
of describing a set of interrelated data is to calculate the mean
value and a dispersion measure around this mean value. We
started presenting the related values between “match status”
and “possession time,” which shows that the average possession
time in a winning team is 20.3 m with a deviation of +16.0 m
(N = 667) during the match. In case of a draw, shows a
mean value of 18.2 m with a standard deviation of £16.8 m
(N = 912). Finally, in the case of losing the mean length of
possession is 13.7 m, with a deviation of +12.3 m (N = 705).
The relationship between the three categories of the variable
“match status” indicate that there are significant differences
between them (p-overall < 0.01) (Table 3). The standard error
is important, because records have a large dispersion, most are
outliers.

Average “possession time” (Figure 1) is smaller with the
result “losing.” For a “draw” result the average increases
slightly, and finally presents the greatest value for the result
“winning.”

In order to know among which categories the differences
occur, comparisons are proposed two to two, with a Kruskal-
Wallis post hoc test. The Kruskal-Wallis test shows a
chi-square statistic value of 92,628, with p-value = 0.011,

indicating differences between categories. In the post
hoc contrast, significant differences are found in the
WINNING-LOSING and DRAWING-LOSING  pairs
(Table 4).

Analyzing the relationship between the variables “match half”
and “possession time,” we obtained a mean value of 17.6 m with a

Relationship possesion time- Match status

60 4
40 4

1HH o

T T T
Losing

Possesion time
=

Winning Drawing

Match status

FIGURE 1 | Match status and possession time diagram box.

TABLE 4 | Categories differences based on pairwise comparisons.

Obs.dif Critical.dif Difference

26.02823
75.40621
49.37698

40.77737
43.22467
40.12126

Winning-Drawing False

Winning-Losing True

Drawing-Losing True

standard deviation of £15.3 m (N = 1,190 plays) in the first half,
while in the second half the average length of possession is 17.2 m
with a deviation of £15.8 m (N = 1,094). These differences were
not statistically significant (p = 0.73) (Table 5).

In Figure 2 a slight reduction in possession time is observed
in the second half of the match.

Variables “possession zone” and “possession time” have a mean
value of 16.0 m, with a standard deviation of 13.5 m (N = 1,053)
in the middle defensive zone. The middle offensive zone has a
mean value of 18.6 m with a standard deviation of +17.0 m

TABLE 3 | Relationship of possession time and match status.

TABLE 5 | Relationship possession time — half match.

Winning Drawing Losing p_overall First half Second half p_overall
N =667 N=0912 N =705 N=1190 N = 1094
Possession time 20.3 £ 16.0 182+ 16.8 13.7 £ 123 <0.01 Possession time 176 m£153m 17.2m £ 15.8m 0.73
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FIGURE 2 | Half match and possession time diagram box.

(N = 1,231). Differences are significant (p = 0.04-overall),
(Table 6).

It is seen in mean values of “possession time” which is slightly
lower for the middle defensive zone compared to the offensive
zone. We observed that distance in the middle offensive zone
in the interquartile range is greater, plus a greater dispersion of
the observations (Figure 3). This means that the hold time is
increased in this area.

In the box diagram (Figure 4), like the previous box diagrams
(Figure 3), outliers have been deleted on their behalf to have a
better view of the distributions of each category of move outcome
based on possession time. There are differences in interquartile
ranges, as well as the last values of the upper whiskers, while
the difference between the values of the initial whiskers are not
significant. This indicates that distributions are biased.

To find significant differences between these variables the
Kruskal-Wallis test was applied, with a value of 68.062, and
p-value = 0.3408 all means being equal.

Possession time is a success indicator identified in several
works, the objective is to determine possession time and field
zone in which possession occurs since having possession in the
middle defensive zone does not necessarily mean more success
since the ball is away from the rival goal.

Table 7 provides an overview of use frequency of the various
zones of the field and mean durations of possession in different
zones, depending on successful and unsuccessful teams.

Possession zone changes significantly between groups,
x> = 1572, p < 0.05. Specifically, successful teams occupied

TABLE 6 | Descriptive possession time — possession zone.

Middle defensive Middle offensive
N =1.053 N =1.231 p_overall
Possession time 16.0m £ 13.5m 186 m+ 17.0m 0.04

T T

Defensive zone Offensive zone

Field zone

FIGURE 3 | Possession zone (field zone) and possession time diagram box.
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FIGURE 4 | Move outcome and possession time diagram box.

more frequently the middle offensive zone than the unsuccessful
(712 times against 588, respectively). On the other hand,
the unsuccessful teams occupied a greater number of times
the middle defensive zone than the successful teams (578
vs. 406).

Observation indicates that successful teams spend more time
in the middle offensive zone, and is accompanied by a greater
possession time (20.23 s) as contrary to the middle defensive zone
(15.82 s). While unsuccessful teams spend more time inside the
middle defensive zone, with a longer possession time (14.23 s)
than in the middle offensive zone (12.74 s).
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TABLE 7 | Relationship between group, zone, and possession time.

Group Field zone Fr. x PT*
Successful Middle defensive 406 15.82
Middle offensive 712 20.23
Unsuccessful Middle defensive 578 14.23
Middle offensive 588 12.74

*Possession time.
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FIGURE 5 | Mean comparison.

Intensity determined by association coeflicients Cramer’s
V 0.13, and Chuprov coefficient T? 0.13 used to measure
symmetrical association between variables showed low intensity
relationship between variables.

Significant differences were also found in possession time
between successful and unsuccessful teams, H = 24.289,
p < 0.001. To study the relationship between possession time and
match outcome Welch’s T was used.

In this case, statistic t = 5.408, p < 0.001 with a confidence
interval of 95% between —7.072 and —3.305, and 18.67 in
successful and 13.48 in unsuccessful teams.

Observing the three variables (Figure 5) shows that in the
successful teams attack patterns, teams stay longer in the middle
offensive zone with a longer possession time than unsuccessful
teams, while unsuccessful teams stay longer in the middle
defensive zone with longer times in possession.

Size effect was measured applying a ry,p,, formula quoted by
Nakagawa and Cuthill (2007) with a value of 0.32. Positive
coeflicient indicates that high scores on possession time implies
greater success for the team, although with small intensity.

To determine the influence of possession time and possession
zone in successful and unsuccessful teams a logistic regression
model was used (Table 8).

Successful /unsuccessful = possession zone + possession time

Team success increases 1.72 times when playing on the middle
offensive zone against the middle defensive zone in the one

variable model. The two variable model shows an increase of
1.67. Possession time didn’t show significant differences between
successful and unsuccessful teams.

Probability of being successful in explanatory variable terms,
with X being field zone and X, possession time is:

exp(@taXi+aXs)

P (Exitosos) = = 0.4425 (1)

1+ exp(a0+u1X1+0£2X2)
44.25% is the probability of a team being successful.

Some authors (Hair et al., 1999) recommend using several
methods to evaluate the model’s goodness of fit. A value of
Hosmer-Lemeshow 0.797 indicates goodness of fit (Figure 6).

Evaluation model based on pseudo-coefficients R2,
CoxSnell = 0.048, adjusted Nagelkerke = 0.065, Adj.
McFadden = 0.036 and Tjur = 0, indicate low prediction.
In classification terms, the model has 47.90% of sensitivity and
69.91% of specificity. UAC = 0.62 value with ratio of 1.23 shows
an average ability to classify.

DISCUSSION

The main objective of this study was to determine whether
possession time and possession zone are performance indicators
that distinguish the successful football elite teams from the
unsuccessful. What differentiates this study from its precedents
is that it has tried to control some of the situational variables
identified by previous studies as an influence to ball possession.
Specifically, all analyzed matches were played at neutral grounds
and team level was similar having into account that the teams
were the best European national teams. The match status, the
other situational variable identified as influential in possession
time, was also analyzed to observe level of influence. In order to
generalize results we have not studied only one team but analyzed
several national teams in the same competition.

Study results have allowed us to detect significant differences
between possession time and match status. Longest possession
time occurs when teams are winning, these results are similar
to those reported by Bloomfield et al. (2005b) and Taylor
et al. (2008) and contradict those found by Jones et al
(2004), Lago and Martin (2007), Lago (2009), and Lago-Peas
and Dellal (2010) who indicate that teams losing or drawing
have longer periods of possession. Multiple factors may explain
these differences, such as playstyles adopted by the teams
during competitions, since behavior may be different depending
on whether it is a national competition or an international
tournament, with different national teams. It has been shown that
the main differences are found between the result of winning-
losing and losing-drawing, while possession time does not
change when teams are either winning or drawing. These findings
indicate a team tendency to not change either their playstyle
nor their game pattern according to the match status, using
the same strategy despite the score, and teams characterized by
an attack pattern of long possessions shall not change to make
counterattacks or direct attacks when they get ahead on the
scoreboard, but try to keep the lead through ball possession, and
teams with short attacks will not change to make long attacks
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TABLE 8 | Logistic regression model.

Estimate SE z Pr> |z Crude OR (95% CI) Adj OR (95% ClI)
(Intercept) -0.77 0.13 5.74 9.19e — 09***
[T.Offensive] 0.51 0.13 3.67 0.01%** 1.72 (1.31, 2.25) 1.67 (1.27,2.19)
Dp 0.03 0.01 5.00 5.73e — 07 ** 1.03 (1.02, 1.04) 1.038 (1.02, 1.04)

*p < 0.05; **p < 0.001.
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when changing a favorable marker to an adverse one. However, to
consolidate these data, it would be interesting that future studies
considered not only the encounter’s partial result, but also score
difference, since possibly a team that is losing by the difference of
two or more goals and has little time left for the end of the match,
regardless of their style of play, will make short possessions to
try to increase the frequency of finalizations. On the other hand,
teams that are winning by the difference of two or more goals,
lacking a short time to the end of the encounter, although their
style of offensive game is characterized by short possessions,
surely will try to increase the possession time not allowing the
opposing team to create chances of finalization.

Results also suggest that possession time is slightly higher
in the first part of the match. This can be explained due to
the fact that in the second half of the match there is a greater
accumulation of fatigue and therefore the player will have a
lower technical and tactical level, which will cause a greater
number of errors in the technical executions and the tactical
decisions, consequently producing a greater number of ball losses
and possession changes. The offensive game actions ending with
a goal or shot are those with a longer possession time. Data
is consistent with results found in the study of Casal et al.
(2015) who suggest that long possessions offer a greater chance
of successful outcomes. Regarding the area of the field, results
show that most of the time possessions are located in the middle
offensive zone, this data is consistent with results obtained by
Collet (2013) which indicated the need for effective possessions,

meaning these possessions should be located in dangerous places
for the opponent’s team, for example, near the opponent’s goal.
Effectively, for possession to be effective, it must occur as close
as possible to the opposing goal, trying to disrupt the opposing
team’s defense and create a chance of finalization. Ball possession
happening far from the rival team’s goal and without intention to
progress is totally ineffective.

Having into account team quality the bivariate analysis has
allowed to draw several evidence on the possession type of
different teams. Specifically, we detected significant differences
in spatial occupation frequency that teams perform, successful
teams occupy a greater number of times the middle offensive
zone and for longer times, on the contrary, unsuccessful teams
occupy most often the middle defensive zone. Data is consistent
with results obtained by Bate (1988) indicating that probability of
scoring a goal depends on the number of times a team gets close
to the opposite goal having possession, this being an indicator of
successful teams. It seems obvious that the most advantageous
possession zones are those close to the goal zones of the opposing
team and that maintenance of possession in zones far from the
goal don’t guarantee offensive success.

Results reinforce the established by various studies (Andujar,
2015; Casal et al., 2015) showing that modern playstyle has
evolved into a positional game in which possession is the
fundamental argument in collective game. Playstyle has changed
from a model that produced success, identified by shooting
to the opposite goal, thanks to the turnovers in the middle
offensive zone and short possessions, to one in which once
possession has started the attacking phase becomes elaborate and
parsimonious.

Significant differences were found in possession time between
different group teams. Successful teams has longer possession
times than unsuccessful teams. Results agree with other studies
(Jones et al., 2004; Bloomfield et al., 2005a; Hughes and Franks,
2005; Lago and Martin, 2007; Lago-Pefias and Dellal, 2010)
indicating that greater possession characterizes successful teams.
This fact is reflected in the playstyle the best teams of both
European domestic leagues and national teams, both European
and worldwide are using today. The F.C. Barcelona (2015-2016
Spanish Liga and 2015 UEFA Champions League champions),
Spain’s national team (2008 and 2012 UEFA Euro 2010 FIFA
World Cup champions) and German’s national team (2014
FIFA World Cup champions) are characterized by an offensive
playstyle that consists of taking the lead through possession, using
as an overall tactical offensive model, the combination attack.

Multivariate analysis tried to describe the relationship
between possession time in each zone with team successfulness.
Results showed that successful teams differ significantly from
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unsuccessful teams in this regard. Specifically, successful teams
occupied more frequently the middle offensive zone and
remained longer in the same keeping possession. On the contrary,
unsuccessful teams occupied more times and middle defensive
zone staying longer times than successful teams. Results reinforce
those obtained with bivariate analysis which agreed with the
importance of being near the goal and having long possessions
to ensure team success.

Logistic regression analysis allowed us to determine
possession time and zone influence on the outcome of the match,
as well as identifying a model that allows us to predict team
success in terms of these variables. This model indicates that
each time that a possession is carried out in the middle offensive
zone, the chances of winning will increase 1.72 times and the
probability of success having longer possession times on the
middle offensive zone will be 44.25%. These data are the main
potentiality of the present work since no previous investigations
have been found that carry out this type of analysis, studying the
relationship between possession time, possession zone and team’s
successfulness, in order to identify a game pattern with greater
success.

One limitation of the study has been that only national teams
matches have been analyzed, so results cannot be extrapolated
to other kinds of meetings, because as indicated by studies
James et al. (2004), Tucker et al. (2005), Bloomfield et al.
(2005a), Lago and Martin (2007), Lago (2009), and Collet (2013)
the type of competition and, in particular, quality of the rival
team, influences the type of possession that will be carried
out in the meeting. On the other hand, we also believe that
the fact of having as sample teams of an even competitive
level (being the best in Europe) is work’s fortitude and, if
significant differences were found between the teams, all of a
similar competitive level, it is feasible that between different level
teams differences will be even greater. We are also aware of the
existence of other extraneous variables that can influence the
results as the playstyle in different competitions (Rienzi et al.,
2000), arbitration decisions, weather conditions or the state of
the field, but it would be impossible controlling all of these
variables, so this study has tried to show the influence of some
of them.

Results obtained are expected to help giving more knowledge
about successful offensive game models, as well as performance
factors of the offensive phase, which will allow teams to optimize
their training process and performance during the match.
In the field of research contributions could prove useful in
future studies of possessions, taking into consideration not only
possession time but also the area in which it occurs and team
quality.

REFERENCES

Acar, M. F., Yapicioglu, B., Arikan, N., Yalcin, S., Ates, N., and Ergun, M. (2009).
“Analysis of goals scored in the 2006 world cup,” in The Proceeding of the Sixth
World Congress on Science and Football, Science and Football, VI, eds T. Reilly
and F. Korkusuz (London: Routledge), 233-242.

Allen, R. J. (2003). The error of expected loss minimization. Law Probab. Risk 2,
1-7. doi: 10.1093/lpr/2.1.1

CONCLUSION

This study allows us to identify, characterize and differentiate
different attack patterns between successful and unsuccessful
teams, based on possession time and zone in which it occurs.
Results show that significant differences between the two groups
are found. Data establishes that successful teams are characterized
by an offensive game pattern with greater possession and more
presence in the middle offensive zone. On the other hand,
unsuccessful teams have shown an offensive game pattern with
lesser possession time. In addition, longer possession time in the
middle offensive zone, predicts greater chance of victory in the
match.

Current football’s empirical observation and analysis leads
to the identification of a possession playstyle generalized
commitment, it seems that coaches and teams have opted for
this model, but what makes teams have higher success rates
than others? Probably the answer is related to the individual
effectiveness of the actors (players) in the collective framework.
We can never forget that individualities build the collective game
and, therefore, individual quality of the players is a key factor of
performance, which will mark the collective success of the teams.

AUTHOR CONTRIBUTIONS

CAC developed the project, review the literature and wrote the
manuscript. JLL was responsible for performed analysis, the
method section and revised the content critically. RM and TA
collected and analyzed the data and supervised the drafting of the
manuscript. FJM translated the manuscript. All authors approved
the final, submitted version of the manuscript.

ACKNOWLEDGMENTS

We gratefully acknowledge the support of two Spanish
government projects (Ministerio de Economia y Competitividad):
(1) La actividad fisica y el deporte como potenciadores del estilo
de vida saludable: Evaluacién del comportamiento deportivo
desde metodologias no intrusivas [Grant number DEP2015-
66069-P]; (2) Avances metodolégicos y tecnologicos en el estudio
observacional del comportamiento deportivo [Grant number
PSI2015-71947-REDT; MINECO/FEDER, UE]; and the support
of the Generalitat de Catalunya Research Group (GRUP DE
RECERCA I INNOVACIO EN DISSENYS [GRID]). Tecnologia i
aplicacié multimedia i digital als dissenys observacionals, [Grant
number 2014 SGR 971].

Andujar, M. A. (2015). La Transicién Defensiva en el Fiitbol de Elite. Andlisis de la
Copa Mundial de la FIFA Suddfrica 2010. A Corufa: Universidad de A Coruna.

Anguera, M. T. (1990). “Metodologia observacional,” in Metodologia de la
Investigacion en Ciencias del Comportamiento, eds J. Arnau, M. T. Anguera, and
J. Gémez (Murcia: Secretariado de Publicaciones de la Universidad de Murcia),
125-236.

Anguera, M. T. (1993).
Observacional en la

“Proceso de categorizacion,”

Investigacion  Psicoldgica, Vol. 1,

in  Metodologia
ed. M. T.

Frontiers in Psychology | www.frontiersin.org

July 2017 | Volume 8 | Article 1176


https://doi.org/10.1093/lpr/2.1.1
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Casal et al.

Analysis of Possession in Football

Anguera  (Barcelona: ~ Promociones  Publicaciones
115-167.

Anguera, M. T., Blanco-Villasenor, A., Herniandez-Mendo, A., and Losada J. L.
(2011). Disefios observacionales: ajuste y aplicacion en psicologia del deporte.
Cuad. Psicol. Deporte 11, 63-76.

Anguera, M. T., Camerino, O., Castaier, M., and Sanchez, P. (2014). Mixed
methods in research into physical activity and sport. Rev. Psicol. Deporte 23,
123-130.

Anguera, M. T., and Mendo, A. (2013). La metodologia observacional en el ambito
del deporte. Rev. Ciencias Deporte 9, 135-161.

Araujo, D., Davids, K. Y., and Hristovski, R. (2006). The ecological dynamics
of decision making in sport. Psychol. Sport Exerc. 7, 653-676. doi: 10.1016/j.
psychsport.2006.07.002

Ard4, T., Maneiro, R, Rial, A., Losada, J. L., and Casal, C. A. (2014). Analisis de
la eficacia de los saques de esquina en la copa del mundo de fatbol 2010. Un
intento de identificacion de variables explicativas. Rev. Psicol. Dep. 23, 165-172.

Ato, M., and Lépez, J. (1996). Andlisis Estadistico para Datos Categoricos. Madrid:
Editorial Sintesis.

Barreira, D., Garganta, J., Guimaraes, P., Machado, J. C., and Anguera, M. T.
(2013). Ball recovery patterns as a performance indicator in elite soccer. J. Sport
Eng. Technol. 228, 61-72. doi: 10.1177/1754337113493083

Bate, R. (1988). “Football chance: tactics and strategy,” in Science and Football, eds
T. Reilly, A. Lees, and W. J. Murphy (London: E. & F.N. Spon), 293-301.

Berk, R. (1979). Generalizability of behavioral observations: a clarification of
interobserver agreement and interobserver reliability. Am. J. Ment. Defic. 83,
460-472.

Bloomfield, J. R., Polman, R. C.]., and O’Donoghue, P. G. (2005a). Effects of score-
line on intensity of play in midfield and forward players in the FA Premier
League. J. Sport Sci. 23, 191-192.

Bloomfield, J. R., Polman, R. C. J., and O’Donoghue, P. G. (2005b). Effects of
score-line on team strategies in FA Premier League Soccer. J. Sport Sci. 23,
192-193.

Borras, D., and Sainz de Baranda, P. (2005). Analisis de corner en funcion del
momento del partido en el mundial de Corea y Japén 2002. Cult. Cien. Deporte
2, 87-93.

Carling, C., Reilly, T., and Williams, A. M. (2009). Performance Assessment for Field
Sports. London: Routledge.

Carling, C., Williams, A. M., and Reilly, T. (2005). Handbook of Soccer
Match Analysis: A Systematic Approach to Improving Performance. Abingdon:
Routledge. doi: 10.4324/9780203448625

Carmichael, F., Thomas, D., and Ward, R. (2001). Production and efficiency
in association football. J. Sports Econ. 2, 228-243. doi: 10.1177/
152700250100200303

Casal, C. A. (2011). Cémo Mejorar la Fase Ofensiva en el Futbol: Las Transiciones
ofensivas. Alemania: Editorial Académica Espaiola.

Casal, C. A., Losada, J. L, and Arda, T. (2015). Analisis de los factores de
rendimiento de las transiciones ofensivas en el futbol de alto nivel. Rev. Psicol.
Deporte 24, 103-110.

Casal, C. A., Maneiro, R., Ard4, T., Losada, J. L., and Rial, A. (2014). Effectiveness
of indirect free kicks in elite soccer. Int. J. Perform. Anal. Sport 14, 744-750.
Castellano, J. (2000). Observacion y Andlisis de la Accion de Juego en el Fiitbol.

Vitoria-Gasteiz: Universidad del Pais Vasco.

Collet, C. (2013). The possession game? A comparative analysis of ball retention
and team success in European and international football, 2007-2010. J. Sport.
Sci. 31, 123-136. doi: 10.1080/02640414.2012.7272455

Davids, K., Aratjo, D., and Shuttleworth, R. (2005). “Applications of dynamical
systems theory to football,” in Science and Football V, eds T. Reilly, J. Cabri, and
D. Araujo (London: Routledge), 537-550.

Dawson, P., Dobson, S., and Gerrard, B. (2000). Stochastic frontiers and the
temporal structure of managerial efficiency in English soccer. J. Sports Econ.
1, 24-32. doi: 10.1177/152700250000100402

De Oliveira, P. (2012). A Influencia das Varidveis Situacionais no Comportamento
Posicional de uma equipa Profissional de Futebol no Instante de Recuperagio
da Posse da Bola. Um Estudo de Caso. Pontevedra: Universidade de Vigo.

Ensum, J., Williams, M., and Grant, A. (2000). An analysis of attacking set plays in
Euro 2000. Insight 4, 36-40.

Fleiss, J. L. (1981). Statistical Methods for Rates and Proportions. New York, NY:
John Wiley and Sons.

Universitarias),

Garganta, J. (2000). Analisis del juego del fatbol. El recorrido evolutivo de las
concepciones, métodos e instrumentos. Rev. Entrenamiento Deportivo 14, 6-13.

Grant, A. G, Williams, A. M., and Reilly, T. (1999). An analysis of the successful
and unsuccessful teams in the 1998 World Cup. J. Sport Sci. 17, 827.

Gréhaigne, J. F. (2001). La Organizacion del Juego en el Fiitbol. Barcelona: Editorial
Inde SA.

Hadley, L., Poitras, M., Ruggiero, J., and Knowles, S. (2000). Performance
evaluation of national football league teams. Managerial and Decision
Economics 21, 45-56. doi: 10.1002/1099-1468(200003)21:2<63::AID-
MDE964>3.0.CO;2-O

Hair, J., Anderson, R., Tatham, R., and Black, W. (1999). Andlisis Multivariante.
Madrid: Prentice Hall.

Hook, C., and Hughes, M. (2001). “Patterns of play leading to shots in ‘euro 2000,
in Center for Performance Analysis, ed. Pass.com (Cardif: UWIC).

Hughes, M., and Franks, I. (2005). Analysis of passing sequences, shots and goals
in soccer. J. Sport. Sci. 23, 509-514. doi: 10.1080/02640410410001716779

Hughes, M. D. (2003). “Notational analysis,” in Science and Football, eds T. Reilly
and M. Williams (London: Routledge), 245-264.

Hughes, M. D., and Bartlett, R. M. (2002). The use of performance
indicators in performance analysis. J. Sport Sci. 20, 739-754. doi: 10.1080/
026404102320675602

James, N., Jones, P. D., and Mellalieu, S. (2004). Possession as a performance
indicator in soccer. Int. J. Perform. Anal. Sport 4, 98-102.

James, N., Mellalieu, S., and Hollely, C. (2002). Analysis of strategies in soccer as a
function of European and domestic competition. Int. J. Perform. Anal. Sport 2,
85-103.

Jones, P. D., James, N., and Mellalieu, S. (2004). Possession as a performance
indicator in soccer. Int. J. Perform. Anal. Sport 4, 98-102.

Kormelink, H., and Seeverens, T. (1999). Match Analysis and Game Preparation.
Spring City, PA: Reedswain.

Lago, C. (2009). The influence of match location, quality of opposition, and match
status on possession strategies in professional association football. J. Sport Sci.
27, 1463-1469. doi: 10.1080/02640410903131681

Lago, C. (2012). The role of situational variables in analysing physical performance
in soccer. J. Hum. Kinet. 35, 89-95. doi: 10.2478/v10078-012-0082-9

Lago, C., and Martin, R. (2007). Determinants of possession of the ball in soccer.
J. Sport Sci. 25, 969-974. doi: 10.1080/02640410600944626

Lago-Ballesteros, J., Lago, C., Rey, E., Casiis, L., and Dominguez, E. (2012). El éxito
ofensivo en el futbol de élite. Influencia de los modelos tacticos empleados y de
las variables situacionales. Motricidad. Eur. J. Hum. Mov. 28, 145-170.

Lago-Pefias, C., and Dellal, A. (2010). Ball possession strategies in elite soccer
according to the evolution of the match-score: the influence of situational
variables. J. Hum. Kinet. 25, 93-100.

Lago-Pefias, C., and Lago-Ballesteros, J. (2011). Game location and team quality
effects on performance profiles in professional soccer. J. Syst. Sci. Med. 10,
465-471.

Lago-Pefias, C., Lago-Ballesteros, J., Dellal, A., and Goémez, M. (2010). Game-
related statistics that discriminated winning, drawing and losing teams from
the Spanish soccer league. J. Sports Sci. Med. 9, 288-293.

Lames, M., and McGarry, T. (2007). On the search for reliable performance
indicators in game sports. Int. J. Perform. Anal. Sport 7, 62-79.

Losada, J. L., and Manolov, R. (2014). The process of basic training, applied
training, maintaining the performance of an observer. Qual. Quant. 49:339.
doi: 10.1007/s11135-014-9989-7

McGarry, T., Anderson, D. L, Wallace, S. A., Hughes, M. D., and Franks, I. M.
(2002). Sport competition as a dynamical self-organizing system. J. Sport Sci.
20, 771-781. doi: 10.1080/026404102320675620

McGarry, T., and Franks, I. (2003). “The science of match analysis,” in Science
and Football V, eds T. Reilly, J. Cabri, and D. Araujo (Londres: Routledge),
265-275.

Mckenzie, R., and Cushion, C. (2012). Performance analysis in football: A critical
review and implications for future research. J. Sport. Sci. 12, 1-38.

Mitchell, S. (1979). Interobserver agreement, reliability and generalizability of data
collected in observational studies. Psychol. Butl. 86, 376-390. doi: 10.1037/0033-
2909.86.2.376

Mohammad, M., Kourosh, D., and Farhad, A. (2016). Ball recovery consistency as
a performance indicator in elite soccer. Rev. Bras. Cineantropometr. Hum. 18,
72-81. doi: 10.5007/1980-0037.2016v18n1p72

Frontiers in Psychology | www.frontiersin.org

July 2017 | Volume 8 | Article 1176


https://doi.org/10.1016/j.psychsport.2006.07.002
https://doi.org/10.1016/j.psychsport.2006.07.002
https://doi.org/10.1177/1754337113493083
https://doi.org/10.4324/9780203448625
https://doi.org/10.1177/152700250100200303
https://doi.org/10.1177/152700250100200303
https://doi.org/10.1080/02640414.2012.7272455
https://doi.org/10.1177/152700250000100402
https://doi.org/10.1002/1099-1468(200003)21:2<63::AID-MDE964>3.0.CO;2-O
https://doi.org/10.1002/1099-1468(200003)21:2<63::AID-MDE964>3.0.CO;2-O
https://doi.org/10.1080/02640410410001716779
https://doi.org/10.1080/026404102320675602
https://doi.org/10.1080/026404102320675602
https://doi.org/10.1080/02640410903131681
https://doi.org/10.2478/v10078-012-0082-9
https://doi.org/10.1080/02640410600944626
https://doi.org/10.1007/s11135-014-9989-7
https://doi.org/10.1080/026404102320675620
https://doi.org/10.1037/0033-2909.86.2.376
https://doi.org/10.1037/0033-2909.86.2.376
https://doi.org/10.5007/1980-0037.2016v18n1p72
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Casal et al.

Analysis of Possession in Football

Nakagawa, S., and Cuthill, I. (2007). Effect size, confidence interval and
statistical significance: a practical guide for biolo-gists. Biol. Rev. 82, 591-605.
doi: 10.1111/§.1469-185X.2007.00027.x

O’Donoghue, P. (2010). Research Methods in Performance Analysis in Sport.
London: Routledge.

Perl, J. (2006). Qualitative analysis of team interaction in games by means of the
load-performance-metamodel PerPot. Int. J. Perform. Anal. Sports 6, 34-51.
Ric, A., Torrents, C., Gongalves, B., Sampaio, J. E., and Hristoski, R. (2016). Soft-
assembled multilevel dynamics of tactical behaviors in soccer. Front. Psychol.

7:1513. doi: 10.3389/fpsyg.2016.01513

Rienzi, E., Drust, B., Reilly, T., Carter, J., and Martin, A. (2000). Investigation of
antrohropometric and woed-rate profles of elite South American international
soccer players. J. Sport Med. Fitness 40, 162-169.

Sainz de Baranda, P., and Lopez-Riquelme, D. (2012). Analysis of corner kicks in
relation to match status in the 2006 World Cup. Eur. J. Sport Sci. 12, 121-129.
doi: 10.1080/17461391.2010.551418

Sanchez Flores, J., Garcia Manso, J. M., Martin, J. M., Ramos, E., Arriaza, E.,
and Da Silva, M. E. (2012). Anilisis y evaluacion del lanzamiento de esquina
(corner) en el futbol de alto nivel. Rev. Andaluza Med. Deporte 5, 140-146.
doi: 10.1016/S1888-7546(12)70022-9

Sasaki, Y., Nevill, A., and Reilly, T. (1999). Home advantage: a case study of Ipswich
Town football club during the 1996-97 season. J. Sport Sci. 17, 831.

Stanhope, J. (2001). “An investigation into possession with respect to time in the
Soccer World Cup 1994,” in Notational Analysis of Sport III, ed. M. D. Hughes
(Cardiff: UWIC), 155-162.

Taylor, J. B., James, N., and Mellalieu, S. D. (2005). “Notational analysis of corner
kicks in english premier league soccer;,” in Science and Football V, eds T. Reilly,
J. Cabri, and D. Araujo (Londres: Routledge), 225-230.

Taylor, J. B., Mellalieu, S., James, N., and Shearer, D. A. (2008). The influence
of match location, quality of opposition, and match status on technical

performance in professional association football. J. Sport Sci. 26, 885-895.
doi: 10.1080/02640410701836887

Tenga, A., and Sigmundstad, E. (2011). Characteristics of goalscoring
possessions in open play: comparing the top, in between and bottom
teams from professional soccer league. Int. J. Perform. Anal. Sport 11,
545-552.

The American Psychological Association’s [APAs] (2010). Ethical Principles
of Psychologists and Code of Conduct. Washington, DC: The American
Psychological Association’s.

Tucker, W., Mellalieu, S., James, N., and Taylor, J. B. (2005). Game location effects
in professional soccer: a case study. Int. J. Perform. Anal. Sport 5, 23-35.

Vogelbein, M., Noops, S., and Hokelmann, A. (2014). Defensive transition in soccer
are prompt possession regains a measure of success? A quantitative analisys
of German Fupfball-Bundesliga 2010/2011. J. Sport Sci. 32, 1076-1083. doi:
10.1080/02640414.2013.879671

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.

The reviewer EP and handling Editor declared their shared affiliation, and the
handling Editor states that the process nevertheless met the standards of a fair and
objective review.

Copyright © 2017 Casal, Maneiro, Ardd, Mari and Losada. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CCBY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor 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

94

July 2017 | Volume 8 | Article 1176


https://doi.org/10.1111/j.1469-185X.2007.00027.x
https://doi.org/10.3389/fpsyg.2016.01513
https://doi.org/10.1080/17461391.2010.551418
https://doi.org/10.1016/S1888-7546(12)70022-9
https://doi.org/10.1080/02640410701836887
https://doi.org/10.1080/02640414.2013.879671
https://doi.org/10.1080/02640414.2013.879671
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/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

1' frontiers
in Psychology

ORIGINAL RESEARCH
published: 12 May 2017
doi: 10.3389/fpsyg.2017.00741

OPEN ACCESS

Edited by:

Pietro Cipresso,

Istituto di Ricovero e Cura a Carattere
Scientifico Istituto Auxologico lItaliano,
Italy

Reviewed by:

Mariano Luis Alcahiz Raya,
Universitat Politecnica de Valencia,
Spain

Maurizio Casarrubea,

University of Palermo, Italy

*Correspondence:
Oleguer Camerino
ocamerino@inefc.es

Specialty section:

This article was submitted to
Quantitative Psychology and
Measurement,

a section of the journal
Frontiers in Psychology

Received: 15 January 2017
Accepted: 24 April 2017
Published: 12 May 2017

Citation:

Castarier M, Barreira D, Camerino O,
Anguera MT, Fernandes T and
Hileno R (2017) Mastery in Goal
Scoring, T-Pattern Detection, and
Polar Coordinate Analysis of Motor
Skills Used by Lionel Messi and
Cristiano Ronaldo.

Front. Psychol. 8:741.

doi: 10.3389/fpsyg.2017.00741

Check for
updates

Mastery in Goal Scoring, T-Pattern
Detection, and Polar Coordinate
Analysis of Motor Skills Used by
Lionel Messi and Cristiano Ronaldo

Marta Castarier’, Daniel Barreira?, Oleguer Camerino'*, M. Teresa Anguera?,
Tiago Fernandes? and Raul Hileno’

' National Institute of Physical Education of Catalonia, Observation Laboratory in Physical Activity and Sports, University of
Lleida, Lleida, Spain, ? Faculty of Sport, Centre of Research, Training, Innovation and Intervention in Sport, University of
Porto, Porto, Portugal, ° Faculty of Psychology, University of Barcelona, Barcelona, Spain

Research in soccer has traditionally given more weight to players’ technical and tactical
skills, but few studies have analyzed the motor skills that underpin specific motor actions.
The objective of this study was to investigate the style of play of the world’s top soccer
players, Cristiano Ronaldo and Lionel Messi, and how they use their motor skills in
attacking actions that result in a goal. We used and improved the easy-to-use observation
instrument (OSMOS-soccer player) with 9 criteria, each one expanded to build 50
categories. Associations between these categories were investigated by T-pattern
detection and polar coordinate analysis. T-pattern analysis detects temporal structures
of complex behavioral sequences composed of simpler or directly distinguishable events
within specified observation periods (time point series). Polar coordinate analysis involves
the application of a complex procedure to provide a vector map of interrelated behaviors
obtained from prospective and retrospective sequential analysis. The T-patterns showed
that for both players the combined criteria were mainly between the different aspects of
motor skills, namely the use of lower limbs, contact with the ball using the outside of the
foot, locomotion, body orientation with respect to the opponent goal line, and the criteria
of technical actions and the right midfield. Polar coordinate analysis detected significant
associations between the same criteria included in the T-patterns as well as the criteria of
turning the body, numerical equality with no pressure, and relative numerical superiority.

Keywords: soccer, goal scoring, motor skills, pattern detection, polar coordinate analysis

INTRODUCTION

Soccer performance research is broadly developed and implemented (Ali, 2011), contributing to a
rapid and continuous enhancement of players’ performance in the last few years (Lago-Ballesteros
et al,, 2012). Given the complexities and dynamic nature of soccer, observation and measurement
processes throughout the design of match analysis systems have made it possible to collect data by
embracing technical, behavioral, physical, and tactical factors (Carling et al., 2005).

Due to the high complexity of soccer games, it is known that general research in soccer presents
some flaws, such as: (i) lack of context; (ii) missed operational definitions (MacKenzie and Cushion,
2013); and (iii) inability of parameters such as official match statistics and physiological and
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performance data to provide information for a comprehensive
evaluation of the soccer players (Peri¢ et al., 2013). The
idiosyncrasies of dynamic systems theory make it possible
to overcome these limitations (Glazier and Robins, 2013),
entailing that mathematical models of analysis must incorporate
a wider range of organismic, environmental, and task constraints
(Glazier and Davids, 2009). Specifically, dynamical systems
theory plays an important role with its multidisciplinary
theoretical framework for sports performance analysis by (i)
facilitating the linkage of behaviors to outcomes due to its more
process-oriented than product-oriented focus, and (ii) stabilizing
the same principles and concepts governing patterns in intra-
and inter-individual levels of sports performance (Glazier and
Robins, 2013).

There is a general belief that talented people display superior
performance in a wide range of activities, such as superior
athletic ability and mental abilities (Feltovich et al, 2006).
Notwithstanding, to understand sport expertise, multi-scale and
multi-disciplinary theoretical descriptions are needed (Aratjo
et al, 2010). In the domain of team play analysis, McGarry
et al. (2002) mention that the main soccer research focuses on
tactical and technical factors. Technical analysis includes the
testing of key sport skills, including the mechanical aspects of
technique, and is concerned with the way the skill is performed
in terms of kinetic and kinematic detail of the movement
involved (O’Donoghue, 2010). In the perspective of Ali (2011),
it becomes useless if the player does not perform the right
action at the right time, ie., when a tactical approach to
the players’ behavior does not exist. Behavioral specific and
representative information is continuously apprehended from
the environment by dynamical movement systems, to structure
and to adapt functional patterns of play. This sensibility to
contextual information regulates the motor system number
of biomechanical degrees of freedom, however, more critical
than attending each behavior separately, is to form and

TABLE 1 | Goals scored by Lionel Messi and Cristiano Ronaldo
considered.

Competition Season Lionel Messi  Cristiano Ronaldo Total
Champions League 2013-2014 5 13 18
2014-2015 10 7 17

2015-2016 5 12 17

Total 20 32 52

La Liga 2013-2014 15 17 32
2014-2015 26 26 52

2015-2016 11 22 33

Total 52 65 117
Copa del Rey 2013-2014 4 0 4
2014-2015 3 1 4
2015-2016 4 0 4

Total 11 1 12

Total 83 98 181

to develop functional synergies that arise between parts of
the body used to achieve movement goals (Davids et al,
2006).

However, with the application of styles of play that incorporate
and encourage individual actions and skills, which improve
overall game strategies and outcomes (Carling et al., 2008),
relevant individual behaviors in soccer, such as goal-scoring,
need to be analyzed with regard to motor skills (Castaner
et al, 2016b). Although, goal-scoring, the ultimate objective
of attacking effectiveness in competition settings, has been
extensively used in match performance research (Tenga et al.,
2010; Lago-Ballesteros et al., 2012), the objectivity of this research
remains insufficient with regard to the motor skills that support
goal-scoring patterns (Castaier et al., 2016a).

Indeed, in elite soccer, the use of motor skills has largely
been studied from a subjective perspective (Duch et al., 2010),
but mastery of these skills (Castarier et al., 2009, 2016a; Wallace
and Norton, 2014) is directly linked to motor versatility (Bishop
et al,, 2013) and consequently to the ability to execute complex
intentional actions (Memmert et al., 2013). Motor versatility
in both individual and team sports requires the integration of
multiple skills (Bishop et al., 2013); it is a particularly important
quality in attackers such as strikers and wingers and is closely
linked to motor anticipation (Murgia et al., 2014). In fact, the
ability to efficiently and effectively execute skilled movement
patterns is the most important aspect of soccer performance
and players must apply cognitive, perceptual and motor skills to
rapidly changing situations (Ali, 2011). These multiple skills are
essential to execute soccer moves such as ball control, dribbling,
and shots. Motor skills involve axial movements in the form
of turns and pivots, spatial orientation of the player’s body in
relation to the side lines and goal line, and the use of one limb
or another (laterality). These movements not only underpin all
soccer moves but also contribute to the uniqueness of each player
(Castafier et al., 2016a). In addition, most of these movements
are interlinked. Laterality (Teixeira et al., 2011; Bishop et al,
2013), for example, refers not only to left-right preference but
also to how a player orients his body spatially (Bishop et al., 2013;
Loffing et al., 2015). Previous research (Castaner et al., 2016a) has
demonstrated that Lionel Messi—a left-footed player whose has
achieved some of his best results playing on the right wing—is a
good example of laterality. Cristiano Ronaldo does not have the
singular characteristic of being left-footed in goal-scoring, but he
is also an example of motor skills versatility. This is the main
aspect of our research: studying the motor skills that configure
the uniqueness of a striker.

Cristiano Ronaldo and Lionel Messi are considered to be the
best soccer players who have ever existed. Since 2008, no other
player has won the FIFA best player award: Messi has won 5 times
and Ronaldo 4 times. In a comparison of Ronaldo’s and Messi’s
goal-scoring in La Liga since the 2009-2010 season, Shergold
(2016) found that Messi scored 270 goals in 252 matches, playing
21,218 min and taking 953 shots, and Ronaldo scored 270 goals
in 247 matches, playing 21,206 min, and taking 1,318 shots.
These data show that Messi has a shot conversion rate of 28.77%,
compared with 20.03% for Ronaldo. Nevertheless, both players
show unusual accuracy as well as uniqueness in motor skills.
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TABLE 2 | OSMOS-soccer player (Observation system for motor skills in soccer).

Criterion Category Code Description
1. Body part Left foot LF Player touches the ball with left foot
Right foot RF Player touches the ball with right foot
Left leg LL Player touches the ball with left leg (not including foot)
Right leg RL Player touches the ball with right leg (not including foot)
Chest CH Player touches the ball with chest
Back BA Player touches the ball with back
Head HD Player touches the ball with head
2. Foot contact zone Tip Tl Player touches the ball with tip of foot
Qutside ou Player touches the ball with outside of foot
Inside ID Player touches the ball with inside of foot
Heel HL Player touches the ball with heel
Sole SO Player touches the ball with sole
Instep IT Player touches the ball with instep
Non-observable NON No clear contact zone between player and ball
3. Body orientation with Facing goal FG Player’s chest facing rival goal line
respect to rival goal line
Facing right OR Player’s chest facing right side line
Back to goal BT Player’s back facing rival goal line
Facing left oL Player’s chest facing left side line
4. Stability Right turn RT Player makes a full or half turn to the right (vertical axis)
Left turn LT Player makes a full or half turn to the left (vertical axis)
Right foot pivot RFP Player pivots to the right on right foot
Left foot pivot LFP Player pivots to the left on left foot
Jump JUM Elevation of the body
5. Locomotion One ONE Player takes one step without touching the ball
Two TWO Player takes two steps without touching the ball
Three THR Player takes three steps without touching the ball
Four FOU Player takes four steps without touching the ball
Five FIV Player takes five steps without touching the ball
More MOR Player takes more than five steps without touching the ball
6. Technical actions Control CT Player gains control of the ball following diverse actions
Dribbling CD Player dribbles the ball
Shot SH Player shoots
Feint (shot) SHF Player pretends to shoot.
Feint (pass) PAF Player pretends to pass
Feint (change of dir.) DIF Player tricks a defender by changing direction
\olley VO Player makes contact with the ball before it touches the ground
7. Centre of the game Relative numerical PR Attacking team has one or two influent players less than the opponent in the centre of the game
inferiority
Absolute numerical PA Attacking team has at least less three or more influent players in relation with the opponent in the
inferiority centre of the game
Numerical equality with PE Attacking team has the same number of players than the opponent in the centre of the game. The
pressure ball carrier has his back oriented to the opponent’s goal and an opponent is marking from behind
Numerical equality with no  NPE Attacking team has the same number of players than the opponent in the centre of the game. The

pressure

ball carrier has his chest oriented to the opponent’s goal, with conditions to progress into the pitch
offensive zones

(Continued)
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TABLE 2 | Continued

Criterion Category Code Description
Relative numerical NPR Attacking has one or two influent players more than the opponent in the centre of the game
superiority
Absolute numerical NPA Attacking team has three or more influent players than the opponent in the centre of the game
superiority
8. Side Right wing Rw Part of the pitch between the right side line and the right midfield
Right midfield CR Part of the pitch between the left midfield and the right side line
Left midfield CL Part of the pitch between the right midfield and the left side line
Left wing LW Part of the pitch between the left side line and the left midfield
9. Zones Ultraoffensive 1 Uuoo Between the goal line and the front of the goal area
Ultraoffensive 2 uoT Between the front of the goal area and the penalty box
Offensive OFF Between the front of the penalty box and the half-way line (excl. centre circle)
Central CEN Centre circle

TABLE 3 | Reliability: sample and values per player and for both players.

Lionel Messi Cristiano Ronaldo Total

n %? Kappa n %2 Kappa n %2 Kappa
Inter-observer 25 30 095 30 31 0.94 55 30 0.95
Intra-observer 15 18 098 15 15 0.97 30 17  0.98

n = number of goals.
4Percentage of goals with regard to the final sample (see Table 1) for both players.

For instance, Jafari and Smith (2016) hypothesized that Lionel
Messi has acquired higher motor skills than most other players,
and that this frees up much cognitive capacity. And Hong et al.
(2012) describe the “knuckling shot” as one of the characteristics
of Ronaldo.

We believe that the above-mentioned attributes, which
describe two singular styles of playing soccer, have not been
analyzed from an objective, scientific perspective. This sort of
analysis is challenging because soccer is a complex game that
requires a wide repertoire of individual skills used for the
benefit of the team and characterized by constant interactions
among technical, tactical, psychological, and physical factors.
There are various methods for identifying an expert, for
example the retrospective method. Using this method, one
can determine who is an expert by looking at how well
an outcome or product is received (Chi, 2006). Here we
followed Hodges et al. (2006), who assume that tasks are what
elucidate the underlying mechanisms that afford consistent
expert performance.

Thus, the overall objective of this study was to perform an
objective analysis of Lionel Messi’s and Cristiano Ronaldo’s use
of motor skills prior to scoring a goal using two complementary
methods: T-pattern analysis and polar coordinate analysis. The
methodological aim was to detect temporal structures of behavior
underlying the two players’ styles by means of T-pattern analysis
and, complementarily, to obtain an idea of the behavior in its
entirety using polar coordinate analysis, whose powerful data

reduction feature facilitates the interpretation of data by means
of a vectorial representation of the associations detected between
behaviors.

METHODS

Given that our study fulfilled the requisite, established by
Anguera (2003), of having perceivable and regular behaviors in
a natural setting, we employed systematic observation (Anguera,
1979). The choice of methodology is also justified by the
implementation of an ad-hoc observation instrument to record,
analyze, and interpret the behaviors exhibited by Messi and
Ronaldo in the goals analyzed.

Observational methodology offers eight types of observational
designs (Blanco-Villasefior et al, 2003; Sanchez-Algarra and
Anguera, 2013; Anguera and Hernandez-Mendo, 2014; Portell
et al., 2015) that offer different possibilities in terms of the
number of participants, the continuity of the recording and the
number of criteria observed. These designs have been widely
applied in the analysis of individual and team sports (Jonsson
et al., 2006; Fernandez et al., 2009; Camerino et al., 2012a,b;
Lapresa et al, 2013; Castaer et al, 2016a; Tarragéd et al.,
2016); in the analysis of motor skills in physical activity and
sport (Castafier et al., 2009, 2016b) and in mixed methods
research in sports (Anguera et al,, 2014). We decided to use
the N/S/M design, where N refers to nomothetic (focusing
on two players), S refers to intersessional follow-up (analyzing
specific motor skills and contextual aspects recorded from
the beginning to the end of different sequences of numerous
matches), and M refers to multidimensional (addressing multiple
criteria and responses in the ad-hoc observation instrument
designed).

Two particularly fitting techniques for the analysis of
such complexity are temporal pattern (T-pattern) detection
(Casarrubea et al, 2015; Magnusson et al,, 2016) and polar
coordinate analysis (Sackett, 1980). T-pattern detection has been
successfully used in numerous studies to reveal hidden patterns
underlying different soccer actions (Anguera and Jonsson, 2003;
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FIGURE 1 | Formation of a T-pattern from a simple T-pattern (first line) to more complex ones, such as the T-pattern at the bottom (Castaiier et al.,
2009, p. 859).

i Clear observability of the sequence to the goal (Anguera and
Hernandez-Mendo, 2015);

ii Availability of at least two recordings of each sequence from
different angles;

iii Goals scored in Champions League, La Liga and Copa del Rey
were included;

iv. Goals had to be from the last three seasons, namely 2013-
2014, 2014-2015, and 2015-2016;

v Opponent quality criterion: Champions League is known
as the most elite Union of European Football Associations
(UEFA) competition, so all goals scored in this league were
considered; in La Liga and Copa del Rey, the criteria of
Bradley et al. (2013) were followed, i.e., only the goals scored
against non-successful clubs—the last four classified at the
end of each season—were not included;

vi Goals resulting directly from set pieces, including the

(--)III | IV(+-) rebound of a penalty, were not considered;
vii Goals scored in regular time were included.

FIGURE 2 | Graphic depiction of relationships between conditional and Our study can thus be considered case-oriented (Sandelowski,
given behaviors in polar coordinate maps according to the quadrant in 1996; Yin, 2014). The goals were analyzed using public television
which the vector is located (Castaner et al., 2016a, p. 5.). . . . . c .

footage, in compliance with the ethical principles of the

Declaration of Helsinki.

Jonsson et al., 2006; Fernandez et al., 2009; Garzon Echevarria ~ Materials
et al,, 2011; Lapresa et al,, 2013, 2014; Sarmento et al,, 2013;  Qpservational Instrument

Barreira et al., 2014; Escolano-Pérez et al., 2014; Zurloni et al.,  The agd-hoc observation instrument OSMOS-soccer player
2014; Magnusson et al,, 201@- Polar .cc?ordinellte analy.lsis is @ (Castasier et al., 2016a) was used with a minimal optimization
powerful data reduction technique that is increasingly beingused ¢ riteria. Specifically, the criterion Number of Opponents was
in studies of team sports (Perea et al., 2012; Robles et al., 2014; replaced by Centre of the Game, adapted from Barreira et al.
Echeazarra et al., 2015; Lopez-Lépez et al,, 2015; Morlllo—l?aro (2012, 2014, 2015), and the criterion Stability, which includes
et al,, 2015 Sousa, et al, 2015; Castafier et a%., 2016a; Lopez  jumps, was merged with the Turn and Pivot Direction criteria.
et al, 2016; Aragon et al, 2017). The technique provides a  'The instrument (see Table 2) comprised nine criteria: (1) Body
vectorial representation of the complex network of interrelations  p, ¢ (part of the body that the player uses to make contact with
between carefully chosen, exhaustive and mutually exclusive i} ball); (2) Foot Contact Zone (part of the foot used to touch

defined criteria. the ball); (3) Body Orientation (angle of the chest with respect
to the side line or goal line); (4) Stability (turn direction, right
Part|0|pants vs. left; pivot foot, right vs. left; and elevation of the body); (5)

A total of 181 goals were analyzed, 83 scored by Lionel Messi ~ Locomotion (number of steps between touches of the ball); (6)
and 98 scored by Cristiano Ronaldo (Table 1). The goals were  Action (common soccer technical actions); (7) Centre of the
included according to the following criteria: Game (number of players on both teams interacting during the
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16 Event-Type Fr. 15 Event-Type Fr.
155 1. FG,THR,CL 16 | 145 1. FG,THR,CL 15
s MESSI 2.FG,MOR,CL 12 4{le RONALDO/| 2.FGMORCL 14
e 3.FG,MOR,CR 12 | 135 3. 0L, THR,CR 11
136 4. OLTHRCR 12 12'2 4. RF,0UFG,CL 11
13 5. LF,ID,FG,SH,CL 11 " 5.FG,CR 10
'212 6. FG,FIV,CL 9 | ns 6. FG,FOU,CL 10
e 7.FG,FOU,CR 9 1" 7.FG,THR,CR 10
1 8.FG,CL 8 105 8. OR,THR,CL 10
@ 105 9.FG,FOU,CL 8 9'2 9.HD,FG,CR 9
§ 9'2 10. LF,FG,SH,CL 8 o 10. RF,FG,CR 9
E 11. OLCR 8 85 11. RF,ID,0R,CL 9
S 85 12.FG,CR 7 8 12. OLCR 8
g Tz 13. FG,THR,CR 7 5 13. RF,ID,FG,CL 8
5 5 14. LF,0U,FG,DIF,CR 7 h 14. OR,CL 7
€ s 15. OL,THR,CL 7 $ 15. OR,FIV,CL 7
2 6 16. RF,ID,FG,SH,CR 7 55 16. OR,FOU,CL 7
6.5 17.FG,FIV,CR 6 5 17. RF,ID,FG,CR 7
4_: 18. LF,ID,FG,CL 6 4 18.FG,FIV,CR 6
4 19. OL,CL 6 4 19. FG,MOR,CR 6
38 20. LF,FG,CD,CR 5 32 20. LF,FG,CL 6
, Z 21. LF,ID,FG,CR 5 25 21. OR,CR 6
N 22.LF,ID,FG,SH,CR 5 2 22.RF,FG,CL 6
15 23.LF,ID,0L,SH,CR 5 15 23.RF,FG,LT,CR 6
1 24. OLFIV,CR 5 1 24, RF,0R,LT,CL 6
° g 25. OLFOU,CL 5 03 25.FG,RT,CL 5
10 2
FIGURE 3 | Messi and Ronaldo event-type frequency chart.
Data Analysis Software
LF,0U,FG,DIF,CR LF,OL,CD,CR OL,THR,CR
Two programs were used: (a) Theme software package
| | (Magnusson et al., 2016) for T-pattern detection; (b) HOISAN
(a) v.1.6.3.2 (Hernandez-Mendo et al., 2012, 2014) for the polar
IVERS! toiiches the ball (®) coordinate analysis.
Wftﬁ ?];S I'Sft f‘;Ot %tll? He maintains touching (©)
with the outside of this  the ball with his left foot He maintains his left
foot (OU) while facing (LF) with left body body angle (OL) Procedure
goal respect to the rival angle respect to the rival doing three steps Goal-scoring sequences were analyzed from the moment the
i‘e’?iigzs(gGZhﬁdiing glfat 1iﬁ° (OL), i?libbling t’et"‘:f}fll tgulclh ?;;11{ player receives the last pass to the moment he scores a goal.
ouc: C ba . .. .
i (DYIF) ik :n:in?ain(ii;)i)nv:hé :ight e maintairfing in) After appropriate training in the use of OSMOS-soccer plaY.er,
right midfield (CR) midfield (CR) the right midfield two expert observers—an expert soccer analyst and a motor skills
(CR). expert—recorded 30% of the total goals included for each player
(Table 3). Intra- and inter-observer reliability was calculated in
FIGURE 4 |_T-pattern s_hows tl'!at (a) Messi to?lches_the ball_with his I_eft LINCE, before the full data set was coded, using a preliminary
foot (LF) with the outside of this foot (OU) while facing the rival goal line . .
(FG), tricking defenders by changing direction (DIF) in the right midfield dataset of 55 and 30 goal-scoring sequences, respectively. The
(CR); then, (b) he continues to touch the ball with his left foot (LF) with goals used to calculate data quality were from the 2012 to 2013
a left body angle with respect to the rival goal line (OL) and dribbles season and therefore were not included in the final sample. The
the ball (CD) while remaining ;g“)‘e right midfield (CR); and then, (c) he resulting kappa statistic was 0.95 for inter-observer and 0.98 for
maintains his left body angle (OL), takes three steps between touches . . . . . .
of the ball (THR) and remains in the right midfield (CR). 1ntra—0bse.rver analysis, which guarantees the interpretative rigor
of the coding process.
striker’s action); (8) Side (position of the player on the pitch); Data AnalySIS_
and (9) Zone (area where the player moves). Each criterion T-Pattern Detection
was expanded to build an exhaustive and mutually exclusive — T-pattern detection is a relevant data analysis technique in
observation system that included, in total, 50 categories. systematic observation (Anguera and Herndndez-Mendo, 2015)
and the THEME software is a powerful research tool for
Recording Instrument obtaining T-patterns. This software makes it possible to explore
Goal-scoring sequences were coded using LINCE (v.1.2.1) (Gabin ~ behavioral structures in detail by revealing stronger connections
et al.,, 2012). This software program was also used for the data  between successive recorded behaviors in goals than would be
quality check. expected by chance. The critical interval is the key concept that
Frontiers in Psychology | www.frontiersin.org 100 May 2017 | Volume 8 | Article 741


http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

Castaner et al.

Striker Skills during Goal Scoring

FG,MOR,CL OR,THR,CL RF,OR,CL
(a) ()
Ronaldo is facing goal ~ He changes to facing ©

respect to the rival goal  right respect to the rival 1€ uses his right foot

line (FG) doing more than goal line (OR) doing (RF), maintaining
five steps between touch three steps between facing right respect to
and touch the ball touch and touch the ball the rival goal line

(MOR), in the left (THR), while (OR), while
midfield (CL) maintaining in the left ~ Maintaining in the left
midfield (CL) midfield (CL).

FIGURE 5 | T-pattern shows that (a) Ronaldo is facing the rival goal line
(FG), takes more than five steps between touches of the ball (MOR) in
the left midfield (CL); then, (b) he changes to facing right with respect
to the rival goal line (OR) and takes three steps between touches of the
ball (THR) while remaining in the left midfield (CL); and (c) he uses his
right foot (RF), remaining facing right with respect to the rival goal line
(OR), while remaining in the left midfield (CL).

makes it possible to delimit the admissible temporal distances
between successive identical or similar occurrences in order
to consider the existence of a temporal pattern. Obtaining T-
patterns is a procedure of great importance for theoretical and
empirical purposes, and deriving their algorithm has involved
the development of powerful new analytic techniques based
on probability theory and, more specifically, on binomial
distribution (Magnusson, 2000). Three criteria were applied
to guarantee that any T-patterns detected were not due to
random events: (a) presence of a given T-pattern in at least
25% of all sequences, (b) significance level of 0.005, and (c)
redundancy reduction setting of 90% for occurrences of similar
T-patterns. As Magnusson states, the idea of T-pattern analysis
is to detect repeated behavioral patterns that are invisible to
unaided observers. The temporal structure of complex behavioral
sequences is composed of simpler or directly distinguishable
event-types (Magnusson et al., 2016). Each T-data set subject to
analysis consists of series of behaviors coded as occurrence times
(beginning and end points) within specified observation periods
(time point series; Magnusson, 1996).

More specifically, the following explanation, used in several
studies, allows a clear understanding of how T-pattern detection
works. For instance, in a given observation period, two repeated
actions, A and B, either in this same order or simultaneously,
form a minimal T-pattern (AB) if they are found more often than
would be expected by chance, and if, assuming the null hypothesis
of independent distributions for A and B, they are separated by
approximately the same distance (time). Instances of A and B
separated by this approximate distance constitute an (AB) T-
pattern and their occurrence times are added to the original data.
More complex T-patterns consisting of simple, already-detected
patterns are subsequently added through a bottom-up detection
procedure. Pairs or series of patterns can thus be detected, for
example (((AB)C)(DE)) (see Figure 1).

The THEME software compares all patterns and retains only
the most complete ones. Although, only a limited range of basic
unit sizes is relevant in any study, T-patterns are, in principle,

scale-independent as any basic time unit can be used. Thus, it
would be fruitful in the study of Messi’s and Ronaldo’s goal-
scoring.

Polar Coordinate Analysis

The structure of polar coordinate analysis, a technique
of sequential analysis (Bakeman, 1978), is based on the
complementarity between two analytical perspectives:
prospective and retrospective. Polar coordinate analysis
involves the detection of significant associations between focal
behavior (the behavior of interest) and conditional behaviors (the
other behaviors analyzed).

To define a focal behavior, it is first necessary to conduct the
prospective analysis, which, depending on the aims of the study,
is believed to generate or trigger a series of connections with other
categories, known as conditional behaviors. The retrospective,
or “backward” perspective, which incorporates what Anguera
(1997) referred to as the concept of “genuine retrospectivity,”
reveals significant associations between the focal behavior and
behaviors that occur before this behavior.

The technique of polar coordinate analysis can be applied to a
series of values that are independent of each other, which is the
case of adjusted residuals, whether prospective or retrospective,
as they are calculated separately for each lag. Standardized
Z statistics derived from adjusted residuals (Bakeman, 1978,
1991) corresponding to both prospective and retrospective lags
are needed to compute prospective and retrospective Zsum
statistics. These values, which can be positive or negative and are
located in one of four quadrants, are then used to build maps
showing the relationships between a focal behavior (Gorospe
and Anguera, 2000; or a criterion behavior, as it is known in
lag sequential analysis) and one or more conditional behaviors.
Polar coordinate analysis involves the application of a complex
procedure to provide a vector map of interrelated behaviors. The
same number of prospective and retrospective lags is analyzed
in each case. Prospective lags show which conditional behaviors
precede the given behavior, while retrospective lags show which
behaviors follow it.

As mentioned above, polar coordinate analysis merges
the prospective and retrospective approaches to achieve a
powerful reduction of data through the calculation of the

Zsum Statistic (%) described by Cochran (1954) and later

n

developed by Sackett (1980). In both the prospective approach
(ZsumP) and the retrospective approach (ZgmR), calculations
are based on the frequency of the given behavior, n, and a
series of mutually independent z-values for each lag. Each
of these values is obtained by applying the binomial test to
compute conditional probabilities (based on the number of
codes recorded for each goal sequence) and unconditional
probabilities (due to random effects). The length of each vector

is obtained from \/ (ZsumP)z—i—(ZsumR)z, while its angle is
calculated by dividing the retrospective Zg,,, arcsine by the
radius (¢ = arcsine of Y/radius). Prospective and retrospective
Zsum values (lags 1-5 and lags —1 to —5, respectively) can
carry a positive or negative sign; these signs determine in
which quadrant the resulting vectors (behaviors) are placed. To
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BODY PART

MESSI

Focal category: RF (right foot)

The use of the right foot (RF) is mutually activated
(QI) by following the use of the right foot (RF) and
facing the chest toward the rival goal line (FG).

RONALDO

Focal category: RF (right foot)

The use of the right foot (RF) is activated (QII) by
relative numerical superiority (NPR) and
numerical equality with pressure (PE) and is
mutually activated (QI) with the use of the external
zone of the foot (OU) and three steps between
touches of the ball (THR).

Category Q P.Prosp. P.Retro. Radius Angle
Bodypart R 1 1.41 141 1.99(% 45
Bodyorient FG 1 0.13 2.72 2.72 (%) 87.17

Focal category: LF (left foot)

The use of the left foot (LF) is activated (QII) if the
player makes a full or half turn to the left (vertical
axis) (LT) and is mutually activated (QI) with the
use of three steps between touches (THR), the left
body orientation with respect to the rival goal line
(OL) and numerical equality with no pressure
(NPE).

Category Q P.Prosp. P.Retro. Radius Angle
Centre PE o -1.88 0.59 1.97 (*) 162.67
Centre NPR nm-122 154 1.96 (*) 128.43
Footczone OU 1 0.46  3.65 3.68 (*) 82.87
Locomot THR I 294 198 3.54 (%) 3398

Focal category: LF (left foot)

The use of the left foot (LF) is activated (QII) by
the use of the inside of the foot (ID) and is
mutually activated (QI) with the left body
orientation with respect to the rival goal line (OL)
and numerical equality with pressure (PE).

P e S———

Category Q P.Prosp. P.Retro. Radius  Angle Category Q P.Prosp. P.Retro. Radius Angle
St.Turndir LT 1II -0.29 2.31 233 (% 9722 Footczone ID 1T -2.01 2.70 3.36 (%) 126.71
Bodyorient OL 1  1.68 2.27 2.83 (%) 53.59 Bodyorient OL 1 2.35 0.95 2.54 (%) 2196
Locomot THR 1 2.16 1.27 2.50 (%) 3041 Centre_PE I 2.07 1.22 241 (% 3056
Centre NPE I 129 1.55 2.02 (*) 50.08
FIGURE 6 | Maps of polar coordinate analysis for the Body Part criterion.
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MESSI

Focal category: OU (outside of the foot)

The use of the outside of the foot (OU) is activated
(QII) by absolute numerical inferiority (PA) and is
mutually activated (QI) by the use of three steps
between touches of the ball (THR).

FOOT CONTACT ZONE

RONALDO

Focal category: OU (outside of the foot)

The use of the outside of the foot (OU) is activated
(QI) by the use of the head (HD), facing
backwards with respect to the rival goal line (BT)
and pivoting over the right leg (RFP), and is
mutually activated (QI) with the use of the external
zone of the foot (OU) and the right foot (RF) and
the right orientation of the body with respect to the
rival goal line (OR).

| o= oo o)

Category Q P.Prosp. P.Retro. Radius Angle
Centre_PA I -1.19 2.10 2.42 (*) 119.60
Locomot THR I 2.13 0.72 225(% 18.74

[y S G ——

Category Q P.Prosp. P.Retro. Radius Angle
Bodypart_ HD I -3.16 0.12 3.16 (*) 177.80
Bodyorient BT II -1.96 0.30 1.98 (*) 171.34
St.Pivotfoot RFP 1I -2.72  0.25 2.73 (%) 174.72
Footczone OU I 250 250 3.54(*) 45

Bodypart RF I 3.65 046 3.68(%) 7.13
Bodyorient ORI 238  0.16 239(%  3.80

FIGURE 7 | Maps of polar coordinate analysis for the Foot Contact Zone criterion.

illustrate the results, a map with four quadrants indicates the
relationship (inhibitory vs. excitatory) between the focal and
conditional behaviors. Thus, each quadrant reveals the following
relationships:

Quadrant I (++). The given and conditional behaviors are
mutually excitatory.

Quadrant II (— +). The given behavior is inhibitory and the
conditional behavior is excitatory.

Quadrant III (— —). The given and conditional behaviors are
mutually inhibitory.

Quadrant IV (4 —). The given behavior is excitatory and the
conditional behavior is inhibitory.

As in previous research (Castaner et al., 2016a), Figure 2 gives
a graphical explanation of how to interpret the associations
between given and conditional behaviors depending on the
quadrant.

In each polar coordinate map, the focal behavior is placed
in the middle and, depending on the quadrant in which the
conditional behavior is placed, the angle of the vector is
transformed as follows: quadrant I (0 < ¢ < 90) = ¢; quadrant IT
(90 < ¢ < 180) = 180 - ¢; quadrant III (180 < ¢ < 270) = 180
+ ¢; quadrant IV (270° < ¢ < 360°) = 360° — ¢.

The HOISAN v1.6.3.2 software was used to calculate
the prospective and retrospective adjusted residuals and the
length and angle of the vectors and to produce a graphical
representation of the results obtained.

RESULTS

T-Pattern Detection

T-pattern detection was performed using the free THEME
software. Firstly, we explored the frequency of events and
event sequences (Figure3). The box in Figure3 shows
the first 25 event-types with more than 2 occurrences
(Messi in the left chart and Ronaldo in the right
chart).

The most frequent event-types for both players were a total
of nine configurations of codes. These were: facing goal, three
steps between touches in the left midfield (FG,THR,CL) (Messi,
n = 16; Ronaldo, n = 15); facing goal, more than five steps
in the left midfield (FG,MOR,CL) (Messi, n = 12; Ronaldo, n
= 14); facing goal, more than five steps in the right midfield
(FG,MOR,CR) (Messi, n = 12; Ronaldo, n = 6); left orientation
of the body with respect to the rival goal line, three steps in
the right midfield (OL,THR,CR) (Messi, n = 12; Ronaldo, n =
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MESSI

Focal category: FG (chest facing rival goal line)
The orientation of chest facing the rival goal line
(FG) is activated (QII) by numerical equality
without pressure (NPE) and pivoting over the left
leg (LFP) and is mutually activated (QI) by
continuing to face the goal line (FG) and the use of
the right leg (RL) and right foot (RF).

BODY ORIENTATION

RONALDO

Focal category: FG (chest facing rival goal line)
The orientation of chest facing the rival goal line
(FG) is activated (QII) by relative numerical
superiority (NPR) and turning to the right (RT)
and is mutually activated (QI) by continuing to
face the goal line (FG) and the use of three steps
between touches (THR).

Category Q P.Prosp. P.Retro. Radius Angle
Centre NPE 11 -0.46 436 439 (*) 9597
St.Pivfoot LFP II -1.87 2.73 3.31 (%) 12447
Bodypart RF 1T 2.72 0.13 272(%) 283
Bodypart RL 1 0.18 1.96 1.97 (*) 84.74
Bodyorient FG 1 6.30 6.30 891 (¥) 45.00

FIGURE 8 | Maps of polar coordinate analysis for the Body Orientation criterion.

Category Q P.Prosp. P.Retro. Radius Angle
St.Turndir RT 1I -2.86 0.82 2.98 (*) 163.92
Centre NPR  1I -1.80 2.60 3.17 (%) 124.73
Locomot THR I 1.50 1.61 220(%) 47.11
Bodyorient FG 1  2.82  2.82 3.98(*) 45

11); facing goal, four steps between touches in the left midfield
(FG,FOU,CL) (Messi, n = 8; Ronaldo, n = 10); left orientation of
the body in the right midfield (OL,CR) (Messi, n = 8; Ronaldo,
n = 8); facing goal in the right midfield (FG,CR) (Messi, n =
7; Ronaldo n = 10); facing goal, five steps in the right midfield
(FG,FIV,CR) (Messi, n = 6, Ronaldo, n = 6); and facing goal,
three steps in the right midfield (FG,THR,CR) (Messi, n = 7,
Ronaldo, n = 10).

Other detectable aspects shown on the frequency chart are
the fact that Messi used his left foot (LF) in 8 configurations
and his right foot (RF) in 1 configuration. Ronaldo used his
right foot (RF) in 8 configurations and his left foot (LF) did
not appear in any configuration of codes. Messi used the left
body orientation (OL) with respect to the rival goal line in 7
configurations of codes and the right body orientation (OR)
did not appear in any configuration. Ronaldo used the right
body orientation (OR) with respect to the rival goal in 7
configurations and the left body orientation (OL) appeared in 2
configurations.

Obtaining T-patterns allows us to show a broad view of
the main sequences that the two players use in the process of
goal-scoring. As any basic time unit can be used, the T-pattern
technique selects the range of basic unit sizes that are relevant in
any study. For this study, the categories that appeared in the T-
patterns were: Body Part, Foot Contact Zone, Body Orientation,

Action and Side. Figures 4, 5 show the most complete T-patterns
detected for Messi and Ronaldo, respectively.

Polar Coordinate Analysis

Given the clear understanding of the associations between focal
and conditional behaviors provided by Figure 2, we selected
quadrant II (QII), which contains the conditional categories that
activate the focal category, and quadrant I (QI), which contains
the categories that have mutual activation with the focal category.
The maps in Figures 6-13 show both quadrants with the length
and angle of the vectors with a length of >1.96 (p < 0.05)
for the behaviors that show statistically significant associations
(activation).

Figures 6-13 show the results of polar coordinate analysis
for Messi and Ronaldo concerning the categories in quadrant II
(QII), which activate the focal category, and those in quadrant
I (QI), which are mutually activated by the focal category. We
include below each semicircle map the table of values statistically
obtained. Firstly, we expose the categories that appear in the
T-patterns corresponding to the following criteria: Body Part,
Foot Contact Zone, Body Orientation, Locomotion and Side.
Complementarily, we offer the polar coordinate analysis for the
criteria Stability (turn direction) and Centre of the Game, which
have also shown statistically significant activation between them.
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MESSI

Focal category: THR (three steps)

The use of three steps between touches of the ball
(THR) is activated (QII) by relative numerical
superiority (NPR) and is mutually activated (QI) by
the use of the left foot (LF) and the outside of the
foot (OU).

LOCOMOTION

RONALDO

Focal category: THR (three steps)

The use of three steps between touches of the ball
(THR) is activated (QII) by relative numerical
superiority (NPR) and the use of the outside of the
foot (OU) and is mutually activated (QI) by the
use of the right foot (RF), the use of the inside of
the foot (ID) and facing the rival goal line (FG).

Category Q P.Prosp. P.Retro. Radius Angle
Centre NPR nm -1.77 3.39 3.82 (%) 117.62
Bodypart_LF I 127 2.16 250 (%)  59.59
Footczone OU 1 0.72 2.13 225(% 71.26

FIGURE 9 | Maps of polar coordinate analysis for the Locomotion criterion.

| = - -

___________________

Category Q P.Prosp. P.Retro. Radius Angle
Centre_NPR I -1.44 2.55 2.93 (*) 119.41
Footczone_OU II  -0.85 1.99 2.17 (%) 113.03
Footczone ID 1  2.20 2:52 334 (*) 4891
Bodyorient FG 1  1.61 1.50 2.20 (%) 42.89
Bodypart RF I 198 2.94 3.54 (%) 56.02

DISCUSSION

The objective of this study was to perform an objective analysis of
Lionel Messi’s and Cristiano Ronaldo’s use of motor skills prior
to scoring a goal using the complementary methods of T-pattern
analysis and polar coordinate analysis.

The structure of the Discussion Section is as follows. First, we
comment on the polar coordinate analysis results following the
order of criteria in the OSMOS-soccer player instrument. Second,
we comment on the findings of the T-patterns analysis. Each
section ends with clues about how experts can understand the
findings in order to improve their professional work.

Body Contact with the Ball

Polar coordinate maps show great differences between the two
players with regard to the use of the right foot. While there are
no behaviors by Messi that activate the use of the right foot,
Ronaldo’s use of the right foot is promoted in situations of relative
numerical superiority and numerical equality with pressure and
is mutually activated by the use of the external zone of the foot
and taking three steps between touches of the ball. In contrast,
maps for the use of the left foot show more mutual activations
between behaviors for Messi and fewer for Ronaldo. Moreover,
Messi’s use of the left foot and the left body orientation with
respect to the rival goal line is induced by turning the body to
the left. The use of three steps between touches and numerical
equality with no pressure seem to be behaviors mutually activated

with the use of the left foot. These maps reinforce the notion
that Ronaldo and Messi tend to use a preferred foot—right and
left, respectively—in situations without high pressure and while
dribbling to create advantage in attacking zones and in one-on-
one situations. Moreover, the findings of Castafer et al. (2016a)
related to the contralateral dominance of Messi’s body orientation
are corroborated. Our results also verify the findings of Carey
etal. (2001), which showed that players mostly used the preferred
foot when performing set pieces and the technical actions of first
touching, passing, dribbling, and tackling. Furthermore, Carey
etal. (2001) highlighted that players were more asymmetrical for
set pieces than for the dynamic phases of the game.

The use of the inside of the foot activates Ronaldo’s left foot
use and this is mutually activated with numerical equality with
pressure (PE) and, like Messi, the left body orientation with
respect to the rival goal line.

Likewise, T-pattern analysis clearly shows the predominant
use of the left foot by Messi and the right foot by Ronaldo. Despite
the great differences between the two players in terms of the use of
the right and left foot, the polar coordinate maps and frequency
chart also show the players’ versatility and adaptability in using
both feet with other behaviors when necessary. Carey et al. (2001)
found that very few players used both feet with equal frequency,
but on those rare occasions they showed similar performance
with the preferred and non-preferred feet. We therefore advise
experts that the successful use of both feet, notwithstanding with
different frequency, thus evidencing versatility, is an indicator of
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MESSI

Focal category: CR (right midfield)

of the foot (OU).

SIDE

Being in the right midfield (CR) is activated (QII) Being in the left midfield (CL) is mutually
by the orientation of the body facing the rival goal activated (QI) by numerical equality without
line (FG) and mutually activated (QI) by the turn of pressure (NPE), the use of the outside of the foot
the body to the left (LT) and the use of the outside (OU) and the chest (CH) and facing the rival goal

RONALDO

Focal category: CL (left midfield)

line (FG).

P.Retro. Radius Angle

Category Q  P.Prosp.

Bodyorient FG II  -1.41 3.44 3.72 (%) 112.38
Footczone OU 1  0.50 2:27 232 (% 77.61
St.Turndir LT I  3.22 1.19 343 (%) 20.29

FIGURE 10 | Maps of polar coordinate analysis for the Side criterion.

Category Q P.Prosp. P.Retro. Radius Angle
Bodypart CH I 3.13 1.86 3.64 (*) 30.74
Footczone OU 1 0.93 2.93 3.08 (*) 72.35
Bodyorient FG 1 0.38 2.88 2.90 (*) 82.47
Centre NPE I 3.60 4.43 5.70 (*) 50.90

expertise in soccer and as such could be included as a coaching
task in order to develop symmetrical use of both feet during
dynamic interaction with the ball.

Foot Contact Zone

For Messi, the use of the outside of the foot is activated by
absolute numerical inferiority and activates the use of three steps
between touches of the ball. The use of the outside of the foot by
Ronaldo is activated by the use of the head, facing backward with
respect to the rival goal line and pivoting over the right leg, and
is mutually activated with the use of the external zone of the foot
and the right foot, as well as the right orientation of the body with
respect to the rival goal line (OR). This finding fits with the logic
of soccer play: players usually use the exterior part of the foot to
run with the ball faster.

Body Orientation with Respect to the Goal
Line

As the main task of strikers is goal-scoring, it is not surprising
that both players use the body orientation of facing the rival
goal line in interaction with other behaviors. We emphasize that
contexts with no pressure induce both players to face the goal—
the context of numerical equality without pressure in Messi’s
case and relative numerical superiority in Ronaldo’s case. This
result shows that expert players have great anticipation capacities,
corroborating the finding of Ericsson (2003) that experts seem
to be better at catching early relevant indicators of the specific

task. In our study, Messi and Ronaldo seem to create positional
advantages in relation to the rival goal by using their attention
abilities to better anticipate the outcomes of their actions and the
actions of opponents (Afonso et al., 2012). So, in direct relation
with the ball, they have already prepared conditions to have
higher success in attacking situations.

Messi’s goal-facing orientation is mutually activated mainly
with remaining facing the goal line, with the use of the right leg
and with the use of the right foot. As Messi is left-footed, the
use of the right foot and leg while facing the rival goal line does
not seem to us to be a paradox but rather an indication of his
versatility in the use of contralateral inferior limbs, as the values
of the polar coordinate analysis are very low. These findings are
consistent with the findings of previous research (Castafier et al.,
2016a).

Locomotion

Both polar coordinate analysis and T-pattern detection detected
the locomotion behavior of taking three steps between touches
of the ball. In both players, this behavior is activated by
relative numerical superiority. Also, we found that Messi
and Ronaldo use the outside part of the foot, a category
that was activated in Ronaldo’s map and mutually activated
in Messi’s map. These results could be interpreted to mean
that in no-pressure conditions of play the exterior part of
the foot is the part used most often in dribbling because
with this ability the players create more speed conditions
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TECHNICAL ACTIONS
MESSI RONALDO
Focal category: CD (dribbling the ball) Focal category: CD (dribbling the ball)
Dribbling the ball (CD) is activated (QII) by control Dribbling the ball (CD) is not activated (QII) by
of the ball (CT) and is mutually activated (QI) by any behavior and is not mutually activated (QI) by
continuing to dribble the ball (CD) and the use of any behavior.
feint of pass (PAF) and feint of change of direction
(DIF).

e it I
[ S, SN

(0]

Category Q P.Prosp. P.Retro. Radius Angle Category Q P.Prosp. P.Retro. Radius Angle
Action CT 1II -2.96 0.79 3.06 (*) 165.06 Action SHF II -0.75 0.66 1 138.84
Action CD 1 241 241 341(%) 45 Action PAF 1 -0.75 0.66 1 138.94
Action PAF T 225 0.7 2.35(*%) 1744 Action DIF 11 -1.25 023 1.27 169.48
Action DIF 1 247 387  459(*% 57.50 Action SH I 057 108 122 62.02

Action_VO I 047 1.05 1515 65.97
Focal category: DIF (feint of change of Focal category: DIF (feint of change of

direction)
The feint of change of direction (DIF) is activated
(QII) by control of the ball (CT) and is mutually

direction)
The feint of change of direction (DIF) is activated
(QII) by control of the ball (CT) and shot feint

activated (QI) by dribbling the ball (CD).

(SHF) and is mutually activated (QI) by dribbling
the ball (CD).

|m = -

DIF
Category Q P.Prosp. P.Retro. Radius Angle
Action_ CT 1I -1.95 1.43 2.42 (%) 143.69
Action CD 1 3.87 2.47 4.59 (*) 32.50

[ g aepp———

FIGURE 11 | Maps of polar coordinate analysis for the Technical Actions criterion.

DIF
Category Q P.Prosp. P.Retro. Radius Angle
Action CT II -1.56  2.54 298 (*) 121.49
Action_ SHF 1II -0.69  2.36 2.46 (*) 106.29
Action CD 1 1.42 3.31 3.61 (%) 66.77

in order to gain an advantage in space in relation to their
opponents. The singular contralateral use of the feet of both
players is again reinforced by these maps, which show the
mutual activation of taking three steps and the use of the
left foot in Messis case and the right foot in Ronaldo’s
case.

Side

The right and left midfield are the categories of the Side criterion
identified by polar coordinate analysis and T-pattern detection.
T-patterns show clearly the difference between the two players
in relation to the main uses of the midfield (the right midfield
by Messi and the left midfield by Ronaldo). The presence of
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MESSI

Focal category: RT (right turn)

The right turn of the body (RT) is activated (QII) by
numerical equality with pressure (PE), the use of
the left leg (LL) and both, left orientation (OL) and
backwards orientation with respect to the rival goal
line (BT) and is mutually activated (QI) by the right
orientation of the body with respect to the rival goal
line (OR) and relative numerical superiority (NPR).

STABILITY (TURN DIRECTION)

RONALDO

Focal category: RT (right turn)

The right turn of the body (RT) is activated (QII)
by backwards orientation with respect to the rival
goal line (BT) and is mutually activated (QI) by
the left orientation of the body with respect to the
rival goal line (OL) and numerical equality with
pressure (PE).

[N S (i —

Category Q P.Prosp. P.Retro. Radius Angle
Bodypart LL 11 -0.94 2.58 2.75(*) 109.96
Bodyorient BT II -0.65 3.51 3.57 (*) 100.43
Bodyorient OL II -0.05 3.87 3.87 (%) 90.78
Centre PE I -1.14 3.68 3.86 (*) 107.16
Bodyorient BT II -0.65 3.51 3.57 (*) 100.43
Bodyorient OL II -0.05 3.87 3.87 (%) 90.78
Centre_PE I -1.14 3.68 3.86 (*) 107.16
Bodyorient OR 1 1.61 3.34 371 (%) 64.22
Centre NPR I 127 2.34 2.66 (*) 61.46

FIGURE 12 | Maps of polar coordinate analysis for the Stability (turn direction) criterion.

Category Q P.Prosp. P.Retro. Radius Angle
Bodyorient BT 1I -1.49 3.52 3.83 (%) 11291
Bodyorient OL 1 -0.10 2.03 2.04(*) 87.27
Centre PE I 044 3.09 3.12 (%) 81.93

Messi in the right midfield is activated by the body orientation
facing the rival goal line and is mutually activated by turning
the body to the left and the use of the outside of the foot.
The presence of Ronaldo in the left midfield is activated by
numerical equality without pressure, the use of the outside of
the foot, the use of the chest and facing the rival goal line. These
results corroborate statistics presented by InStat Scout software
about Messis and Ronaldo’s patterns of play with regard to
where the players touch the ball throughout the matches: 84% of
Messi’s touches occur in the right wing, 8% in the mid-offensive
zone, and 8% in the central attacking zones; Ronaldo touches
the ball mostly in the left wing (57%), followed closely by the
central attacking zones (42%). These data show that Ronaldo
tends to play in interior zones of the field more frequently than
Messi.

Technical Actions

T-pattern detection and the frequency chart show more use
of dribbling and feint of change of direction in Messi’s goal-
scoring than in Ronaldo’s. Polar coordinate maps also show non-
statistically significant activation between dribbling and other
behaviors. Contrarily, Messi’s dribbling is activated by control of

the ball and is mutually activated with continuing to dribble the
ball, the use of feint of pass and the use of feint of change of
direction. The T-pattern detection also reinforces this behavior
(Figure 4): Messi touches the ball with the outside part of his
left foot while facing the rival goal line. To do this, Messi
tricks defenders by changing direction in the right midfield and
then continuing to touch the ball with his left foot with a left
orientation of the body with respect to the rival goal line; then, he
continues dribbling the ball while remaining in the right midfield.
We therefore conclude that Messi tends to create a great diversity
of individual attacking situations, a result that corroborates the
conclusion of Serrado (2015): that Messi is the world’s most
unpredictable player. Morris (2014), studying Messi between
2010 and 2014, reported that he has 50% efficacy in dribbling
and tries to perform feints on average 8 times per game. He
also showed that Messi was the most successful player in assists
and goals scored, having the best goals/assists ratio with 1.30
goals and 0.40 assists per game. In the same period of analysis,
in passing situations Messi was the striker with the most passes
performed (11,120), 84% of them successfully. Of these passes,
47% were completed to attacking zones, with 450 through balls,
30 of them permitting a goal (Morris, 2014).
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CENTRE OF THE GAME

MESSI

Focal category: NPE (Numerical equality with
no pressure)

Numerical equality with no pressure (NPE) is
activated (QII) by the right turn of the body (RT)
and is mutually activated (QI) by remaining in
numerical equality with no pressure (NPE),
numerical equality with pressure (PE), backwards
orientation with respect to the rival goal line (BT),
the use of the right leg (RL) and left foot (LF) and
left pivot foot (LFP).

RONALDO

Focal category: NPE (Numerical equality with
no pressure)

Numerical equality with no pressure (NPE) is
activated (QII) by relative numerical superiority
(NPR) and is mutually activated (QI) by remaining
in numerical equality with no pressure (NPE),
right orientation with respect to the rival goal line
(OR) and the use of the left leg (LL).

NPE

Category Q P.Prosp. P.Retro. Radius Angle
St.Turndir RT 1I -2.73 1.24 299(%) 155.62
Bodypart LF I 1.55 1.29 202(% 3992
Bodypart RL I 2.73 1.68 321 (% 3157
Bodyorient BT 1 0.17  4.13 4.14(%)  87.71
StPivotfoot LFP 1 2.97  0.09 297(%)  1.68
Centre_PE I 105 642 6.51(*) 8071
Centre_NPE I 824 8.24 11.66 (*) 45
Focal category: NPR (Relative numerical
superiority)

Relative numerical superiority (NPR) is activated
(QIl) by the left turn of the body (LT) and is
mutually activated (QI) by the relative numerical
superiority (NPR), absolute numerical inferiority
(PA), right orientation with respect to the rival goal
line (OR), pivoting over the right foot (RFP), use of
the left leg (LL), right turn of the body (RT) and use
of the chest (CH).

NPE
Q P.Prosp. P.Retro. Radius

Category
Centre NPR 1T -3.03 1.30
Bodypart LL I 0.24 212
Bodyorient OR I 1.83 1.62
Centre_NPE I 351 3.51

330 (%) 156.75
2.13(%) 83.53
244 (%) 4146
4.96 (*) .45

Focal category: NPR (Relative numerical
superiority)

Relative numerical superiority (NPR) is activated
(QII) by numerical equality with pressure (PE),
left orientation with respect to the rival goal line
(OL) and backwards orientation (BT), use of the
head (HD) and pivoting over the right foot (RFP)
and is mutually activated (QI) by the relative
numerical superiority (NPR).

Category Q P.Prosp. P.Retro. Radius Angle
St.Turndir LT 1T -0.27 7.08 7.09(%» 9221
Bodypart_LL I 055 3.28 333 (% 80.48
Bodypart_ CH I 426 0.39 428 (%) 5.20
Bodyorient OR 1  4.10 429 594 (%)  46.29
St.Turn_dir RT [ 234 127 2,66 (*)  28.54
St.Pivofoot RFP 1  2.72 6.16 6.74 (*)  66.18
Centre_PA I 142 1.77 227 (% 512
Centre NPR I 1254 1254 17.74(%) 45

Category Q P.Prosp. P.Retro. Radius
Bodypart HD I -1.97 395 4.42 (%) 116.51
Bodyorient BT 1I -0.67  4.84 4.89 (%) 9791
Bodyorient OL I -129  2.76 3.05 (%) 115.1

St.Pivotfoot RFP II -1.85 2.08 2.79 (*) 131.6

Centre_PE I -1.58 491 5.15 (%) 107.8

Centre_NPR I 7.02 7.02 9.93 (*) 45

FIGURE 13 | Maps of polar coordinate analysis for the Centre of the Game criterion.

The maps also show that feint of change of direction is more

Ronaldo, it is also mutually activated by the shot feint, which
corroborates the notion that Ronaldo was the top shooter in the
2010-2014 period, with 1,018 shots performed (Morris, 2014).

similar in the two players. This behavior is activated by the
control of the ball and is mutually activated with dribbling. For
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Stability (Turn Direction)

The maps show for Messi that the right turn of the body is
activated by the use of the left leg and being oriented backwards
with respect to the rival goal line and is mutually activated with
the right body orientation with respect to the rival goal line
and relative numerical superiority. This finding reinforces again
the contralateral actions of stasis and precision of the laterality
uses of the limbs (Teixeira et al., 2011). For Messi and also
for Ronaldo, the map shows that the right turn of the body is
activated by facing backwards with respect to the rival goal line
and is mutually activated with the left body orientation with
respect to the rival goal line and numerical equality with pressure
for Ronaldo and right body orientation for Messi. Along similar
lines, Castafier et al. (2016a) reported that the right turn of the
body showed that Messi’s goal-scoring was directly related to the
use of the left leg because he remains steady over his right leg in
order to turn the body, allowing the left leg to perform precise
actions.

Centre of the Game

The most relevant aspect that can be seen in the behavior of
numerical equality with no pressure is that in both players it is
mutually activated by the continuation of numerical equality with
no pressure. We conclude that expert players frequently create
conditions, in time and space, to play in no-pressure conditions,
in this case in goal-scoring situations. Anticipation is generally
considered a hallmark of experts, so it should be considered on
the basis of the specific tasks and contexts with knowledge of their
advantages and disadvantages (Gold and Shadlen, 2007). Messi
and Ronaldo, as the most expert goal scorers, seem to create
better conditions to apply shooting technique.

Conclusions and Future Lines of Study

The objective of this study was to describe objectively the
singular goal-scoring style of the world’s top soccer players,
Cristiano Ronaldo and Lionel Messi. Observational methodology
allows sports scientists to obtain objective data to complement
subjective judgments of soccer players’ motor skill use. We used
the OSMOS-soccer player observational system (Castarier et al.,
2016a), applying six criteria related to the players’ motor skills
and three criteria related to tactics and contextual aspects. This
instrument is a good fit for our study because we consider
that going deeply into the motor skills that players use could
be of interest to soccer studies, which are traditionally more
focused on the tactical and technical analysis of teams. The
combination of two powerful observational techniques, namely
T-pattern detection and polar coordinate analysis, allowed us to
describe the “mosaic” of motor skills and contextual aspects that
make up the singular style of play of Messi and Ronaldo, two
of the best soccer players in the world in the early twenty-first
century.

Our findings permit us to conclude that Messi and Ronaldo
exhibit motor skills that allow them to create varied conditions
for goal-scoring. The cumulative use of these abilities, over the
course of matches and seasons, allows them to win the top awards
in soccer. Here we detail our most important results:

- The creation of no-pressure conditions in goal-scoring shows
that both players use attention abilities to better anticipate
the outcomes of their motor actions and the actions of their
opponents, resulting in higher success in attacking.

- The players exhibited symmetry in the use of both feet with
success. However, in conditions of goal-scoring, i.e., with no
pressure in the centre of the game, both players mostly used
the foot with better laterality precision.

- Ronaldo and Messi mainly use the exterior part of the foot to
dribble faster in order to create advantage in attacking zones
and in one-on-one situations.

- The players exhibited great versatility in the use of a vast variety
of motor skills and technical actions in goal-scoring contexts.
Messi is considered an unpredictable player in his goal-scoring
actions and Ronaldo an accurate shooter with more recurring
patterns.

As for the practical implications of this study, in the Discussion
Section we indicated the findings that could be of interest for
coaches and for further related studies. Overall, coaches may use
these findings for task manipulation related to skill acquisition
and improvement of goal-scoring efficacy. Also, studies of this
type could be useful for establishing defensive strategies against
these specific players. Thus, it would be interesting for future
research to consider others types of contexts or outcomes,
for example World Cup competition and shots off target,
respectively, to better discriminate between the motor ability
patterns of successful and unsuccessful performances.
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Relationships With Teammates,
Areas of the Pitch, and Dynamic Play
in Soccer: A Study of Xabi Alonso

Rubén Maneiro Dios* and Mario Amatria Jiménez

Faculty of Science of Education, Pontifical University of Salamanca, Salamanca, Spain

Research in soccer has traditionally focused on very specific aspects of the game,
such as technical and physiological aspects, and has largely ignored important issues
such as tactical performance and the role of individual players within the team. The
aim of this study was to study the different relationships that Xabi Alonso, one of the
world’s best midfielders, establishes with his teammates during offensive play, and to
investigate his connections with the pitch in terms of where his direct interventions
started and finished, his use of technical actions, his involvement in set plays and
interceptions, and his relationship with shots at goal. To do this, we analyzed all the
matches played by the winner of the 2012 UEFA European Championship: Spain.
We employed an observational methodology design (Anguera, 1979) using a modified
version of the ad hoc soccer observation instrument designed by Amatria et al. (2016).
The resulting data were analyzed by polar coordinate analysis (Gorospe and Anguera,
2000), which is a powerful data reduction technique with high predictive power. The
results showed significant associations (Z > 1.96; p < 0.05) between Alonso and players
in different positions, a wide sphere of influence on the pitch, both for the start and end
of interventions, and a strong link with game interruptions and interceptions and with the
use of different technical actions. No significant associations were detected for type of
shot. Studies on tactical performance that take account of the multiple factors involved in
soccer will lead to better decision-making by coaches and facilitate analysis of a player’s
true performance.

Keywords: performance analysis, observational methodology, soccer, polar coordinates, Xabi Alonso

INTRODUCTION

Research in soccer has traditionally focused on more mechanical aspects of the game, such as
training, biomechanics, health and injury, and physiology. Tactical studies came later, with early
studies typically analyzing isolated quantitative data that had little to offer to a game such as
soccer, which is marked by constant change and a high degree of uncertainty (Svensson and Drust,
2005). The emergence of increasingly sophisticated data analysis software, however, combined with
the development of rigorous methodological approaches, gave researchers the tools to prove or
disprove numerous theories about soccer that had been hitherto lacking in scientific credibility.
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One particularly prominent area of current research in the
field of soccer is how players interact with each other on the
pitch (Carling et al., 2008; Duch et al., 2010; Ric et al., 2017).
The depth and sophistication of these interactions, which are
directly linked to creativity and intra-team coordination (Furley
and Memmert, 2015), confirm that soccer, together with its
underlying structures, is a complex system (McGarry et al., 2002).

On the whole, complex data are easier to analyze when broken
down into measurable units (Bakeman and y Quera, 1996). In
the case of soccer, this “simplification” is the only way to validate
associations and/or causal relationships that occur during play
and to gain insights into behaviors and interactions from a certain
distance. In this complex game, the whole is greater than the sum
of its parts, hence the importance of understanding how different
players interact and relate to each other. One of the main data
analysis techniques for analyzing complex interactions in soccer
is polar coordinate analysis applied to data gathered through
systematic observation (Anguera and Hernandez-Mendo, 2015;
Castafier et al., 2016, 2017). Polar coordinate analysis can be
used to measure the spontaneous behavior of players interacting
in their natural environment from the perspective of a given
behavior, known as a focal behavior.

Polar coordinate analysis has proven to be an effective tool for
breaking down the complexity of the game (Lago and Anguera,
2002; Castellano and Herndndez-Mendo, 2003; Perea et al., 2012;
Robles et al., 2013), and its application to the study of two of
the world’s best strikers, Lionel Messi (Castafier et al., 2016) and
Cristiano Ronaldo (Castaiier et al., 2017), has enabled researchers
to draw practical conclusions on what makes these players great
and in turn to make recommendations for improving both
offensive and defensive aspects of play.

Polar coordinate analysis, however, has not yet been tested
in midfield players. The bulk of research on midfielders draws
on subjective opinions based on both quantitative (Taylor et al.,
2005) and qualitative (Wiemeyer, 2003; Thelwell et al., 2006)
data analyzed out of context, i.e., with no consideration of other
inputs, such as interactions with the ball or other players or the
strategic use of space.

Relationships between players are typically visualized through
a lens focused on their traditional role according to their
position on the pitch. Midfielders are “permeable” to the flow of
information from other players on their team; they are a central
driving force, positioned at the crossroads between attack and
defense. In a recent study on leadership roles in sport, Fransen
et al. (2016) showed that players with central positions had
a privileged position, which combined with their high tactical
responsibilities, positioned them as team leaders. Soccer coach
Jurgen Klopp, referring to a Champions League match in 2014,
said the following about rival midfielder Xabi Alonso: “Our plan
was to take Xabi out of the game. Because if Alonso can play as
he wants it is impossible to defend against Madrid.”

There have been recent claims that midfielders are the most
important members of a soccer team (Duch et al, 2010),
particularly at the start and end of an attack (Clemente et al,
2015), due to the highly specific and versatile nature of their
position (Kannekens et al., 2010). Additional requirements of
midfielders include the combination of sophisticated motor (Di

Salvo et al., 2009; Carling et al., 2010) and technical skills
(Bloomfield et al., 2007), even in situations when time is critical
(Rampinini et al., 2007).

Considering the above, we believe that an in-depth analysis
of one of the world’s greatest midfield players, Xabi Alonso, in
his natural environment through the study of interconnections
between multiple, suitably coded, behaviors, is justified. The
application of a robust methodological approach, combined with
an in-depth, multidimensional analysis of rigorously coded data,
will help to provide objective insights into how Alonso interacts
with his environment and makes him unique. The specific aim
was to analyze Alonso’s spatial, technical, and tactical skills
during the course of play together with his interactions with the
other players on his team.

METHOD

Design

We undertook an systematic observation study (Anguera, 1979).
Observational methodology is currently considered to be one
of the most suitable methodologies for analyzing spontaneous
interactions in sport (Castellano et al, 2012; Anguera and
Hernandez-Mendo, 2015).

The specific design employed was I/P/M, which stands for
Idiographic, Point, and Multidimensional. It was idiographic
(Anguera et al., 2011) because we studied a single player,
point, because we applied intrasessional follow-up only (Sanchez-
Algarra and Anguera, 2013), and multidimensional, because we
analyzed behaviors from different dimensions in the observation
unit. The observation of behavior was scientifically rigorous
because the events observed were fully perceivable and the
observers had a non-participatory role.

Participants

The observation sample was a convenience sample (Anguera
et al, 2011) formed by a single player, Alonso, during his
participation in the final phases of the 2012 UEFA European
Championship (UEFA Euro 2012) as a member of the national
Spanish team.

As such, the study can be considered a case study (Yin, 2014;
Castaner et al., 2016). The behaviors were annotated by analyzing
video footage of the matches broadcast on public television. The
study thus complies with the ethical principles of the Declaration
of Helsinki.

Observation Instrument

We created a modified version of the original ad hoc soccer
observation instrument built by Amatria et al. (2016). The
modifications included new subdivisions that reflected the length
of the pitch (Figure 1) and more specific definitions of players,
technical actions, types of shot, and interruptions (e.g., set plays;
Figure 2).

The instrument is a combination of a field format and systems
of categories (Anguera et al., 2007). It contains eight dimensions,
each of which is broken down into a system of exhaustive,
mutually exclusive categories.
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FIGURE 1 | Pitch areas.

Data Annotation and Coding

The data from the video footage were annotated (Hernédndez-
Mendo et al., 2014) using the freely available software program
LINCE (v. 1.2.1; Gabin et al., 2012). The interobserver agreement
analysis yielded a kappa value of 0.95. The data were concurrent,
time-based (type IV) data (Bakeman, 1978).

Two additional software programs were used: GSEQ v5.1
(Bakeman and Quera, 2011) for the lag sequential analysis and
HOISAN v. 1.2 (Hernandez-Mendo et al., 2012) for the polar
coordinate analysis. Lag sequential analysis is needed to calculate
the adjusted residual values necessary for polar coordinate
analysis.

Data Analysis

Polar coordinate analysis was developed by Sackett (1980)
and later improved by Anguera (1997). Although conceptual
(Anguera and Losada, 1999) and empirical (Herndndez-Mendo
and Anguera, 1998, 1999; Gorospe, 1999; Gorospe and Anguera,
2000; Castellano and Herndndez-Mendo, 2002) studies started
using this method decades ago, its use in sports sciences is
recent (Anguera and Hernandez-Mendo, 2015). Polar coordinate
analysis has attracted increasing attention in recent years, as
it offers numerous features that are ideal for the type study
proposed in this paper (Gonzalez et al., 2013; Robles et al., 2014;
Echeazarra et al., 2015; Lopez-Lopez et al., 2015; Morillo-Baro
et al., 2015; Sousa et al., 2015; Castaner et al., 2016, 2017; Lopez
et al., 2016; Aragon et al., 2017; Tarrag6 et al., 2017; Prudente
etal., 2018).

The starting point of any polar coordinate analysis study is
the calculation of adjusted residuals using lag sequential analysis
(Bakeman, 1978). These are calculated both prospectively (for
each positive lag considered) and retrospectively (for each
negative lag considered). Following the proposal of Sackett
(1980), these residuals are then standardized and used to calculate
Zsum statistics (Cochran, 1954), which, in turn, are used to
produce a vector map showing the statistical relationships

between the behavior of interest, known as the focal behavior, and
other behaviors, known as conditional behaviors.

The Zg,, statistic is calculated using the formula Zy,,, =
%, where Z corresponds to each of the standardized adjusted
residuals reflecting the relationship between the focal behavior
and a conditional behavior at each of the lags considered,
and where n is the number of lags. The Zg,, statistic is
calculated separately for each prospective and retrospective lag,
thereby resulting in a prospective and retrospective value for
each conditional behavior. The relationship between the focal
behavior and each of the conditional behaviors is depicted by
the length and angle of the corresponding vectors (Sackett,
1980).

The length of each vector is equivalent to the hypotenuse
of a right-angled triangle in which the respective prospective
and retrospective Zg,,, values correspond to the lengths
of the sides adjacent to the right angle, in other words,

Length = \/ (ZsumP)?* + (ZsumR)?*. The angle is calculated via

a trigonometric function, by which ¢ = %

The resulting value (¢ ) is then transformed according to
the quadrant in which the vector is located. The position of the
vector is determined by the interplay between the positive and/or
negative signs carried by the prospective and retrospective Zsum
values, which are respectively plotted along the X and Y axes.

The above calculations are performed in HOISAN (Lopez-
Lopez et al, 2015), which also produces the results in the
form of easy-to-interpret vector maps. Vectors located in
quadrant I show focal behaviors that activate and at the
same time are activated by conditional behaviors; those
located in quadrant II show focal behaviors that inhibit but
are not inhibited by conditional behaviors; those located
in quadrant IIT show focal behaviors that inhibit and at
the same time are inhibited by conditional behaviors;
and those located in quadrant IV show focal behaviors
that activate but are not activated by conditional behaviors
(Figure 3).

RESULTS

As mentioned in the Methods section, before performing the
polar coordinate analysis, we first applied lag sequential analysis
to investigate the statistical associations between the categories
from the observation instrument.

We have grouped our results into six sections, each describing
a different aspect of Alonso’s performance and interaction with
his teammates and environment during UEFA Euro 2012:

a) Relationship between Alonso and other team members

b) Relationship between Alonso and intervention initiation zone

c) Relationship between Alonso and intervention conclusion
zone

d) Relationship between Alonso
(interruptions and interceptions)

e) Relationship between Alonso and technical action (ball
contact)

f) Relationship between Alonso and type of shot he takes

and game situations
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PO) possession of ball by team being observed; PC) possession of ball

JO) vnidentified player; J1) player 1; J2) player 2; I3) plaver 3; J4)
player 4; I5) player 5; J6) player 6; I7) player 7; I8) player 8; J9) player
9. 110) player 10; J11) player 11; J12) player 12; J13) player 13; J14)
player 14; J15) player 13; J16) player 16; J17) player 17; J18) player
18; J19) player 19; 120) plaver 20; J21) player 21; 122) player 22; J123)

ZI10, Z120, ZI30, Z140-safety sector-, ZI50, ZI60, ZI70, ZI8(-creation
zectorin own half, ZI51, Z161, ZI71, ZI81-creation sector in rival’s half

ZF10, ZF20, ZF30, ZF4(-safety sector-, ZF30, ZF60, ZF70, ZF80-
creation zector in own half, ZF31, ZF61, ZF71, ZF81-creation sector
in rival s half -ZF90, Z100, ZF110, ZF120, ZF130 —definition sector.

C1) single contact with ball and regulatory throw-infkick-in; C12)
aftempt to control the ball with 2 or more touches resulting in loss of
ball; C2) confrol of ball (including catching of ball by goalkeeper)
followed by a shot - regardless of whether the ball reaches a team
member or is recoverad by an oppenent; C23) contrel of ball, followed
by dnbbling, and loss of ball; C24) control of ball, followed by
dribbling attempt to go around one or more opponents, and loss of ball;
C3) contrel of ball, followed by dribbling and shot - regardless of
whether the ball reaches a team member or is recovered by an
opponent; C4) control of ball, passing of one or more opponents, and
shot — mgardless of whether the ball reaches a team member or is

GTO) goal by team being observed; GATO) goal against team being
observed, FKTO) free kick for team being observed; OTO) of &ide for
team being observed; TITO) throw-in for team being observed; CKTO)
cornet kick or team being observed; GKTO) goal kick for team being
observed; FKATO) free kick against team being observed; OATO)
offside against team being observed; TIATO) throw-in against team
being observed; CKATO) corner kick against team being observed;
GKATO) goal kick against team being observed; NK) kick-off'neutral
kick; KO) kick-off; EFH) end of first half; EM) end of match.

LB) loss of ball; RB) recovery of ball; OIC) cccasional interception

SG) shot resulting in goal; SI) shot intercepted by opponent other than
the goalkeeper; SBP) shot between the posts not resulting in a goal;
SWP) shot wide of the posts; S8G) shot saved or cleared by the
goalkeeper; HEG) header ending ina goal; HIG) header intercepted by
opponent other than the goalkeeper; HEP) Header between the posts
not resulting in a goal; HWP) Header wide of the posts; HBG) Header

No. Dimension Categories: codes and brief description
1 Ball
possession  byrival team; Inob) unobservable

2 Player
player 23; JR) rival player.

3 Move

initiation zone

-Z190, Z100, Z1110, ZI120, Z1130 —definition sector.

4 Move

conclusion
one
5 Contact with
ball

recovered by an opponent; C3) Header.

6 Interruptions

) Intzreeptions
with continuation of play

8 Type of shot
blocked or cleared by the goalkeeper.

FIGURE 2 | Observation instrument. Source: Modified from Amatria et al. (2016).

Alonso (code J14) was established as the focal behavior for all
the above analyses.

Relationship Between Alonso and Other
Players

For this analysis, we investigated the relationship between
Alonso/J14, defined as the focal behavior or category, and the
other players on the Spanish national team—]J0 (unidentified

player), J1 (Iker Casillas), J2 (Raul Albiol), J3 (Gerard Piqué),
J4 (Javi Martinez), J5 (Juanfran), J6 (Iniesta), J7 (Pedro), J8
(Xavi Hernandez), J9 (Fernando Torres), J10 (Cesc Fabregas),
J11 (Alvaro Negredo), J12 (Victor Valdés), J13 (Juan Mata),
J15 (Sergio Ramos), J16 (Busquets), J17 (Arbeloa), J18 (Jordi
Alba), J19 (Fernando Llorente), J20 (Cazorla), J21 (David
Silva), J22 (Jesus Navas), and J23 (Reina)—and rival players
(JR), defined as the conditional behaviors or categories. The
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FIGURE 3 | Activating and inhibitory relationships between focal and
conditional behaviors.

aim was to investigate how Alonso interacted with teammates
and rivals during the matches analyzed in UEFA Euro
2012.

The results (Table 1 and Figure 4) show that both J11 (Alvaro
Negredo), with a radius of 3.44 and an angle of 25.07°, and J16
(Sergio Busquets), with a radius of 2.02 and an angle of 42.13,
were located in quadrant I, where the focal behavior activates
the conditional behavior both prospectively and retrospectively
(mutual activation).

J1 (Iker Casillas), with a radius of 3.05 and an angle of 108.89°,
J3 (Gerard Piqué), with a radius of 2.61 and an angle of 126.06°,
and J15 (Sergio Ramos), with a radius of 2.59 and an angle of
165.7°, were positioned in quadrant II, where the focal behavior
inhibits but is not inhibited by the conditional behavior.

Quadrant III contains the conditional categories J4 (Javi
Martinez), J9 (Fernando Torres), J20 (Cazorla), and JR (rival
player), with respective radii of 5.17, 3.05, 4.38, and 2.72, and
respective angles of 223.84, 250.63, 230.14, and 198.41°. In
this quadrant the focal and conditional behaviors are mutually
inhibited.

Finally, J6 (Iniesta), with a radius of 2.25 and an angle of
351.53°, and J10 (Cesc Fébregas), with a radius of 2.64 and an
angle of 302.96°, were located in quadrant IV, where the focal
behavior activates but is not activated by conditional behaviors
-Z171 and ZI110-.

Relationship Between Alonso and

Intervention Initiation Zone

In this analysis, we investigated the relationship between Alonso
(J14) and the different areas of the pitch in which an intervention
involving this player was launched (ZI10, Z120, ZI30, ZI40, ZI50,
7160, 7170, 7180, ZI51, ZI161, Z171, Z181, Z190, ZI100, ZI110,
71120, and ZI130). The aim was to identify Alonso’s use of space
during the course of play.

TABLE 1 | Polar coordinate analysis results for the relationship between the focal
category Alonso (J14) and other players.

Category Quadrant Prospective Retrospective Radius  Angle
perspective perspective
Jo v 0.34 —0.11 0.36 342.01
J1 I —0.99 2.89 3.05* 108.89
J3 I —1.53 2.1 2.61* 126.06
J4 Il -3.73 —3.58 517" 223.84
J6 v 222 —0.33 2.25* 351.53
J7 v 0.97 -0.6 1.14 328.42
J8 | 0.95 0.1 0.96 6.69
Jo I —1.01 —2.88 3.05* 250.63
J10 v 1.44 —2.21 2.64* 302.96
J11 | 3.12 1.46 3.44* 25.07
J13 Il -0.72 1.77 1.91 112.18
J15 I —2.51 0.64 2.59* 165.7
J16 | 1.5 1.36 2.02* 4213
J17 v 0.5 —0.05 0.5 353.83
J18 | 1 1.37 1.69 53.92
J20 Il -2.8 —3.36 4.38* 230.14
J21 Y 0.73 -0.72 1.08 315.53
J22 | 0.13 0 0.13 0
JR Il —2.58 —0.86 2.72% 198.41
*p < 0.05.

FIGURE 4 | Vector map showing relationships between focal category
(Alonso/J14) and other players.

The results (Table 2 and Figure 5) show that both ZI51, with
aradius of 2.49 and an angle of 55.17°, and ZI71, with a radius of
2.07 and an angle of 44.74°, were located in quadrant I (mutual
activation between focal and conditional behaviors).
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TABLE 2 | Polar coordinate analysis results for the relationship between the focal
category Alonso (J14) and intervention initiation zones.

Category  Quadrant Prospective Retrospective Radius  Angle
perspective perspective

ZI10 Il —2.06 2.41 3.18* 130.49
Z120 I —-1.37 1.74 2.21* 128.35
ZI30 I -1.83 0.04 1.83 178.6
7140 Il —2.99 -0.9 3.12* 196.75
7150 | 0.34 0.46 0.57 53.67
7160 v 0.28 —0.65 0.71 293.34
ZI70 | 1.45 0.21 1.47 8.23
Z180 1l -3.11 —0.85 3.22% 196.29
Z151 | 1.42 2.04 2.49* 55.17
ZI61 v 5.18 —0.59 5.21* 353.5
ZI71 | 1.47 1.46 2.07* 44.74
ZI81 v 0.82 -0.37 0.9 335.72
ZI190 Il -1.5 —1.26 1.96* 220.09
Z1100 Il —1.76 -1.1 2.07* 211.94
ZI110 v 0.08 -0.8 0.81 275.71
ZI120 Il —3.58 -3.2 4.8* 221.83
ZI130 Il —0.64 1.04 1.22 121.72
b < 0.05.

N —
- -~
- ! o

- N,
-0 b X,

FIGURE 5 | Vector map showing relationships between the focal category
(Alonso/J14) and intervention initiation zones.

Quadrant II, which shows conditional behaviors that are
inhibited by but do not inhibit the focal behavior, contains the
two zones located to the left of the Spanish team’s goal: ZI110, with
a radius of 3.18 and an angle of 130.49°, and Z120, with a radius
of 2.21 and an angle of 128.35°.

Quadrant III (mutual inhibition quadrant) contained
categories Z140, with a radius of 3.12 and an angle of 196.5°%
Z180, with a radius of 3.22 and an angle of 195.29°; ZI190, with a
radius of 1.96 and an angle of 220.09°; ZI100, with a radius of
2.07 and an angle of 211.94°; and ZI120, with a radius of 4.8 and
an angle of 221.83°.

Finally, ZI61, with a radius of 5.21 and an angle of 353.5°, was
located in quadrant IV, where the focal category activates but is
not activated by the conditional behavior.

Relationship Between Alonso and Initiation

Conclusion Zones

In this analysis, we studied the relationship between Alonso
(J14) and the different areas of the pitch in which interventions
in which he was involved ended (ZF10, ZF20, ZF30, ZF40,
ZF50, ZF60, ZF70, ZF80, ZF51, ZF61, ZF71, ZF81, ZF90, ZF100,
ZF110, ZF120, and ZF130). The aim was to analyze how Alonso
interacted with these zones when the Spanish team was attacking.

The results (Table3 and Figure 6) show that quadrant I
(mutual activation) contained categories ZF61, with a radius of
4.05 and an angle of 25.63°; ZF50, with a radius of 2.07 and an
angle of 89.01°; ZF60, with a radius of 2.47 and an angle of 77.22°;
and ZF70, with a radius of 1.98 and an angle of 56.17°.

Quadrant II, in turn, which shows conditional behaviors that
are inhibited by but do not inhibit the focal behavior, contained
ZF10 (safety sector in team’s own half), with a radius of 2.17 and
an angle 146.51°.

Quadrant III (mutual inhibition quadrant) contained ZF30,
with a radius of 2.06 and an angle of 200.56°; ZF40, with a radius
of 2.91 and an angle of 207.35°; ZF80, with a radius of 3.29 and
an angle of 216.5°; ZF100, with a radius of 2.85 and an angle of
243.11°; and ZF120, with a radius of 4.53 and an angle of 241.31°.

Finally, quadrant IV, which shows conditional behaviors that
are activated by but do not activate the focal behavior, contained
ZF81, with a radius of 2.54 and an angle of 283.62, and ZF90, with
aradius of 3.42 and an angle of 275.18°.

Relationship Between Alonso and Game

Interruptions and Interceptions
For this analysis, we analyzed the relationship between Alonso
(J14) and different aspects related to game interruptions and
interceptions—GTO (goal by team being observed), GATO (goal
against team being observed), FKTO (free kick for team being
observed), OTO (offside for team being observed), TITO (throw-
in for team being observed), CKTO (corner kick or team being
observed), GKTO (goal kick for team being observed), FKATO
(free kick against team being observed), OATO (offside against
team being observed), TIATO (throw-in against team being
observed), CKATO (corner kick against team being observed),
GKATO (goal kick against team being observed), NK (kick-
off/neutral kick), KO (kick-off), EFH (end of first half), EM
(end of match), LB (loss of ball), RB (recovery of ball), and OIC
(occasional interception with continuation of play)—The aim
was to investigate Alonso’s involvement in these situations.

The results (Table 4 and Figure 7) show that GKTO (goal kick
for team being observed), with a radius of 2.07 and an angle of
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TABLE 3 | Polar coordinate analysis results for the relationship between the focal
category Alonso (J14) and intervention conclusion zones.

TABLE 4 | Polar coordinate analysis results for the relationship between focal
category Alonso (J14) and game situations (interruptions and interceptions).

Category  Quadrant Prospective Retrospective Radius  Angle Category Quadrant Prospective Retrospective Radius  Angle
perspective perspective perspective perspective

ZF10 Il —1.81 1.2 217" 146.51 GTO Il —0.36 0.51 0.62 125.3
ZF20 I —1.38 0.52 1.48 159.26 FKTO I —-1.15 3.18 3.38" 109.87
ZF30 Il —1.93 -0.72 2.06* 200.56 OoTO | 0.5 0.54 0.74 47.21
ZF40 Il —2.58 —-1.34 2.91* 207.35 TITO Il —2.43 -3.17 3.99* 232.55
ZF50 | 0.04 2.07 2.07* 89.01 CKTO Il —3.64 -0.28 3.65* 184.43
ZF60 | 0.55 2.41 2.47* 77.22 GKTO | 0.52 2 2.07* 75.48
ZF70 | 1.1 1.64 1.98* 56.17 FKATO Il —0.14 0.64 0.66 102.61
ZF80 1l —2.65 —1.96 3.29" 216.5 OATO Il —1.83 0.13 1.83 175.8
ZF51 | 1.08 1.57 1.88 56.76 TIATO Il —-1.2 1.37 1.82 131.12
ZF61 | 3.65 1.75 4.05* 25.63 GKATO | 2.37 0.56 2.44 13.37
ZF71 | 0.88 1.74 1.95 63.14 NK Il —-0.19 —-1.07 1.09 2569.84
ZF81 v 0.6 —2.47 2.54* 283.62 NC | 1.22 0.5 1.32 2213
ZF90 v 0.31 -3.4 3.42* 275.18 EFH | 247 0.34 2.5* 7.93
ZF100 Il -1.29 —2.54 2.85" 243.11 EM I —0.52 0.62 0.81 130.29
ZF110 v 0.35 -1.75 1.78 281.28 LB v 3.79 -0.32 3.81* 355.21
ZF120 Il -2.17 -3.97 4.53* 241.31 RB | 1.12 0.47 1.22 22.51
ZF130 Il —0.96 0.7 1.19 144.04 e][¢} Il -1.6 —1.95 2.52* 230.62
0 <0.05. “p < 0.05.
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FIGURE 6 | Vector map showing relationships between focal category
(Alonso/J14) and intervention conclusion zones.

FIGURE 7 | Vector map showing the relationships between the focal category
(Alonso/J14) and game situations (interruptions and interceptions).

75.48°; GKATO (goal kick against team being observed), with a
radius of 2.44 and an angle of 13.37°; and EFH (end of first half),
with a radius of 2.5 and an angle of 7.93°, were all located in the
mutual activation quadrant L.

Quadrant II, in which conditional behaviors are inhibited by
but do not inhibit the focal behavior, contained FKTO (free kick

for team being observed), with a radius of 3.38 and an angle of
109.87°.

Quadrant III, where the focal and conditional behaviors
mutually inhibit each other, contained TITO (throw-in for team
being observed) with a radius of 3.99 and an angle of 232.55%
CKTO (corner kick for team being observed) with a radius of
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3.65 and an angle of 184.43°; and OIC (occasional interception
with continuation of play) with a radius of 2.52 and an angle of
230.62°.

Finally, the conditional category LB (loss of ball), with a radius
of 3.81 and an angle of 355.21°, was located in quadrant IV, where
focal behaviors activate but are not activated by conditional
behaviors.

Relationship Between Alonso and

Technical Actions (Ball Contact)

For this analysis, we studied the relationship between Alonso
and the different categories in the ball contact dimension Cl
(single contact with ball and regulatory throw-in/kick-in), C12
(attempt to control the ball with 2 or more touches resulting in
loss of ball), C2 (control of ball, including catching of ball by
goalkeeper, followed by a shot—regardless of whether the ball
reaches a team member or is recovered by an opponent), C23
(control of ball, followed by dribbling, and loss of ball), C24
(control of ball, followed by dribbling, attempt to go around one
or more opponents, and loss of ball), C3 (control of ball, followed
by dribbling and shot—regardless of whether the ball reaches a
team member or is recovered by an opponent), C4 (control of
ball, passing of one or more opponents, and shot—regardless
of whether the ball reaches a team member or is recovered by
an opponent), C5 (header). The aim was to investigate Alonso’s
technical skills.

Quadrant II, where the focal behavior inhibits the presence
of the conditional behavior prospectively and activates it
retrospectively, contained the category C5 (header), with a radius
of 3.06 and an angle of 170.58° (Table 5 and Figure 8).

The mutual inhibition quadrant, quadrant III, contained the
conditional behavior C1 (single contact with ball and regulatory
throw-in), with a radius of 2.29 and an angle of 192.65°.

Relationship Between Alonso and Type of
Shot

For this analysis, we studied the relationship between Alonso and
the different categories in the type of shot dimension (SG, SI, SBP,
SWP, SSG, HEG, HIG, HBP, HWP, and HBG). The aim was to

TABLE 5 | Polar coordinate analysis results for the relationship between the focal
category (Alonso/J14) and technical actions.

identify significant associations between Alonso and the type of
shots he takes.
As shown in Table 6, the results were not significant.

DISCUSSION

Polar coordinate analysis has been shown on multiple occasions
to be an ideal technique for dissecting the complexity underlying
the relationships between different players of a team. It
is a powerful data reduction technique that produces a
manageable set of vectorial parameters that are graphically
represented in a vector map that shows both activating and
inhibitory relationships between variables of interest (Gorospe
and Anguera, 2000). Specifically, the map shows how a given
category, the focal behavior, is connected to all other categories
within a category system. In this vector map, the angle of the
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FIGURE 8 | Vector map showing relationships between focal category
(Alonso/J14) and type of contact.

TABLE 6 | Polar coordinate analysis results for focal category (Alonso/J14) and
type of shot.

Category Quadrant Prospective Retrospective Radius  Angle Category Quadrant Prospective Retrospective Radius  Angle
perspective perspective perspective perspective

C1 Il —-2.28 -0.5 2.29* 192.65 SG Il —1.17 -0.35 1.22 196.58
c12 | 1.36 1.07 1.74 38.2 Sl Il —0.41 —0.99 1.07 247.49
c2 | 1.04 0.01 1.04 0.49 SWP | 1.21 0.91 1.51 36.84
c23 % 1.78 —0.26 1.79 351.69 PT | 1.16 0.22 1.18 10.71
C24 v 0.1 —0.55 0.57 281.4 HEG Il -0.78 —0.01 0.78 180.65
C3 v 1.57 -0.29 1.59 349.64 HIG I —0.98 0.04 0.98 177.92
C4 I —0.09 1.04 1.04 95.17 HWP Il —-1.19 -0.1 1.19 184.94
C5 I -3.02 0.5 3.06" 170.58 HBG | 0.46 0.33 0.57 35.7
*p < 0.05. *n < 0.05.
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vector indicates the nature of the relationship between two
behaviors or categories and the radius indicates the strength
of the relationship (Anguera and Hernandez-Mendo, 2015;
Morillo-Baro et al., 2015).

Most studies of performance in soccer to date have focused
on the performance of the team as a whole, with little attention
given to individual performance or interactions between team
members. The most notable studies to date of individual
performance are two studies by Castafier et al. (2016, 2017)
that used polar coordinate analysis to study and compare
Messi and Ronaldos use of motor skills in relation to goal
scoring. Methodologically rigorous studies of the tactics used
by midfielders are also lacking. As pointed out by Sampaio
and Magas (2012), Memmert (2010) ,Memmert et al. (2017)
and Castafier et al. (2016, 2017), in order to understand the
performance of a team as a whole, it is first necessary to
understand how the different members of the team interact with
each other.

Alonso and His Team Mates

Our analysis revealed mutual activation between Alonso (J14)
and both Negredo (J11) and Busquets (J16), showing that
Alonso’s interactions with his teammates extend beyond the
midfield area into both the attacking and shooting areas of the
pitch. This finding supports the observation by Kannekens et al.
(2010) that midfielders must act as the link between a team’s
attackers and defenders.

We also observed an interesting retrospective activation
of categories J3 (Piqué) and J15 (Ramos), two defenders
with outstanding tactical and technical prowess who have an
important role in the building of attacks. This finding suggests
that Alonso establishes “microsocieties” in the early stages of
attack by first interacting with Piqué and Ramos in a small area
and then with players at the first line of attack, as shown by
the prospective activation of J10 (Cesc Fabregas) and J6 (Iniesta)
in quadrant IV. These interactions reveal mastery of two skills
that are of tactical significance in midfield play. The first is
high proficiency in mesostructural aspects of the game, such as
the ability to maintain possession of the ball in small spaces
(Rampinini et al., 2007), while the second is mastery of the 360°
turn (Bloomfield et al., 2007), which is a highly valued skill in
a midfield player, as it enhances peripheral vision and spatial
intelligence (Gardner, 2016) and allows players to adapt to the
constant changes around them. To master these two skills, the
player must not only excel in the technical skills required of
a midfielder (Taylor et al, 2005) but also demonstrate creative
and attacking qualities, such as versatility, good on-the-ball
movement, and tactical positioning.

Coaches should take these factors into account in order to
design effective defensive tactics. Applying pressure to Alonso
and likely receivers of a pass from him when the team is
in possession of the ball, for example, could help to increase
the effectiveness of the defense. In addition, these pressure
maneuvers could cause the observed player to move into residual
spaces of the playing field away from their usual range of action,

where their role within the team could move to a less important
role.

Alonso and His Interaction With Different
Areas of the Pitch

As shown in the vector map in Figure 5, we detected mutual
activation between Alonso and zones ZI51 and ZI71, which are
two areas of creative play. Activation of these zones in quadrant I
is interesting, as Alonso is largely considered to be a defensive or
holding midfielder, and it further supports the idea that Alonso’s
role extends beyond what is traditionally expected of a defensive
midfielder (Wiemeyer, 2003). The above interactions, combined
with Alonso’s use of space, suggest that Alonso represents a new
style of midfielder, one who masters multiple aspects of offensive
and defensive play.

The relationship between Alonso and areas of the pitch
where attacks are launched, zones ZI10 and ZI20, was relatively
unremarkable, with respective vector radius lengths of 3.18 and
2.21. These vectors were located in quadrant II, where the
focal behavior activates the presence of the conditional behavior
retrospectively but not prospectively. This observation is directly
related to the early launch of an attack in the defensive areas of
the pitch. When the backline defenders gain possession of the
ball, Alonso activates his movements at the next line of play (the
midfield area) in the hope of receiving the ball and moving it
up to the next line of attack. Alonso’s position at the tip of the
triangle formed by these areas and their respective occupants
does not appear to be arbitrary. Recent studies claim that
these geometric patterns are consistent with Voronoi diagrams,
which are diagrams based on mathematical spatial partitioning
algorithms that have been recently applied to the study of soccer
(Sumpter, 2016).

On analyzing the areas of the pitch where interventions
involving Alonso ended, we observed that the mutual activation
between Alonso and zones ZF50, ZF60, and ZF70 in quadrant I
is consistent with the findings of James et al. (2002), who stated
that the safety pass was one of the most frequently used technical
actions by defensive midfielders. Soccer thus is not just about
ball control but also about creativity and the strategic use of
space, as indicated by the retrospective activation of ZF81 in
quadrant IV. In view of the above findings, it is conceivable
that the microsociety formed by Ramos (J15), Piqué (J3), and
Alonso (J14) is designed to create space in distant areas of the
pitch by drawing defenders to the passing triangle formed by
these three players. The tactic is clear: the team distracts the
defenders through on-the-ball interactions and then delivers the
ball to the opposite side of the pitch (ZF81) to continue the attack.
Essentially, this tactical play involves changes of direction, which
were described in Gargantas (1997) study of offensive tactics in
elite soccer some 20 years ago. Distraction and dummy moves
are two important tactics employed by Alonso.

At a practical level, coaches looking to defend against such
tactics should focus on studying their rivals’ use of space. Placing
more defenders in strategic areas, including those located some
distance from the ball, will improve a team’s chances of a
successful defense.
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Alonso’s Role in Game Situations

(Interruptions and Interceptions)

Versatility in set-play situations is one of Alonso’s greatest
attributes, as indicated by the mutual activation observed
between Alonso and GKTO (goal kick for Spanish team) and
GKATO (corner kick against Spanish team) in quadrant I
Alonso excels in aerial play and is a particular good header.
This attribute is particularly interesting for the Spanish team,
which had the shortest average squad at UEFA Euro 2012.
The most interesting observation related to the association
between Alonso and set-play situations was the retrospective
inhibitory relationship in quadrant II, which showed that
Alonso tended to be the first player to receive the ball
after an interruption of play. We believe that this finding
is interesting for two reasons. First, Alonso would appear
to be the player of choice to receive the ball following
a set play and second, it supports claims by Fransen
et al. (2016) that players in central positions are the most
prominent players in the building of an attack due to
their ability to coordinate the flow of information between
the different members of the team. In this case, Alonso
would appear to be responsible for triggering the flow of
information that then diffuses through the other members of the
team.

At a practical level, placing more defenders on Alonso could
limit his freedom to move and the time he has to take decisions.
Another possible action would be a possible individual marking
on the player.

Alonso and Technical Actions

Based on the data from quadrant III, where focal and
conditional behaviors are mutually inhibitory, we cannot draw
any conclusions on the relationship between Alonso and
technical actions during UEFA Euro 2012. Our findings in
general, however, illustrate that Alonso draws on a wide
repertoire of technical resources that are not typically associated
with midfield players (Wiemeyer, 2003; Taylor et al, 2005;
Thelwell et al., 2006), and is closely involved in set plays, such
as free kicks and corner kicks. Alonso is a multidisciplinary and
highly skilled player. The decision on which technical action
to execute needs to be taken fast, but this speed of decision
needs to be accompanied by accurate execution, which in turn
requires precision of both motor and cognitive skills. It is this fine
balance that makes a great midfielder. We agree with Kannekens
et al. (2009) that soccer training models require a paradigm
shift and need to center on tactical aspects of the game. Broadly
speaking, we suggest the incorporation of training drills focused
on teaching players to take fast, innovative decisions in pressure
situations in order to adapt to the changing circumstances of the
game.

Increasing players’ understanding of technical and tactical
concepts will help defenders adapt to the new style of midfielder
represented by Xabi Alonso. Tactics such as pressure, dissuasion,
and timing are likely to be more effective than the traditional
tackle.

Alonso and Shots

Although Alonso scored two goals at UEFA Euro 2012, our
analysis did not detect any significant results for the relationship
between Alonso and type of shot.

Nonetheless, we can draw on the data compiled to characterize
this relationship. When the Spanish team is in possession of the
ball, Alonso establishes polyvalent relationships with players in
different positions, attaining thus a wide sphere of influence.
In this respect, his role differs considerably from that of a
classic midfielder, although he retains his defensive function.
In addition, he combines rapid decision-making with high
precision, as would be expected of a midfielder with a wide
repertoire of skills. Finally, Alonso is the player of choice to
receive the ball during set plays.

CONCLUSIONS AND FUTURE WORK

We have analyzed the different relationships that Alonso
establishes with his teammates on the Spanish national soccer
team and studied his use of space and technical-tactical skills
during the course of play. In addition, we have made some
practical recommendations based on our findings that could be
of interest to coaches at different levels. Our study also highlights
the potential of observational methodology (in particular polar
coordinate analysis) as a means of studying the spontaneous
behavior of players in their natural setting. Future studies
should continue to analyze the qualities of Alonso and other
players to further uncover on the complex structures underlying
interactions between different members of a team. The findings
will undoubtedly result in a greater understanding of soccer as a
whole.
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Referees are essential for sports such as handball. However, there are few tools available
to analyze the activity of handball referees. The aim of this study was to design an
instrument for observing the behavior of referees in handball competitions and to analyze
the resulting data by polar coordinate analysis. The instrument contained 6 criteria and
18 categories and can be used to monitor and describe the actions of handball referees
according to their role/position on the playing court. For the data quality control analysis,
we calculated Pearson’s (0.99), Spearman’s (0.99), and Tau Kendall’s (1.00) correlation
coefficients and Cohen’s kappa (entre 0.72 y 0.75) and Phi (entre 0.83 y 0.87) coefficients.
In the generalizability analysis, the absolute and relative generalizability coefficients were
0.99 in both cases. Polar coordinate analysis of referee decisions showed that correct
calls were more common for central court and 7-meter throw calls. Likewise, calls were
more likely to be incorrect (in terms of both errors of omission and commission) when
taken from the goal-line position.

Keywords: refereeing, handball, polar coordinates, decision-making, systematic observation

INTRODUCTION

Referees have a key role in elite sports competitions (Cruz, 1997; Dohmen and Sauermann, 2015).
Officiating a match between two teams is a difficult task that is further complicated by the need
to take decisions on a range of events that occur within a short space of time (Plessner, 2005;
Mascarenhas and Smith, 2011). The decisions taken by referees can influence the unfolding of
events during a match and even decide the outcome (Philippe et al., 2009). It is therefore important
to analyze and improve referee performance in these contexts.

Good referees share certain qualities. They must be very knowledgeable about the rules of the
game, have a good level of physical fitness, position themselves correctly on the court or pitch,
have good visual and auditory acuity, and be highly motivated and capable of taking on-the-spot
decisions and controlling their emotions (Weinberg and Richardson, 1990; Mascarenhas et al.,
2005; Simmons, 2011). These qualities, can, however, be modified by various factors that can affect
decision-making processes (Weston et al., 2012), such as previous experiences with teams and/or
players and even player reputation and gender.

Refereeing in team handball is a complex task, as handball is a fast, physical game involving
continuous contact and offensive and defensive actions (Souchon et al., 2009). To meet the
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demands of officiating a match and withstand the pressure
generated by players, crowds, and critical moments, referees need
to be sufficiently prepared, both psychologically and technically
(Gimeno et al., 1998; Debanne, 2014). Insufficient preparation
can lead to attention and concentration difficulties, doubts
regarding decisions, increased anxiety levels, and a greater risk
of making mistakes (Estrada and Pérez, 2008; Debanne, 2014).

Decision-making by handball players has received
considerable attention in recent years, and numerous tools
have been created to analyze what occurs in game situations
(Luckwti and Guzman, 2011; Martin et al, 2013; Loffing
et al., 2015; Weigel et al., 2015; Helm et al., 2016). Tools have
also emerged to analyze the activity of coaches, who have an
important influence on match tactics and outcomes (Debanne
and Fontayne, 2009; Debanne, 2014). There is, however, a need
for reliable, accurate tools for analyzing the performance of
handball referees, as very few have been developed (Souchon
et al., 2009).

Research in this area has sought to identify different elements
that can help to interpret decision-making in sport (Araujo et al.,
2016). Systematic observation, for instance, offers a range of
techniques for analyzing behavior in natural settings (Gonzalez
et al, 2013; Lapresa et al, 2013; Anguera and Hernandez-
Mendo, 2014; Sousa et al., 2014). Numerous studies have shown
that observational methodology is an adequate methodology for
analyzing behavior in sport (Anguera and Herndndez-Mendo,
2013). It is (a) non-intrusive, (b) has a high level of ecological
validity (i.e., it analyzes natural behaviors in natural settings),
and (c) offers high analytical specificity through the construction
of ad hoc observation instruments designed specifically for
analyzing specific game situations in the environment in which
they occur (Araujo, 2011, 2013; Pinder et al., 2011).

One technique that has shown great potential in this area
in recent years is polar coordinate analysis (Sackett, 1980).
It is among the most informative techniques (Araujo et al,
2016) and is particularly powerful when the concept of genuine
retrospectivity is applied (Anguera, 1997). Recent years have seen
a rapid uptake of polar coordinate analysis in the field of Sports
Sciences, where it has been used to analyze a range of sports,
including soccer, tennis, and handball (Castellano et al., 2007;
Perea et al., 2012; Morillo and Hernidndez-Mendo, 2015; Morillo
etal., 2015; Castaner et al., 2016; Lopez et al., 2016; Santoyo et al.,
2017; Tarragd et al., 2017).

To analyze decisions taken in sport, it is necessary to analyze
the different actions that occur during a game (Pinder et al.,
2011). Polar coordinate analysis is a suitable technique for
identifying and helping to understand these actions. Prudente
et al. (2017), for example, used this technique to show how
playing time influenced tactical decisions made by handball
players. Polar coordinate analysis has also been used in beach
volleyball to identify erroneous behaviors in relation to passes
and receptions (Morillo et al., 2015). Finally, the technique has
been successfully applied to analyzing tactical decisions taken in
track events.

Polar coordinate analysis is a powerful technique that reduces
the volume of data to be processed without losing important
information. It is used to identify significant relationships

between a behavior of interest, known as the focal behavior, and
other behaviors, known as conditional behaviors, and presents
these in an easy-to-interpret vector format (Hernandez-Mendo
and Anguera, 1998; Anguera and Losada, 1999; Gorospe and
Anguera, 2000). The technique involves using adjusted residuals
derived from sequential analysis (z scores) to calculate Zg,,
statistics (Zsym = >_z//n) (Cochran, 1954). This computation
is possible, as both the frequency of the focal behavior (n) and
the Z scores for each of the lags considered are known. These
Z scores are independent of each other, as they are computed
using the binomial test, which compares observed probabilities
(corresponding to textual units derived from observation of
the teachers’ discourse) with expected probabilities (chance
occurrences). The relationship between the focal behavior and
the conditional behaviors is estimated using the angle of the
resulting vector, while the strength is estimated using the vector
radius (Anguera et al., 1997; Castellano and Hernandez-Mendo,
2003). A crucial component of polar coordinate analysis is that
its powerful data reduction feature permits the consideration
of both retrospective and prospective perspectives. In other
words, it shows what happens before and after the behavior of
interest.

Given the scarcity of tools available for analyzing the activity
of handball referees, the main aim of this study was to design a
tool that could be used to objectively analyze referee behavior and
performance in competition situations. A second aim was to test
the tool using data from three matches at the 2013 World Men’s
Handball Championship held in Spain.

MATERIALS AND METHODS

As we used an observation instrument that combined field
formats with category systems, the observational design was
multidimensional (Morillo et al., 2015; Prudente et al., 2017).
The specific design was follow-up/idiographic/multidimensional,
which fits into quadrant I of the systematic observation designs
described by Anguera et al. (2011).

Participants

A group of six observers, all male referees who officiated regional
handball matches in Andalusia, Spain, participated in the data
quality control phase. They were aged between 22 and 26 years
(mean = 23.50; SD = 1.26) and had between 5 and 8 years’
refereeing experience. For this analysis, the observers studied the
semi-final between Spain and Slovenia at the 2013 World Men’s
Handball Championship.

The polar coordinate analysis was performed using data coded
by a single observer from three final-stage matches in the same
championship: the semi-final between Spain and Slovenia, the
semi-final between Denmark and Croatia, and the third place
game between Slovenia and Croatia.

The ethical requirements of observational methodology were
applied to the current study and performed in accordance
with the ethical standards laid down in the Declaration of
Helsinki.
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Instruments

The observation instrument used to analyze and code the
referees’ actions in the matches analyzed was designed within the
framework of observational methodology (Anguera, 1990, 1991;
Anguera and Herndndez-Mendo, 2014). Given the scarcity of
existing theoretical constructs and the multidimensional nature
of handball, the coding system (observation instrument) was
built using an empirical-inductive approach (Castellano et al.,
2000; Morillo et al., 2015).

The instrument comprised a combination of a field format
system for each criterion (Anguera, 1979; Anguera and
Hernandez-Mendo, 2013) and a system of exhaustive, mutually
exclusive categories. The final instrument contained 6 criteria
and 18 categories (Table 1).

For the polar coordinate analysis, we chose three focal
behaviors that would permit analysis of individual interventions
by referees, as this is a key aspect of refereeing. The categories
chosen were related to decision (responsibility). Although the
other categories are also important, we chose the three categories
that could provide the most useful information for the aim of the
study. These were:

MDO_ACI: Correct call by referee responsible for making
the call,

MDO_ERO: Failure to make a call by referee responsible for
the call,

MDO_ERC: Call made by referee not responsible for
making it.

The data were coded and analyzed using HOISAN (Hernandez-
Mendo et al,, 2012, 2014), a software program that performs
polar coordinate analysis and presents the output in the form
of vector maps. The generalizability analysis was performed in
SAGT (Hernédndez-Mendo et al., 2016).

Procedure

A generalizability analysis was used to test the validity and
accuracy of the ad hoc observation instrument (Blanco-
Villasenior et al, 2000, 2014; Castellano et al., 2000).
Generalizability coefficients provide an estimate of how
the observed mean compares with the mean of all possible
observations (Blanco-Villasenor et al., 2000, 2014). Inter-
observer agreement was assessed to estimate reliability (Anguera,
1990; Morillo and Hernandez-Mendo, 2015).

For the data quality control analysis, three different moments
of the semi-final between Spain and Slovenia were analyzed by
previously trained observers. Two of the moments were observed
by the same team of observers and the third one was observed
by a second team. To maximize inter-observer agreement, the
observers were trained (Morillo and Herndndez-Mendo, 2015)
and provided with a purpose-designed observation protocol. In
addition, the data were coded using the consensus agreement
method described by Anguera (1990). Cohen’s kappa coefficients,
generalizability analysis, and correlation coefficients were used
to measure intra- and inter-observer agreement; the results in
all cases were higher than 0.90. In the subsequent full data
collection phase, 328 behaviors were coded in the three matches
analyzed.

Handball matches are officiated by two referees with the
same level of responsibility. In each match, the actions of the
referees were coded simultaneously by three previously trained
observers using the consensus agreement method. The observers
were all regional-level handball referees. There are two referees
in handball, a court referee and a goal-line referee, and these
generally position themselves opportunely to cover critical areas
of the playing court at any given time.

Polar coordinate analysis, through the calculation of Zg,,
statistics derived from adjusted residuals corresponding to
prospective and retrospective lags, indicates the nature of the
relationship between a focal and a conditional behavior, which
can be excitatory or inhibitory. The type of relationship is
determined by the quadrant in which the corresponding vector
is located, and the focal behavior will always be excitatory
or inhibitory. The meaning of the four quadrants is shown
below:

(1) Quadrant I: Mutual excitation between focal and conditional
behavior (i.e., prospective and retrospective activation),

(2) Quadrant II: Inhibitory focal behavior and excitatory
conditional behavior (i.e., prospective inhibition and
retrospective activation),

(3) Quadrant III: Mutual inhibition between focal and
conditional behavior (i.e., prospective and retrospective
inhibition),

(4) Quadrant IV: Excitatory focal behavior and inhibitory
conditional behavior (i.e., prospective activation and
retrospective inhibition).

The following events were excluded from the analysis and
were therefore not recorded as correct calls: goals, throw-offs
(recorded as an error if incorrectly executed), whistle for a free
throw, throw-in, or goalkeeper throw. As one of the criterion was
a whistle signal by a referee, application of the advantage rule was
not recorded as a correct call.

RESULTS
Data Quality

The correlation coefficients in Table 2 show that the ad hoc
observation instrument allowed for the reliable and accurate
recording of data.

Generalizability Analysis

Generalizability analysis is used to estimate accuracy, validity,
reliability, and sample size (Blanco-Villasefior et al., 2014). The
analysis consists of analyzing potential sources of variation
that might be affecting an observational measurement or
measurement design and estimating the generalizability of the
design with respect to the particular conditions of a theoretical
value (Blanco-Villasenor et al., 2014).

The results for the measurement design [Criteria]
[Categories]/[Observers] are shown in Tables 3, 4. The largest
source of variation was associated with the interaction [Criteria]
[Categories].

The results of the generalizability analysis show optimal values
for absolute and relative generalizability coefficient values, in
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TABLE 1 | Observation instrument: Criteria and corresponding categories and codes.

Criterion

Category

Position of referee

POS_CEN: center of court

POS_FON: goal line

Responsibility: Whether or not the call that was made or should have
been made was the responsibility of the referee being observed

Whistle: Whether or not the whistle was blown

PER_SI: Yes, the call was his responsibility
PER_SI: No, the call was not his responsibility

PIT_SI: Yes, the whistle was blown

PIT_NO: No, the whistle was not blown

Decision (responsibility)

MDO_ACI: The call was correct and was the responsibility of the referee being observed

MDO_ERQO: Error of omission; the call was the responsibility of the referee being observed but
was not made

MDO_ERC: Error of commission; the call was not the responsibility of the referee being
observed but was made

Type of infraction

TIP_TECGF: Technical, free throw

TIP_TECT: Technical, 7-meter throw foul

TIP_DIS: Warning, progressive punishment, direct dismissal, disqualification or disqualification
with written report

TIP_T-D: Technical foul-punishment; free throw or 7-meter throw fouls that include a personal
punishment

TIP_T-T: Technical-tactical; loss of possession without punishment

TIP_TTD: Technical-tactical with punishment; loss of possession with punishment

Decision (action)

MDA_ACI: Correct call

MDA_ERR: Incorrect call

TABLE 2 | Intra and inter-observer agreement.

Coefficient for
entire session

Intra-observer agreement
(Obs. 1 vs. Obs. 1bis)

Inter-observer agreement
(Obs. 1 vs. Obs. 2)

Pearson’s 0.9981 0.9982
Spearman’s (p) 0.9987 0.9975
Kendall’'s tau-b 1 1

Kappa 0.7222 0.7573
Phi 0.8345 0.8782

TABLE 3 | Sources of variation, sum of squares, degrees of freedom, mean
squares, %, and standard error.

Sources of Sum of GC Mean % Standard
variation squares squares error
Observers 4.675 2 2.337 0.006 0.020
Criteria 64.032 5 12.806 0.000 6.280
[Observers][Criteria] 1.516 10 0.152 0.000 0.010
Categories 2,56796.778 13 1,984.368 4.764 42.837
[Observers][Categories]  16.437 26 0.632 0.000 0.035
[Criteria][Categories] 99,194.079 65  1,526.063 95.048 87.888
[Observers][Criteria] 126.706 130 0.975 0.182 0.120

[Categories]

GC, Generalizability Coefficient.

addition to a linear tendency for the SDs of each design. In all
cases, the relative SD was lower than the absolute SD.

Polar Coordinate Analysis
The vector maps for the three focal behaviors selected for the
polar coordinate analysis are shown below. The following results

TABLE 4 | Absolute generalizability coefficient, relative generalizability coefficient,
absolute SD, and relative SD in relation to measurement design.

Measurement Absolute Relative Absolute Relative

design generalizability generalizability SD SD
coefficient coefficient

[Criteria][Categories] 0.999 0.999 0.579 0.570

[Observers]

[Observers][Criteria] 0.001 0.001 6.181 6.032

[Categories]

were obtained for MDO-ACI (correct call by right referee)
(Table 5, Figure 1).

In quadrant I, the following conditional behaviors were
significantly associated (>1.96) with a correct call made by the
right referee (MDO_ACI): the call was made by the court referee
(POS_CEN), the referee was responsible for the call (PER_SI),
and the whistle was blown (PIT_SI). Relationships in quadrant I
are mutually excitatory, i.e., the focal and conditional behaviors
activate each other.

There were no significant relationships in quadrant II.

In quadrant III, the following behaviors were significantly
associated with MDO_ACI: the call was made by the goal-line
referee (POS_FON), the call was not the responsibility of the
referee (PER_NO), the whistle was not blown (PIT_NO), error
of omission (MDO_ERO), error of commission (MDO_ERC),
and incorrect call (MDA_ERR). As expected, the focal behavior
inhibited the other two categories in the same criterion, as they
are mutually exclusive. It also inhibited not blowing the whistle,
as for MDO-ACI to occur, the referee has to use his whistle.

In quadrant IV, just one behavior was significantly associated
with MDO-ACI: TIP_TEC7 (7-meter throw foul). This shows
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TABLE 5 | Relationships between focal behavior MDO_ACI and conditional
behaviors.

Category Quadrant Prospective Retrospective Ratio Radius Angle
POS_CEN | 1.27 2.34 0.88 2.66" 61.42
PER_SI | 1.81 2.38 0.8 2.99* 52.7
PIT_SI | 2.21 1.27 0.5 2.55* 29.84
MDO_ACI | 2.46 2.46 0.71  3.48* 45
TIP_TECGF | 1.09 1.11 0.71 1.56 45.56
TIP_T-T | 0.26 0.03 0.1 0.26 5.75
TIP_TTD | 0.44 0.45 0.71 0.63 45.6
MDA_ACI | 2.05 2.66 0.79 3.36* 52.35
TIP_DIS Il -0.26 0.49 0.88 0.56 118.08
TIP_T-D Il —0.06 0.42 099 042 98.19
POS_FON Ml —-1.27 —2.34 —-0.88 2.66* 24142
PER_NO 1l —1.81 —2.38 -0.8 2.99* 232.7
PIT_NO 1} —2.21 —-1.27 -0.5 2.55*  209.84
MDO_ERO 1l —-2.21 —-1.27 —-0.5 2.55*  209.84
MDO_ERC Il —0.93 —2.63 —-0.94 279* 25044
MDA_ERR 1} —2.05 —2.66 -0.79 3.36* 232.35
TIP_TEC7 [\ 0.63 —2.2 —-0.96 2.29* 285.94
*p < 0.05.
]
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FIGURE 1 | Vector map for focal behavior MDO_ACI.

that the likelihood of this foul being called correctly by the right
referee is very high.

The following results were obtained for the error of omission
category MDO-ERO, which is when a referee should have made
a call but did not (Table 6, Figure 2).

The following conditional behaviors were associated with
MDO_ERO (error of omission) in quadrant I: the call was
made by the goal-line referee (POS_FON), the call was not the
responsibility of the referee (PER_NO), error of commission
(MDO_ERC), and incorrect call (MDA_ERR). As they are

located in quadrant I, the focal and conditional behaviors are
mutually excitatory.

No significant relationships were detected in quadrant
ITorlV.

In quadrant III, the following behaviors were significantly
associated with MDO_ERO: the call was made by the court
referee (POS_CEN), the call was not the responsibility of
the referee (PER_SI), correct call made by the right referee
(MDO_ACI), and correct call (MDA_ACI). As expected for
quadrant III, the focal behavior (incorrect call) inhibited correct
calls.

The following results were obtained for the error of
commission category MDO-ERC, which is when a referee made
a call that was not his responsibility (Table 7, Figure 3).

The following conditional behaviors were all significantly
associated with the focal behavior in quadrant I: goal-line
position (POS_FON), whistle not blown (PIT_NO), and error of
omission (MDO_ERO).

No significant relationships were detected in quadrant
ITorlV.

MDO_ERO was significantly associated with several behaviors
in quadrant III: central-court position (POS_CEN), whistle
blown (PIT_SI), correct call made by right referee (MDO_ACI),
and correct call (MDA_ACI). Again, the focal behavior inhibited
behaviors related to correct calls.

DISCUSSION

We have presented a new tool for observing, coding, and
analyzing the actions of referees in handball competitions.
Although decisions made by referees are influenced by contextual
factors (Debanne, 2014), the ad hoc observation instrument
described in this study was designed to provide an objective
means of recording, describing, and analyzing actions taken by
handball referees according to their role and position on the
court. While observational methodology has been used to analyze
handball, studies to date have focused on game situations from
the players’ perspective (Gonzélez et al., 2013; Sousa et al., 2014).

The reliability, generalizability, and correlation results in the
data quality control analysis attest to the suitability of the data
obtained. The observation instrument thus would appear to be
an adequate tool for obtaining reliable datasets for performing
sequential and other analyses of the performance of court and
goal-line referees during handball competitions. In this respect,
it is similar to observation instruments designed for other
sports, such as soccer (Sarmento et al., 2010), basketball (Garzén
et al., 2011), waterpolo (Santos et al., 2014), and beach handball
(Morillo and Hernandez-Mendo, 2015). A recent study by Araujo
et al. (2016) addressed the issue of decision-making in sport and
argued that the use of observation to analyze specific actions
and behaviors could provide complementary insights into this
complex process. The conceptual vector maps presented in this
study show how the referees responded to events based on their
use of the whistle. The instrument presented has numerous
applications. It could be used, for example, to identify streams
of behavior or specific actions that cause greater difficulties for
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TABLE 6 | Relationships between focal behavior MDO_ERO and conditional
behaviors.

TABLE 7 | Relationships between focal behavior MDO_ERO and conditional
behaviors.

Category Quadrant Prospective Retrospective Ratio Radius Angle Category Quadrant Prospective Retrospective Ratio Radius Angle
POS_FON | 0.47 1.92 0.97 197 76.29 POS_FON | 1.5 1.51 071 213" 45.3
PER_NO | 1.86 3.23 0.87 3.78* 60.02 PIT_NO | 2.42 0.74 0.29 253 17.08
PIT_NO | 1.01 1.01 0.71 1.43 45 MDO_ERO | 2.42 0.74 029 253 17.08
MDO_ERO | 1.01 1.01 0.71 1.43 45 MDO_ERC | 0.47 0.47 0.71  0.66 45
MDO_ERC | 0.74 2.42 096 2.53* 72.92 TIP_DIS | 1.74 0.4 0.22 1.78 12.99
MDA_ERR | 1.38 1.78 0.79 2.26* 5222 MDA_ERR | 1.39 1.95 0.81 2.4% 54.49
TIP_TEC7 I —0.38 1.43 0.97 148 104.94 PER_SI Il -0.2 0.95 0.98 097 101.78
POS_CEN Il —0.47 -1.92 —-0.97 197 256.29 TIP_T-T Il -1.1 0.28 025 1.13 165.73
PER_SI Il —1.86 —-3.23 —-0.87 3.73* 240.02 TIP_TEC7 I —-0.62 1.49 0.92 1.61 112.45
PIT_SI Il —1.01 —1.01 -0.71 1.43 225 POS_CEN I} -1.5 —1.51 -0.71 218" 2253
MDO_ACI Il -1.29 —-2.14 -0.86 2.5* 238.96 PIT_SI I} —2.42 -0.74 —-0.29 253" 197.08
TIP_TECGF 1l -0.78 —0.53 —-0.56 0.94 21435 MDO_ACI I} —2.41 —0.91 —-0.356 2.57* 200.66
TIP_DIS Il —0.68 —1.03 -0.83 1.24 236.6 TIP_TECGF I} —0.61 —-1.14 —0.88 1.3 241.88
TIP_TTD 1l -0.19 -0.16 —-0.64 025 219.83 TIP_T-D 1l -0.79 -0.3 -0.36 0.84 200.91
MDA_ACI Il -1.38 -1.78 —-0.79 2.26* 23222 TIP_TTD I} —0.58 -0.6 —-0.72 0.83 226.04
TIP_T-D % 0.46 -0.27 —-0.51 0.53 329.64 MDA_ACI I} -1.39 -1.95 —0.81 2.4*  234.49
TIP_T-T v 0.36 -0.12 —0.33 0.38 341.08 PER_NO \% 0.2 —0.95 —-0.98 097 281.78
*o < 0.05. *p < 0.05.

FIGURE 2 | Vector map for focal behavior MDO_ERO.

referees or situations that are prone to more error, regardless of
level of physical fitness. Handball refereeing has been reported
to require moderate levels of fitness and does not appear to be
limited by aerobic capacity (Fernandes da Silva et al., 2010).
Most of the correct calls were made from the central court
position. This is logical, as court referees are generally responsible
for making more calls than goal-line referees and have to deal
with less conflictive situations. Goal-line referees, by contrast,
have to deal with multiple interactions in short spaces of time
and are therefore more likely to make incorrect calls, even

FIGURE 3 | Vector map for focal behavior MDO_ERC.

though they use their whistle less. We also found that the
referees observed made a high percentage of correct calls. Seven-
meter throw fouls, for example, were correctly called by the
right referee (the goal-line referee) in all cases. This again is
logical, as fouls of this type are generally the responsibility of the
referee at the end of the court and are rarely called by the court
referee.

Handball, unlike other sports such as basketball, does not
use instant-replay or similar technology to facilitate the work
of referees. The installation of court-side cameras to watch
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instant or near-instant replays of dubious play or the use of
goal-line sensors to check whether or not the ball completely
crossed the goal-line could lead to interesting improvements in
the game. Such measures, however, also have drawbacks. The
technology is costly and perhaps should only be considered for
elite competitions. In addition, the use of these systems could
hurt the credibility of referees and cause them to lose confidence
in their calls, particularly in the case of less experienced referees.
Novice referees have been found to perform less well than “expert
referees” with greater knowledge, experience, and expert memory
(Abdeddaim et al., 2016).

More studies of decision-making by handball referees are
needed to assess the possible advantages of redistributing
responsibilities and zones between both referees and even
perhaps of using a third referee in areas with high error rates.
Our study highlights some limitations that could be overcome
in future studies. It would be interesting, for example, to analyze
more areas of the court and to divide the court into specific
zones to analyze the actions of referees according to the number
of players on the court at a given time and the position of the
defense. The distribution of responsibilities is more complicated
in open and man-to-man defences, as it is less clear in such
cases who is responsible for calling what. It is also complicated to
determine whether a referee chose not to make a call or decided
to apply the advantage rule, as there are no official hand signals
for this decision. The rules do, however, specify that referees
should refrain from interrupting the game prematurely to allow

REFERENCES

Abdeddaim, A., Sebbane, M., Zitouni, A., Zubiaur, M., and Boumesdji, A. (2016).
Efecto de la base de conocimientos y de la memoria experta en una tarea de
deteccion de errores de arbitraje en balonmano [Effect of the base of knowledge
and of the memory expert in error detection task of refereeing in handball]. Rev.
Iberoam. Psicol. Ejerc. Deporte 11, 239-245.

Anguera, M. T. (1979). “Observacion de la conducta especial” “[Observation of
spatial behavior],” in VI Congreso Nacional de Psicologia (Pamplona).

Anguera, M. T. (1990). “Metodologia observacional,” in Metodologia de la
Investigacién en Ciencias del Comportamiento [Research Methodology in
Behavioral Sciences], eds J. Arnau, M. T. Anguera, and J. Gémez (Murcia:
Secretariado de Publicaciones de la Universidad de Murcia), 125-236.

Anguera, M. T. (1991). “Proceso de categorizacion” [Categorization process], in
Metodologia Observacional en la Investigacién Psicolégica, Vol. 1, ed M. T.
Anguera (Barcelona: P.P.U), 115-167.

Anguera, M. T. (1997). “From prospective patterns in behavior to joint analysis
with a retrospective perspective, in Collaque Sur Invitation <<Méthologie
d’Analyse des Interactions Sociales>> (Paris: Université de la Sorbona).

Anguera, M. T., Blanco, A., and Losada, J. L. (1997). “Aportaciones de la técnica de
coordenadas polares en disefios mixtos [Contributions of the technique of polar
coordinates in mixed designs],” in IV Simposio de Metodologia de las Ciencias
del Comportamiento (Murcia: Universidad de Murcia), 583.

Anguera, M. T., Blanco-Villasefior, A., Hernindez-Mendo, A., and Losada, J. L.
(2011). Disefios observacionales: ajuste y aplicacion en psicologia del deporte
[Observational designs: their suitability and application in sports psychology].
Cuad. Psicol. Deporte 11, 63-76.

Anguera, M. T., and Hernandez-Mendo, A. (2013). La metodologia observacional
en el ambito del deporte [Observational methodology in sport sciences].
E-Balonmano.com: Rev. Cien. Deporte 9, 135-160.

Anguera, M. T., and Hernandez-Mendo, A. (2014). Metodologia observacional y
psicologia del deporte: estado de la cuestion [Observational methodology

continuity of play where possible. Accordingly, there may be
some overlap between application of the advantage rule and
errors of omission.

Although some research has already been done on how
player gender can influence decision-making by referees in
handball (Souchon et al., 2010), more work in this area is
necessary. Finally, it would be interesting to analyze different
championships over time to monitor the influence of new
rules and regulations and changes in refereeing practice and
performance.

AUTHOR CONTRIBUTIONS

AH, VM and RR: design of the work; acquisition, analysis, and
interpretation of data for the work. JM: acquisition, analysis, and
interpretation of data for the work; AM: acquisition and analysis
of data for the work. All authors: Drafting the work or revising,
final approval of the version and agreement to be accountable for
all aspects of the work.

ACKNOWLEDGMENTS

This study was supported by two grants (PSI2015-71947-
REDT and DEP2015-66069-P; MINECO/FEDER, UE) from
the Department of Research, Development and Innovation of
the Spanish Ministry of the Economy and European Regional
Development’s funds (FEDER).

and sports psychology: state of affairs]. Rev. Psicol.
103-119.

Anguera, M. T., and Losada, J. L. (1999). “Reduccién de datos en marcos de
conducta mediante la técnica de coordenadas polares,” [Reduction of data in
behavioral frameworks using the polar coordinate technique] in Observacién
de la Conducta Interactiva en Situaciones Naturales: Aplicaciones, ed M. T.
Anguera (Barcelona: E.U.B), 165-188.

Araujo, D. (2011). De la toma de decisiones, al curso de las decisiones [From
decision-making, to the course of decisions]. Rev. Psicol. Deporte 20, 639-643.

Araujo, D. (2013). The study of decision-making behavior in sport. Rev. Int. Cien.
Deporte 9, 1-4. doi: 10.5232/ricyde2013.031

Araujo, D., Teques, P., Herndndez-Mendo, A., Reigal, R., and Anguera, M.
T. (2016). La toma de decision, ses una conducta observable?: discusion
sobre diferentes perspectivas teoricas utilizadas en el estudio del rendimiento
deportivo [Decision-making, is it an observable behaviour?: discussion of
contrasting theoretical perspectives in use in the study of sport performance].
Cuad. Psicol. Deporte 16, 183-196.

Blanco-Villasefior, A., Castellano, J., and Herniandez-Mendo, A. (2000).
Generalizabilidad de las observaciones en la accion del juego en el futbol
[Observations of the football game action: a generalizability study] Psicothema
12, 81-86.

Blanco-Villasefior, A., Castellano, J., Herndndez-Mendo, A., Sanchez-Lopez, C.
R, and Usabiaga, O. (2014). Aplicacién de la TG en el deporte para el
estudio de la fiabilidad, validez y estimacion de la muestra [Application of the
generalizability theory in sport to study the validity, reliability and estimation
of samples]. Rev. Psicol. Deporte 23, 131-137.

Castaier, M., Barreira, D., Camerino, O., Anguera, M. T., Canton, A., and
Hileno, R. (2016). Goal scoring in soccer: a polar coordinate analysis of motor
skills used by Lionel Messi. Front. Psychol. 7:806. doi: 10.3389/fpsyg.2016.
00806

Castellano, J., and Herndndez-Mendo, A. (2003). El analisis de coordenadas
polares para la estimacion de relaciones en la interaccion motriz en fatbol

Deporte 23,

Frontiers in Psychology | www.frontiersin.org

October 2017 | Volume 8 | Article 1842


https://doi.org/10.5232/ricyde2013.031
https://doi.org/10.3389/fpsyg.2016.00806
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Morillo et al.

Decision-Making by Handball Referees

[Polar coordinates analysis to estimate the relationships in the motor
interaction in soccer]. Psicothema 15, 569-579.

Castellano, J., Herndndez-Mendo, A., Gémez de Segura, P., Fontetxa, E., and
Bueno, I. (2000). Sistema de codificacion y analisis de la calidad del dato en
el fatbol de rendimiento [Codification system and data quality analysis in top
level soccer]. Psicothema 12, 636-641.

Castellano, J., Herndndez-Mendo, A., Morales-Sanchez, V., and Anguera, M. T.
(2007). Optimizing a probabilistic model of the development of play in soccer.
Qual. Quant. 41, 93-104. doi: 10.1007/s11135-005-3148-0

Cochran, W. G. (1954). Some methods for streghning the common Y2 test.
Biometrics 10, 417-451 doi: 10.2307/3001616

Cruz, J. (1997). “Asesoramiento psicoldgico en el arbitraje y juicios deportivos”
[Psychological counseling in arbitration and sport trials]. in Psicologia del
Deporte ed J. Cruz (Madrid: Sintesis), 245-269.

Debanne, T. (2014). Techniques used by coaches to influence referees
in professional team handball. Int. J. Sports Sci. Coach 9, 433-446.
doi: 10.1260/1747-9541.9.3.433

Debanne, T., and Fontayne, P. (2009). A study of a successful experienced elite
handball coach’s cognitive processes in competition situations. Int. J. Sports Sci.
Coach 4, 1-16. doi: 10.1260/1747-9541.4.1.1

Dohmen, T., and Sauermann, J. (2015). Referee Bias (No. 8857). Bonn: Institute for
the Study of Labor (IZA).

Estrada, O., and Pérez, E. (2008). Palabras e imdgenes positivas en la respuesta
de ansiedad en deportistas de competicion [Positive words and images on the
anxiety response in competition sports]. Cuad. Psicol. Deporte 8, 31-45.

Fernandes da Silva, J., Castagna, C., Carminatti, L. J., Foza, V., Guglielmo,
L., and de Oliveira, F. R. (2010). Physiological demands of team-
handball referees during games. J. Strength Cond. Res. 24, 1960-1962.
doi: 10.1519/JSC.0b013e3181ddb019

Garzon, B., Lapresa, D., Anguera, M. T. and Arana, J. (2011). Anélisis
observacional del lanzamiento de tiro libre en jugadores de baloncesto base
[Observational analysis of the free throw shot made by grassroots basketball
players]. Psicothema 23, 851-857.

Gimeno, F., Buceta, J. M., Lahoz, D., and Sanz, G. (1998). Evaluacion del proceso
de toma de decisiones en el contexto del arbitraje deportivo: Propiedades
psicométricas de la adaptacién espafiola del cuestionario DMQ II en arbitros de
Balonmano [Evaluation of the decision-making process in the context of sports
refereeing: Psychometric properties of the Spanish adaptation of the DMQ II
questionnaire in handball referees]. Rev. Psicol. Deporte 7, 249-258.

Gonzilez, A., Botejara, J., Punales, L., Trejo, A., and Ruy, E. (2013). Anilisis
de la finalizacion del ataque en partidos igualados en balonmano de alto
nivel mediante coordenadas polares [Analysis of the finalization of the
attack in equalized games of high level handball using polar coordinates].
E-balonmano.com: Rev. Cien. Deporte 9, 71-89.

Gorospe, G., and Anguera, M. T. (2000). Modificacién de la técnica cldsica de
coordenadas polares mediante un desarrollo distinto de la retrospectividad:
aplicacion al tenis [Retrospectivity in polar coordinates analysis: application to
tennis]. Psicothema 12, 279-282.

Helm, F., Reiser, M., and Munzert, J. (2016). Domain-specific and unspecific
reaction times in experienced team handball goalkeepers and novices. Front.
Psychol. 7:882. doi: 10.3389/fpsyg.2016.00882

Herndndez-Mendo, A., and Anguera, M. T. (1998). “Analisis de coordenadas
polares en el estudio de las diferencias individuales de la accién de juego” [Polar
coordinate analysis in the study of individual differences of the game action]
in Perspectivas Actuales en la Investigacion de las Diferencias Individuales eds
M. P. Sdnchez-Lopez and M. A. Quiroga-Estévez (Madrid: Centro de Estudios
Ramon Areces), 84-88.

Herndndez-Mendo, A., Blanco-Villasefor, A., Pastrana, J. L., Morales-Sédnchez,
V., and Ramos-Pérez, F. J. (2016). SAGT: aplicacion informadtica para andlisis
de generalizabilidad [SAGT: New software for generalizability analysis]. Rev.
Iberoam. Psicol. Ejerc. Deporte 11, 77-89.

Herndndez-Mendo, A., Castellano, J., Camerino, O., Jonsson, G., Blanco-
Villasefior, A., Lopes, A., et al. (2014). Programas informaticos de registro,
control de calidad del dato y analisis de datos [Observational software, data
quality control and data analysis]. Rev. Psicol. Deporte 23, 111-121.

Hernandez-Mendo, A., Lopez-Lopez, J. A., Castellano, J., Morales-Sanchez,
V., and Pastrana, J. L. (2012). Hoisan 1.2: programa informdtico para
uso en metodologia observacional [Hoisan 1.2: Computer program for

use in observational methodology]. Cuad. Psicol. Deporte 12, 55-78.
doi: 10.4321/51578-84232012000100006

Lapresa, D., Arana, J., Anguera, M. T., and Garzén, B. (2013). Comparative
analysis of sequentiality using SDIS-GSEQ and THEME: a concrete
example in soccer. J. Sports Sci. 31, 1687-1695. doi: 10.1080/02640414.2013.
796061

Loffing, F., Solter, F., Hagemann, N., and Strauss, B. (2015). Accuracy of
outcome anticipation, but not gaze behavior, differs against left-and right-
handed penalties in team-handball goalkeeping. Front. Psychol. 6:1820.
doi: 10.3389/fpsyg.2015.01820

Lopez, J., Valero, A., Anguera, M. T., and Diaz, A. (2016). Disruptive behavior
among elementary students in physical education. SpringerPlus 5:1154.
doi: 10.1186/s40064-016-2764-6

Luckwii, R. M., and Guzmdn, J. F. (2011). Deportividad en balonmano: un anélisis
desde la teoria de la autodeterminacion [Sportsmanship in handball: an analysis
based on the self-determination theory]. Rev. Psicol. Deporte 20, 305-320.

Martin, I, Gonzéilez, A., Cavalcanti, L. A. Chirosa, L. ], and Aguilar,
J. (2013). Fiabilidad y optimizaciéon del programa PROTODEBA v 1.0
para la observacion de la Toma de decisiones en balonmano [Reliability
and optimization of PROTODEBA v 1.0 software for the observation
of the decision making in handball]. Cuad. Psicol. Deporte 13, 63-70.
doi: 10.4321/51578-84232013000100007

Mascarenhas, D. R. D., Collins, D., and Mortimer, P. (2005). Elite refereeing
perfomance: developing a model for sport science support. Sport. Psychol. 19,
364-379. doi: 10.1123/tsp.19.4.364

Mascarenhas, D. R. D., and Smith, N. C. (2011). “Developing the performance
brain: decision making under pressure,” in Performance psychology -
Developing a peak performance culture, eds D. Collins, H. Richards and C.
Button (Edinburgh: Elsevier), 245-267.

Morillo, J. P., and Hernandez-Mendo, A. (2015). Analisis de la calidad del dato de
un instrumento para la observacion del ataque en balonmano playa [Analysis
of quality data a tool for observing the attack in beach handball]. Rev. Iberoam.
Psicol. Ejerc. Deporte 10, 15-22.

Morillo, J. P., Reigal, R. E., and Herndndez-Mendo, A. (2015). Anilisis del
ataque posicional de balonmano playa masculino y femenino mediante
coordenadas polares [Analysis of positional attack in beach handball male
and female with polar coordinates]. Rev. Int. Cien. Deporte 11, 226-244.
doi: 10.5232/ricyde2015.04103

Perea, A., Castellano, J., Alday, S., and Hernandez-Mendo, A. (2012). Analysis of
behaviour in sports through polar coordinate analysis with MATLAB. Qual.
Quant. 46, 1249-1260. doi: 10.1007/s11135-011-9435-z

Philippe, F. L., Vallerand, R. J., Andrianarisoa, J., and Brunel, P. (2009). Passion
in referees: examining their affective and cognitive experiences in sports
situations. J. Sport Exerc. Psychol. 31, 77-96. doi: 10.1123/jsep.31.1.77

Pinder, R., Davids, K., Renshaw, I, and Araujo, D. (2011). Manipulating
informational ~ constraints  shapes movement reorganization in
interceptive  actions.  Atten.  Percept.  Psychophys. 73, 1242-1254.
doi: 10.3758/s13414-011-0102-1

Plessner, H. (2005). “Positive and negative effects of prior knowledge on referee
decisions in sports,” in The Routines of Decision-Making eds T. Betsch, and S.
HAberstroh (Hillsdale: Lawrence Erlbaum), 311-324.

Prudente, J., Sousa, D., Sequeira, P., Lopez-Lopez, J. A., and Herndndez-
Mendo, A. (2017). Analyzing the influence of playing time and partial score
on the tactical behavior in the duel 2 vs. 2 in the offensive process in
handball, using the polar coordinates technique. An. Psychol. 33, 515-529.
doi: 10.6018/analesps.33.3.271071

Sackett, G. P. (1980). “Lag sequential analysis as a data reduction technique in
social interaction research,” in Exceptional Infant. Phychosocial Risks in Infant-
Environment Transactions, eds D. B. Sawin, R. C. Hawkins, L. O. Walker and J.
H. Penticuff (New York, NY: Brunner/Mazel), 300-340.

Santos, S., Sarmento, H., Alves, J., and Campanigo, J. (2014). Construccién de un
instrumento para la observacion y el andlisis de las interacciones en el waterpolo
[Constructing an instrument to observe and analyse interactions in waterpolo].
Rev. Psicol. Deporte 23, 191-200.

Santoyo, C., Jonsson, G. K., Anguera, M. T., and Lépez-Lopez, J. A. (2017).
Observational analysis of the organization of on-task behavior in the
classroom using complementary data analyses. An. Psychol. 33, 497-514.
doi: 10.6018/analesps.33.3.271061

Frontiers in Psychology | www.frontiersin.org

October 2017 | Volume 8 | Article 1842


https://doi.org/10.1007/s11135-005-3148-0
https://doi.org/10.2307/3001616
https://doi.org/10.1260/1747-9541.9.3.433
https://doi.org/10.1260/1747-9541.4.1.1
https://doi.org/10.1519/JSC.0b013e3181ddb019
https://doi.org/10.3389/fpsyg.2016.00882
https://doi.org/10.4321/S1578-84232012000100006
https://doi.org/10.1080/02640414.2013.796061
https://doi.org/10.3389/fpsyg.2015.01820
https://doi.org/10.1186/s40064-016-2764-6
https://doi.org/10.4321/S1578-84232013000100007
https://doi.org/10.1123/tsp.19.4.364
https://doi.org/10.5232/ricyde2015.04103
https://doi.org/10.1007/s11135-011-9435-z
https://doi.org/10.1123/jsep.31.1.77
https://doi.org/10.3758/s13414-011-0102-1
https://doi.org/10.6018/analesps.33.3.271071
https://doi.org/10.6018/analesps.33.3.271061
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Morillo et al.

Decision-Making by Handball Referees

Sarmento, H., Anguera, M. T., Campanigo, J., and Leitao, J. (2010). Development
and validation of a notational system of study the offensive process in football.
Medicina (Kaunas) 46, 401-407.

Simmons, P. (2011). Competent, dependable and respectul: football refereeing as
a model for communicating fairness. Ethical Space: Int. J. Commun. Ethics 8,
33-42.

Souchon, N., Cabagno, G., Traclet, A., Dosseville, F., Livingstone, A., Jones,
M., et al. (2010). Referees’ decision-making and player gender: the
moderating role of the type of situation. J. Appl. Sport Psychol. 22, 1-16.
doi: 10.1080/10413200903250476

Souchon, N., Cabagno, G., Traclet, A. Trouilloud, D., and Maio, G.
(2009). Referees’ use of heuristics: the moderating impact of standard
of competition. J. Sports Sci. 27, 695-700. doi: 10.1080/026404109028
74729

Sousa, D., Prudente, J., Sequeira, P., and Herndndez-Mendo, A. (2014). Anilise da
qualidade dos dados de um instrumento para observagio do 2 vs 2 no andebol
[Analysis of data quality in an instrument to observe 2 vs. 2 in handball]. Rev.
Iberoam. Psicol. Ejerc. Deporte 9, 173-190.

Tarrago, R., Iglesias, X., Lapresa, D., Anguera, M. T., Ruiz-Sanchis, L., and Arana,
J. (2017). Analysis of diachronic relationships in successful and unsuccessful
behaviors by world fencing champions using three complementary
techniques. An.  Psychol. 33, 471-485. doi: 10.6018/analesps.33.3.
271041

Weigel, P., Raab, M., and Wollny, R. (2015). Tactical decision making in
team sports-a model of cognitive processes. Int. J. Sports Sci. 5, 128-138.
doi: 10.5923/j.sports.20150504.03

Weinberg, R. S., and Richardson, P. A. (1990). Psychology of Officiating.
Champaign, IL: Leisure Press.

Weston, M., Castagna, C., Impellizzeri, F. M., Bizzini, M., Williams, A. M., and
Gregson, W. (2012). Science and medicine applied to soccer refereeing. Sports
Med. 42, 615-631. doi: 10.2165/11632360-000000000-00000

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.

The reviewer, JT, declared a shared affiliation, though no other collaboration, with
the authors to the handling Editor.

Copyright © 2017 Morillo, Reigal, Herndndez-Mendo, Montaiia and Morales-
Sdnchez. 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) or licensor 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

133

October 2017 | Volume 8 | Article 1842


https://doi.org/10.1080/10413200903250476
https://doi.org/10.1080/02640410902874729
https://doi.org/10.6018/analesps.33.3.271041
https://doi.org/10.5923/j.sports.20150504.03
https://doi.org/10.2165/11632360-000000000-00000
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

1' frontiers
in Psychology

ORIGINAL RESEARCH
published: 22 January 2018
doi: 10.3389/fpsyg.2018.00010

OPEN ACCESS

Edited by:
Guadberg K. Jonsson,
University of Iceland, Iceland

Reviewed by:

Constantino Arce,
Universidade de Santiago de
Compostela, Spain

Juana Goémez-Benito,
University of Barcelona, Spain

*Correspondence:
Salvador Chacdn-Moscoso
schacon@us.es

Specialty section:

This article was submitted to
Quantitative Psychology and
Measurement,

a section of the journal
Frontiers in Psychology

Received: 20 August 2017
Accepted: 04 January 2018
Published: 22 January 2018

Citation:

Sanduvete-Chaves S,

Lozano-Lozano JA,

Chacon-Moscoso S and
Holgado-Tello FP (2018) Development
of a Work Climate Scale in Emergency
Health Services. Front. Psychol. 9:10.
doi: 10.3389/fpsyg.2018.00010

Check for
updates

Development of a Work Climate
Scale in Emergency Health Services

Susana Sanduvete-Chaves’, José A. Lozano-Lozano?, Salvador Chacon-Moscoso »?* and
Francisco P. Holgado-Tello?

" Departamento de Psicologia Experimental, Universidad de Sevilla, Seville, Spain, ? Departamento de Psicologia, Universidad
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An adequate work climate fosters productivity in organizations and increases employee
satisfaction. Workers in emergency health services (EHS) have an extremely high degree
of responsibility and consequent stress. Therefore, it is essential to foster a good work
climate in this context. Despite this, scales with a full study of their psychometric
properties (i.e., validity evidence based on test content, internal structure and relations
to other variables, and reliability) are not available to measure work climate in EHS
specifically. For this reason, our objective was to develop a scale to measure the quality of
work climates in EHS. We carried out three studies. In Study 1, we used a mixed-method
approach to identify the latent conceptual structure of the construct work climate. Thus,
we integrated the results found in (a) a previous study, where a content analysis of
seven in-depth interviews obtained from EHS professionals in two hospitals in Gibraltar
Countryside County was carried out; and (b) the factor analysis of the responses given
by 113 EHS professionals from these same centers to 18 items that measured the work
climate in health organizations. As a result, we obtained 56 items grouped into four
factors (work satisfaction, productivity/achievement of aims, interpersonal relationships,
and performance at work). In Study 2, we presented validity evidence based on test
content through experts’ judgment. Fourteen experts from the methodology and health
fields evaluated the representativeness, utility, and feasibility of each of the 56 items with
respect to their factor (theoretical dimension). Forty items met the inclusion criterion,
which was to obtain an Osterlind index value greater than or equal to 0.5 in the three
aspects assessed. In Study 3, 201 EHS professionals from the same centers completed
the resulting 40-item scale. This new instrument produced validity evidence based on the
internal structure in a second-order factor model with four components (RMSEA = 0.079,
GFl = 0.97, AGFl = 0.97, CFl = 0.97; NFl = 0.95, and NNFI = 0.97); absence of
Differential Item Functioning (DIF) in 80% of the items; reliability (o = 0.96); and validity
evidence based on relations to other variables, specifically the test-criterion relationship
(p = 0.680). Finally, we discuss further developments of the instrument and its possible
implications for EHS workers.

Keywords: work climate, emergency health services, mixed methods, content validity, reliability, construct validity,
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Sanduvete-Chaves et al.

Work-Climate-Scale in Emergency Health Services

INTRODUCTION

One of the main priorities of modern organizations is fostering a
positive work climate because it promotes greater productivity,
satisfaction, stability, and commitment to the organization
(Lozano-Lozano et al.,, 2013; Lee et al., 2016; Meneghel et al.,
2016). There are three main types of definitions for the work
climate construct: (1) those based on objective and structural
characteristics of organizations (Schneider et al, 2013), (2)
those that emphasize individual psychological features (Zadow
et al, 2017), and (3) those focused on both organizational
and individual levels. This last perspective emphasizes workers’
perception of the structure and processes occurring in work
groups (Schulz et al., 2017). This work is based on the third
group of definitions because it is the most frequently used and the
most complete, as it considers both organizational and individual
points of view.

Independent of the type of definition, there is no consensus
on what the main components that form the construct work
climate are. In this sense, we find that measurement instruments
are based on various numbers of components as follows: three:
clarity, support and challenge (Stringer, 2002; Perry et al., 2005)
and job satisfaction, organizational commitment, and motivation
to continue working (Zacher and Yang, 2016); four: authority,
efficiency, innovation, and adaptation (Payne and Mansfield,
1978); five: communication, work conditions, job involvement,
self-realization, and supervision (Torres and Zegarra, 2015) and
culture, climate, burnout, engagement, and psychosomatization
(Uribe-Prado et al., 2015); six: organizational clarity, rewards,
decisions, leadership, social interaction, and opening (Gomez,
2004); seven: ability, recognition, internal organization,
satisfaction, information received, knowledge of management,
and goals and management responsiveness (Garcia et al,
2010); eight: authority, motivation, communication, influence,
decision, planning, control, and performance (Likert, 1967) and
compensation and justice, teamwork, quality and effectiveness,
communication, environmental sustainability, trust, security,
and support (Zenteno and Durdn, 2016) and relationships,
management style, sense of belonging, remuneration, availability
of resources, stability, clarity and consistency in management,
and shared values (Fernandez-Argiielles et al., 2015); nine:
structure, responsibility, reward, challenge, relationships,
cooperation, standards, conflict, and identity (Litwin and
Stringer, 1968); ten: involvement, cohesion, support, autonomy,
organization, pressure, clarity, control, innovation, and comfort
(Moos and Insel, 1974); and twelve: conflict, equipment, failure,
cohesion, autonomy, management, stress, cooperation, social
life, lack of shared social life, logging, and marginality (Delgado-
Sanchez et al., 2006) and relationship with the boss, work
environment, desire for changes, work satisfaction, capacity
for making decisions, tolerance, communication and support,
opportunity for training, flexibility of schedules, satisfaction with
benefits, resources, and stress (Rojas et al., 2011).

The disparity of the definitions of the construct work climate
inspires the use of diverse instruments to measure it (e.g.,
Insel and Moos, 1974). Additionally, there are other factors
that increase the variability of the instruments to measure work

climate: (1) the different levels of specification of work climate,
such as an overwork climate (Mazzetti et al., 2016) or competitive
work group climate (Fletcher and Nusbaum, 2010); and (2)
the adaptation of instruments to specific work contexts and
professions, such as civil servants (Popoola, 2016).

In the specific area of health services, we found some
consolidated models, such as that proposed by Perry et al. (2005),
where a work climate is understood as a part of the organization
mainly generated by individual human behavior and interactions.
Each work team has its own climate defined as the quality
of the internal environment experienced by its members that
influences their behavior. It is said that a change in the work
climate of an organization implies changes in other aspects in
that organization, such as the effectiveness or the quality of the
care given to patients (Castaneda and Scanlan, 2015; Safi et al.,
2016).

When establishing models of work climate in health
services into specific components, we find a huge disparity
in aspects such as work satisfaction, which is understood
as the feeling of contentment by health workers with their
job; this aspect correlates negatively with absenteeism
and professional abandonment (Mendoza-Llanos, 2015);
interpersonal relationships (the way the different components
of a work group relate), productivity (the degree to which the
work group is able to achieve their professional goals efficiently)
and performance of the health staff (performing daily tasks),
components that are positively correlated (Brown and Calnan,
2016); or commitment (level of involvement) established with
the patient to achieve their professional goals (Chiang et al,
2017).

Referring to the tools used to measure the work climate in
health services, we find several different instruments (Elmi et al.,
2017), some of which are specific to concrete professions, such
as nursing (Olsen et al., 2017) or anesthesiology (Rama-Maceiras
et al,, 2012), and certain fields such as mental health (Ehrhart
et al., 2014).

There are substantial difference